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P R E F A C E

IN the year 1903, the f acu l t y of Philosophy in the University of
Gottingen proposed the following thesis in connection with the

Benek Bequest :
A critical examination, based on experimental evidence, is to be made

of such chemical compounds as cannot be satisfactorily explained by the
usual means. This examination should also take into special consider-
ation the extent to which the introduction of molecular additions is of
importance in the formation of such compounds, and whether it is possible
to devise a complete systematic arrangement of such compounds.

Under the mot to :

"HOPTCL (Oeo?) fierpio KQU aptdjuia) KOL (rra^/utx) SUrafe"

t he authors submitted a thesis which forms part of the present volume,
"viz. p p . 1 to 102 and the Appendix. The solution of the problem was
admittedly incomplete, inasmuch as only a single branch of the subject
—the silicates—"was taken into consideration. For this reason the
^Faculty did n o t grant the first prize to this thesis, but readily granted
the second prize " in recognition of fruitful labours leading to a single
theory covering a very important group of complex compounds.' '

In this way an established theory—the Hexite-Pentite Theory—
was devised for one highly important group of complex compounds—
t h e silicates.

With this theory in mind, i t was only natural to apply it to a series
of silicates of technical and commercial value, such as the ultramarines,
Por t land, slag, dental and other siliceous cements, glass, glazes, porce-
lain, etc., in order, if possible, to elucidate their constitution. This
has been effected since the original thesis was first written, and the
results a re published in the following pages.

Commencing with the assumption tha t Nature has formed all sub-
stances in accordance with monistic laws, the Hexite-Pentite Theory
has also been applied to the study of the structure of other complexes
as well as t o t h a t of solutions of the simpler acids, etc., and it has also
been employed, in connection with the constitution of organic com-
pounds, t o form a bridge between organic and inorganic chemistry.

XV
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In ordex to take into consideration the positions which atoms occupy
in space (a factor which is omitted from most theories of chemical
structure) the Hexite-Pentite Theory has also been developed, in
combination with the modern theory of the structure of crystals, into
a stereo-chemical theory.

The German edition of this work was published late in 1911, but for
some unexplained reason almost every reviewer of that edition failed
to appreciate the advantages which may be derived from this theory,
and with a few exceptions they have overlooked the fact that the
Hexite-Pentite Theory—as distinct from, older ones—is concerned
especially "with inorganic chemistry, and that it has the following
characteristics :

The Hexite-Pentite Theory is a general and unitary theory ; i t is
based on a single truth—Le. on a natural law found by inductive
reasoning ; it leads par excellence to prognoses, and therefore permits
of deductive reasoning—the combination being a clear sign of a true
theory—and it is, in addition, based on the methods of the most
famous classical chemists. Moreover, it comprehends the best of the
existing theories or explains their deficiencies, and is, above all, a
definitely stereo-chemical theory.

To enter into a complete reply to the various critics would occupy
too much space in the present volume, and as the publication of the
present edition has occupied more than a year on account of the
additional matter required—much of which is due to the kind sug-
gestions of the translator—the authors have decided to publish the
greater par t of their reply to critics in a separate volume to be issued
shortly under the title " The Structure of Matter." At the same time it
will be noted that the chief criticisms have been met in the present
edition, though the following are conveniently noted in the Preface
rather than in the text.

A number of critics adopt the remaik&ble view that the compre-
hensiveness and unitary nature of the Hexite-Pentite Theory are a
disadvantage ! This is specially the case with C. H. Desch736,
Allen and Shepherd737, C. Doelter ( "Handb .d . Mineralchemie''). Yet
comprehensiveness and unitary nature are essential characteristics of
any general theory. No less an authority than Beithollet has declared
tha t the advantage of a general over a special theory is that the former
has certain characteristics, which are precisely the ones possessed by
the Hexite-Pentite Theory. InGmellm-Kraut's "Handbuch " and other
classical text-books it is admitted t h a t the object of investigation is
to produce a complete theory of chemistry from Tvhich all natural laws
affecting chemical reactions can be predicted or explained. I n short,
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the comprehensiveness of the Hexite-Pentite Theory is a positive
advantage and an indication of its t ru th .

The earliest opponents t o a unitary nature or monism in chemistry
were the French investigators Laurent and Gerhardt. Mendelejeff and
Ms associates, on the contrary, are in favour of a monistic theory.
Blomstrand, Ostwald, Nernst, Markownikoff and many other well-
known chemists have often pointed out the fallacy of the conception
of the existence of molecular compounds, and these scientists are
therefore in favour of a unitary view. One of the reasons why a portion
of t he present wor t was granted a prize "by the Faculty of the Univer-
sity of Gottingen was tha t in it the investigation leads to a unitary
conception of t he silicates.

One of the most valuable features of the Hexite-Pentite Theory is
t ha t i t effectively disposes of the necessity for any dualistic conception
of mat te r .

The classification of matter into chemical compounds and the so-
called isomoryhous mixtures or solid solutions, as is so commonly done
a t t he present time, leads to the conclusion that there are some excep-
tions to na tura l laws. Yet when an exception is found to a natural
law this is only an indication tha t the terms in which the law is ex-
pressed must be altered so tha t it may include the apparent exception.
Where this cannot "be done the " law " must be regarded as imperfectly
understood. As Spinoza has remarked, " No sane man will believe
t h a t Nature is limited in her powers and tha t natural laws are of limited
a n d no t of general application." The correctness of Spinoza's teaching
is clearly shown by the small results which have been obtained from
the application of the dualistic or pluralistic theory of matter, i.e. by
regarding certain complex compounds as mixtures. Thus, W. J .
MiUler and J*. ELonigsherger779, in studying the work of Day and his
associates in Washington and of Doelter in Yienna, point out that
notwithstanding the skill and expense involved, " the results of these
investigations do no t appear to be commensurate with the labour
involved.'* Miiller and Konigsberger at tr ibute this to the absence of
analogy "between the materials investigated and those used in other
branches of chemistry, "but the Hexite-Pentite Theory shows that there
is an abundance of analogies, and tha t the t rue reason for the paucity
of results of theoretical value from the Washington and Vienna Insti-
tu tes is to be found in the erroneous pluralistic view of matter which
is held by those in charge.

The constitution of Port land cement has been the subject of investi-
gation for nearly a century, without any definitely satisfactory result.
This is due to precisely the same cause—the persistent maintenance
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of a pluratisticj>r paixture theory and the neglect or repression of all
information or suggestions to the contrary. The attitude of many
supporters of the mixture theories of Portland cements is far from
scientific, and notwithstanding the abundance of proof of a chemical
nature in favour of the Hexite-Pentite Theory, those in favour of a
pluralistic conception of chemical substances still pin their faith to the
very slender microscopical evidence on which their theories are based.

One extraordinary " r e su l t " of following out the mixture theory in
the case of Portland cement is in the experience of two French engineers
—Ohatony and Rivot (see p. 156 in the text)—at "whose instance
extensive maritime works were constructed. The panic amongst
French and other constructional engineers which resulted from the
destruction of these structures can "better be imagined than described !

The pluralistic conception of chemical substances has also been the
cause of a number of serious accidents and bad results in medical
chemistry. Thus, in the opinion of the authors, the pathology of many
diseases such as diabetes, cancer, tuberculosis, etc., must remain very
incomplete, and the nature and causes of these complaints must be
completely misunderstood, so long as the pluralistic conception of
matter is maintained. An interesting example of this is found in the
toxic action of certain dental stoppings which are fully described ia
the following pages. ^So firmly has the mixture theory been held that
the opposition to these toxic cements was almost devoid of results, and
this theory still exerts a considerable amount of influence, notwith-
standing the fact that the authors have not merely shown the causes
of the toxic action, "but th§ way to prevent it, and have placed perfectly
satisfactory and non-poisonous dental cements, made in accordance
with the Hexite-Pentite Theory, on the market. The continued
maintenance cf the pluralistic conception of matter in medicine
is, therefore, even moTe dangerous than it is in industry.

Among the various critics, it is pleasing to turn from those who have
reviewed the first edition of this book in a careless or partial manner
to greater scientists like Wilhelin Ostwald780, who states, " The
authors commenced with an explanation of the constitution of the
clays and allied substances, but passed on from one branch of chemistry
to another until they have eventually been able to illuminate an
astonishingly large number of different facts, all of which are regarded
from the same point of view.5' That so able a chemist as Ostwald should
describe the present work in such glowing terms is particularly gratify-
ing to the authors, more especially as Ostwald had the opportunity, as
a student of Lemberg's, of knowing the remarkable plains which
Lemberg took in the prosecution of his investigations—studies which
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x % r o [ p r o v e d invalu&ble as a source of experimental evidence with
* l o t * , t^hie Hexite-Pentite Theoxy is in complete agreement. Ostwald
«-£n g o ^ s so far as to state tha t " as an observer for many years of the

i f r j > c i i x c " t i o n and development of many scientific theories and works I
**i i r x o t a-Yoid declaring the present one as most unusual. Let us give

* *4 e a r t y welcome to these young a n d energetic investigators and assure
i * : r r * " t l a s i t the further results of their work will be watched with the

interest . '7

"fcliis connection it is interesting to recall the regret which Landolt
tha t his friend Kefcule* did not live long enough to see this

»*«"\%r t o c l i x i m p h of his Benzene Theory, for the Hexite-Pentite Theory
f n u j j r fc>e -very definitely regarded as an extension and development of
* **«• 3Q«3a l ton-Kekule teaching. In a letter, Landolt also expressed his
* *•*f 1 1 * i t : e o p i n i o n that , sooner or later, the Hexite-Pentite Theory must
*** * "f t i^kiexx up by chemists in every branch of the subject. The remark-
*"* I *lmj r o s i a l t s which followed the synthesis of various scents, anaesthetics,
* I v i s H , e t c .-—all of which are primarily due to the Kekul6 Theory—are
^ * ***.*ra|g; e v i d e n c e in favour of the Hexite-Pentite Theory, for Kekul6's
* i*f**j>r*;y- i s essentially a part of the Hexite-Pentite Theory.

K f a t r l i o h ' s Side-chain Theory is, in a similar manner, another par t
* *i f l i e H e x i t e - P e n t i t e Theory, and the enormous value of Ehrlich's-
* I*C!e>iry £xx physiological chemistry is already recognised by specialists*
* t* t h L » s i x t j e c t .

11* i s a^lso interesting to observe that the facts which have led to the
* # * i t c l fecsrg-Waage Theory are also direct consequences of the Hexite-
1 *««r*tl'fc*e T h e o r y .

JtS\r<ozx Newton's law of gravitation has an iateresting coanection
«*r » t f i tJho Hexite-Penti te Theory.

T i n © s u b j e c t of colloids, "which is attracting a large amount of
*» t t c r a r m t r i o i x a»t the present t ime, is exceptionally well illuminated by the
t f n ^ ^ i t ^ e r - O P ^ n t i t e Jheory , and the authors had intended to include a
* *# mmith^TT&tTbls amount of information on this sufcject in the preseat work.
# i r f i t * a^ t io .o i a . a t of space occupied would "be so great as to make the present
%-«*l«jixi3L<e inconven ien t ly large, however, and would so seriously delay
%m m m ^ u i t o l i o a t i o n t h a t this subject must "be dealt with in a subsequent

The reader's attention is, however, called to the subjects of
a rnd coloured glasses—discussed somewhat fully in the present

hitherto the constitution of these has usually l e e n ex-
ixiL terms of colloids. Such a a explanation is highly indiyidual-

%% cannot be applied to cements Or glasses as a whole, so tha t
* €*m^t%T%ot> be regarded a*s a. really scientific hypothesis. By means of

I f 4#5 J H E e x i t ^ - P e n t i t e Theory, on the contrary, the cause of the colour of
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certain glasses is explained in a manner precisely analogous to tha t in
certain coloured organic compounds, wherein the colour is known to
be due to the arrangement of the atoms.

In preparing this English edition, the authors have had the inestim-
able advantage of the assistance of a well-known authority on clays
and other silicates, and they hereby wish to express their indebtedness
to him, not only for the manner in which he has executed the transla-
tion, but also for his kindness in making numerous and valuable
suggestions and criticisms and for the various additions (printed in
smaller type for their better distinction) due to his special knowledge
of the subject.

THE AUTHORS.
July, 1913.



T H E

S I L I C A T E S .

I n t r o d u c t i o n

The Chemistry of Carbon and Silicon

fTlHE remark has frequently been made tha t , "whilst the study of
X carbon compounds has reached a high state of development,

comparatively little attention has been paid to t h a t of other elements.
A large number of chemists are engaged in studying the chemistry of
carbon because the methods of investigation have been worked out
more thoroughly than those for other e lements ; because the inter-
pretation of t i e results is clearer, and because many carbon com-
pounds, such as the organic dyestufls and more recently the artificial
scents, l a v e proved to be of enormous technical value.

The majority of chemical theories p u t forward in recent years are
based on the characteristics of carbon compounds and are modified,
abandoned, or again become generally recognised, "without the chemis-
try of other elements having any appreciable influence upon them.
There can be little douht tha t if the s tudy of other elements had
reached as high a state of development as t h a t of carbon, not a few
facts would have "been discovered which would lead to other constitu-
tional formula and to fresh hypotheses and theories; it is, indeed,
probable tha t a t least as many new laws would "be formulated as have
resulted from t i e widespread investigation of the chemistry of carton.
These additional laws and generalisations should be of even greater
value, inasmuch as they would be "based upon a wider knowledge.

Many industries should derive considerable benefit from the results
of a, more thorough study of inorganic chemistry, and newproducts—
or even new industries—"would probably result. The carMde industry
and tha,t of the rare earths owe their existence to an increased study
of this branch of chemistry. Other industries such as those concerned
in the production of artificial gems, inorg&nfc colours, t i e manu-
facture or employment of cement, clay, tdtramarine, glass, etc. are
capable of extensive development through the application of scientific
investigation to the materials used in them.

Whilst carbon has a special interest on account of its being the
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essential constituent of all organic substances, its analogue, silicon,
should be no less interesting as i t forms the chief material in the earth 's
crust. I t probably plays a fax mofeTimportant pa r t in the natura l
processes of the inorganic world than carbon does in the realm of
organic substances. A moment's thought will show the immense
variety of chemical reactions and the enormous scale on which they
occur in the upper layers of our planet. The form of the ear th 's
surface, the character of the mountain ranges, volcanic eruptions and
the phenomena of solution and decomposition are all related to such
characteristics of the widely distributed aluminosilicates as their
hardness, fusibility, heat-conductivity, resistance to pressure, etc.
These characteristics are closely related to the composition and the
chemical nature of the elements concerned, particularly silicon. How
great an interest a knowledge of the structure of these compounds
possesses, is shown by the manner in which mineralogists and chemists
study the crystallographic, physical and chemical properties of rocks
and by the great variety of theories which have been formulated in
order to give some idea of the constitution of these remarkable com-
pounds.

In spite of great intellectual effort and innumerable experiments—
only a small proportion of which have been published—which have
been made to draw this subject from its obscurity, little progress has
been made, and the silicon compounds, in spite of the fact tha t they
occur in enormous quantities and are most widely distributed, mus t
be included amongst those substances of whose constitution very
little is known.

For this reason i t is thought tha t a fresh a t t empt to illuminate
this subject by investigating it in a purely experimental manner, a s
distinct from the more theoretical considerations of other scientists,
may not be without value.
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Sec t ion I

Historical Survey of the various Theories regarding the Constitution
of the Aluminosilicates and other Silicon Compounds

THE scientific study of the constitution of the silicates commenced
in the first decade of the nineteenth century when Berzelius1*

Smithson2 and Dobereiner3 simultaneously (1811) regarded the
silicates as salts of silicic acid or silica. Previous to this, the role played
by silica was, in spite of the researches by Bergemann, Klaproth,
etc., far from clearly understood. The silicates were regarded as
complex mixtures of various oxides and as peculiar substances quite
distinct from other salts. Very few suggestions as to their true character
can be found in the earlier literature; they remained outside the general
development of scientific knowledge, as Tachenius—who regarded the
silicates as salts of silicic acid—endeavoured to show in the seventeenth
century.4

Although the suggestion that the silicates are salts of silicic acid or
silica was made simultaneously and independently by Berzelius,
Smithson and Dobereiner, as already mentioned, the chief credit
must be given to Berzelius; Smithson contented himself with stating
that minerals do not differ from artificially prepared compounds,
and that the composition of the silicates can only be understood by
regarding them as salts, and quartz as an acid.

Dobereiner5 worked on purely speculative lines, and argued that
as silica forms salts with bases, the oxide of silicon, SiO2, should be
termed " silicic acid." f

Berzelius expressed himself much less decidedly, though his meaning
was equally clear.6 He stated that when two oxides combined, one
must be regarded as electro-negative, and suggested that the nomen-
clature of such oxides could be distinguished from that of the salts.
Several years later he classified silica compounds into bi-silicatee, tri-
silicates, etc. according to the proportion of oxygen in the silica and
the base, and made some very clear suggestions regarding the formation

* References to authorities axe given in the Bibliography at the end of this volume.
t The term suggested by P&bereiner, viz. " Kiesels&ure," is that used in

Germany at the present day, there being no exact equivalent in German to the English
word " silica." The word " Kieselsaure " thus represents both " silica " and " silicic
acid," the latter term expressing its meaning exactly, though seldom used exopet where
the acid nattixe of the substance is specially under consideration.—A. B. S.
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of the complicated salts of silica. At that time he was so convinced of
the acid nature of silica that he believed that no mineralogist
acquainted with the chemistry of the period could have the slightest
doubt that silica was a true acid. He maintained—as SmithStm had
done before him—that double salts existed in silicates containing
A12OS and Fe*O3, and pointed out the analogous nature of the alums
in which silica is replaced by sulphuric acid. He also regarded the
spinels as salts in which A12O3 plays the part of an acid. These sug-
gestions were at once accepted by scientists.

By great industry, Berzelius largely extended our knowledge
of silicates. The discovery of isomorphism by Mitscherlich and the
investigations of Bonsdorff and Rose—two pupils of Berzelius—con-
firmed their master's theories and made it possible to provide simple
formulae for a number of silicates.

Through the use of a formula—which for silica was written as
SiO8, SiO2, or SiO—a great simplification occurred, though for the
silicates as a whole the expression of the results of chemical analyses
by formula did not fulfil expectations.7

In 1846 Laurent8 suggested that the silicates are not salts of a
single, but of several silicates. He had proved the existence of several
tungstic acids and presumed the existence of several silicic acids of
different chemical compositions analogous to ortho- and meta-phos-
phoric acid. This hypothesis was accepted by scientists as soon as the
value of the " Type theory " had become generally recognised. Be-
tween 1855 and 1865 it was in great favour, and it is still held by some
chemists. About the time mentioned, Fremy's work on tin-acids was
published, and from this arose the idea of poly-silicic acids and anhy-
drides, which was readily adopted. This hypothesis has been pub-
lished at various times and from various points of view by Fremy9 , St.
Hunt10, and Wurtz11, its clearest and most accurate form being due
to Wurtz. Various modifications of it have been used in theoretical
investigations by several scientific writers with greater or less effect,
and there is in existence a long series of treatises, each more or less
independent of the others, forming complex combinations of old and
new work, by Woltzien12, GolowMnski13, Odling14, Streng15, Lawrow16,
Schiff17, Bodecker18, Stadeler19, and others. The chief result of all
these researches is to indicate that the theories put forward do not
de facto suffice to render the constitution of the silicates clear. So
far as they are concerned, the problem remains unsolved in spite of
the large amount of work done in connection with it.

A great advance was made by Damours20, who was the first to
suggest that the water in many silicates is of the nature of " water of
constitution/' i.e. it is an integral ingredient of the salt (silieate)
itself. The importance of this observation was pointed out b y Lau-
rent21, Bodecker22, and Rammelsberg23, and its application has greatly
increased the significance of the formulae of many silicates. More
recently, Clarke24 has endeavoured to explain the behaviour of a
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series of hydrous aluminosilicates—the zeolites—at high temperatures
by m e a n s of structural formulae.

M a n y silicate formulae have been further simplified by the employ-
ment of microscopical analysis.25

T h e r e still remained, however, a very large number of silicates
whose constitution cannot be ascertained by means of the numerous
investigations and exact analytical methods previously mentioned.

This state of affairs naturally led to further a t tempts to ascertain
the consti tut ion of the silicates, and numerous new theories were
formulated. Thus, Wartha26 , Haushofer27, and Safafik28 endeavoured
in 1873-^4 to explain the chemical nature of the silicates by means of
s t ruc tura l formulae. These attempts, which were based on theories of
the s t ruc ture of carbon compounds, did not lead to any definite result
and h a d no appreciable influence on the development of theories
relating to silicates.

The felspar-theory published by Tschermak29 in the " Transactions
of the Vienna Academy," in 1865, on the contrary, was of great im-
portance, but was only accepted by scientists after i t had been dis-
cussed fo r several years.* This theory, which assumes t h a t some of the
felspars are formed by the mixture of two substances—albite and
anorthite—is well supported by a large number of analyses, and was
undoubtedly of great value a t the time it was introduced. I t not
only facilitated the systematisation of a large number of analyses,
but explained the relationship between certain physical characters
and the chemical composition of several silicates.

In Tschermak's theory the purely chemical functions of the
silicates are not considered; this is its great weakness, and for this
reason t h i s theory was only accepted by scientists for want of a be t te r
interpretation of t h e results of innumerable analyses of felspars. This
difficulty existed until quite recently, for in Mineralogy there a r e a
number of similar theories in which the chemical characteristics of the
compounds concerned are entirely disregarded, as in the ordinary
theories of the chemical nature of Scapolite30, Mica3 1 '3 2 , Tourma-
line33, e t c .

Towards the end of the " 'seventies " very few ideas on the con-
stitution of silicates were promulgated, the work done at tha t t ime
being chiefly in the direction of increasing the number of observed
facts a n d improving the c<observation mate r ia l " from which conclu-
sions m i g h t be drawn with greater accuracy and safety than hi therto.

Such researches as these made it possible for Vernadsky3 4 to
publish h i s interesting treatise on " T h e Sillimanite Group and the
role of Aluminium in Silicates." A considerable time before Vernadsky,
sevepd. authorities had agreed that aluminium in silicates has t he
characteristics of an acid; some presuming the existence of complex

• Special attention is directed to Reference "No. 29 in the Bibliography at the end
of this volume.
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silicoaluminic acids whilst others believed that aluminium in the
aluminosilicates plays the same role as silicon. Bonndorf", AH the ri-
sult of investigations on hornblendes containing alumina in wliirii
the proportions of SiO2 and A12O3 vary, reached the wndiwion that
silicon and aluminium each play the same rule. Sehetwr1* roniirmwi
this view of Bonsdorffs. The view that aluminium in th« natural
silicates has an acid character was also held by Berzelitm17, Ifckifrkfr " ,
and Odling30.

Wartha40 was the first to publish this hypothesw in i* rlwir twin,
but he afterwards paid more attention to structural formula n ml rvwtl
to develop this theory. About the same time, Bratinn** attribute*! an
acid character to aluminium in natural silicates, but iiiHtrm! of tlwacid character to
ordinary formula, A12O3, he preferred AIO*.

Vernadsky endeavoured to show that aluminium play* th«* mum
role as silicon in the aluminosilicates and that from the liittrr r»mpl<«x
acids (silicoaluminic acids) may be produced. Earlier obwrvattutt*
and experiments on aluminosilicates and the chemical obrnigi^ urmr-
ring in Nature completely confirmed this view. At fir*tf \Vrna*l*ky
sought to base a chemical classification of the alwnimwdliriitr* uti hi*
theory, but this could be applied to only 11 small number of rrmi
pounds. Most of the aluminosilicates, such an febtpar, mira, M e ,
could not be brought within any scheme ho could dewiw, Atifl thotigh
he repeatedly declared that the so-called " mixture tliwrtf* M IIIIVP
little real value from a chemical point of view, hi* hdirved thut it w&#
unwise to abandon them.

Vernadsky's42 structural formulae have consequently dont* littli*
towards solving the problem of the constitution of thi? **iiicn.U?M.

The present theories as to the constitution of ulumtnoKilirnUNi
appear, with the exception of that of Vernadikyt to fees rombituttion*
of older theories. The existence of various ortho*, metn-v nml uiimt
silicic and poly-silicic acids, and of simple and double* *§&]!« of \hm*\ w
generally accepted, and to some extent structural formula? havts bi*t*n
allocated. The theories of Rammelsberg4*, Groth**f Clurki*14, Tmrlwr-
mak46, and others are of this kind. Those of 8&wtncht«nkcm" And.
more recently, of Goldschmidt4*, differ somewhat, m thi*y am hmml
on the idea that the above-mentioned silicates cannot b& v%phhnmi
by the foregoing theories. The researches of Bombtcri"and Brmutm***
which are based on purely hypothetical considerations, an? <$t*i!a
different from those previously mentioned.

The recognition of the acid nature of clays is rapidly Raining
general acceptance. Kaolin behaves in many way* pn&ferty like an
acid, displacing carbon dioxide in carbonates, chlorino in rhforidt*.
etc., and Mellor and Holdcroft708 consider it to be atatninositfrk mid
(kaolinic acid). These writers, like Vernadsky, claitsify the altsmino-
sihcates according to the ratio of AlaO8 to 8 iO t and dktingiiinh thmn
as alumino-Tnow-, aluxnino-rft-, aluraino-frf-, alumino-l«lro-f aiumtno-
penta- and alumino-Aea;a-siUcates. For instance, they regard n#phdint f
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NftjO • AJj(>» • 2 KtO, H« ii salt of An Altmiino»<ti-Hilif ic ac id; ortho-
vh\m\ KjO - AI fO3 * tt SiO f A* A HAU of an nlmmm^hexa-mlieic acid,
etc. They alno nugget constitutional fnrmuh*< fur the*e Huhnt ancen,
but without contributing timteriAlly to nay underNtamiinK of the
rnxmtitiitinn of tbe Alumifi"»ilicjif«<tf, nn rgplasiifti Inter.

\V. FtikfilF^*'**0 HIHO refer* to tbi« iui*l nutur^ of kaolin wbicb,
when tligf.*4t<»fl on n \vnff?r4*nth f**r H«'Vt*niI tbiyn with a nolution of
rauittic1 .Htidii» ftxrH 11 l**rn** cjunntity «*f thr» f*o*In. !}•• ban alno obwrvcd
that kaolin at n t**m|t**n*t«r<! of about UMf"i\ t-H\WH tb«i evolution of
rhiorim* from rf»mnit»n **ait anfl libi-rat^H a rottifxiuntl forr^Hponiling
to XA|C> • A!|OS * 2 SiO t . Arming uthvr writer** who bavo rt*n*ntly
rcfcTri'd to th«« arid nattm* of abunina in thf alttmiuoHttirati'H may !w
r»f«ticjit«»fl .f, Morowwiry,'*1, t%b*i AI»*O rt*garfU ka<din an a complex

l i i
An obwrvAtMni by l>iilknbnriiTtI in highly confirmatory fl^ ^lf* ** *f"

if aiumifiA in thr1 »luinino.*»ilical«»t«, H in wull known that silica
which IIIIM b«en firr* ij*ifi*f**4 from **ohition ntid iiffi*rwiirtlH well wished
in neutral to lit mil*. l><ilkulm.m hit« eniunineil viiriotin hyflro»Hilicaf<*M9

l>arttf*u)ArIy <• !»%•«, whi«'b nrr no*/ to litrniw nut} obwervee! that, noi-
i h l 4 h } t b ili l !j | y

their iKtility, no a*-it I |iii.«uttnK iut.*i tin* t^A^h^watî r. ff, bow-
i*vt*r, a neutral Milt- .niii-b /*•* fi*#tn-fw*itMii t-htoritl*% iimifionium Mslphiitu
or Ainmonitim rblorid*11 i« iidrl**4 to t h* rln,y a n*ifutil#* acW m immHlt-
ntulypunUm-tlt ftp? pot.a*lii*ri*mmrmiA l*tnngab**f*rbf*iliind hydroettlorin
or Hiiljthtiri*' iM*id lilw-r«ite*I, Thi^ t*» tmfmrtAiit in connect ion with
miother fm t̂ r«tiibli»«h«''d by llnlknhArA, vm* that finely divided febjiar
—which he rcgnrdU a# A r$mttrattN«itl kiuiltn- on pridfingerl treiifmi^ni
with an iit|*ie«:iii» wiliifinn t4 rntbt»ndt<fxkie jirntiureiiiifi n«4cI-r«^Arttng
ili which behnv«* in A ttniutier «imifi*r to the rlnyn juiit menttotted.

Sec t ion I f

Critical Bm^§f of the tx\nun: Tbcorien of Alumino*ilicaUii

f l lHK U
1 f $ «*< t|u* jfttufmnM*iii«*ii,tr>jf:

The iiiu?niii*» îh^ ftfr# nrn HAIIM of nilirtin hydmtit fn which thit
i*» (lAttly rrjtlnu *ft| by Altimitiium and tiArtly by other I

! l l l l t l i l f J
mnd othrr met#K u.'i AIMI $jtf»mnr}thoitn fninturei f4 tfitMtt

]j§*
3. Thff mhmnn<mU*'M®m MP mtimwhr ramfMHttidbi ^ompotittl of
i chemical *.mitp«»fifitl* whi^h hmvn nothtfig in rwmmtm m
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regards their chemical nature . The mode of combination between
the various components is very labile.

4. The aluminosilicates are isomorphous mixtures of salts of silicic
and aluminic acids.

5. The aluminosilicates are double salts of silicic and aluminic acids,
or amorphous mixtures of these double salts.

6. The aluminosilicates are, in part, silicoaluminic acids and, in
part , the salts of these acids.

Before we criticise these theories in the light of the facts, it appears
desirable to make the following statement: The aluminosilicates
constitute a single, well-defined class of compounds, the members of
which agree in the numerous observable chemical changes which they
undergo in Nature (the so-called pseudomorphic processes) and in
those of their characteristics which are best studied in the laboratory,
such as their synthesis and their behaviour towards reagents and at
high temperatures. In these ways the aluminosilicates differ con-
siderably from silicates which are free from aluminium and other
sesquioxides. No reaction is known which makes it necessary to place
any of these compounds in a special class or to give them a special
place in a separate class. They pass into each other or form the same
compounds ; they all change slowly under the influence of geological
processes into one and the same compounds of the kaolin group. In
considering these hypotheses we must take special notice of this
phenomenon ; and in explaining the chemical nature of the com-
pounds under consideration, only those hypotheses or theories should
be employed which make it possible to indicate the composition of
these compounds in a uniform manner and to exclude those silicates
which show important differences of character. That hypothesis or
theory which agrees most closely with the facts and is free from
obvious disadvantages must be regarded as the one which approaches
nearest to the t ruth.

(a) Critical Examination of the Pirst Hypothesis

According to the first hypothesis the aluminosilicates are silico-
hydrates in which one par t of the hydrogen is replaced by aluminium
and another part by other metals.

This theory contradicts the following facts :
1. The relation between aluminium and the other metals contained

in these compounds remains constant no matter how soon the reaction
of the double decomposition is interrupted.

2. No reaction is known whereby it is possible to produce a hydrate
of silicic acid from the aluminosilicates and from this hydrate to
reproduce the original substance, i.e. the aluminosilicate. The separa-
tion of silica by means of strong acids is always accompanied by a
complete destruction of the whole compound. The replacement of
the metal by hydrogen usually occurs in such a manner tha t only
those metals can be substituted which are capable of forming oxides of
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thr R*O )in<l It*/* tyjw*, fit?* tdmiimiiun rrrrminmy; unatTwtwl ; from
thfnr int4Tmrili*itf j>r«*iurt* uhi* b Ji]*]H'ar to b«« arid nalt* of alumin-
ium it i* «%Ti**y t«» rrgain th** original «•• impound*. Tho rt<piat'f<im'nt
of aluminium by h y d n w n wit hunt a l i b i i n g th«* otlwr UIHUIM ban
not yH lwn* »<*rf»mj*li»*h*?d.

:i. No iii.ntnnr«« in known in whirl* nil th«« hydrogen of tht« hypo*
thrfitiU hili«*ir' hydrat** t-nt* b«« n"pbi*-«-d by a f̂ irigh* Uirtul, thnu^h nut*
mrful miiV hv Mil*Htittit««il fur »4ii* )inrtt«»D of it iiticl nnothiT mrtn! fur
fh«* rvnmhulvr. TUn*, tlir tmt)Hf«*nnatiou of Si A! N/ii l4 into Hi N a t O | t

or th<- fi*viT?* ,̂ by I««*«*II.H *#f i% t)oublr iU"*'rifii|io.Httioi4 in ifu{i**m4i)ili»,
4, I f it i*̂  ti*'H$rrfl in IJH<* tbm by|H»thrH|M in th*« nturly of tb«* uhuuiiui-

ftiiit<«!!«''» nnri t*» n j i j i ly it !•• nil f»f thr*»i* rr>f»i|Kititit)Ht it in nwt^mry to
roiin«ivr tht- ••*iHt<*nrr» uf h iubly t-f>fii|ili<t a n d im|iro)taiil«< ttil irir
liv*lrrtt«*-?* or of ba>*i«- H*iJfH, K v r i i tb'^n, thin liyj»**thi*fa.H ntTordt tu>
aHHiHtiinct1 for i tumy «"ioitij»*imif|**, *airh H,« iht* i*iijifihifi^*,

fi. Jf tbisH byj.Kitbr.HjH in ur*-vpn<4t thv mnplv ri»aHt«tn* w b i r b o^^tir
with tb*'H*' rfiiiijMitiiiri.fi finnif.*t b*" I'UpifiirM^L For v&i%tn\*h\ fti**

>t\ of oi$«i iiliifiiifit«t'aljr-^f^ int*» i n $ b ! l

!, t l i f rnt io of nlninmn t*» tb«" I t **O
c«*«l a n d on ly thv f*ti«» *4 ^ilirn t«i
.H in whi*-b im in«"rri»»*r r*
* mtv by n«» tn«raii** tin« j / ^
:i.Hily J4*I.H:*4H% nit#* J*'ii* it*v K^l' A IJOJ I • 4 S i O j ; nfitj litter mto
t*\ K i** * H i f * • 2 A l j O | • 4hiO 3 . Anii!*i^«it^ t"bni*nt"f4 nr«* tin*
m;*tp*n **i «-ilbii€< mto k^ohn «n*t mira , tb^ formatit*n of

jin&l<jtiH« N'i,O • A I S O, • l - S i O ^ ^ H ^ i from nrj*b«<Hn^ ; ihr ronvrr*
nm\ ni mmhimv into mtt^-tivit^ unit tip* urnfi* ii-d prt»ttti*-tifm of i t
from f4rtbt»:|ii.*rf ullntr *i.nd knfilm : th^ tran^f«»MMati*»n *4 *int|ittu»ttrf

A l / l j * HiO t mtrt ww**'"i*vit«'** , thf rt»nvf*rh|jn!4 f*f tu***lm intt» iimilrittit't
by m^nn** *»jf H«w)itmi .nili* **t<f-%1, tbr ffirtnution of batthn from n^}il*r»
lint***, ibr rrM»%"«T'*l«*t* «*f *"l**r#lll# .̂ X « , O J Al ,O , ' * f^iO f $|$tct ItlltroUtl^'1,
Nn,O ' AlfO* - riSi**! • 2 I I ( U ( into jitmb tm*^% JIIMI $iit*# bydrMtM'fihf**
b!r* \ Xi* t* l • I I ,O • 2 A l f t l , • ft S i l l ! ' «* t l ,O . »ml in tb^^iii.w^n^ r.»f
inti.*< *i%"$î  int*i |tm< it^ by ib«-: iirt$iiii *-*f HiO f IM t-b«* |*nv*ifu«'i^ *4 nlknh
r*rlKm?itr-.***4 Th î»«s r«^<-ti*#it*t wl«^ fi**l from ft mm-b
lift* rjmtft ifii-X|:»J|riiti|r by tbf* tifnf }iV|*«4brA|«t

It in., tbt*rr1«*r*% w-i»f#^ly <-r«n«'̂ ivnMf« tbut ib*#»^
intn%n\m ui th^nhiinti'm^tli'Mitr^ n-hi<''li ar** hm^ml i>n thr
itr?* in m"rrir4«!ir^ with tbr* f*t*:i#i,

n r h i d i n g l iroif

by|i*-#tb*^i-# l#y |tit'*iifii$ng f 1*»̂
| ii H I in i ti in rudkl r * tnn-h *•* AK--JI* A t F t ,

A id , H*\» %ij»ii-)i r*-|*k*'^ ftirtnJ^ find rtm form IM I finidt*^. Ut»f«#r-
ttin#ii4yf no irh«*tnir-«| rrjiriionni §*t^ Itficium m »ii|ijitirl of thin h}*|**-
h * . whi*-h i# rn l i rHy h%m^i *m Ih** nrr«ii!g^fiirnt «*f itttf #ilir*iiti*f*

t*> tbr i r «Hfy*tAlliii** t**r$n-
vi-r. th i * mrrfttliftl lit-|w»thr».pfc givm J i t ib or nn mnphtuttmn
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of the constitution of the chemical compound* ju«t mentioned, a n d .
all things considered, it must bo admitted tha t the firnt hypot hi*iit
does not explain the reactions to which reference htm been nrndv.

(b) Critical Examination of tlie Second Hypothesis

The second hypothesis (that the aluminosiJicates arc* double *n\t*
of aluminium and other metals and that they alno comprino iaomorphf nn*
mixtures of these double salts) is one of the o ldes t I t wan originiitw!
by Berzelius and Smithson.

The following objections to this hypothesis require consideration :
1. Any reaction in which the proportion of nilfoa in the* compound

varies whilst the proportion of aluminium to bane remain* cotiHtant i*
inexplicable.

2. This hypothesis requires the existence of very nUihfa doultlt*
salts of different siKcic acids, or of double «alt8 competed of b o t h
normal and basic salts. I t cannot be «aid tha t the product-ion of dotiblf
salts from salts of different basicity or aridity m tmpt>*iiiblf», im o u r
knowledge of the double salts is far from complete.

The existence of such salts is, however, highly improbable a m i if
this hypothesis were correct it would necessitate the placing of j*ti«*h
salts in a class by themselves, as, amongftt all the mibstanrf!* wlttcih
have been investigated, no such double naltn have been t i l w n w L

3. How is it possible to term compound** having the* genera l
formula:

R2O • A1,O, - SiO,

double salts ? These compounds occur in Nature1 und may it!*a tm
prepared artificially. As naturally occurring minernl* : Cut) • 2 A l l f ) i

• 2 SiO2 • HaO (Margarita61) and MgO • AljO, -SiO f (Vrmnml'nw**) mmy
serve as examples of this group. Artificially prepared K t O • AI 9 O 9

• SiO2 and Na2O • A12O3 • SiO2 form typical synthetic: prcKiurtH.111

All these compounds are closely related to ccimpoundH in cilfwr
groups ; thus K 2 0 - A12O3 • SiO2 and N a , 0 • Alf<>, • Ki()s rrnilt ly
change into K 2 0 • A12O3-2SiO2 and Na t O • AIS(.V 2KiO s ri^|*f*f>
tively, and inversely they may both be obtained from kaolin.** Mwr-
garite is closely related to the micas and is not infrequent ly formed
from them.65 Prismatine changes into a hydrou* miiaato {Krypf#lif#t)
which, according to this hypothesis, mu«t ba regarded m a* doub le
salt and in the form of phlogopito may be obtained artificially.**

There is clearly a genetic relationship between the variottM a l t t m i n o
silicates, but to regard them as double saltB it would be wtemmry t*$
provide a special space in the scheme of clasatftaation, an tlwm'mm
many compounds of this group (which can never be termed doubfo
salts) for which no provision is made.

4. The fact that compounds which, from the point of vfaw of thorns
who accept this hypothesis, are very complex in fttrueturti a r t found
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on experiment to be very stable, is puzzling. Thus the group R 2O
• A12O3 • 2 SiO2, into which practically all other aluminosilicates may
be readily converted, is characterised by its exceptional stability.
Those who accept this hypothesis regard the compounds of this group
as double salts, having the general formula :

+ Al2Si06 or R'2SiO8 + R'eSiO5,

i.e. as normal salts of meta-silicic acid with a basic salt of some other
silicic acid. I t is scarcely conceivable a priori t h a t the representatives
of the most stable substances of the whole class of aluminosilicates
are to be found in compounds of this composition.

5. To the view tha t the aluminosilicates are double salts there is
also the following objection: The term ' 'double s a l t " is by no means
clearly defined and gives b u t little definite information as to the nature
of the compounds to which it is applied. This term should, therefore,
be used more cautiously than is sometimes the case and should only
be applied to those substances of which the mode of formation from
their constituent salts is clearly ascertainable. For example, i t is
quite correct to term the compound K2Mg(SO4)2 * 6 aq. a double salt,
because it can be produced directly from the two constituent salts,
K2SO4 and MgSO4. But can such syntheses be observed in the case
of aluminosilicates ? Can any analogous reaction be found among the
innumerable compounds of silica ? The syntheses which have actually
been effected suggest the exact opposite of the second hypothesis and
are most puzzling when an a t tempt is made to apply i t to them. No
syntheses in support of this hypothesis have ye t been made.

I t is impossible by this hypothesis to explain the formation of
compounds such as analcime, Na2O • A12O3 • 4 SiO2 • 2 H 2 O (which is
produced67 by the action of Na 2 Si0 8 on NaA102), or of other alumino-
silicates which are obtained from silicates and aluminates.6 8 In
these compounds aluminates are found, b u t no aluminium silicates, a
circumstance which is quite contrary to the conception of alumino-
silicates as double salts.

(c) Critical Examination of the Third Hypothesis

According to the third hypothesis, the aluminosilicates may be
regarded as molecular compounds, i.e. compounds in which the unit
of combination is a molecule and not an atom.

This conception of the constitution of natural silicates has chiefly
been favoured by Bombicci69 and V. Goldschmidt, others only having
applied it to a few specific cases, as Mallard70, who used i t to explain
the constitution of chondrodite.

Some silicates are undoubtedly molecular compounds, particularly
those silicates which contain water of crystallisation. Some researches
of Lemberg71 and Doelter72 indicate t h a t cancrinite is a molecular
compound and other investigations by Lemberg and Thugut t lead to
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the conclusion t h a t the sodalites are also molecular compounds.
Other natural silicates appear to confirm this view, so tha t a t first
sight it seems as if this hypothesis would enable the facts to be satis-
factorily explained; in reality, the facts are in direct contradiction to
the theory. A closer investigation shows that any agreement between
fact and theory which may occur is a coincidence due to the indefinite-
ness of the lat ter ; this indefiniteness makes a large number of sup-
positions possible. Many facts, whilst not exactly in opposition to it,
cannot be used in support of this theory because they cannot be pre-
dicted from it . For this reason, this hypothesis has not the value of a
true scientific theory or " l a w of Na tu r e / ' one essential feature of
which is the facilities it offers for the prediction of properties of sub-
stances from a knowledge of their constitution.

The very indefiniteness of the term "molecular compound"
allows the formulation of innumerable theories and makes it ex-
tremely difficult to decide which of these are of value and which are
merely ingenious speculations. To make this clearer it may be assumed
for the moment, t ha t the compound

K2O • A12O3 • 6 SiO2

is composed of two or more molecules. In selecting these there is an
enormous number of possible molecular compounds to choose from,
all of which correspond to the formula of orthoclase given above.
For instance, there are

1. K2Al2Si208 + 4SiO2,
2. K2Si03 + Al2SiO5 + 4 SiO2,
3. K2Si03 + Al2Si30* + 2 SiO2, etc.

ad infinitum.

I t is clear tha t from the formula for orthoclase, taken as an example,
as many different molecular compounds can be written out as there
are mathematical combinations of symbols of the elements avail-
able. If one of these hypothetical formulae is found not to repre-
sent the characteristics of the substance under consideration, a second,
third, fourth, and so on, is substituted. The matter is still further
complicated by the indefiniteness of the term " molecular compound "
as used by different writers ; an indefiniteness which enables those
who use it to indulge in all manner of speculations.

Broadly speaking, there is no definite means of deciding whether
a given substance should be regarded as a molecular or as an atomic
compound. Usually, those substances are regarded as molecular
compounds which cannot be otherwise understood,73 the subjective
conception of each individual scientist being the factor which deter-
mines whether he will regard a given chemical compound as molecular
or atomic. Some chemists regard the so-called " double salts " as
molecular compounds, whilst others regard some of these salts as
atomic and the remainder as molecular compounds. This shows tha t
great caution is necessary in using these terms for the solution of
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ih id question**. In Kru*nr«\ it in only in rare* CA*U?H tha i a theory
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phous mixtures (of aluminates and silicates) are naturally weaker
than those of the atoms which form the components of the mature* .

The confirmation of this hypothesis by the gynthem* of aluimno-
silicates from aluminates and silicates is more apparent than rv*U an
the ratio of base : aluminium : silica in the product* of the n w t i o n
is quite different from that which would be found if alumina!** and
silicates could form isomorphous mixtures. Thu8,analcime,NaAI^iiUf
• aq. and similar substances are producible from Na,Si(>* ami >**>•AjO1.
Moreover, it has never been proved that the aaltn of alummcw*ilir«?
acids are isomorphous, and to attribute thin character to them m pure
hypothesis. A similarity is often observed in the form* of eryHtaw,
e.g. chrysoberyl and olivine, but except for this Hinglct rwembUnre
no evidence has been given of isomorphism. No actual obiter v&t ion*
of isomorphous mixtures produced directly from alum matt* and
silicates have ever been published.

But little importance can, therefore, bo attached to the tmirth
hypothesis, as it is only applicable in special caneH (rnich m thorn
investigated by Rammelsberg76, Knop7e, and other*) and han nt»vw
been of general application to the study of the constitution of the
aluminosilicates.

The foregoing hypothesis may be somewhat modified **o »^ to
indicate that isomorphous mixtures of aluminateH and silicate* mid
isomorphous mixtures of double salts having aluminateH and sHira-tr*
as their components, may be formed along with the alutnintiiulic*i«'**.
This leads directly to the fifth hypothesis. Yet, even in thin form. f lift
facts do not agree with the theory. The invariable! prem*nc?e of altitmn-
ium and silica appears to be inexplicable—the contrary Appear* in
be more probable—the reaction products mu*t, if thin hypotht*t*ii* in
correct, contain either silicon or aluminium, but not HHCMI und
aluminium in one and the same product.

According to the fourth and fifth hypotheses, tho«eahimiriciiiliriili*n
which consist exclusively of SiO2 and A1SO* appear to octeupy a upprtat
position, yet between them and other aluminosilieateH an undoubtedly
genetic relationship is shown to exist by the eaue with whieh tlusy
can be transformed into one another. The fin*t contain no alkali *nd
cannot, for that reason, be regarded as isomorphoua mixturtm tw
double salts of aluminates and silicates. If f however, theme aub*Uuit?rj«
are to be regarded as aluminium salts of ailicie acid, the alumintt-
silicates must, under other circumstances or in other eaten, Im nhciwn
to be so constituted that, in them, the aluminium hau replaced I hi*
water of the silicic hydrate; yet this, if true, destroys tha fourth and
fifth hypotheses. The compounds last mentioned cannot b© regarded!
as isomorphous mixtures of A12O8 and SiOs, aa the isomorphism of
these compounds still remains to be proved ; moreover, the mmtmm
of an invariably simple ratio of alumina to silica is also opposed t4»
such an isomorphism.

Similarly, the constitution of those aiuminoiilicatei whieh contain
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(g) From the corresponding anhydrides a scries of complex rattklf*
may be produced, the ratios of the constituents of the anhydride*
being always simple.

(h) Great difficulties are experienced if such compound* a* the
silicotungstates, phosphotungstates, etc. are classified in i v m r d -
ance with Ostwald's78 definition of double salts, and if any a t t emp t m
made to divide true complex acids into two group** according to their
behaviour in aqueous solution. The recent physico-chuimi-ail *twly
of these compounds—made with a view to ascertaining their <*f >n*titu-
tion79—has shown that whilst some dissociate, when in nqxwum
solution, into their components, others are quite fttable. The* hmm*rf

according to Ostwald's classification, must be regarded t*« " donbto
salts " and the latter as " complexes.'' In some (ratten, m ( I ) when a
" double s a l t " contains alkali or (2) with certain proportions of nrid
and alkali, the use of the term "double s a l t " in permiitHtbfe. With
many of these compounds this is not the case, e.g. free acid* and thom*
which contain a much larger proportion of one of the acid* Hum t$t
the other. For instance, how is it possible to represent the, fret* i*< id

3 H2O • P a08 • 24 WO,,

as a double salt ? Yet the physico-chemical researches of Kobol«m*M

(dialysis, electrical conductivity, etc.) have shown tha t in nqm*»uw
solution it dissociates into phosphoric acid and metatungtttift arid! ami
that its salts are equally unstable in the presence of water.

The division of the compounds under consideration into tw**
groups according to their behaviour when in aqueous* nolut ion clm*» nt*t
appear to be satisfactory. On the contrary, the experimental rwul t*
make it appear far more probable that all the compound* in thin group
are of analogous constitution, though they vary in their stabili ty whi.-n
in aqueous solution. The following facts appear to confirm thin vk» w :

1. W. Asch776 has shown by means of a physico-chemical i t iv^t ign-
tion (dialysis, electrical conductivity, determination of mtAmuhr
weight, etc.) of the silico-molybdate

2 R ; O - S i O t - 1 2 U 6 O t ' a q . ,

that in these compounds the silicic and molybdenic arid* form n
complex ion. This is confirmed by the production {by the nmm
investigator) of readily soluble barium and calcium naltn of the* u r n *
series, having the general formula

2R"O*Si<Vl2Mo<Vaq. < R " « B ,

and acid salts with a composition corresponding to ;

1.5 R£0 • 0.5 H2O • SiOa • 12 MoO, • aq. (R' « Kf Nm).

2. D. Asch777 has prepared compounds with the general formula

2 RiO • 2 SO2 • 5 MoOs • aq. (R' « K > Na, NH#)f
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by tin* action **f HtilpinirottH arid on the alkalicn of the* pnraniolyhdatcH.
These compound*, unlike the hiliroinolybdateH, are very unstable, in
water, M* I hut- f lit* conversion of the ulkuIi->taitH jtint mentioned into
the eorr*^jnf»n*ling «*alt* of the alkaline enrthn appcurn to be* impossible
on Kccnim! of flu* decomposition of the Iii.tt<T in water. Only by tho
u*e of i*nwvntrtitw\ itlkfili-pnnimolybdate solutions saturated with
SU2 gn*, tr*^t*fhi*r with tbf wilt-** i>f th«* iilkalitH* Mirthn, WHH it found
pofMhif in jirisjntrr* ri'inlily nulublo Halts of tin* ulkfiHtu* ourths

i f t *
I 1 I f f ) • 2 S O 3 *r>Mci(S*nf | . ( i r . l irt rSr, Crt).

y , tlwrt* rim hv tm douht tha t th«* nuiphurmis rnolyb-
in Kj»it*« f*f th«*ir n*rt«ly <!ffoiufMmititin wht*n in aqut^oun solution
, «»n &<*rtmitt of flu* maiuifr in whi«*h thi*y form n*aclily noh»bl«

of tlw* iitkitlirH* fiirthH, hv rrgiinlrtl im naltM of a romplox Nulpho-
olyVuhr m iij wi th thi* formula

2 ff.O • 2 SO, • 5 MoCJ, • fia.

It h h«rr* m#Miimt*ct t h a i tin* vutnpminiln undfr conHicU^ration may
ri^iird«**t r i t h ^ r iw* frri« «'c*mj*l««x artiln or thfir wtltn, wimti of thi*ne

t ) bl in jicjurmiH milution whifntthi* rt*mairul(»r ar«

An iuiHwi*r !*:» th«* tj»t*««tionH (p. 15) roru'«*rning tin* p
of tlit* «*fiDMiittti«»!i «f <*oni{4**x urittn and thoir naltn may now hi* given.

It *hrmi«l b<? obmTVi**! that- nuint ifm**tigator»t of ihvnv romplnx
»«'itj«* iind ih*-ir t*nlt»4 huve bt*t*n ronU*nt in a**<H*pt th«* rlu?miral rom-

wi thou t rniikiiig th© tumill^Ht rflort to tlworint* on th«*
ut ihvm* «*oinpound**. AJthimgh thi* number of thene

i*t mmnnvJiiit lurgt*, thti thmmm of their votwtitution am eompArativeiy
few, liiifj fveii thei*i» art* not free from object ton*. Amongst them,
htru*iitnil fornitilie lire of importiineg* and have been employed by
fcisvwitl invent iiiatiir^ t«» iniiiriili* the ehf*mien) nat ure of MevemI complex
rum\nmn*h, ThtiH, Fn^inery^'* i*nili*rtvoiin*d t« rrpreHenf; by Htructtiml
f'lrmulii? tti** iirwnotung«tiiti*f4 he pn*piirt*cj, ha ter , Priedheim*1!
Ill<*mi*tritfid*** Kt*hrmiir»fi**, Hprt^iger11^, MiehiuJin1111 nnt\ other* en*
deitvotirrtl u$ follow Fretiiery*#* ex/inipU* anil to apply armlogotiH

eturn). U*r$nnlm* to c|tiit<* different #tjb*tii!sc««#. Notwith^tituding
flirt tliiif tilt* «tru* furiil fornuilif i»f Hlomntroml and Frtedheim urti

g * , th r tht*orie« «f t h e w two invwtigiitor* nrn quite dtJitinet*
Ulc*m«trii!ifi*# toitipnren the Ability of thti $uM Anhydrides to com*

Wm? in vitrioii* pr*iport$on»« U* form complex iinhyilriden, with ihat# of
thoftfe #w»lt# rrf cobalt» rhtKltum, plmtintirn and go|d which eitn combine
with nftimtinm in nurli & miiiim*r m« to fonit "ttliAirtfi" rcintAtning
I N H i i o - i N H v

Hit ^ungf^fH thi" following r*qnutiotiN; to ,4mw the eombinatian of
t%ith tht* rneti*llir ^Altit mf#nti«mc*rl :

MCI i N i l , MXH»C1,
MCI I *l SU> i-. MXIf i

c
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He regards the formation of the following rumpl.-x wiA* **
analogous :

OX E (OH), + OMO, =-- OX | o iJ / ; *

o x ^ (OH), + 2 O M O , = o x om.-OMCOH, ^

He considers that what occurs ia th<» automatic f>|H*uiiig r#l f !»*•»
atomic complex and the introduction of thr iu*w ^nuip. rutiisJit-r h*r
member, whenever this is po8.sible without ('hunting tln< %wrnl
character of the whole substance.

Friedheim90 regards the course of thi* n w f inn in tin* format i*»n *4
complex acids in an entirely different mumit*r. f'W w*um<*\ h**
represents the first stage of the reaction of uutlyhtltr «ri«i **t%
NaH 2 As0 4 as a combination of the mo\y\n\'u* ariil with tin* lm«* ni
the arsenic salt as follows :

2 + MoO, + aq. « 2 OA*(OID, f XA.M-IO,

f + 2 MoOa + aq. « 2 OAf*(O!f)> 4 Xit^fu.Oi, r t r .

In addition to these molybdates, acid molyhthtm will al*o jn*^ ti$t«
solution, thus :

HO • MoOa • OXu,
HO • MoO2 • OMoO, • OXa,
HO -MoO,- OMoO, - OMoO, • OX/i. • I*,

These are unstable and unite with the* fn*t* arM*nii a<-*«I with l*i>#
of water :

HOj' MoO, • OXa
OAs~-OH

X O H
/ O j H HC)j - MciO, • OMoO, • 0X4

E iW>\ MbO O M O OX
X 0 H H ,

Provided that the hydroxyl groups of the* mvM OX -^(OH), tin n n l
split off automatically with formation of w&tw, thn hy4r«)||i*n tif h
hydroxyl groups maybe replaced by R, the following exatntilci
theoretically possible :

/OMoO, • OMoO* • ONA
OAsf-ONa

yOMbO.-OMbOfOXn
OAs^OMoO8 - OMbOi - OXa .

The foregoing structural formula are open to the following ob jee-
tions : m ' *"

1. I t appears as if the acidity of the complex molybcjaten or tuna-
states is quite independent of the amount of metallic arid (wolybd te



ARE ALUMINOSILICATES COMPLEX ACIDS OR SALTS? 19or titanic acid) in the complex and is only influenced by the atomicityof those substances with which the metallic acids combine to form acomplex. Thus, Pufahl91 has decomposed a compound of the series3 R2O • As2O6 • 18 MoO3 • aq.,with silver or thallium salts, and has produced6 AgoO • As2O5 • 18 M0O3 • aq., and6 T12O • As2Os • 18 MoOa • aq.These compounds contain twice as much base as is theoreticallypossible.As Friedheim writes the structural formulae of the compound3 R2O • As2O5 • 18as As ss (OMoO2 • OMoO2 • OMo02 • OR)8
00As ss (OMoO2 • OMoO2 • OMoO2 • OR)8,which is analogous to the structural formula previously mentioned,he must place the compounds with 6 R2O in a separate class on accountof their proportion of base. He denotes the constitution of such sub-stances as molecular, i.e. he attempts an explanation which, on accountof its confused nature, is no explanation at all.The number of such compounds with a high proportion of base issomewhat large and it is sufficient to mention the following :(a) 6 R2O • As2O6 • IS MoO3 "(6) 4R2O-B2<V12WoO3

93
(c) 4 R2O • SiO2 • 12 WoO8 *

4
(d) 7 R2O • V2O5 • 12 W0O3 *5, etc.To agree with Friedheim's and Blomstrand's theory, the series (a),(b) and (d) can at most contain 3 R2O

 an(i (0) only 2 R2O ! There is noreal reason for placing all these compounds in a separate class, forneither in their properties nor in their mode of formation do theydiffer from those from which the above structural formulae werederived.2. Another weakness of the hypotheses of Blomstrand and lYied-heim is that they do not permit of deductions being made in connectionwith the compounds of the complex acids containing the elements justmentioned, and that the composition of only a relatively small numberof the compounds in this class can be represented structurally in theway they suggest.Moreover, there cannot be sufficient evidence for the proposedstructural representation, as, for the majority of these compounds,these two investigators have been contented with the use of empiricalformula and have not made the smallest attempt to determine their
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constitution. This is probably due to the complexity of many of
these compounds. Thus, no hypotheses have been formulated for
compounds containing 15, 16, 17, 20 and 22 RO 3 (R=Mo, W) to one
molecule of X2O6 (X=As , P , Vd). Some of these compounds have
been prepared from substances to which the structural formulae apply
and their molecular arrangement is then of interest. Thus, Sprenger98,
working with a barium salt of the series P2O5 • 24 WO 3 and Ba(0H) 2

according to the equation

3 BaO • P2O5 • 24 WO8 + 6 Ba(0H)2
= 7 BaO • P2O5 • 22 WO, + 2 BaW04 + 6 H2O,

obtained a member of the series P2O5 • 22WO3—a reaction which
admits of no explanation in terms of the above theory !

Kehrmann and Freinkel have prepared other compounds of this
series, viz.:

1. 3 BaO • 4 Ag2O • P2O6 -22 W0 3 aq, and
2. 7K 2 O-P 2 O 5 -22WO 8 aq.

Kehrmann97 has also prepared from the compound 2, by means of
hydrochloric acid and potassium chloride, a crystalline substance with
the formula

5 K2O • P2O5 • 17 W03.

All these compounds, of which only a small number have been
mentioned, can only be explained with great difficulty, and in many
cases are quite inexplicable, by the above-mentioned theories of
Blomstrand and Friedheim.

3. Structural formulae are of special value when definite character-
istics of the substances they represent can be deduced from them. In
this direction the structural formulae proposed by Friedheim have not
been of much service. For instance, the compounds98

2 R 2 0 - V 2 0 s - 4 W 0 3 , a n d
4R 2O-3V 2O 6 -12WO 8 ,

which are formed by the action of vanadic acid on potassium, sodium or
ammonium paratungstate, are chiefly distinguished from each other
by their characteristic behaviour towards acids. Compounds of the
type

2R 2 O-V 2 0«-4WO 8

liberate tungstic acid on treatment with hydrochloric acid, bu t no such
separation is observable, when compounds of the type

4 RaO • 3 V206 • 12 WO8
are similarly treated.

Friedheim represents the structure of these two series as follows :

1. (2R2O- V2O5- J q ) i i , 1 i 1 , .
2. (4R2O-3V2O5-12WOa- aq.) J = 4 H tO • 2 R tO • H V,O, • 6 WO,
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<KS£
V(OWO2 • OR)3 OV- OWO2 • OWO2 • OR
/O - WO2 • OR OV(OWO2 • OWO2 • OR)2\OWO2 • OWO2 • ORYet from these somewhat complicated formulae it is impossible toinfer the different behaviour of these two substances to acids, andFriedheim is again compelled to resort to a molecular representation.*The compound100

3 K2O • P2O5 • 5 MoO3appears to be an exception. It is regarded by Zenker and Blomstrandas molecular, but as atomic by Friedheim, who represents it as
/OMoO, • OMoO2 • OKOP̂-OK
y

OP—-OK
\OMoO2 • OMoO2 • OK

This structural formula shows tha t one-third of the potassium
should behave differently from the remaining two-thirds. This agrees
with the behaviour of this substance towards dilute nitric acid, in
which one-third of the potassium atoms are more easily separated than
the others. This is, however, quite unusual.

Friedheim and his associates also formulated other theories re-
specting the complex acids and their salts. For instance, they sought
to explain their formation by reference to t ha t of the double sa l t s , U 1

but this hypothesis is by no means free from objection. The facts
mentioned under A (p. 16) in the description of the general character-
istics of complex compounds are quite opposed to it, and any a t t empt
to apply Friedheim's hypothesis to the chief members of this group is
sure to meet with many serious difficulties and contradictions. How
is it possible, for example, to use this theory to explain the nature of
compounds containing a large proportion of anhydride such as the
previously mentioned silicomolybdate

2 RaO • SiO2 • 12 MoO,

or the corresponding silicotungstate ? In such a case it is necessary
to assume the existence of purely hypothetical molecular compounds.

* Since the above was written Friedheim9* has abandoned the use of the formulae
1 and 2 and now uses the atomic arrangement shown below.
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The free acids are a source of other difficulties, for how can the
constitution of the phosphotungstic acid

3 H 2 O - P 2 < V 2 4 W O 3

be represented ?
Friedheim suggested tha t such free acids contain an anhydride

with the character of a base, from which it would follow tha t the so-
called acid is really a salt. Thus, he regarded the compound

2 H2O • P2O5 • V2O5

as a salt of phosphoric acid,102 namely

P O ( )
P O \ 0 ( V O 2 )

and an analogous compound,
Na2O-P2O6-2V2O5 ,

from which the first may easily be prepared, as a double salt of a vana-
dium salt of phosphoric acid and a sodium salt of vanadic acid, viz.

R2O • P2O5 • 2 V2O5 = R2O • V2O5 + V2O5 • P2O6.
Such a classification is obviously confusing; whenever the analytical

Tesults are expressed as formulae indicative of double salts, the com-
pounds must be similarly represented, or—if double salts are excluded
—the formulae have another meaning and represent either molecular
compounds, whose components are hypothetical, or—in the case of
free acids—compounds in which one of the two anhydrides is regarded
as a base.

Summary

In summarising the arguments for and against these theories with
regard to the constitution of the aluminosilicates, it should be ob-
served tha t the sixth hypothesis (that the aluminosilicates are complex
acids and the salts of such acids) explains a whole series of reactions
which are quite inexplicable by the other hypotheses (with the excep-
tion of the "molecular compound" theory by which "everything "
can be explained) and tha t most of the best-known chemical reactions
involving aluminosilicates are in agreement with it.

I t is now clear t h a t :
1. The splitting off or addition of SiO2 is a sign of the formation

•of complex anhydrides and analogous compounds.
2. The simultaneous presence of SiO2 and A12O3 in the products of

the aluminosilicates and the easy conversion of one aluminosilicate
into others are comparable to the analogous reactions of phosphotung-
states, phosphomolybdates, etc.

3. The ratio SiO2 : A12O3 remains unaltered in reactions involving
•double decomposition and tha t no replacement of aluminium by ele-
ments capable of forming oxides of the R " 0 or R'2O type has been
observed.

4c. There is a genetic relationship between all aluminosilicates, and
t h a t they can be converted into each other.



THE ACID NATURE OF ALUMINA 23

5. Most of the aluminosilicates are convertible into stable com-
pounds by the action of geological forces.

6. The reactions of a geological nature are analogous for all the
silicates ; those which contain no A12O3, etc. (but are almost entirely
composed of SiO2) under atmospheric influences form silicic hydrates
(opals), whilst the salts of the complex aluminosilicic acids are, under
similar conditions, converted into the hydrates of the complex alumino-
silicate radicles (kaolins).

7. Highly aluminous aluminosilicates (sapphirin) as well as those
low in alumina (petalite) are known to exist.

There is also a large number of facets indicative of the acid character
of aluminium in the aluminosilicates, as previously mentioned. I n
some highly aluminous slags, salts of aluminic acid (aluminates) are
known to be formed a t high temperatures, and silica appears to be
unable to displace the aluminic acid from these compounds.1 0 3 The
simultaneous formation of salts of silica and alumina, even in the
presence of an excess of free silica, has been observed ; this fact clearly
shows that aluminium has undoubtedly a much stronger acid character
than silicon.104

Vernadsky713 has drawn special attention to the following facts in
support of the acid nature of alumina in the aluminosilicates :

(a) The conditions in which aluminosilicates are formed both in
the laboratory and in Nature are precisely those which are favourable
to the production of aluminates. The minerals of the spinel group
separate from molten siliceous masses a t high temperatures. A separa-
tion of aluminates from such fused materials can only be explained
on the assumption tha t the alumina has an acid character in such
aluminates.

(6) The separation of aluminosilicates a t high temperatures is
accompanied by the formation of aluminates (according to the experi-
ments of Vernadsky and Moroziewicz spinels are formed).

(c) At much lower temperatures the action of water or carbonic
acid solution not infrequently results in the decomposition of alumino-
silicates and the separation of aluminates (vide Thugutt) or hydrated
alumina, with the formation, in Nature, of bauxite or hydrargillite.
All these reactions are opposed to the conception tha t alumina plays
the par t of a base in the aluminosilicates.

According to Zulkowski714 the acid nature of alumina in the
aluminosilicates explains a fact which has long been regarded as
paradoxical by metallurgists, viz. whilst i t is found tha t one molecule
of lime effects the slagging or fusion of one molecule of silica, it is also
found tha t just as much lime is required when the silica is combined
with alumina. This is incomprehensible if alumina is regarded as
basic, but is readily understood if alumina plays the par t of an
acid.

I t should also be observed tha t Clarke715 has repeatedly described
aluminosilicates as possessing an acid character, and regards the
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tourmalines as derivatives of an acid IIuA!,!*,*!,!*,, , t h r ivairr in
which may be totally replaced.

Other facts are available for showing thiit *ilira WIM-H *~*>tuhinirn
with alumina behaves in a different manner <-hfmi«'aily fr«*m uhut it
does in silicates devoid of alumina, and that th<« iiluiiiinoMh<-/4t«* tuny
rightly be regarded as " complexes " an <ic«fin«*cl by O*tt;*ld (JI, !<1).
Thus :

(a) Hautefeuille105 observed that tungMif uiihydridr run diMj»W
silicic acid from its salts a t 900* whilnt with alimim«Mili«atf\* umli-r
similar conditions the displaced material cuntiujin htith MIIMI awl
alumina and not silica alone.

(b) By the action of the hydrates of aiuniiiujfttlirnti** «*n f*irljoimt«-»
at a high temperature, CO2 is l iberate! and it* yhwv in itikvn by bulb
alumina and silica.

(c) Kaolins and other clays poHHew* acid profHTtici* mid, n* furdiiig
to Gorgeu and Ziemjatnchewnky renpectivriy, thi-y *im cii
haloid salts (KI, KBr, etc.) a t high and niodiTa!* ffnif^mtti
the liberation of free haloid (acid) and thts form At tun »*f
aluminosilicates.

(d) In various chemical proceiwcH—- both in Nature uml in th^ l«i-
boratory—sub8titution«reactionHfrequc*ntly«M*irurtnwhtrhthi*iilufiiiitu»
silicic radicle remains quite unaffected. All «uch rnif ti^iii* niny br»
expressed by the following equation :

MX + MtA « M|X 4 MA,
in which X is the anhydride of an acid* M and M|, two diflrrrnt nw\nht

and A is the aluminosilicic radicle.
The authors who have maintained the arid rhrtriiHir of tthiminiurn

in the aluminosilicates and who have? rrn'ognimni thi* i«xi«*fi*nr̂  t»f rom-
plex aluminosilicic acid in some fiiuniincwiliailr?* h*!%••* n i w i d y Itrrfi
mentioned in the historical section of thin vnhmnu lini? nf f'ht'w-
Zulkowski—states : "I have . . . alMo MIIOWII th»t iihttiiisriii |KJW*"W**H
the previously anticipated charactoriHtif.* of forming f-cmifKittn«I«« whivti
are not salts in the ordinary meaning of thi* word, hui- «-hi«-h tntt^i
be regarded as aluminosilicic add**, nnd that fhi'wr* m-nU iti».*t «i«rwr
in certain aluminous slags and glaztw."

There are, however, some objections to the* hyimthtmm umlrr <li*-
cussion :

(a) Although in most chemical reaction*, tin* mhtmitwmUmtm
behave in accordance with the* »ixth hypothwtn, tinn* mw uthvr*
which are, a t present, inexplicable* or art** in dirrr t w-mtriulp-tuM in if,
as the following examples will KIIOW :

L If the aluminosilicata known an andf^iu*1*4,

is regarded as a salt of an alumino*ilicic acid,
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it is easy to understand the formation of analcime from andesite by
treatment with Na2CO3 , which, according to Lemberg, produces the
compound

* 2 Na2O • 2 A12O3 • 8 SiO2 (Analcime).
I t is, however, difficult to see why the same chemist could not repro-
duce andesite from analcime by means of CaCl2. The chief product
in the latter case appears to be

2 CaO • 2 A12O3 • 8 SiO2.
2. By investigating the behaviour of the compound

Na2O • A12O3 • 2 SiO2 (Nepheline)
towards gaseous hydrochloric acid and silver salts, P . Silber107 has
shown tha t only one-third of the sodium is given up to gaseous hydro-
chloric acid or is replaceable by silver, the remainder of the sodium
being quite unaffected. Yet if the formula of the complex alumino-
silicic acid is ,.,. ^ _

H2O • A12O3 • 2 SiO2,
the sodium atoms, having replaced the whole of the hydrogen, must
behave uniformly!

3. If the sixth hypothesis—that the whole of the aluminium is in
the form of an acid—is accepted, i t follows tha t all the aluminium
atoms must behave similarly to chemical agents. St. J . Thugutt 1 0 8

has, however, experimentally proved the exact opposite in a series of
aluminosilicates, and has found tha t one-third of the aluminium be-
haves differently from the remainder. For example, sodium nepheline
hvdrate,y ' 4 (Na2O • A12O3 • 2 SiO2) - 5 H2O,
on prolonged digestion a t 200° with 2 per cent, potassium carbonate
solution, one-third of the alumina passes into solution in the form of
sodium aluminate and a residue of potassium natrolite,

K2O-Al2O8-3SiO2aq. ,
remains, according to the following equation :

3 (4 Na2Al2Si208 • 5 H2O) + 8 K2CO3 + 9 H2O
= 8 Na2COa + 8 (K2Al2Si3O10 + 3 H2O) + 4 Na2Al204.

Thugutt has also experimentally proved this property of aluminium
in the kaolins, and in a series of socialites or sodium nepheline hydrates
in which a portion of the " w a t e r of crystal l isat ion" is replaced by
several salts such as NaCl, Na2SO4 , Na2CO3 , etc.

(6) The precise meaning of the term " complex acids " is by no
means perfectly clear. As has been shown in the previous pages, all
existing theories concerning the constitution of these compounds are
only applicable to a comparatively small number of these substances
and are not, in other ways, quite free from objection. Hence, the
hypothesis that the aluminosilicates are complex acids and salts gives
but little information concerning their " constitution " in the true
meaning of this word.

(c) A theory is only of value if, by its means, a large number of
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facts can be arranged systematically. As there can be no doubt, in
the present s ta te of our knowledge of the chemical nature of the
aluminosilicates, t h a t a genetic relationship exists between the com-
pounds in this group—this being in agreement with the sixth hypo-
thesis—a general systematic arrangement in the sense of the sixth
hypothesis must b e possible, e.g. one based on the composition of the
complex anhydrides. If, however, an at tempt is made to apply this
arrangement to all the aluminosilicates—including the felspars, micas,
clintonites, scapolites, orthochlorites, etc.—a very large number of
hypothetical anhydrides is involved; many of these are of a complex
composition and their existence has not, so far, been proved.

Vernadsky109 has actually drawn up a scheme of classification based
on chemical properties, bu t he only applied it to a relatively small
number of compounds and made no a t tempt to arrange the micas,
felspars, clintonites and other aluminosilicates in a similar manner,
as he realised the impossibility of a complete classification on such a
basis.

Hence, although the sixth hypothesis agrees the best with the facts
of all the theories mentioned, there are several objections to it, and
these must not be under-estimated.

Consequences which follow from the previous Theories

A number of facts may now be mentioned which have a character-
istic relation to t h e theories concerning the aluminosilicates and may
be regarded as " consequences " of them.

A. The idea t h a t the constitution of the aluminosilicates cannot
be expressed in t h e light of the previous theories has often led the
various investigators to formulate different theories in which no atten-
tion was paid to t h e chemical properties of the aluminates. Amongst
these are the so-called "mix tu re theories " of micas,110 scapolites,111

tourmalines,112 e t c . The various investigators differ greatly in what
they consider t o be the components of the mixtures ; these are, in
most cases, only hypothetical and are often of such widely different
chemical composition that they can scarcely be described as isomorph-
ous in the strict meaning of this term. I t is, therefore, impossible to
state the constituents of a " m i x t u r e " without knowing precisely
what a given investigator means by the terms he uses foj? such con-
stituents.

I n this connection it is interesting to note that Clarke118 has
recently suggested tha t the orthosilicates can form " isomorphous "
mixtures with tri-silicates and other poly-silicates. The acceptance of
this led Clarke to formulae which appear to be very improbable. For
instance, he suggests for Zinnwaldite114 the following formulae :*

1. Al244Fll67K224Si
2. Al289Fl18eSiai8H

* Zinnwaldite is usually considered to be an iron-lithium silicate and not a
fluorine compound.—A^ B. S.
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By UMiiR tin* s y m b o l X for both S i ( ) 4 nnd S i a ( ) ? and tho symbol
R d»r K, Li, H and A I F a , h«? obta ined the following const i tut ional

1 M iMXtVUUj * r»:i (AIX,Ut> > 45 (Al .X.R.) ,
1AlX¥lH I X R » M CJ (AJaXaR3).

J irn i lr t i la t ing iin jiniiiyH.* of m ' o p h i l i i t e l u made by Riggn, Clarke
j fhr following h i g h l y «*ompli»x formula:

and *rx\*rvw

:«1(AIX,FI»R,) J• h l { A l X s K § ) | 2fl(AIXnlt,).

( lurk^ bttH f*lwi oh tn im*4 s imilarly <'omplcx formula* for other
ii irhiding Milbitt*, r*hnh»Hit<*f ht*ftlnndii4%u<J o t c and han <»n-

ivoiirr<l !<i <*njjliiin lht*hi* in an fumlogoun numnvr*
Jl. A mimvwhnt Inrgf umnttnt of effeprirt* in obnt*rv<*d in Htuclying tho

'tttAtioriJt of tin* ro i int i t t i t ion of .nomi* Milirati*H. Kiurh invest igator
wii.^i: f lint firrAng^mt-tit w h i c h hi* co»#if!<•!•« to h«* the mn«t convenient
fnr hi* o w n war und it i.*«, t ht»n#ff»n% vt»ry difll^ult for anyone (?1HO to accept
any ji&rtkulur t.h«^»ry. T h e rtirrent hypothi*Mi*H renpecting tho cou-
f l i ! n « lif flu? t w o foHmviug nhiminoMilieat^H :

in) K tf > - Al,C»t - 2 StO f (Phnkrlite) nnd
' K A l S O h l

Alt'* ly{»im
O ) T h o Conntitution of ?ha.kelite

\ iituih**7 rfgnrtiH thin rompounc! HH a »implc% normal «alt of
i l i i«! nrid¥ via. :

Hi ^ O t i A!

^lirrii11* rrprff«(*iitM it moli^tilnrly an :

K,StC)f w\I«Si»Ot1.

H, »I. Thti | (tt!tm filwi it*prrwtit« it molffttilariy, but with other com-

Vt»r»i»dlifckyliw ^tin.#itlt*rii ti an n Halt of an aluminoHtlk'ic aaid :

ICO- AivO9 - It KtOi.

('•i Thi Constitution of FoUuh f&Upar (orthaclwc)

A* * jinrifliirt of |>9MSU«:Iomorphic procc-Hî i* Tnf!hormak reganli ortho*
mi:

K ^ A U
rrptvm?ntn it
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P. Groth122 assigns it to the following ecmatitution :
Si _ O — Al

•*> / \
0 O O

\ /
0 .Si ~ O

Clarke123 prefers : ] r K,Al— [Si.O,] z: Al\[«i,Q,J - Al
S. J. Thuguttm, as the result of experiments, HHCH th«« following

constitutional formula :
2 K,ÂSi3Oie • K.A1.O, • 12 SiO,.

Rammelsberg considerH it to be a multiple wilt («loulil«« wilt)
analogous to albite and writeH the formula :

Wartha represents the structural formula of arthwl».«* a*«:
/OK

4 < >
Vernadsky128 regards orthoclaso a« a complex wilt t>t »i» a< i«l

H,0 • AI.O, • 6 SiO,,
and writes its structural formula :

OK
Al

••

Zulkowski714 regards felapar as a salt of a complex
acid and gives it the following formula :

Al — O • SiO • 0 • SiO • 0 • 8iO - OK

A
Al — 0 • SiO • 0 • SiO • O • SiO - OK

Attention may also be called to the suggestion of Haunhofor9", who,in order to show the genetic relationship of th© fefapaat with grmnttai
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ami f i l i n g attributed the fallowing constitutional formula to ortho-

O

O Hi - o ~ *i O ~ AI^^>Si — OK

o 6

<> Ki-O Xi~ O —
(>

M**llor and Hnldrmf!70* regard orthodane an a Halt of an alurmno-
bf'Xft̂ iiirir II* itl and maggot I hi* formula :

O ..- Si •- O / O ~ 8 i .̂ 0
*> A l / 0
O Si O / () — Si «= 0

o b
O ^ Hi Hi =a 0

OK OK
t\ Hniiii* AluminoHilicAfi'H, vii*%vc*d in the light of exiBting theories,

*r«* t*xtn*mt.ily j*iî JinM «?v««n wh«*n they are not highly complex. The
lninili 4 j*rtlrtmt#12*

Hi MIIO • V,t)» • T$ AI.C), • 10 SiO, • 5 H,O,

in fhuf* <l#mrribi*rl by Ciroth : " Thin fcvrmula—though baned on only a
Urn* mmlymm-•'••••-mtHrntv* Mitrh a <*fmipl(*x KtriK t̂urc that it in highly
pmhmhh thnt further tnvrmignti«.m will h*ad to it« amplification/*

Thi#» <i<tr|iirnlion WIIH trmilt* by (troth beraun<j ho wan not in a poRi-
iiun U$ find n ftimplt*r formuli* which would agree with the thooriea

L
U. Anciihtrr vimm*qxwnvi* of t h e cntinmt theorieH w that in many

i*n{i*-riiiirfiliil mmmrt'hvn no lutnlywH are <.*aleulatc*d into formula?, the
nmml v'ww bring that the ûbHl.»m#€.*H an* not true compound**, but
" iM-mtorphou* mixttirw*." It sin rl«»ar that many interesting eharaeter-
ifilpfi nrm nvMhmkixl in the abmmce of formulas. Lemberg127 iB
fyi»$rnl af in»tiy other irivi^tigiitors who do not express their renults
by tn<tmiii «4 fcimniil®,

Tb« E&iult of the Critical ExAtnination and the Possibility that the
Objection* raUdd to the Sixth Hypothesis are unreal

A * rtf itnl trKA-miiuitioii (pp. 8-20) han Khown that tho alumino-
ncl «tirh romplex fcimpoundu a» tho MtlicotungHtatcfly the
ngBlMt€m, eli% urn elo«4fly related Nubntanccfi; it has shown,
thai, in nil probnbitity, both thene groupn of compounds

may b« nfgaitttKi an member* of a single ela»«.
With ri gurd to their coiuttitution, this examination only shows that
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t h e s t ruc tu re of every compound is not yet known. The previous
theories on t he constitution of the aluminosihcates cannot be regarded
as sat isfactory, as notable objections can be raised against each, and
none of t h e m is capable of logical application to the interpretation of
t h e chemical n a t u r e of the aluminosilicates as a whole, nor can any of
t h e m be used for a systematic classification. At the same time, it
should be no ted t h a t the conception of the aluminosilicates as complex
acids or sal ts agrees well with the facts.

So long as no be t te r theories are available the sixth hypothesis must
claim precedence, in spite of the objections to it already indicated.

I t is, however, not improbable tha t these objections are only
apparent a n d t h a t they would be completely overcome if the manner
i n which t h e a toms in the anhydrides of the aluminosilicates are bound
t o each o ther were known. By the use of a suitable hypothesis for the
s t ruc tu re of these anhydrides, a confirmation of this statement may be
found. T h e authors of this present volume have actually formulated
such a hypothesis , and its nature and the conclusions which may be
d r a w n from i t form the subject-matter of the following pages.*

S e c t i o n I I I

A Hypothesis to show the Bonding of the Atoms in the
Aluminosilicates and related Chemical Compounds

A. Two New Radicals—Hexite and Pentite

1. Hexi te

IF.s ix molecules of Si(OH)4 unite together, splitting off water and
reta ining the quadrivalency of the silicon so as to form a " closed

r ing , " t h e following constitutional formula is produced :
(OH)2

0 0
,(OH)=Si | / NjSi=(OH)a

0 0
,(OH)=Sil )Si = (OH),

N o <r

V

(0H)a

Formula I.
• In sections I and H the authors have followed Veroadsky : " Uber die Gruppe

des Sillimanits und die Rolle der Tonerde in den Silicaten " (Bvtt. der Moakauer Gesdl-
schafi der Naturforscher, 1891, 1, 1-100).
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If file tnoicrnlf-'H of w a t w t iro split of! from formula I, the const i tu-
tion *lu*wn in formula It in d d

Si
/"\

o o
O ̂ K i / N,8i=*-0

i) O
O Hi Si-0

C) O
3 /

II.
Formula I i*t hiu»wn in abhrin-iatî l form by moans of tho following
t l

(OH). H,
»•• » it

^^- . (OH), H, -: / \ «. If, « /
/ H V (OH), w H 3 : , ^ , , , H i or ^ i K

(OIIi, H,
rmttU IJ t. PormuU IV. Formula V.

II by tin* symbol :
y\
l » !
\ /

Formula VI.

In tlw fff4I«m-tfif( fiAKi'M thciic abbreviated formn will bo uucd in
jik«* tti Umnulm I nntl II,

Ii MX m*tlmnhm AI(OH)S unite togothor to form a " r ing"af te r
fating *i* iiirilt*rtili*n II,O, hul retaining Iim tri valency of the aluminium,
formula VII in tiblainwl ;

Al — OH
/ \

O 0

6 6
HO « All JAi —OHx 0 OX

Y
Al — OHFormula Vlt.
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B y t h e r e m o v a l of t h r e e m o l e c u l e s of H 2 0 f r o m f o r m u l a V I I t h e
a n h y d r i d e 3 A 1 2 O 3 i s p r o d u c e d .

I n s t e a d of f o r m u l a V I I , t h e s y m b o l s

O H H

X k A
H O — / N — O H H — , / \ — H — /?S —

j±\ or ^j Al _ . or | -̂ J-

Formula VIII. Formula IX. Formula X.

m a y b e u s e d , t h e a t o m i c c o m p l e x 3 A 1 2 O 3 b e i n g t h e n r e p r e s e n t e d b y

/ \
I-All

Formula XI.

T h e radicals indicated by the symbols in formulae VI and X I are
t e r m e d " Hexite," 6 SiO2 being known as "Silicon hex i t e " and
3 A1 2 O 3 as " Aluminium hexite."

F o r Silicon hexite and Aluminium hexite the respective symbols

Si and Al
w i l l also be employed.

T h e hydrates of these hexites—such as :

6 H2O • 6 SiO2,
4 H2O • 6 SiO2,
3 H2O • 3 A12O8, etc.,

a r e te rmed " Hydrohexites."

II . Pentite

I f five molecules of Si(OH)4 or A1(OH)3 form " rings " in a manner
s i m i l a r to hexite, the following structural formulae are produced :

(OH)2 (OH), H2 H2
[I II (1 II

Si > = ( O H ) 2 I Si > = H a

II If
s T > -

ii n f~l
(OH), (OH), H 2 H 2

Formula XII. Formula XIII. Formula XIV.

OH OH H H
I 1

I A T

i

H H

Formula XV. Formula XVI. Formula XVII.
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If the appropriate number of H 2O molecules is removed the anhy-
drides

Formula XVIII. Formula XIX.
are obtained.

The meaning of the symbols and formulae X I I - X I X is clear from
the statement made with regard to hexite ; in addition, the sign + in
formulae XV, XVI , etc. indicates tha t an even number of these
radicles must be present, as such an expression as i (5 A12O3) (Formula
X I X ) is impossible with existing conceptions of molecules.

The ring-forming polymerisation-products represented by formulae
X V I I I and X I X are termed " Pent i te ," tha t corresponding to S i (0H) 4

being referred to as " Silicon pent i te ," tha t corresponding to A1(OH)3

as " Aluminium penti te ," and the hydrates :

5 H2O • 5 SiO2,
3 H 20 • 5 SiO2,
i (5 H2O • 5 A12O8), etc.,

as " Hydropentites."
The pentites of silicon and aluminium will be indicated by the

symbols :
Si and Al,

respectively.

B. The Representation of the Chemical Structure of the Complex Alumino-
silicic acids and their Anhydrides by means of the Silicon and Aluminium
Pentites and Hexites.

The silicon and aluminium hexites and pentites just mentioned,
provide the " building stones " or nuclei for the acids and anhydrides
under consideration. With their aid the mode of formation of t he acids
appears to be in accordance with the following rules :

(a) The hydrohexites or hydropentites of aluminium unite with
those of silica or vice versd, the two neighbouring hydroxyl groups in
the ortf&o-position in these rings splitting off the elements of water,
two other OH-groups, also in the ortho-position in the silicon ring,
losing their hydrogen atom and forming free H 2 O.

By this means :
1. From one aluminium hydrohexite and two silicon hydrohexites,

viz, from 3H2O • 3A12O3 and 6H2O • 6SiO2, is obtained the formula :

(0H)2 OH (OH)a

(OH)2

This may be expressed in four abbreviated forms :
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(OH), OH (OH),
II

(r)

II I II

- | S i | A l | S i | ~Z | | | S i |

ii i ii

H; 8 (S i • A l • SAi).

2 . F r o m a s i l i c o n h y d r o h e x i t e ( 3 H 2 O • 6 S i O 2 ) a n d t w o a l u m i n i u m
h y d r o h e x i t e s ( 3 H 2 O • 3A1 2 O 3 ) i s o b t a i n e d t h e f o r m u l a :

O H OH O H

or t h e symbols
O H O H o:

OH OH OH

08)

(7)

(*)

OH-

H—i

H—!

A l | Si [All ° H

-OH

OH OH 0 1H

H H

H°1O(A1 • Si • Al).
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3. Vrmn !»«*• a l u m i n i u m h y t i r o h f x i t c ( 3 H t O • 3A12<>3) and two
niliwn hyilr«»prntit«'* ( 5 1 1 , 0 • :»SiO j art! obta ined th«» symbeils :

i**) =,, y s i Al '.Si / -

Ut) H;,(.Si • Al -Hi),

which n w l ««> further t ^ p U n n t i i m .
Fr«<m ut\ it fulluwH that r.t* h u l u m i m u m hyclrohoxiti* cuti

with twit or ill tuiiHt tiiri'i^ *$ltrfm hycirohi*xit^H or hydrciji4*ntiti*H, wuti*r
bfiiiM hj-ilif «»rt. Tin* rt*v^r«i^ i* nnturn l ly tht*ciiHu wi th the HSHCOU hydro-
ht*xit«#«* ; tl»t« tmkojwnt i t rH «>?i tht i contrary run obv ious ly rotnbino
with, i\% m«*Ht, tw« hyctruhi-xtt*^,

(A) Only IIIOH*' \y\m4 ntv |mKitic*triI% from thi* rmlirh** junt iut»n-
tionrcl, in whi<-h tht* " rinn« " t»r nwhi an* <liMtrihuti*<i quitt* nyni-
mctri«*ally. Fmin thin it foll

1. That .HiioJi ty|Mr« iiM ;

hi • Al - Hi*

ht ' AI - ft,

rumphu4y tntdudrtj ».«« tlwy tire?

2. Tht* typt?
Hi - Ai

!*iiit>l«tl. It ihi*ii yif*itij4 two

Hi • A*l • Al -Hi,

Al • ?*$ • -Hi * Al, of

(;i) bfith riuln mii^i IK.* former! « l abHo!uU*Iy Mtmtlur mdirliw, an :

hi • At 'Hi.
Hi • AI • At • AI • Hi, t*t«%

Itiil*a follows thai from tin* typ**

Si • AI -Hi
no nmh m$tm*r n^ :

hi • Hi - Al

) Tin* t y | n ^ run o n l y hmrt? a g r o u p of t w o similar radink'H of this
ob»mi?rit# in tht* midcilr* nml not a t tht» end*. E v e n in the*

U tlw *̂ «>l̂ 4«* *f« tliitibi^d m4 %lm nuclei «yrnm«ttric4Uly plAcmi; nuch daubt«»d
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middle they cannot have more than two mmilar r ad i c l e of th#* mum*
substance. The following typen are therefore <*xr]udr*cl :

8i • Hi • Al - Hi • Si ,

Si • Al • Al - Al - Ki,

i l - A V s V s i - A l -A),

Al • Hi - Hi - Hi • Al, H<\

Prom what has been already niafwl it will he nwn fhnt t!$** following
structural formulas are potfnible :

H i l l !

1. I Si I Al j Al fSi I « Htt {Hi • Al - Al • Si) I« II.O • 0 Al.t»»- 12 SjC»f

_ A A A A _ . , . .
2. | Si | Al | Al | Si J «= H J, (Si • Al • Al • Si) a H ,0 • 0 Al,O, • 12 M » ,

"YYYY"
i i

3 . = ( Hi Al Al S i > « i l\% (8 . • AJ • Al • Nij * H , O . « A l ^ . - J u W J ,

4.

5.

6 .

«-<̂5i | Al j Al J8i \~ ,,i KJt (Si • Xl • Al - Sij -̂  IIfO - *! Al,tn
/ " i
i

( { i d !
| Al Si j Si j Al j « M% {il • Mi • Si * A)) * g !i tO • « AI»O| • 12 .SO,

""YYYY"
_/\AA/\_
_| Al (Si | Si I Al |_ « H; (Al • Hi • .̂ i - Al) -» 4 JI.O • fi Al,()» • 12 JM>,

I I
A AL A A J

7. <A11 Si j Si! Al'\ « [{;, (A). s». H . Al) « fi H,(> A AM), • J2 8iO,
1 YY" r
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8- Si Al

9. Si Al =H? Al̂-Sil = 3HaO • 3 Al,0,-18 SiO,

10. = < Si Al = H;8( i ) = 9 H,0 • 3 A1SO, • 15 SiO,

11. = < Si Al = HJ ( A l ^ i i I = 3 H2O • 3 Al.O, • 15 SiO,

12.
TY

JAIJ si Ll I = 6 H8O • 6 SiO, • 9 AlaO»
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13.
V A l

3 H2O • 6 SiO2 • 9 A12O3

•I S i ^ A l ) l = 6 H 2 O - 1 2 S i O 2 . 1 5 A l 2 O ,

15 . f Si W f f i T A l ] Si = H « M (Si • A l • Si • A l • Si)
\ / \ / v / = = 12 H 2 O • 6 AU O 3 • 18 S iO,

I II I
I II II II I

16. J Si | A l | Si ] Al I Si L = H J . (S i -Al -S i -Al -&)=8 H 2 O • 6 A12O3 • 18 S iO,

I 11 I
1 ll I

17 .=<f sT Al I Si I Al "sTN====H;2(Si-Al-Si-Al-Si)==6HaO-6 Al2O8-16SiO2

A— \ A / \ / —
i n i

etc. etc.
The types produced exclusively from the hexites (e.g. 15 and 16)

are termed " primary" or " major t y p e s " ; those which contain
both hexites and " penta radicles " (3, 4, 7, 10, etc.) are known as
" secondary " or " minor types."

Having now shown the chief features of the hypothesis relating to
the bonding of the atoms in the aluminosilicic acids, it is necessary
to ascertain how far the facts support this new theory.

0. Consequences which follow from the "Hexite-Pentite Theory"
I

If the aluminosilicates are really free acids or salts, of which the
anhydrides can be produced from aluminium and silicon hexites and
pentites in accordance with certain laws or rules, it follows that in
that class of reactions known as " double decomposition " the alum-
inium cannot be replaced by other elements, but that the alumina-
silica ratio must remain constant.
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H e n c e in reactions of this kind, involving the following silicates :

(a) 6 Na2O • 6 A12O3 • 12 SiO2 = Na la(& • Al • AL • &),
(6) 3 Na2O • 3 A12O3 • 12 SiO2 = Na6(& • Al • Si),
(c) 3 Na2O • 3 A12O3 • 10 SiO2 = Na6(ST- Al • Si),

"fcliose atoms which are outside the brackets (i.e. the sodium atoms)
t > o replaced by potassium, magnesium, calcium, etc. No such

^ p can occur with the aluminium atoms and the alumina-
s i l i c a ' : r a t i o must remain unchanged.

- A s a, mat ter of fact, no replacement of the aluminium by elements
i l f o r m oxides of the R 2O or E O type has yet been observed either

ixx "fclie so-called pseudomorphous processes or during the course of
o x p o r i x x i e n t a l researches in the laboratory.

I L e x x i b e r g (see Appendix, page following Table IV) by treating an
i f i i l l prepared compound

a2O • 5 K 2 0 - 6 A12O8 • 16 SiO2 = NaK10(Si- Al • & • Al • Si)

"varying amounts of salt-mixtures (sodium and potassium
e h l o x i c L e s , potassium and magnesium chlorides, etc.) obtained the
£ o l l o " w i x i g compounds, all having the general formula :

BufSi • Al • Si • Al • Si),

6 Al2Oa • 16 SiO2
- 6 A12O8 • 16 SiO2,
• 6 A12O8 • 16 SiO
• 6 A12O3 • 16 SiO2,
• 6 A12O8 • 16 SiO2
6 A12O8 • 16 SiO2.

• 6 A12O8 • 16 SiO2
- 6 A12O3 • 16 SiO2.
•6Al2O3-16SiO2,
• 6 A12O3 • 16 SiO2.
• 6 A12O3 • 16 SiO2
6Al2O8-16SiO
6 A12O8 • 16 SiO

F r o m all these thirteen compounds he could only obtain a replace-
m e n t o f the atoms outside the brackets :

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.

Na2O
2Na2O

2.5 Na2O
3Na2O

3.5 JSTa2O
5Na2O

1.5 K 2 0
2K2O

2.5 K 2 0
3K2O

1.5 K20
2K2O

2.25 K 20

• 4.5 K2O
• 3.5 KaO
• 3K2O
- 2.5 K2O
• 2K2O
- 0.5 K2O
• 4 MgO
• 3.5 MgO
• 3 MgO
• 2.5 MgO
• 4 CaO
• 3.5 CaO
• 3.25 CaO

"blxe alumina-silica ratio remained constant.
.A. l a r g e number of analogous phenomena might be mentioned, bu t

"fc lxoy all lead to the same conclusion, the following will suffice. Thus,
-fclao s i l i c a t e

(0.5 Na2O • 2.5 CaO • 3 Al2Oa • 18 SiO2 • 17 H2O)2
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is oonverted by a nix wcokn' treatment at 100" with K< '1 |,H<* A
Table I, No. 39a) into the compound

K,0 • 3 A1.O. • 1«BiO, • 13 11,0 K,( A"l';-Ni I • 18 H,«).

This potassium Halt m converted by n fortnightV tri'ftfmrnt nt
100° with sodium chloride nolutioii into the MMIJUIJI .̂*lt {*«<<- Ap]t*»-
dix, Table I, No. 30b)

3 Na,0 • 3 AI.O, • 18 SiO. • 1« H,O Nw.^AI^NJ . Ui II,O.

The potassium Halt

after a week'** treatment at 100° with ttmltum rhlnrirlt* mAui'mt in
verted into the sodium salt (nee Appendix, TAMC* I, X«. 3W>

3 Na«0 • 3 AI,Of -18 Sit). • B 11,0 « N»J AJ?£% I . H fftfI

The sodium salt (nee Ap-ptndix, fonaberg'rt Kx|>l4i.4 Hî rii** Ji (r)

(3 Na f0 • 3 AI,0i -15 SiO» • 7111,0)^ Ni

is converted after a hundrtdi tiny**' tmaf mm! with fmimmnn * lilnritJi?
solution at 200° into f* ^ - A- ' - **

( S K t O - S A l ^ - l S S O i - I I H t O J t ^ ' Kg p i M j - i f i i ^ ,

^ 8r J
and the sodium salt

3 Nat0 * 3 AltO, • 12 SiO. * 0 !If0 « N»t(tli • Ai • Kt) - ft Hfi J
by a three weeka1 treatmant at 100° witli pt$mmmm rhloricb Mtuiton
(nee Appendix, Table II, No. 4«&) into tfatt potMnium mil

3K.0 -3 Al.O, - 128iOt* HfO m tdk • AI *«M • MfCI.
etc., etc,

II
The new hypothesis impl^ a gmetic rtttofofuhip betwiwrn Iba

various aluminoailicat^; urid r̂ miubte mn4timm timy mvmt be
mutually convertible*
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Thus the silicate
3 Na2O • 3 A12O3 • 12 SiO2 = Na6(Si • Al • Si),

can change into the silicates
(a). 3 K2O • 3 A12O8 • 12 SiO2 = K6(Si • AL • Si),
(b) 3 MgO • 3 A12O8 • 12 SiO2 = Mg3(Si • Al • Si), and
(c) 3 CaO • 3 A12O3 • 12 SiO2 = Ca3(Si • Al • Si),

the sodium being replaced by potassium, magnesium or calcium.
A conversion of the substance

3 Na2O • 3 A12O3 • 12 SiO2 = Na6(Si • Al • &),

into the compounds
(a) 3 Na2O • 3 A12O3 • 10 SiO2 = Na,(Si • Al • Si),
(6) 3 Na2O • 6 A12O3 • 12 SiO2 = Na6(£i • Al • Al • Si),
(c) 3 Na2O • 6 A12O3 • 10 SiO2 = Na6(Si • Al • Al • Si),

can be effected, in case (a) by the conversion of the silicon hexite into
pentite, in (b) through the addition of an aluminium hexite and in (c)
by the simultaneous transformation of the silicon hexite in (6) into the
corresponding pentite.

In this manner a series of changes in aluminosilicates prepared
artificially b y Lemberg, Thugut t and others, and the numerous
naturally occurring changes which have been observed may be clearly
represented.

Thus, Lemberg (see Appendix, Series B) :

1. By the action of caustic soda solution of various concentrations
on the silicates :

(a) 3 Na2O • 3 A12O8 • 12 SiOa • 6 H2O = Nae(Si • Al • i§i) • 6 H2O,
(b) 6 Na2O • 6 A12O3 • 12 SiO2 = Na12(& - Al • A • &),
(c) 6 H2O • 6 A12O8 -12 SiO2 • 6 H2O = H12(& • Al • Al • &i) • 6 HaO,

obtained, from the (a) compound, the substance

6 Na2O • 6 A12O8 • 12 SiOa • 15 HaO = Na12(Si • Al • A • Si) • 15 HaO,

from (6) the substance

8 Naa0 • 6 A12O8 • 12 SiOa • 7 H 2 0 = Na16(Si • Al • A • Si) • 7 H2O,

and from (c) the silicates
6 Na2O • 6 AlaO8 • 12 SiO2 • 15 H 2 0 = Na12(S

Ai • Al • A • Si) • 15 H2O and
8 Na2O • 6 AlaO8 • 12 SiOa • 7 H 4 0 = Nax\(& • Al • Al • Si) • 7 H2O ;

2. By treating the silicates (see Appendix, Lemberg Series B).
(a) 6 JSTaa0 • 6 A12O3 • 12 Si02 = Na12(^i • Al • Al - Si),
(b) 3 Na2O • 3 A12O8 • 12 SiO2 • 6 H tO = Nae(^i • Al • ̂ i) • 6 H2O, and

(c) 3K2O • 3 A12O8 • 18 SiOa = 1
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with sodium silicate, he obtained from (a) and (b) the substance

(3 Na2O • 3 M2Oa • 15 SiO2 • 7^ H,O)a = \ Na, Al—Si IU • 15 H2O,

and from (c) the compound

3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O = Na«(Si - Al • Si) • 6 H2O;

3. From the silicate

(0.5 Na.0 • 2.5 CaO • 3 A12O8 • 18 SiO2 • 20 H2O)2 =|NaCa2 .6( Al^Si ) L

[ v V )

by treatment for fifteen months a t 100° with 20 per cent, sodium
carbonate solution he obtained the compound (see Appendix, Table
I I , No. 44)

(3 Na2O • 3 A12O3 • 15 SiO2 • 7£ H2O)2 = \ Na6 15 H2O,

and by treatment for two months at 100° with a 25 per cent, solution of
sodium silicate, the substance

3 Na2O • 3 A12O8 • 12 SiO2 • 6 H2O = !Na,(£i • Al • Si) • 6 H2O ;

4. From the silicates :

6 H2O -6 A12O3 • 12 SiO2 • 6 H2O = H12(& - Al - Al • &) - 6 H2O,
6 Na20 • 6 A12O8 -12 SiO2 = Na12(^i • Al • Al - Si),
6 Na2O • 6 A12O8 • 18 SiO2 • 12H2O , = Na12(^i • Al - & • Al • gi) • 12 H2O,
3 Na2O • 3 Al2Oa • 12 SiO2 • 6 H2O = Na6(& • Al • Si) • 6 H2O,
3 K2O • 3 A12O3 • 12 SiO2 = K6(^i • Al • Si), and

3KaO • 3 A12O8 • 18 SiO2

by treatment with a mixture of sodium chloride and caustic soda
(see Appendix, Lemberg Series A) he obtained a " sodalite " :

(6 Na2O • 6 A1,O8 • 12 SiO2) • 4 NaCl • 4 H2O
= Na12(S

Ai • M • Al • Si) • 4 NaCl • 4 H2O ;
5. From

3 K2O • 3 A12O3 • 12 SiO2 = K6(Si • Al • Si), and

3 K2O • 3 A12O, • 18 SiO2 = KAAl^Si
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h the* ** K*lalit<* "

tn K,O • n Al.O, • 12 8iO,) * 2 K(l • 8 II ,0
K u M • Al • A\ • Hi) - 2 KC'l • H H3(),

by frr^froriif with n mix tun? c4 jmfjiHHium fhluride ami eauntie potash.

*!< Fr**m tin* **iltmt«<* ;

i! H.tt - *\ Al.O, • 12 SiU, • « !f5O Ht3cSi - Al • Al • Si) • « Ff.O,
«!N%i lM'RAI lO |. 1 H S » O , • 12 11,0 .. XunrKi-Ai-Si-AI-»Si)- 12 H , 0 ,
:i N*,o * 3 AI,O, • 12 SiOf • « IIaC> Nrtjsi • Al - Si) - 0 H30,
3 KtM • ;i Al.tl , • 12 KiUs , K,IHi - Al • Si),

3 Sa.ci . 3 A1,tl, • IK Stt>§ KnJ A l f Si
^ %Si

3 K^l • n AIsllf • 1H Hill, .,* K / A l ^ S i J

jin4 * mitturi* *4 Hmliiim utaljitmii* ami niUMtir HO<IH h<j obtained th©

III XrttO * 0 AlgClji • 12 Si(),| • 2 XiijSOi • (1 HfO
* KtttlfHi • Al • Al • Su • 2 XII3H(), • B 11,0 ;

7, Frt?m tin* rniujMnintln i

0 l l t l l • li A1,O, • 12 KiCl, • fl II,O illsrSi • Al - Al • Hi) • 0 H»O,
il X»fil ' •! AI,Ot • 12 Kit), - Xnu(tti * Al • Al • Si),
3 Xft.0 • 3 Al^l , • 12 SiO, • 0 IfgO Xa,(»Si • Al - »Si) - « lf,O,
3 K / l • 3 AMI, • 12 *MJf K»(Si * At • Si),

mn\%nm rniW-nX^ hw nbtmnwl tho ** Hadalito "

|H X*,O * 6 AUO, • 12 HtOiJ - 2 Nii^iO, • 8 11,0
* NnlttHi • Al - Al • hi) - 2 Nn^iO, • 8 H , 0 ;

*. Kmm Ihn i*il$riiti?n ;

n II ,<l • 0 AMI. • 12 8tOf • H H f 0 • H»,(Si • Xl • Al • 81) • 6 H»0,
3 Kit,!) * 3 AlgO, - 1^ SiO, • 6 If , 0 « Naf{Ki • Al • ̂ i) - 6 H»0,
3 K ,C) - 3 AliO, • 12 SiO, « K«(Bi • Al - Si),

uncl a mix tu re tif muliuin r&rbotmte and camtic soda ho obtained tho

3 {II X«,O • 0 AI,O t • 12 810.) • 4 Na,C0, • 30 H»0
« f NA.,1 Hi • Al • Ai • Si)}• • 4 Na*C0, - 30 H A
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From these researches* of Lcmbcrg'ti a gc»m*ti * relationship
the compounds of the five following type* :

L Si • Al • $i,
2. Si ' Al • Al • Si,
3. Si • Al - Hi • Al • Ki.

A
4. Alv-Si and

Hi

5. Al vSi

can be traced. This is shown in the following Tubta ;

Table showing tho Results of Lomborif'ji

(a) Series 1.
Si • Al • Si — > - Hi • Al • Al • Hi.

(6) Series 2.

Si-Al-Al-»Si ^ _ ^ . / h l

hi • Al * hi '\ ....

(c) Series 3,

(d) Series 4, 5,0, 7 and 8,

&*Al-8i-Al-Si ^ . ^
Bi • Al • Si — > Si • A! • Ai • Si

The experimental reaearches of Thugutt \nnA\xm an»loj»fju« rmulu
By digesting kaolin1"

(a) 6 H,0 • 6 AM), • 12 SiO, • 0 H,0 - Hn(Hi • Al - AJ - «lj • ft
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with 2 per cent, caustic potash solution at 192-202° he obtained a
compound

(b) 6 K20 • 6 A12O8 • 18 SiO2 • 18 H2O = K12(Si • Al • Si • Al • Si) • 18 H 2O;

with 1 per cent, caustic soda solution, a compound

(c) 6 Na8O • 6 A12O3 • 16 SiO2 • 10 H2O = Na12(Si • Al • Si • Al • ST) • 10 H2O;

with a mixture of caustic potash and potassium silicate two products

(d) 3 H20 • 6 KjO • 6 A12O3 • 15 SiO2 • 6 H2O
= H,K12(Si • Al • Si • Al • Si) • 6 H2O,

(e) 3 KaO • 3 A12O8 • 10 SiO2 • aq. = K6(Si • Al • Si) aq.

From the above-mentioned experimental researches of Thugut t a
genetic relationship may be shown between the compounds of the
types :

(a)

(6)
(c)
id)
(e)

Si • Al • Al •
Si • Al • Si •
Si • Al • Si •
Si • AA1 • Si •
Si • Al • Si.

Si,
Al-
Al-
Al-

Si,
Si,
Si,

From these results i t follows tha t compounds of type (a) may be
converted into those of type (6), (c), (d), and (e).

Friedel has, however, found tha t compounds such as

SAi • Al • Al • Si

can also be converted into those of other types. By treating muscovite:

4 HaO • 2 K2O • 6 A12O* • 12 SiO2 = H8K4(Si • Al • Al • Si),

with a mixture of potassium silicate and potassium carbonate,
Friedel1*0 obtained the compound

3 KSO • 3 AlaO,-18 SiO2

Interesting conversions of aluminosilicates have also been observed
in Nature (pseudomorphous processes); these give results analogous
to the experimental researches just mentioned.

Analcime141

3 Na2O • 3 A12O, • 12 SiO2 = Na6(Si • Al • Si)

can change into muscovite

4 H2O • 2 K2O • 6 A12O, • 12 SiO2 = ftjt4(& • Al • Al • Si),

and prehnite

12 CaO • 6 AlaO, • 18 SiO2 • 6 H2O = Ca12(Si • Al • Si • Al • Si) • 6 HaO.
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The silicates :
6 Na2O • 6 A12O3 -12 SiO2 (nepheline) == Na^Si • Al • Al • Si),
3K2O • 3 A12O3 • 12 SiO2 (leucite) = K6(Si • Al; S'i),
6 Na2O • 6 A12O8 • 12 SiO2 • 4 N a d (sodalite) = Na12(S

Ai • Al • Al • Si) •
4 Nad ,

3 CaO • 3 A12O3 • 12 SiO2 • 12 H2O (laumontite) = Ca3(Si • M • Si) • 12 H20
may all change into analcime142

3 Na2O • 3 A12O3 • 12 SiO2 = Na6(Si • Al • Si).
I n Nature, orthoclase143

3 K20 • 3 A12O3 • 18 SiO2 = K6 Al(~Si
V XSV

has also been found to change into
6 H2O • 6 A12O3 • 12 SiO2 • 6 H2O (kaolin) = H12(Si • iU • Al • Si) • 61I2O
3 Na2O • 3 A12O8 • 12 SiO2 (analcime) = Na,(Si • Al • Si)
6Na a 0 • 6 A12O8 • 18 SiO2 • 12 H2O (natrolite) = Na12(Si-Al-SVAl-Si)-12 H20
2 H2O • 8 CaO • 6 A12O3 • 12 SiO2 (epidote) = H4Ca8(Si • Al • Al • S*i)
3 H2O • 3 A12O8 • 12 SiO2 (pyrophillite) = H6(Si • Al • Si)

3 Na20 • 3 A12O8 • 18 SiO2 (albite) = Nafl

s r
4 HaO • 2 K2O • 6 A12O8 • 12 SiO2 (muscovite) = H8K4(S

Ai • Al • Al • Si).
Natural orthoclase144 is formed from

3 CaO • 3 A12O8 • 12 SiO2 (laumontite) = Ca3(Si • Al • Si),
3 Na2O • 3 A12O8 • 12 SiO2 (analcime) = Na6(Si • Al - Si),
3 K2O • 3 A12O8 • 12 SiO2 (leucite) = K6(Si • Al • Si), and

12 CaO • 6 A12O8 • 18 SiO2 (prehnite) = Ca12(Si • Al • & • Al • Si).
Leucite145

3 K2O • 3 A12O8 • 12 SiO2 = Kfl(Si • Al • Si),
may be changed into nepheline :

6 Na2O • 6 A12O3 • 12 SiO2 = Na12(S
Ai • M • Al • Si),

and nepheline into natroli te:
6 Na2O • 6 A12O3 • 18 SiO2 • 12 H2O = Na12 (Si - Al • Si • Al • Si) 12 H2O,

etc., etc.
Table showing the Natural Changes of the Aluminosilicates

Si • Al • Si • Al • Si

2. Si-M-A-SiII^Tf'^-S}-A'&
* Si • Al • Si
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/** ^ r ^ " M ' Al * Ni
3- M ' M 7 - . - ^ S i - A l - S i - A I - S i

V J " ' ^ - ^ Si • A! - Si

I. Si • Al • Hi ^ ~ - — — - > • A-j / ^ .

Si - Al • Si • Al • Si * ^ j

In «:<j?i*rr|tit*n«-i<f!f the great v a r i e t y of *ulicate8,the various products
fanrml fr«-*m them by the w t i i m of the weather arc? naturally very
num<-r<*«i*.. T h e member* «*f the* felspar group are particularly dia-

V t l by the multt|iii( ity of their produeta. For inntance,
f«*l*!*<ir if* eimviTtftl, fin Wfathering, into kaolin, whilHt other
r>|ir<t«lu« t«« (in the f(»ntwitton of which water an well an air is
rv) nrr until* r*vit«< ;md rpulcitc, with, lenn frequently, <;hlorite
4il*% I#ittif* Wnpar, ntt %vt*fithering, formn calcarcniun zeolite

)ihilltppHtU% de tmttits heuiandite, and, IOHH frequently,
f»ke!«*y,it«", rff ,)• Htwrla felspar formn nodic zeolites (anal-

rim<% fiAtroliU*. ete,) ,
Th«* wii|i«ilit^ mifii-ir;ilHl %m ar-tive weathering, produce epidote,

r»r iiJtiji^n '̂if** ;%tuh f$iiiil!yt kaolin.
• ure feMom i*l?i?cti'd Uy the weather, but if no they

tnKfi, *JiJf*rit*% i«t* .
' t*<**hu*H (Atmlrime, laumontitf*, prehnite) are converted into
4ti r %!*jtftirt' to t he went litur. The zinAitvH may alno be converted

ttito nlh^t j&rohU"*, it* nntrrthte i n t o pretinite,analc»ime into natrolite,
•nil *luitiii.MU* int«i nntroliti*.

Th*- trf«*iir<*hf^of l ^ m b rg, T h u g u t t , and Doelter have nhown tha t
i»rr« esffiJy rnnverted i n t o other compound** by addition to,

turn fr«*iti, ut replm-emenf «f, «ome of tlteir eoitHtituentH.
hii-j* ofiHervrd t h a t when granite in ftim*d, aluminoHili-

bile) and orttwHsHratf?* (e.g. olivine) aro produced, as
in the t»'.«*«*ar* hen of IloHter nucl others. Tlus graniteH may a k o l>o
fciftnt̂ l l*y m tvwtm* rmtrium f rom orthoailieateH and ahunitioKiticates
At m tii||h t**wiji**rmtiiri\ (JriifttteHi a r e a lw converted into mica, chlorita,
tniiirriilf» ui flu* nejiheline Kfoitp9 eluy^, etc,

AH llî *»ft *'hans***s itre in accordance* with the necond consequence
of thi* tww hyfiothe^in^ und tint vxwtvtwm of a genetic relationship

ftir vArtottM nluintnri«(ciif(*ateii may now be regarded an a fact
i» i #tnblt#bt^i hrytmd d i s p u t e . Th© naturi) of t h k relationship

W *nti*im*Umiy pxplmnml by the proposed theory.

n r

Tti« !w*iu*-pentita liypoth«i«i« rcndern pomible a nystem of eom-
' ebMtf«ificfAlion of t h e aluminosUieatcs on the basis of

limit t t*iut« m complex anhydr ides .
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In order to see how far the c o n w q m w M of am-ptiiiK this thrnry
agree with the facts, it wan decided to ralruliit«- !IM< t**mnU*< »i n
large number of the analyses of alumimwihcaU* jmhh»fjt'<I an UndM* *
" Handbuch." , . t t

As some atoms or atomic; groujm ran bv rfplwril hx t\mUw*u* " m *
—e.g. the atoms K, Na, Li or Ca, M«. I V , cir th r nt«»iiur ^roujin
A12O3, Fe2O3 , Cr2O3, Mn2()3, e t c , or SiO3 . T i o t . H*. ^ ^ ''"*»-
sidered desirable to make the calculation of tiu* fnntinltp m û  h n
manner that , instead of calculating th«- iimnbfr nf ^f-'iM^ •"< *-^ h
substance separately, the replaceable nubs!2m<<<H wrr«« l*iliiii »*#^thiT
in groups, thus :

Si.Ala(Ca, Xa2, K f)O,. • « H,O 1 *
(Si«O.)*Al(Li, Na. H)" ( p p t l i t )
(Si, TiJ.OwfPe, Mn)(Na,

This method of simplifying the* raltruliition in tlw* u* \\««
who recommended its URC—-not for nil C-IIM^H, tnil fur fhoM^ m ul*i« h !h«?
constituents of a substance bear no simple relnf ion f<# f «rh tith^r.

Gerhardt150, who undertook a re4ormnliitton of lh«« f*ili*-»«•-«, di»l
not follow the suggestion of J)arzc!iuHv but ii*ld***i th** vnrtou> !*«••*-.» (ftu<-h
as lime and magnenia) together, tsvc?n vvlirn th<iy h'*^ t% *iwpU* rrlution
to each other. The authors of the* prtmmt valww* pwivr. hum-v*-r\
to adopt a grouping which more* clowiy rcw*ml*k»* tbmt of flrrt* iui*

By this means it in possibles to convert th«* trm* formul*: # ll»«*
interpretation of which is almost impuvHthfa *m iv-roiint r?f ttir j»r*̂ «-n< *?
of a number of substances in small ijunnfiliri* - int^ n foriiitilii wtii» h
is simpler, and in many C&H<*H— \ml not. nil—-to {midiKf »frirtiuik wht<- h
may be interpreted with ea«e.

In re-arranging the formula, this tuithorit tmvi* r}iflrii%*utirr4 in
keep as near to the true formula iw poH«ili!t% fw» IIH to rubtuin r>^ith# »•«
quantitative as well a« merely qualitAtivo vi*hi», Jit nmtiy nii*t#iiri s#
this led to apparently complex fornutte, but fvn i ihr«* may ln̂
represented atomically.

Calculations, by thi«i mennw, of the U>rn%u\w from n I ^ r ^
of analyses of clintonite, mica, nrapol$tt% orthtKitWifr* ftiitrm
and felspar, showed tha t mmny rc»tn|ioiimifi t»f tliin jtr**ti|t w|f

arranged quite systematically, ai*ronliiig to flit* tyjn* t» %%}II li y
belong. The results of thin calculation nf flu* furmntm ttutn «I«V
analytical figures are given in the Apptnttir* Tlu> ftillowmic tyj^n »r^
selected because a large number of the mm\mun&i* |»rvvi*jtif>ty im-r.-
tioned will be found to fit them.

# The conversion of all tJm annlyikiii U$ut**% mu* tntshmlm r*«i^ t* %mrn#*\
"true formula'* aa dktinct imm \\m *ppr*mm*%*> im$nn\m *hv* l*» i|*« •#ti4*lii!e«i
proposed.



CALCULATION OF FORMULAE

A. Types of the Clintonite Group *

I. R - & - R = 6R2O3- 6SiO2,
II. R - S i - R = 5R2O8* 6SiO2,

III. SV R • R • Si = 6 R2O3 • 12 SiO2,
IV. Si • R • R"- Si = 5 R2O3 • 12 SiO2,
V. Si • £ • & • R • Si = 6 R2O3 • 18 SiO2,

VI. S i -R - S i - R -"Si= 6 R2O3 • 16 SiO2,
VII. R • Si • R • Si • R = 9 R2O3 • 12 SiO2,

VIII. R - S i - R - S i - R = 8 R2O3 • 12 SiO2,

A
IX. Si^-R = 9R2O8- 6SiO2,

X. I S t - R U = 15 R2O, • 12 SiO2.Ki
B. Types of the Mica Group

I.II. SiSi•R-•R-SiSi = 3 RaOj •= 3 RSO, •12 SiO2,10 SiO2)
III. RHSi = 3 RaO, • 18 SiO2,
IV.
V.VI.vn.vm.IX.X.XI.XII.xni.

Rf-SiSiR • & • RR • Si • R~Si • R • R • &Si-R-R -Si& • R • R • SAiA A A A ASi • R • Si • R • SiSi • R • Si • J& • SiSi • R • & • R • SAiR • Si • R • & • R

== 3 R2O8 • 15 SiO2,
==6RaO3- 6SiO2j= 5R2O8- 6SiO2,= 6 R2O8 • 12 SiO2,— 6 R2Oa • 10 SiO2,= 5 R2O8' 12 SiO2,= 6 RaO8 • 18 SiO2,= 6 R2O8 • 16 SiO2,= 5 R2O8 • 18 SiO2,= 9 R2O8 • 12 SiO2,XIV. Si • R • Si • R • Si • R • Si = 9 R2O3 • 20 SiO2.

* In the Appendix the types are arranged in the order of the RaOa present; on theent page they are placed according to their relationship with respect to theirpresent page they are pichemical structure.
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0. Types of the Scapolite Group

I. Si • R • Si = 3 R2Oa • 12 SiO2,
II. Si • & • Si = 3 R2O3 • 10 SiO2,

III. Si • R • R • Si = 6 R2O3 • 12 SiO2,
IV. Si • R • R • SAi = 5 R2O3 • 12 SiO2,
V. Si • R • Si - R • Si = 6 R2O3 • 18 SiO2,

VI. Si • R • SAi • R • Si = 6 R2O3 • 16 SiO2,
VII. Si • R • SAi • R • Si = 5 R2O3 • 18 SiO2,

VIII. Si • R • Si • Si • R • Si = 6 R2O3 • 22 SiO2,
IX. S - R - S l - S i - R - S l __ = 5 R2O3 • 22 SiO2,
X. S i - R - S i - R - S i - R - S i = 9 R2O3 • 20 SiO2,

XI. R^-Si = 3 R2O3 • 15 SiO2.
X S i

D. Types of the Orthochlorite Group

I. S i - R - S i = 3R 2 0 3 -12S i0 2 ,
II. Si • R • Si = 3 R2O3 • 10 SiO2)

III. R^-Si = 3 R2O3 • 18 SiO2,
XSi

IV. R\-Si = 3 R2O3 • 15 SiO2,
X S i

V. R • & • R = 6 R2O3 • 6 SiO2>

VI. R - S i - R = 5 R 2 O 3 - 6SiOa,
VII. Si • R • R • SAi = 6 R2O3 • 12 SiO2,

VIII. Si • R • R • Si = 6 R2O8 • 10 SiO2,
IX. Si • R • R • Si = 5 R2O3 • 12 SiO2,
X. Si • ft -S i -R •& =6R 2 O 8 -18S iO 2 ,

XL & • » • & • » • & = 5 R 2 0 3 - 1 8 S i 0 2 ,
XII. S i - R - S A i - R - S i = 6R2O8 • 16SiO2,

XIII. R - S V R - S i - R = 9R2O8 • 12SiO2,
XIV. R • ̂ i • & • Si • R = 8 R2O8 • 12 SiO2,
XV. Si • R • SAi • SAi • ST- S l = 5R2O8 • 22SiO2.

£. Types of the Tourmaline Group

I. & • S'i • R • Si • R = 9 R2O8 • 12 SiO2j

II. R • Si • R • Si • R = 8 R2O3 • 12 SiO2,
III. R - ^ i - R = 5 R 2 O 8 - 6SiO2.
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F. Types of the Felspar Group

I. Si • R • Si • Si • R - Si = 6 R2O8 • 24 SiO2,
II. Si • R • SAi • Si • R • Si = 6 R2O3 • 22 SiO2,

III . Si • R • Si • Si • R • Si = 6 R2O3 • 20 SiO2,
IV. SAi • R • Si • Si • R • SAi = 5 R2O8 - 24 SiO2,
V. Si • R • SAi • Si • R • Si = 5 R2O3 - 22 SiO2.

A large number of aluminosilicates may be arranged according to
the authors' system (see Appendix). Whether this classification is
suitable for all aluminosilicates can only be ascertained by means
of more analyses and by calculating more formulae.

IV

The structural formulae devised by the authors show t h a t the
aluminium and silicon atoms in an aluminosilicate do not always
behave the same in chemical and physico-chemical investigations.
Under certain circumstances some of these atoms behave differently
from the remainder, and the same is true of the monovalent and
divalent elements in these compounds.

I t not infrequently happens t h a t the hydroxyl groups which form
the "water of const i tut ion" in the aluminosilicates are replaced by the
halogens: fluorine, and chlorine. The structural formulae show tha t ,
in the latter case, halogen atoms m a y b e united in various ways in a
single aluminosilicate and tha t these atoms must produce different
chemical or physico-chemical properties according to their position
in the whole molecule. A few examples will make this clearer.

I n type I
I.

_ A A A A _
| Si | Al | Al I Si | _

I I I I
1. i of the aluminium,
2. £ of the silicon,
3. i of the base or hydroxyl groups or the substitutes Cl, Fl , etc.

must clearly behave differently from the other f,
I n type I I

n .
li j i

the aluminium and silicon must behave in a manner analogous to
those in type I , bu t £ of the base (or the hydroxyl groups and their
substitutes) behaves differently from the remainder.



52 CONSEQUENCES OF THE H.P. THEORY

In type III
in .

Si Al

only J of the silicon will behavo differently from the remainder
In type IV j y

_ A A A _
|AltSi«Ai _

1. J of the aluminium,
2. i of the silicon,
3. i of the base (or the hydroxyl gr®up« or th«?ir

behave differently from the rest.
In types V and VI

_ A A A A A _ » A A A
| Si | Al| Si | Al| Si i _ —C Ki! Al; 8i i Al.

"YYYYY ' YYY •
1. J of the aluminium,
2. * of the base (Type V), or f of it (Typo VI) mmi

differently from the rest.
Some of these interesting results are fully confirm**!

and researches already published.
In compounds of type I, such as kaolin,

6 H,0 • 6 Al,Ot * 12 SiO* * 0 H»O — &„(& • Al * At • fit) • fi ti»1
nepheline hydrate,

6 Na,0 • 6 AlfO, • 12 SiOf • aq. - fbiJfk • M • Al
and a number of "sodalites," Lo. (lerivativcn of wfih«*linft hydhmto
(see p. 59), which, according to Thugutt, are m oofi*litut4»di tb«,l purt
of their " water of crystallisation M is r e p k ^ d by & givim Mil {KaCJl,
Na2SO4, etc.). The author just rnvntiont-ii tis^hacl pnmimif thu MH10
conclusions as the authors of the hexite-pentite thmary, ¥ti . Ihm one-
third of the aluminium behaves differently front tba remainder,
Thugutt therefore suggests the lollowitig l t o l f i

2 H^AljSiiO^ • H^UOt • 3 HfO ( ) ,
4 (2 Na iAl l8ifO« • Na.Al,©,} • 15 HtO (mqpteliwr).
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P . Silber (p. 25) has shown tha t the behaviour of the compound:

6 Na2O • 6 A12O8 • 12 SiO2 (nepheline) = Nala(Si • M • Al • Si)

p f the same type towards gaseous hydrochloric acid and silver solutions
ind ica tes that J of the sodium behaves differently from the remainder,
^x id thus confirms the hexite-pentite theory.

The authors believe tha t confirmation of the constitution of com-
p o u n d s of type I I is to be found in a new set of formulae for the
e p i d o t e s (see Appendix). The minerals in this group are chiefly com-
p o u n d s of type I I with the general formula :

2 H2O • 8 CaO • 6 R a 0 3 • 12 SiO2 = H4Ca8(Si • R • R • Si)
R = Al, Fe.

The constancy of the ratio of lime to " w a t e r of constitution " in
"these minerals makes i t highly probable tha t $• of the hydroxyl groups
i n . the acids corresponding to these minerals behaves differently from
'tile remainder.

By replacing par t of the aluminium by I V " in the formula

2 H2O • 8 CaO • 6 A12O8 • 12 SiO2,

various epidotes are produced and no epidote has yet been found
a higher content than is shown in the formula (see Appendix):

2 H20 • 8 CaO • 2 Fe2O8 • 4 A12O* • 12 SiO2.

I t appears probable that , under the conditions under which
^p ido t i sa t ion can occur in Nature, only those aluminium atoms which

indicated by a dot in the formula below can be replaced by Fe==

Tor the prognosis of type I I I , Thugutt ' s work on a compound of
type—potash felspar :

3 K2O • 3 A12O8 • 18 SiO2 = K6 &(-
v x s

i s important. According to Thugutt , this substance, on t rea tment
• w i t h 2 per cent, caustic potash solution, loses silica and forms other
c o m p o u n d s which are incapable of exact analysis, bu t , so far as he has
a s c e r t a i n e d it, their composition agrees with the theory formulated
toy the authors, viz. t ha t the constitutional formula of potash felspar
( w h i c h , according to Thugutt, is 2 K2Al2Si801o-K2Al204-12 Si02)
s t i g g e s t s tha t £ of the silicon behaves differently from the remainder.

A partial confirmation of the prognosis of type IV appears to be
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supplied by the composition of the mineral* known by th*name of " topaz." Calculations of the* formula* of thew roifrom a number of analyses (nee Appendix) showed that theyin part, to type IV and may be represented by :

1. Si.AUFUOti,

5. 8i*AIsaFl|tOi«.
These formulae arc based on tho imHtmiptiim that «*w« ntum ofoxygen may be replaced by two of fluorine.It appears probable that the hydrogen pnwnt in then** ruminiuml*has been overlooked.If this assumption i« admitted—and the prenem t< t»f hy«lrô*n hmbeen independently proved by (a) JanmiMeh nttd l̂ k*S2t mid r6)Penfield and Minor—the topazes ant derived from the hyilnitr

Al| Si| Al|

The researches of Penfield and Minor nhourwi that wnt^r in t% *t n y
combined state is present in tho topa#/i*H. In an invtwtRation **i !*IJMI/,
from Stoneham, which contained O«!lH jw*r n*nt, of wvifcr, tin- j^iu4t*r
lost only 0-12 per cent, a t the highli t fcmij^raf.«n< olitiiitinlil** t*y nt<*-•**n*
of a ring-burner (see Penfield and Minor, Zntmhr. f, KryM-ftllujtr. «,
Mineral. 1894, 23, 321). I t in thus rlfar that th«* watt-r roiifiutiifl in
topaz may easily be overlooked. The inventtgat«»r* ju#»t cj»Mt#'il }i?i%wt*
found that the water is liberated quantitatively mt fusing a f**j*« ti it It
sodium carbonate. Tho corrertneiui of the vmw thnt. t*#fiii/, rt»iiti$jrti*
water in the form of OH-group« in aim ronfirmeil by tht* |t»liun-m^
interesting characterigtics of topaz : the Hpr̂ -ifU? {truvity, flu* i!r»ub|t«
refraction, the apparent angle of tha optieiil incen (2 «) mid*the* * rtf*tnllti«
graphic axis-ratio,all of which, according to l\iifie!cl ittitj Miniif, ttiry
with the proportion of hydroxyl in Urn top&« moli*rti|t*.#

Assuming, with Jannanchl*», tha t the hyclmxyt grntip* in t.«|»»«
may be replaced by iSiuorin©, or vice v®r$a> regnrdiiig the Stiklltr u*p*t:

PI PIf Fl

A

as the mother-substance and replacing tho fliiorinit in fhn Utt*r by
hydroxyl groups, the formula of tha following thc^mtkal ly t*m*ihh*
topazes are obtained :
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SiaAl l iO24n2(OH)10;

Si!Al"o!jBl!(OH),','

Si6Al12624Fl12.

In agreement with this assumption, it has been found by actual
analysis tha t there is a definite maximum proportion of fluorine—no
topaz being known which contains a larger percentage than the Stadler
variety. There also appears to be a minimum, as no topaz is known
which contains less than eight atoms of fluorine to six atoms of silica.
This interesting result is most easily explained by stating tha t fluorine
atoms which are united to silicon, bu t not to aluminium (see the
structural formula of the Stadler topaz), are easily replaced by hydroxyl
under natural conditions, or tha t £ of the fluorine behaves differently
from the remainder.

The probability of the authors ' structural formula for topaz is
also confirmed by the chemical investigations of Rammelsberg, who
observed tha t on heating topazes to redness, par t of the fluorine
escapes as silicon fluoride and par t as aluminium fluoride.

Further investigations must show tha t the ratio of the fluorine lost
in the form of silicon fluoride to tha t lost as aluminium fluoride is 1 : 2.

The prognoses of types V and VI are partially confirmed by a
re-calculation of the analyses (see Appendix) of a number of
granites129 by K. H . Schnerr.

This re-calculation gives the following formulae :

20 1 o no io no $ io 90 TO
2 ^ 2 ^ <>o 2 ^ 2 90 *

II I II I II Z I H I Z

i ° = = / \ . A . A . / \ . / \ _ 1 o j j _ r / \ . / \ . / \ . _ j i
. . I Si I R I Si I R I Si I . 1°=< Si R I Si I R I Si >=1°Si | R | Si | R | Si r j o l°=<JSi R I Si I R Si>

\ / / \ / V \ / i r \ / \
\\ l II I II 9° I II

2° i° 2° i° 2° 2 J° 2°
18 RO • 6 R2O3 • 18 SiO2 16 RO • 6 R2O8 • 16 SiO*

These agree with the theory tha t \ of the aluminium behaves
differently from the remainder. The aluminium atoms indicated by
dots may be replaced by F e = ; compounds of type A may contain a
maximum of 4 Fe2O3 .

Although Schnerr refers to granites in which the whole of the

* It is convenient to represent the atomic groups
—OR'X —-0,\

by 2°, 1° and £° respectively (see also p. 166)
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aluminium has been replaced by iron, experience shows tha t the atoms
indicated by dots are the ones most easily replaceable by iron.

I t happens that those aluminium atoms in the granites which are
the most easily replaceable by iron are the very ones which, in the
epidotes, are incapable of substitution, and a closer study of the
structural formulae of these two groups of substances leads to the
conclusion tha t the epidotes are acid salts whilst the granites are basic
ones. The presence of a base weakens the attraction between the
silicon and aluminium ring radicles, and thereby facilitates the
substitution of the aluminium by iron a t the points indicated.

The consequences of the authors* hypotheses mentioned in this
section agree with the experimental results of other investigators.

From the hexite-pentite hypothesis it follows tha t there must be a
minimum molecular weight for the aluminosilicates. Thus, the
formulae of the compounds

Na2O • A12O3 • 2 SiO2,
Na20 • A12O3 • 3 SiO2,

must be at least sextupled, and those of
Na2O • A12O8 • 6 SiO2,
Na2O • A12O3 • 5 SiO2, and
Na,0 • A12O3 • 4 SiO2,

must be at least tripled, in order tha t they may be represented in
accordance with the new theory. How does this agree with the facts ?

I n many cases the theoretically minimum molecular weight may be
ascertained from an analysis of the substance or from certain definite
considerations. In this connection, one of a series of silicates :

(a) 0.5 JSTa2O - 2.5 CaO • 3 A12O8 • 18 SiO* • 20 H2O = l U iU;H& I • 20 H20

examined by Lemberg (see Appendix, Table I I ) is interesting.
By treating the silicate (a) with salt solutions, Lemberg obtained

the following compounds:

/ / A
I. 3 K , 0 • 3 Al.O, • 18 SiO, • H , 0 = £ . ( J&H& I • H,O,

II . 3 K , 0 • 3 A1,O3 • 18 SiOs • 13 HSO = K«| Ai(-& I • 13 H2O,

III. 3 Na,0 • 3 A1.O, • 18 SiO, • 8 H , 0 = NaJ A £ - & • 8 H,O,
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IV. 3 Na2O • 3 A12O3 • 18 SiO2 • 16 H2O = Na6( M^-ii) • 16 H2O.

By treating silicate (a) with alkali he obtained

6( Al^-SiV. (3 Na2O • 3 A12O3 • 15 SiO, • 7.5H2O)2 =

and from the latter and potassium chloride the substance

VI. (3 K2O • 3 A12O3 • 15 SiO2 • 1.5 H20)2 =

15 H2O,

3 H2O.

I n the case of the compounds I , I I , I I I , IV, and the silicate (a)
from which they are derived, the minimum molecular weight may be
found from the analyses ; the formation of compound V from silicate
(a) and of VI from V are quite inexplicable if a smaller molecular
weight than is required by the hexite-pentite theory is assumed for
compounds V and VI.

A second instance of interest in this connection is the mode of
formation of the potassium salt

3 K2O • 3 A12O8 • 12 SiO2 • H2O = &,(& • Al • Si) • H 2 0,
from the sodium salt

Na2O • A12O3 • 4 SiOa • 2 H2O,

as observed by Lemberg (see Appendix, Table I I ) . This can only be
understood if the molecular weight of the original material—the sodium
salt—is tripled; the theoretically minimum molecular weight is then
indicated.

The number of instances in which the theoretically minimum
molecular weight may be ascertained from analysis is somewhat large,
as may be seen from the authors ' re-calculation of the formulae of a
large number of silicate analyses. From the numerous examples
available, the new formulae of the mesolites (see Appendix) may be
mentioned here.

Formulae of the MesolitesFormulae of the Mesolites

(a) 2 Na2O • 4 CaO • 6 A12O3 • 18 SiO* • 15 H 20
= Na4Ca4(§i • & • & • i l • &) • 15 H2O,

(6) (1.5 Na2O • 5.5 CaO • 6 A12O8 • 18 SiO2 • 22 H2O)2

== {Na3Ca5.5(& • h • & • h • &)}2 • 44 H 20,
(c) (Na2O • 3.5 CaO • 6 A12O8 • 17 SiO2 • 15 H2O)a

= {Na2Ca3.6(§i • Al • Si • Al • ̂ i)}2 • 30 HaO,
(d) (2 Na2O • 3.5 CaO • 6 Al ;03 • 17 SiO2 • 15 H2O)2

= {Na4Ca3.6(^i • Al • Si • h • ̂ i )}, • 30 H2O,
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(e) 2 Na2O • 4 CaO • 6 A12O3 • 16 SiO2 -12 H2O^
= Na4Ca4(Si • Al • Si • Al • Si) • 12 H20,

(/) 2 2ffaaO • 3 CaO • 6 A12O3 • 16 SiO2 • 15 H2O^
= Na4Ca3(S"i • Al • si • Al - Si) • 15 H20,

(g) 2.5 JSTa2O • 3 CaO • 6 *A12O3 • 16 SiO2 • 20 H2O
= Na6Ca8(Si • AJ • Si • Al • Si) • 20 H20,

(h) 1.5 Na2O • 3 CaO • 6 A12O3 -15 SiO2 • 18 H2O
= JSTa3Ca3(Si • AJ • Si • Al • Si) • 18 H2O,

(t) 2.5 Na20 • 3 CaO • 6 A12O3 • 15 SiO2 • 13 H2O
= Na5Ca3(Si • Al • Si • Al • Si) • 13 H20.

In all the above mesolitic silicates, with the exception of (e),
analysis indicates the theoretically minimum molecular weight, and
there is no need to doubt that the real minimum agrees with the
theoretical one, as otherwise the genetic relationship which is known
to exist between these and other members of this group would be
inexplicable.

I t is, moreover, particularly interesting to observe that Thugutt1 8 0

has, by an entirely different method, reached conclusions regarding
the minimum molecular weight of certain aluminosilicates which agree,
almost without exception, with the authors' theory. Thugutt 's
conclusions are also of special value because they are based on the
results of actual experiments. On the basis of his previously mentioned
researches, Thugutt suggests the following constitutional formula:

2 K2Al2Si3010 • K2A12O4 • 12 SiO2

which is equivalent t o :

( A \
3 KaO • 3 A12O, • 18 SiO2 = K,,|Al(--&),

V V
the following for nepheline hydrate :

4 (2 Na2Al2Si8O10 • Na2Al204) • 15 H2O
corresponding t o :
12 Na2O • 12 A12O8 • 24SiO2 • 15 H2O = {Na12(§i • Al • Al • &)}2 • 15 HaO,

and the following for potash mica :

(a) K6H6Al12Si18O60

= 3 K2O • 3H2O • 6 A12O8 • 18 SiO2 = K6H«(Si • Al • Si • Al • &),

(6) K4H8Al12Si18O60

= 2 K2O • 4 H2O • 6 A12O3 • 18 SiO2 = K4H8(Si • Al • Si • Al - Si).

I n some silicates the theoretically minimum molecular weight is
double tha t found by Thugutt. Thus, he attributes to potash nephe-
line the formula :

2K2Al2Si8O10-K2Al2O4,
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which, if doubled, gives :
6 K2O • 6 A12O8 • 12 SiO2 = K12(Si • Al • i l • Si).

The same is true of Thugutt 's constitutional formula for potash
mica :

H2K2Al4Si6O20 • H2A12O4,
which, if doubled, gives :

2 K20 • 4 H2O • 6 A12O3 • 12 SiO2 = K4H8(Si • Al • Al • Si).
Equally interesting in this connection are the so-called sodalites.*

According to Lemberg's1 3 1 and Thugut t ' s 1 3 2 researches, these are not
atomic, but true molecular compounds. This view is opposed to tha t
of other investigators. I t is highly probable, from the results of
Lemberg's and Thugutt 's experiments, tha t the sodalites are deriva-
tives of the sodium nepheline hydrates, and tha t they are so constituted
t h a t a portion of their " w a t e r of crystall isation" appears to be
replaceable by various salts. If this is really the case, on decomposition
they must be capable of forming products which are identical with
those from sodium nepheline hydrate .

Thugut t ' s researches have shown that , in reality, one-third of the
sodium and one-third of the alumina can be removed from the sodalite
in the form of aluminate of potash. Natrolite may be formed by the
act ion of potassium carbonate solution, chloride of sodium (or whatever
salt m a y be added) being set free. Thus, the blue chlorosodalite from
t h e elaolite-syenite from Ditro decomposes in accordance with the
equat ion :

3 Na2Al2Si208 • 2 NaCl + 2 K2CO8 + 6 H2O
= 2 Na2CO3 + 2 NaCl + 2 (K2Al2Si8O10 • 3 H2O) + Na2Al204.

(Of. t he analogous behaviour of nepheline hydrate, p . 61.) As a result
of th is reaction, Thugutt considers tha t the formula of chlorosodalite
should be :

2 Na2Al2Si3O10 - Na2Al204 • 2 NaCl,
b u t as i t is a derivative of sodium nepheline hydrate, whose constitu-
t ional formula is

8 Na2Al2Si8010 • 4 Na2Al204 -15 H2O,
—th i s being confirmed by its reaction with potassium carbonate—
Thugu t t ' s molecular weight of chlorosodalite should be at least quad-
rup led ; its constitutional formula then becomes :

8 Na2Al2Sis010 • 4 Na2Al204 • 8 NaCl.
If 4 Na2SO4 replaces the 8 NaCl, the constitutional formula of the

sulphatosodalite or norsean is obtained ; if the 8 NaCl is replaced by
4 N a 2 S 2 t ha t of ultramarine results, and so on. Thugutt has artificially
prepared a large number of analogous substances and has allotted
molecular weights to them, as shown in the following Table.

* Another means of representing the constitutional formula of the sodalites
atomically is possible and is discussed in connection with the ultramarines (p. 152
et 8eq.).
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Thugutt's Sodalite Series333

12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O
12 Na2O •
12 Na2O «
12 Na2O •
12 Na2O •
12 Na2O •
12 Na20 •
12 Na2O •

•2
•2
-2
•2

2
2

-2
•2
•2

2
•2
•2
•2
•2
•2
•2
•2
•2
•2
•2
•2
•2
-2
•2
2
2
2
2
2

The minimum
be ascertained i
ing sodalites:—

12Na2O-
12 Na2O •

(6 A12O3
(6 A12O3
(6 A12O3
(6 A12O3
(6 A12O3
(6 A12O3
(6A12O3
(6A12O3
(6A12O3
(6A12O3
(6 A12O3
(6 AI2O3
(6A12O3
(6 A12O3
(6 A12O3
(6 A12O3
(6 A12O3
(6 A12O3 •
(6 AI2O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •
(6 A12O3 •

• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
• 12 SiO2)
12 SiO2)
12 SiO2)
12 SiO2)
12 SiOo)
12 SiO2) •
12 SiO2) •
12 SiO2) •
12 SiO2) •

molecular weight

• 8
•6
• 6
• 8
• 3
• 2
• 8
• 4
•3
•4
. 3
• 4
• 3
• 3
• 3
• 3

•2
•8
•3
•4
•2
•3
•3
•8
•6
•8
6
3

of
:rom an analysis of the

2i
2i

(6 A12O3 •
(6 A12O3 •

12 SiO2) •
12 SiO2) •

3

N a d • 4 H2O,
NaBr,
Nal • 6 H20,
NaC103 • 2 H2O,
Na2O. B2O3 • 8 H2O,
Na2O • I2O6. 10 H2O,
NaC104 • 4 H2O,
Na2CO3 • 12 H2O,
NaoCO3 • 18 H2O,
Na2Si03 • 16 H2O,
Na2Si03 • 15 H2O,
Na2SO4 • 12 H2O,
Na,S04 • 12 H2O,
Na£M)4 • 15 H2O,
Na2Se04 • 12 H2O,
Na2MoO4 • 21 H2O,
"a2WO4 - 13 H2O,
Na4P206 • 12 H2O,
NaN03 • 6 H2O,
Na2O • P2O5 • 18 H2O,
Na2HP04 • 14 H20,
Na4P207 • 14 H2O,
Na2O • As2O5 • 14 H2O,
Na2S203 • 9 H2O,
NaOH • 4 H2O,
Nal - 9 H2O,
HCOONa,
CH3 • COONa • 3 H2O,
Na2C204 • 18 H2O.
any member of this series may

substance, as in the two follow-

Na20 • Bo03 • 8 HoO and
Na2W04 • 13 H2O.

The hexite-pentite theory formulated by the authors of the present
volume gives the same molecular
content (in molecules) of a

weight. Moreover, if the salt-
sodalite is represented by

mS
and the water-content (in molecules) by

nH3

the constitution of these substances may be ascertained from the
following f ormula:—

{&a12(& • Al • i l - Si)}2 • m2 . nH.
For some micas, Thugut t 1 3 4 suggests constitutional formulae with

a different molecular weight from tha t implied by the hexite-pentite
theory. Thus, he attributes to two potash micas the formulae :

KtHtAUJSKwOw • HeAl6018 = 4.5 KaO • 4.5/H2O • 9 AlB08 • 18 Si02,
K,H6AllaSi18Oeo • H6A16O12 = 3 KaO • 6 H2O • 9 A12O3 • 18 SiO2,
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whilst the authors of the hexite-pentite theory prefer :

3 K2O • 3 H 2 0 • 6 A12O3 • 12 SiO2 = K*H6(Si • £l • A • Si), and
2 K2O - 4 H 2 0 • 6 A12O3- 12 SiO2 = K4H8(Si • Al - Al - &).

This contradiction is more apparent than real, and the fact t h a t
£• of the aluminium in these compounds behaves differently from the
remainder is equally well shown in the authors' formulae. Indeed,
there appears to be no important reason "why Thugut t should not
substitute the formulae:

KeH2Al&Si12040 • H«A14O8, and
K4H4Al8Si12O40 • H4Al40a,

for those he has selected, and so obtain formulae which give the same
molecular weight as those suggested hy the authors.

Another apparent contradiction t o the authors ' theory is the
nepheline formula calculated "by Thugut t from a series of analyses in
Hintze 's " Handfcuch." I n this calculation, notwithstanding t h a t he
has represented nepheline hydrate and potash nepheline "by formulae
in which the alumina-silica ratio is 1:2, and the great probability tha t
in nepheline itself this ra t io is also 1 : 2, Thugut t selects the formula :

Si1IO42 = K*O • 4 Na2O • 5 AlaO8 • 11 SiO2;

and in accordance wi th the reaction of this substance with alkaline
c&rbonates he giyes

8 Na,2Al2Si3010 • 4Na2Al204 • 3 3C2Al2SiaO10,

as t h e constitutional formula.
This formula is quite inexplicable by the hexite-pentite theory.
As a matter of fact, the nepheline analyses by E in tze 1 8 5 do not

yield a, formula in vrhich the alumina-silica ratio is 1 : 2. Seyeral
analyses approach very closely to the formula :

• 5 AlaO8 • 12 SiO2 = K2iTa8(& • Al • S - Si).

Analyses
Molecalar
Weights

K2O = 94
I Na20 = 248
5A12O8= 510

12SiOa = 720

Calcxilated
Composition

5.98%
15.77%
32.45%
45.80%

x x i r i
5.66%

15.71%
32.66%
45.23%

4.76%
15.97%
32.06%
45.53%

x x r v
5-05%

16.35%
$3.28%
45.10%

1572 100.00%

I t is conceivable t h a t the decomposition products of nepheline
m u s t be the same as those of nepheline hydrate, as i ts constitution is
analogous, even though i t contains a different alumina-silica ratio.

Thus, the consequences of the hexite-pentite theoxy do not , as
regards minimum molecular weight, coutrsudict the facts.
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VI

The conclusion has already (see pp. 22 to 26) been reached that ,
of all the theories devised for showing the constitution of the alumino-
silicates,the one which agrees best with the facts is tha t which assumes
that these compounds are complex acids and their corresponding salts.

I t has also been shown that , by the use of the hexite hypothesis
respecting the arrangement of the atoms, most of the objections to the
" complex acid t h e o r y " disappear. Thugutt 's discovery tha t part of
the aluminium behaves differently from the remainder and tha t of
P . Silber that in nepheline J of the sodium behaves differently from the
other | are not only explicable, bu t are direct consequences of the
theory. A complete classification of a large number of alumino-
silicates is also rendered possible ; the felspars, micas, scapolites, etc.
need no longer be regarded as belonging to different groups of minerals,
but may be considered all to belong to a single class of compounds.
They can only be conceived as salts of a definite series of alumino-
silicic acids, and the " mixture theory " may be abandoned.

Only the behaviour of andesite now remains unexplained, and even
this will become clear if the following constitutional formula—based
on the kexite-pentite theory—is used :

Na Na Na

A A A
| S i | A l Si

YYY
Ca Ca Ca| Si JA11 Si |
Na Na Na

3 Na2O • 3 CaO • 6 A12O, • 24 SiO2.
A glance at this structural formula of andesite shows that it will

react with NaCl as shown by the following equation :
Na Na NaNa Na Na I I I

r , i I Si I Al] Si.
.Si Al Si \/\/\/I t i Na Na NaCa Ca Ca+6NaCl = + 3 CaCl2Na Na Na

1 Si [ Al]Si)
LLi> Y Y Y

Na Na Na
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The complex is decomposed and the re-formation of andesite by
means of CaCl2 (double decomposition) is impossible.

The conception of the aluminosilicates as complex acids thus agrees
excellently with experimental results.

VII

From the structural formulae already given it follows that two
kinds of isomerisin136 * are possible :

1. An isomerisin resulting from a different, yet still symmetrical,
arrangement of the basal atoms, or " Basis-isomerism," and

2. An isomerism due to the ring radicles, or " Ring-isomerism.'7

A few examples will make this clearer :

From the compound
I. Basis isomerism

S i

two isomers are possible :

Al Al

I. II.

From the compound

H4Na6(Si • Al • &),

two basis-isomers are also possible :

H Na H
I I

II.

* For Literature with reference to Isomerism in inorganic compounds see No. 136
in Bibliography.
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IL Ring isomeriua

From compounds with an alumina-Hlk-a ratio of 1 : 2 , two ring-
isomers are possible:

i Ri! Al {M | Si ' Al Si : Si j AI

I. "•

Prom tho derivatives of thin type, analogtxiN ring-siamcr*
a secondary typo:

' A\ Si Si A l )

C Si i Al' AI i Si > Al! Si : Si ! Al I He.

ill. IV.

Cryfttallogmphif- and c-hemieni invc .f i««t inn* Imvi* nlrpaily in«H« atwl
tho actual exiiitcnce of iKorm-ri*' ahimittOKtli« ul««f. Thtitt. h f l

M l *

in alrea<ly known in two forniw, vit. MM nrthwUm* (mono* linsr•) and
microclinu (trie-lime).

is ako known to oaewr in f hi? two form*< «*f Helium
elinio) and albite (iricrJinit}.

Tho following ramlf* of work by Thtimitt t'tiitfiitn tin* rxii*tt*n^ of
ring-ifjomen*: In the pn^vintiH Hit linn il UIIH uliown that tht*
Htitutional formula of tht* Micl»lit«*ii ii H J

Hi • Al - „(}«£ij} t ' in £ ' »

Hence tha oxkUm^o of a nocoml w*riM< <tf ficMklitm with thr lor

{Kals(Xj - ft • hi - All I»- it* 2 • ii H*

is thaoretieally pomtiblf*. An t% m$%tUt of i«*-t§ Tlttigutt
two ehlorotCMJ&iitcfi* with a diff^n*nt ln*hn.vitittf tfiwmtln
chlorido9 although tht» rhi«miriil i*ompci«iliciti trf bc#th in klwttira

The artHkiatly prt*j>nrfd hytJrugi*n ntxlulitt" lw!i»%*rfi
caloium t-hloridc* in A manner c|ititir ilillir*t*t fr««tn that of fb^ natural

d l i from Arum}alf I>ilr6t Miank, nn4 Turkf*»tan.
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The artificial variety, on treatment with calcium chloride solution,
yields a calcium chloride-sodalite according to the following equation :

3 (6 JSTa2O • 6 A12O8 • 12 SiO2 • 4 NaCl) + 22 CaCl2
= 3 (6 CaO • 6 A12O8 • 12 SiO2) • 4 CaCl2 + 48 NaCl.

With natural sodalites, on the contrary, the equation is :
2 (6 ]STa2O • 6 A12O3 • 12 SiO2 • 4 NaCl) + 12 CaCl2

=p 2 (6 CaO • 6 A12O3 • 12 SiO2) + 32 NaCl.
I t is, at present, impossible to say which formula belongs to either

of the two isomers.
Further researches will show how far these prognoses of the theory

are confirmed in this respect by the facts.

VIII
Water may be present either as " water of crystallisation " or

"water of constitution," the latter being acid- or base-water. The
" acid-water " may be of various kinds : par t of the hydroxyl groups
may be united to the aluminium hexite or pentite, the remainder to the
silicon hexite or pentite.

This may be seen from the following formula, in which the different
kinds of water are indicated by <*, /3, y, and $, respectively :

(?) HO • C a \ / \ / \ / \ / C a • OH (7)

^ H 0 i | 0 H / 3

/ (7)

| X 0 H ( / 3 ) - 6 H t O ( « ) .S i Si |

(7) HO • C * / \ / \ / \ / \ C * • OH (7)

(OH), o k (OH),
08) (a) 08)

SincejDamour first drew attention to the change in the behaviour
of the water in hydrous aluminosilicates or zeolites a t higher tempera-
tures, this subject has been studied by various investigators (see p . 4,
last line) and particularly by Clarke.

Of the zeolites examined by Clarke188, those relevant to the present
purpose are laumontite, thomsonite, hydronephelite, heulandite,
epistilbite, stilbite, faujasite, scolecite, foresite, and natrolite.

The Structural Formulae of the above-mentioned Zeolites, based on
their behaviour at high temperatures (after Clarke)

I . Laumonite
Al4(SiO4)5 • Si8O8 • Ca2H8 • 4 H2O = 4 H2O • 2 CaO • 2 A12O8 • 8 SiO2 • 4 H2O.

I I . Thomsonite
Al4(SiO4)6Ca8(AlH2O2)sH4 • 3 H2O

= 4 H8O • 3 CaO • 3 A12O8 • 6 SiO, • 3 H2O.
F
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These structural formulae were suggested by Clarke from a study of
the dehydration experiments of Damour, Hersch, and others, which
showed tha t -f- of the water must be regarded as "wa te r of con-
stitution."

I I I . Hydronephelite

Al3(SiO4)3-l\Ta2H-3H2O
= 4 (2 Na2O • H20 • 3 A12O3 • 6 SiO2 • 6 H t 0) .

IV. Heulandite

Al4(Si04)3(Si308)3Ca2H8 • 6 H20
= 4 H2O • 2 CaO • 2 A12O3 • 12 SiO2 • 6 H20.

V. Epistilbite

Al4(Si04)3(Si308)3Ca2H8 • 6 H2O
= 4 H2O • 2 CaO • 2 A12O3 • 12 SiO2 • 6 H20.

Epistilbite is stated by Clarke to have the same composition as
heulandite, but the water in it appears to be more strongly bound.

VI. Stilbite

Of the same composition as epistilbite and heulandite ; behaves like
heulandite on fusion, but sometimes forms anorthite.

VII. Faujasite

Al4(Si04)4(Si808)2Na2CaH8 • 15 H20
= 4 H2O • Na2O • CaO • 2 A12O3 • 10 SiO2 • 15 H2O.

VIII . Scolecite

Al4(Si04)6Ca2H8 • 2 H2O = 4 H2O • 2 CaO • 2 A12O8 • 6 SiO2 • 2 HaO.

IX. Foresite

Al4(Si04)6CaH8 • HaO = 4 H2O • CaO • 2 A12O8 • 6 SiO2 H2O.

X. Natrolite

Al2(Si04)8Na2H4 = 2 H2O • Na2O • AlftO8 • 3 SiOa.

The Structural Formulae of Laumontite, Thomsonite, etc., according to the
Hexite-Pentite Theory

The structural formulae suggested by Clarke, when rearranged in
accordance with the hexite-pentite theory, yield constitutional
formulae in which the results bf Clarke's researches may also be seen,
as follows :

I. Laumontite

Clarke's formula multiplied by f gives :
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6 HSO • 3 CaO • 3 AlaO3 • 12 SiOa • 6 H2O = H13Ca3(Si • Al • Si) • 6 H2O
caOH ca caOH

.(HO)=

,(HO)=

= (OH),

=(OH) t

6 H . 0

ca = | CacaOHca caOH

I I . Thomsonite

Clarke's formula multiplied by 2 gives :

8 H2O • 6 CaO • 6 A12O3 • 12 SiO2 • 6 H2O = H16Ca6(Si • Al • Al • Si) • 6 HaO
HO Ca-OH OH Ca-OH

V i-Ca-i V

«(HO)=' '

.(HO)=

A
HO Ca-OH

=(OH),
Si | -6H 2 O

=(OH) ,

A
OH Ca-OH

I I I . Hydronephelite
Clarke's formula multiplied by 4 gives :

4: N a , 0 • 2 H2O • 6 A12O3 • 12 SiO2 • 12 H2O =

Na H H Na
J \ A A A _ N a

T• Al• Al-Si) • 12H,0

Na-
Si Al Al Si 12 H , 0

Y Y Y Y

Na H H Na

Ring- and Base-isomers of this composition are clearly possible.

IV. Heulandite

Clarke's formula multiplied by f gives :

6 H2O • 3 CaO • 3 A12O8 • 18 SiO2 • 9 H2O = H12Ca8 Al~-^i • 9 H2O

ca (OH),

(OH).=

(OH),=
Si Al

•I
ca

ca
.ca

9 HaO

(OH),
•(OH), ca Oa



68 CONSEQUENCES OF THE H.P. THEORY

V. Epistilbite

Epistilbite, according to Clarke, has the same composition as
heulandite, but the water is more strongly bound.

Possibly epistilbite has the following structural formula :

OH Oca

HO
H O =

S i

caO \
. /OH
I Oca

9H2O

OH

OH Oca ca = i Ca

as in this the water would be bound more strongly than in heulandite.

VI. Stilbite

Clarke's formula multiplied by £ may be expressed thus :

6 H,0 • 3 CaO • 3 A12O, • 18 SiO2 • 9 H2O = H12CaJ Al^Si) • 9 H,O.
v x s /

Stilbite is either analogous to heulandite or epistilbite or it is
an isomeric product of heulandite with the following formula :

(OH)2ca

(OH)

ca

VII. Faujasite

Clarke's formula multiplied first by | and then by 2 gives :

(6 H20 • 1.5 CaO • 1.5 Na2O • 3 AlaO, • 15 SiO2 • 22.5 H2O)t

2 • 45 H2O
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(OH), Oca

(OH)

eaO_ X „
N a O ~ \ S l Al

\ (OH),

45 H,0

(OH), \ < ? • V
>—J* Oca

(OH), ONa

VIII. Scolecite

Clarke's formula multiplied by 3 gives :

12 H,0 • 6 CaO • 6 A12OS -18 SiO2 • 6 H,0
= H,4Ca,(Si • Al • Si • Al • Si) • 6 H,0

OH

(OH), OH Ca OH OH (OH),
II I \ / I

ca = i Ca

. 6 H . 0

HO-Ca Y I X | Y Ca-OH
(OH)2 OH Ca OH OH (OH),

OH

Scolecite is of special interest, inasmuch as it must contain all the
four different kinds of theoretically possible water.

IX. Foresite

If Clarke's formula is tripled it gives :

12 H,0 • 3 CaO • 6 A12O, • 18 SiO, • 3 H,0
= HMCa,(Si • Al • & • Al • Si) • 3 H,0

OH
Ca • OH OH OHCa OH OH OH Ca • OH

\ / I \ / i \ /

(OH), =

(OH), =

(OH), OH (OH), OH (OH),

= (OH),

= (OH),
3 H . 0
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Foresite contains all the four kinds of water theoretically
possible.

X . Natrolite

Clarke's formula, if multiplied by 6, leads to one which is impossible
according to the hexite-pentite theory, as compounds with an alumina-
silica ratio of 1 : 3 cannot have more than 12 R2O. This does not
necessarily prove an objection to the theory, as Clarke, in publishing
his formula for natrolite, definitely pointed out that the character of
the water in this compound is doubtful.

Fur ther investigations will show tha t this compound only contains
6 molecules of " water of constitution."

Tlie Hexite-Pentite Theory and other Zeolites

P a r t of the prognosis of the theory put forward by the authors of
this volume is completely confirmed by the facts ; it will, therefore, be
of special interest to enquire whether other investigations of zeolites—
such as fractional determination of water—will lead to the same
conclusions as to the existence of water in four different forms of
combination in such compounds as scolecite, foresite, etc.

A number of investigators, following the researches of Friedel,
E. Mallard and E. Kinne733 , have concluded tha t the zeolites form a
remarkable class of substances which differ from the hydrates. The
work of A. Damours, who showed tha t water can be partially absorbed
by dehydrated zeolites re-combined, supports this conclusion. There
is a general impression tha t the loss of water from zeolites does
not follow the laws of Dalton and Proust , though this view is in direct
contradiction to the experiments of Clarke. This view has been
specially supported by J . M. van Bemmelen717, E . Doelter788, F .
Rinne718 , and Sommerfeldt719, but A. Johnson720 adopts the contrary
view and maintains tha t the evolution of water is not, in principle,
different from tha t of normal hydrates.

J . M. van Bemmelen regarded the combination of water in zeolites
as similar to tha t in silica jellies. Doelter regards it as " adsorbed."
E. Rinne has found, in the case of heulandite and desmine, that
definite changes in the water-content are accompanied by equally
definite changes in the optical character of these substances. According
to him, in heulandite and desmine an equilibrium is formed at all
temperatures and the loss of water is dependent on external circum-
stances such as atmospheric pressure and temperature.

The belief t ha t loss of water by zeolites does not follow stoichio-
metrical laws is, without doubt, based on an error. Clarke, for
instance, has conclusively shown tha t , in the case of heulandite, the
loss of water is quite in accordance with these laws and tha t in the case
of desmine the same regularity is highly probable. The apparent
irregularities are due to the use of too small molecular weights for these
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roHip«*HwK v.h«'n«by tln« regu la r i ty <»f thi» lam may b<» overlooked.
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in which the concentration of the water in the solid and vaporous
form is represented by c' and c. He devised a second formula in which
a t least two temperatures are known and are proportionate to the
maximal tensions of the water vapour and that of the water occluded
in unit volume of the substance, namely c'% : c2. The heat of combina-
tion may, in this way, be calculated.

From the formula thus obtained

(2) U=+ 4-584 log. ( £ l - £ L ) - £ _ T . Calories,

i t is possible to ascertain whether the usual laws of thermodynamics
are applicable to zeolites. If, for instance, the vapour tension of the
occluded water c' and the heat of combination U in the formula (2)
are sufficient, the zeolites may be regarded as solid solutions. E .
Sommerfeldt has determined calorimetrically the evolution of heat, U3

following the absorption of water by analcime, and obtained, as the
result of three tests, the values 1520, 1710, and 1635 Cals. for the heat
of combination of 1 molecule of water, i.e. an average of 1622 Cals.
From the percentage of water by weight which a sample of analcime
lost on being heated from 20° to T°C., whereby it is in equilibrium
with the water vapour, the maximum temperature of which can be
ascertained from G. Friedel's researches, the heat of combination U
may be found to be approximately 8530 Cals. This disagreement
shows tha t the formula (2) cannot be applied to zeolites. Hence,
according to E . Sommerfeldt, zeolites cannot be solid solutions ; he
regards them as adsorption products.

This conclusion of Sommerfeldt's is only partially correct, as the
disagreement of the value found with tha t calculated merely shows that
the zeolites are not solid solutions. I t does not show that the water is
adsorbed, i.e. combined in non-stoichiometric proportions. Indeed,
the authors of the present volume have previously shown that the
available experimental material only indicates tha t the zeolites do not
differ essentially from other hydrates.

The objection may be raised tha t the chief characteristic of zeolites
—their ability to re-combine with water of crystallisation, as shown by
Damour, whereby they are distinguished from other compounds con-
taining water of crystallisation—is inexplicable in terms of the H.P.
theory. This anomaly is, however, merely superficial. The power of
combining with water has been exhaustively shown, elsewhere, to be
due to :

1. The number of hydroxyl groups belonging to the water of
crystallisation, and

2. The nature of the base in compounds (salts).
The more hydroxyl groups a compound contains, the closer is its

relationship to ring-water. In saline compounds the combining power
of the ring-water is also dependent on the nature of the base. Some
complex acids have a close relationship to ring-water and therefore
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the secondary (a) Si • Al • Al • Si, and

(6) Si • Al • Al • Si, may Tbe produced;

from the primary : Si • Al • Si • Al • Si

the secondary: (a) Si • Al • Si • Al • Si,

(b) Si • Al • Si • Al • Si,
(c) SAi • Al • Si • Al • S\.
(d) Si • Al • Si • Al • Si,

etc.

I t has already been shown tha t a portion of the aluminium in
epidote is replaceable by F e ^ . From the formula for tourmaline (see
Appendix) i t may be concluded tha t par t of the aluminium in
aluminosilicates is replaceable by boron. If i t be admitted, tha t the
aluminium in hexites and pentites may be replaced, in whole or in par t ,
by elements capable of forming sesquioxides—and this view is highly
probable and is supported by many analyses—the constitution of a
large number of compounds may be represented.

An interesting series of prognoses may be based on the properties of
t h e mineral " a rdenn i t e , " 1 5 1 in which par t of the aluminium is
replaced by vanadium. The composition of this mineral is shown by
t h e formula :

10 MnO • V2O5 • 5 A12O3 • 10 SiO2 • 5 H2O,

which may be derived from :

S i - R - R - S l

the structural formula being

f S i I Al J Al | Si > = • 5 H 2 0 = 10 RO • V2O5 • 5 A12O3 • 10 SiO,-5 H20.

The positions indicated by dots show the vanadium atoms in the
aluminium hexite. Vanadium hydrate is Vd 3 (OH)5, hence the
trivalency of the dotted positions.

I t is highly probable tha t other " ardennites " will be found, in-
cluding the following:

/ N / N
1. = / Si | Al I Al | S i y = - a q . = 12R2O-2V2O6-4Al2O3-10SiO2-aq.
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II III III II

2. Si | Al [ Al JSi | -ac[. = 12E2O- V20fi -5 ALaO3- 12SiO2 • aq.

3. I Si lAl I Al | Si | = -aq. =14R 2 0 -2 7205- 4 A12O3 • 12SiO2 -a^.

li III III II etc.

The replacement of the silicon by allied elements, such as titanium,
zirconium, tin, etc., is also possible, and a further large variety of
compounds becomes conceivable. For instance, in the formula

(a) A • Si • M,

the aluminium atoms may be replaced by those of boron to produce

(6) E - S i - B .

If the silicon in (6) is replaced by Sn

B - S n - B ,

may be produced. I n a similar manner, by replacing aluminium and
silicon in substances of o t l e r types, a large number of borosilicates,
aluminostannates and borostannates become theoretically possible.

Pew such compounds sure known actually to exist ; among others
is nordenskioldite162

6CaO • 6 B20a - 6 SnO* =

Apart from those ahirainosilicates "whose constitution has already
been described under the term " <x-complexes," there is a smaller
series—the lc ^-complexes Si—which must be represented somewhat
differently, though they are quite analogous to those previously
mentioned. These include sapphirin153

5 MgO • 2 SiO2 • 6 A12O3.

The constitution of this compound needs some explanation, as i t
has already (p. 35) been suggested that a silicon hexite can, at most,
unite with three Al. Hence the formula :
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•ftSif
K,1O(A1 • Si2 • Al); R2 = Mg.Sapphirin must, in fact, be regarded as a salt of an acid derivedfrom the hydrate :Si s (OH),,>OSi = (OH) 3and from two hydro-aluminium-hexites by the removal of the elementsof water.Theoretically, a sapphirin corresponding toI I

Si: | Al ^>-

R8(A1 • Si2 • Al); R* = Mg,is possible, and, as a matter of fact, an analysis by Damour154 andanother by W. Schluttig155 suggest a sapphirin corresponding to4 MgO • 2 SiO2 • 5 A12O3.If the aluminium in sapphirin is replaced byPe == , Cr H== , Mn = , B s= , etc,and the silicon byTi, Zr, Sn, etc.,a large number of new substances will be formed,Howlite166 :
f !,>-R8(B • Si* • B) • aq. = 4 CaO • 2 SiO2 • 5 B2O8 • aq.,* In this structural formula, the oxygen atoms are omitted for the sake of greaterclearness.
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and Avasite1 5 7 :

S i : Fe \

H8(Fe • Si2 • Fe) • 5 H 2 0 = 4 H 20 • 2 SiO2 • 5 Fe2O3 • 5 H2O5

are of this nature.
Theoretically, another class of /3-complexes is also possible, viz.

those producible from the hydrate

Al = (OH),
> O
Al = (OH),

and forming silicon hydrohexites and hydropentites in the manner
previously described. Compounds of the following types may thus be
obtained :

/ \ ii
O 1 I— "

Al : Si

I

The constitution of the silicates

2 CaO • KOH • A12O8 • 12 SiO2 (milarite)168,
RO • Al2Oa • 10 SiO* • 5 H2O (ptiolite)159,
RO • A12O8 • 10 SiO2 • 7 H2O (mordennite)160, etc.,

thus becomes clearer.

If the molybdenum and tungsten complexes are truly analogous to
the aluminosilicates, they must be constituted in an analogous manner.
Assuming tha t , on the one hand, molybdic and tungstic acids and,
on the other hand, vanadic, phosphoric, arsenic, and antimonic acids
form hexa- and penta-radicles (hexites, pentites, hydrohexites and
hydropentites) analogous to the acids of silicon and aluminium,
complexes of molybdenum and tungsten together "with their compounds
must exist or be capablejof production, which may be termed a- and
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/3-complexes ; in other words i t must be possible to conceive a large
number of molybdic and tungstic complexes whose constitution may be
ascertained from the hypothesis just mentioned. I t is clear tha t the
chemical properties of the compounds should agree with the structural
formulae assigned to them. That they do so is shown below.

I t is now necessary to consider what vanadium molybdates are
theoretically possible.

a-Vanadomolybdic anhydrides

Mo • y • Mo = 3 y2O6 • 12 MoO3,
Mo • t • Ho = 3 y2O6 • 10 Mo03,
V - M o - V = 6 V 2 O « - 6MoO3,
y - M o - V = 5 V 2 0 3 * 6MOO3,
Mo . V . y -Mo = 6 Vo05 • 12MoO3,
Mo • V - V • Mo = 6 y2O5 • 10MoOs,
Mo • V • V • Mo = 5 V2O5 • I2MOO3,
Mo • V - Mo • y - Mo = 6 V205 • 18 MoO3,
Mo • V • Mo • y • Mo = 6 V2O5 • 16 Mo03,
Mb • V • Mo • V • Mo = 6 V2O5 • 15 MoO3)

Mo • V • Mo • V • M = 5 y 2 0 5 • IS MoO3,
y - Mo • y . Mo • y = 9 v 2 o 5 • 12 Mo03,
V • Mo • y • Mo • V = 8 y2O6 • 12 MoO3,
V • Mo • y • Mo • V = 8 y2O5 • 10 MoO8}

V^~M;O = 3 y 2 o s • i s MoOa,

. A
Mo~-y = 9 y 2 O 6 - 6 MoO,, etc. etc.

From the existence of /3-aluminosilicates i t may be concluded tha t
t h e existence of analogous /3-vanadomolybdates is also theoretically
possible. These are formed (1) from the hydrate :

> O
V = ( 0 H ) 4

a n d molybdenum hydrohexites or hydropentites, and (2) from

Mo M (OH),
> O

M o g ( 0 H ) 6 >
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and the corresponding ring-radicles of vanadie acid. In the firnt case
the following hydrates are produced :

V : [Mo
I.

\
/

V:
1

A,,(Mc

(<
1

/ \
Mo

A

Mo
\ / '

x
/ \
Mo

\ /
1

»• V, • Mo)

A -
Mf>|

IJ

" V : I Mo

H,,(Mo • V, • M<>)

10 H.0 • V»O# • IB MoO, 10 H,0 - V.6* •
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When the hydrate OV2(OH)8, like the hydrohexites and hydro-
pentites, forms condensation products, acids of the following anhy-
drides :

6 V2O5 • 16 MoO3,
9 V2O6 • 22 MoOs,

are formed.
Similarly, a series of /3-vanadomolybdates may be formed from

OMo2(OH)10 and vanadium hydrohexites or hydropentites.
If, in the a- and /?-vanadomolybdates mentioned, the vanadic acids

are represented by phosphoric, arsenious, arsenic, antimonious,
antimonic, and other acids, and the molybdic acids by tungstic acid,
the existence of vanado-, phospho-, arseno-, and other tungstates and
of phospho-, arseno-, and other molybdates becomes theoretically
possible.

Proofs of the Correctness of the above Formulae for the Representation of
the Chemical Structure of Molybdic and Tungstic Complexes

I t has been repeatedly stated in the foregoing pages tha t the
changes which have been observed to occur in Nature in aluminosili-
cates make it highly probable tha t under suitable conditions they may
be converted into one another. This fact not only agrees with the
authors' hexite-pentite theory, bu t is a natural deduction from the
latter. In the case of the various molybdic and tungstic complexes,
also, there is the possibility that , with the same component acids,
they will be mutually convertible in the widest proportions, if their
constitution is analogous to tha t of the aluminosilicates. For instance,
the various vanadomolybdates are, without exception, converted
into each other under certain conditions : the vanadotungstates,
arsenomolybdates and arsenotungstates are distinguished by this
characteristic property.

The best experimental confirmation of the authors ' views may be
found in the researches of Friedheim and his pupils, whose work is
characterised by the great exactitude and care with which it has been
carried out.

The above-mentioned property—convertibility—is shown in the
Tables on the following pages, in which a number of the results ob-
tained by Friedheim and his pupils have been summarised :

Table A.—Action of a small quanti ty of M0O3 on normal vanadates.
Table B.—Action of MoO3 on normal vanadates.
Table C — Action of chlorides on N H 4 VO8+MoO8 .
Table D.—Action of normal vanadates on paramolybdates.
Table E.—Action of MoO3 on normal vanadates.
Table F.—Action of MoO3 on phosphates.
Table G.—Action of MoO3 on arsenates.



Table A. Action of less than 1 mol. MoO3 on 1 mol. normal Vanadate161.

o
o

Reacting
substances Reaction products

Relation of the Reaction products
on decomposi-
tion by KC1

on crystallisa-
tion

there is formed

Vanadates
R2O • V2O6

•MoO8
4 R2O • 3 V2O5

• 5 MoO3
3 R2O • 2 V2O6• 4 MoO3

5R2O 4VA
6MoO3

3 R2O • 2 V2O5
• 4 MoO3

3 R2O • 2 V2O6• 4 MoOs

1 Mol. ]NH4
VOsH-JMol.

MoO8

5 (NH4)2O
4 V2O6 • 6 M0O3

• 14 aq.
1 Mol. NH4

VOs+iMol.
MoOa

(NH4),O
•2 VaO5 • 4 aq.

5 (NH4)2O
4 V8O5 • 6 MoOs
• 12 aq. or 14 aq.

3 K2O • 2 V2O6

4 MoOa • 7 aq.

3 (NH4)eO
2V206-4Mo03

• 7 aq.
o
w

H
W

w

w 3 BaO • 5 V2O5
• 19 aq.

BaO • V2O5
•MoO3
• 7 aq.

5 BaO • 4 V2O6
• 6 MoOj • 28 aq.

n

(NH4)2O
2 V2O6 • 4 aq.

3 (NH4)2O • BaO
• 3 V2O6 • 5 MoO3

• 9 aq.

1
8 W
8 Q

K8O
• (NH4)2O

4 V2O5 • 8 aq.

3 K2O •
• 3 V,O5

• 9aq,

2 K2O • (NH4)2O
• 2 V2O6 • 4 MoOg

• 5 aq.

both substances yield 3 KaO • 2 V2O6• 4 MoOs • 7 aq.
1 Mol. (NH4)VO,+ f Mol.MoO3

(NH4)2O2V2O5-4aq.
3 (NH4)2O2 Vf O, • 4 MoO,•aq. 2• 4 MoO,

2 V2O57 3(NH4)2O-2V2O5• 4 MoOa • 7 aq.



Table B.

Action of 1 or more mol. Mo03 on normal Vanadates162,

Reacting substances

K2O • V20« + 3 MoO8

(NH4)2O • V,O5 -f 3 MoO,

(NH4)tO • V,06 + 2 MoO8

KaO • V2O5 -f 2 MoOa

Na,0 • V2O6 + 2 MoOs

Reaction products

5K,0 • 2V,O6- 12 MoO,

(NH4)2O • Va05 • 3 MoOa

K2O • V,O6 • 3 MoOa

2 Na2O • 3 V2O5

2 K2O • 2 V,O5 • 5 MoOj

2 (NH4)2O • 2 V2O5 • 5 MoO,

3 (NH4),0 • 2 V2O6 • 4 MoOa

5KaO-2V2O6-12MoO5

2 Na2O • V2O6 • 6 MoOa

(NH4)2O • 2 V2O6
5

Table C.

Conversion of a solution of NH4 • V0 3 + Mo03 and KC1, NaCl,

The Solution
of (NH4)VOS
-fMoOs gives

by simple
evaporation

Product

withKCl

with Nad

with Bad^

Reaction products

(NH4)2O • V2O6 • 3 MoOj

iNa.0 1
J(NH4)3O i VSO5 • 3 MoOj

2BaOV206'3Mo03*

_

2 K20 • V2O5 • 6 MoOj

3(NH4)2O-2V2O6
,4MoOs

7BaO-3V2O6- I8M0O3

acid
vana-
date

do.

do.

do.

B
Xw

* On crystallisation yields 3 BaO • 2 VSO5 • 6 MoO,
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T a b l e D .

B y t h e a c t i o n of n o r m a l V a n a d a t e s o n P a r a m o l y b d a t e s , t h e f o l l o w i n g s u b s t a n c e s a r e p r o d u c e d 1 8 4 :

Keaoting substances

2KVO,+3KaO»7Mo08

2NH4VO8
+ 3(NH4)2O-7MoO8

4NH4VO8
4-3(NH4)2O-7MoO8

+ |

"08.

i i
9-

+NH4C1

+KC1

Resulting products

3 K20 VaO6 • 6 MoO8 * 5 H2O

2(NH4)2O-V2O6
• 4 MoO3 '

 8 «!•
2(NH4)2O-V,O6

• 3 MoOa • 6 aq.

2(NH4)2O-V2O6
• 3 Mo3O • 6 aq.

6 (NH4)2O • 2 V2OB • 12 MoOa • 5 aq.

5 K2O • 2 V2O6 • 12 MoO8 • 12 aq.

N ^ o } 2 V ^ 1 2 M o ° 3 * 1 8 a q -

I
1
d



T a b l e E .

A c t i o n o f M o 0 3 o n n o r m a l V a n a d a t e s a n d o f V 2 0 6 o n n o r m a l a n d P a r a m o l y b d a t e s 1 6 5 .

T h e f o l l o w i n g s u b -
s t a n c e s w e r e t r e a t e d

( N H 4 ) 2 O - V a O 8

( N H 4 ) 2 O • V a O 6

K 2 O • V a O 6

5 ( N H 4 ) 2 O - 1 2 M o O 3

5 K 2 O ' 1 2 M o O 3

K 2 0 • M o O s

5 R 2 O - 2 V 2 O 5 - 1 2 M o O s

2 R 8 O . V 8 0 6 . 6 M o O s

w i t h

M 0 O 3 a t t h e
t e m p , o f b o i l i n g

w a t e r ( 9 9 ° C . )

o n p r o l o n g e d
b o i l i n g

d o .

o n p r o l o n g e d
b o i l i n g

d o .

d o .

* B a C l 2 i n t h e

/ c o l d

1

3 ( N H 4 ) s O - 2 V 2 O 5 - 4 M o O ,

5 ( N H 4 ) 2 O - 2 V 2 C

5 K 2 O - 2 V 2 O 5

2 ( N H 4 ) 2 O • V j O

2 K 2 O - V a O 5

5 K 2 O • 2 V a O 6

7 B a O - 3 V 1 O 6 -

> 6 « 1 2 M o O ,

1 2 M o ( V

5 • 6 M o O 8

• 6 M o O j •

• 1 2 M o 0 3

I 8 M O O 3 .

• 1 1 H 2 O

, - 1 0 H 2 O

1 2 H a O

• 6 H 2 O

5 H 2 O

1 2 H a O

3 6 H 2 O

R e a c t i o n p r o d u c t s

2

( N H 4 ) , O « 2 V 2 ( V 4 H 2 O

2 ( N H 4 ) a O • V a O 6 • 4 M 0 O 3 • 7 H 2 0

3 K a O • 2 V 2 O 5 • 4 MOO3 • 8 H 2 O

3

K 2 O - 2 V a O 5 - 4 H 2 O

I

t-l

W

W

00



Table F.
Action of Mo03 on RHSPO4, R2HPO4 and R3PO4 (R=K, Na)146.

00

Reacting
substances

KHaPO4+iMol.
MoOj

KH2PO4-|-lMol.
MoO,

KHaPO4-f liMol.
MoO,

KaHPO4-f IMol.
MoO,

K2HPO4+2Mol.
MoO,

K8PO4+2JMol.
MoO,

Na.PO4 saturated with
MoO,

NaaHPO4 saturated
with MoO,

Reaction products

6 K,0 • 4 PaO6 • 9 MoO,
. 40 HtO

7KaO-5Pa06-16MoO,
• 63 HaO

3K2O-PaO5'24MoO,

6KaO-2PaO6-10MoO,
•11H,O

5 KjO • 2 P4O8 • 10 MoO,
• 20 H,0

5KaO-2P,O6-10MoO,
• 20 HtO

3 Na,0 • P,O6 • 18 MoO,

5 NasO • 2 P2O5 • 48 MoO,
• 100 H,O

4K,O-3PtO5-MoO,
.12H,0

4 K,0 • 3 PaO6 • 9 MoO,
• 33 H,0

3KaO-PtO6-18MoOa

3 K,0 • PaO5 • 6 MoO, • 7 H,O

2 K,0 • P,O5 • 4 MoO, • 8 HaO

3 KaO • P,Ofi • 5 MoO, • 7 HaO

3 Na,O • PSO6 • 18 MoO,
• 25 H,O

KaO • PaO5 • 2 MoO, • 13 H,O

4K,O-3P1O610MoO,
• 25 H,O and • 30 H,O

2 KaO • PaO6 • 5 MoO, • 6 HaO

2 KaO • PaO5 • 5 MoO, • 6 HaO

1
8



Table G.

Action of MoO3 on K2O • As2O6 " 7 .

Reacting
substances

K20 • Asa05

+MOO3

KaO • As2O6

+ 2 MoO,

K2O • As2O5

+2Mo03

K2O • As2O5

+ 2 MoO,

K2O • As2O6

-f3MoO,

K2O • As,O*
+4 MoO,

Reaction products

1

3 K2O • As2Of • 6 MoO8

5 K2O • AsaO5 • 16 MoO,

5K2O-As2O6-16MoO3

1.75K20-As205

• 5.50 Moo,

1.58 K2O • As2O6

•4.1 MoO,

6K2O-As2Oft-16MoO,

2

2 K2O • As2O5 • 4 MoOs

2 K2O • AsaO6 • 5 MoO,

3 K2O • As2O5 • 4 MoO3

5 K2O • 2 As2O5

• 10 MoO,

K2O • As2O6 • 2 MoO,
•5H2O

K2O • As2O6 • 2 MoO,
•5H2O

3

KH2As04

K2O • AsO5 2 M0O3
•5H2O

K2O • As2O5 • 2 MoO,
•5H2O

2 K2O • As2O5 • 5 M0O3

K2O • As2O5 • 6 MoO,
•5H2O

K2O • As2O8 • 6 MoO,
•5H2O

4

H,AsO4

KH2As04

KH2As04

K2O
• As2O5
2 MoO,
•5H2O

5

H,AsO4

HaAsO4

KH2As04

6

H,AsO4

a
1

1
O
oo

00
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I t is not difficult to show tha t the vanadomolybdates given in the
Tables A, B, C, T>, and E are genetically related to each other, as
•would be expected from the theory.

There must, of necessity, be a relation between vanadomolybdates
in Tables A, B, and C, as these compounds are all obtained by the same
method from different proportions of normal vanadates and Mo0 3 .
The compounds shown in Table C must be related to those in A and
B, as they are nothing more than transformation products of the
latter. Hence the following genetic relationship between the vanado-
molybdates :

• V2(V
• 2 V 2 ( V
•3VA
• v 2 < v
• v 2 < v
•2V2O5-
• 2 V2O5 •
• 2 V2O5 •
3V2O5-
4V2O6-

• v 2 o 6 -

(a)
(&)
(c)
(d)
(«)
(/)
(9)
(h)
(i)
(k)
(I)

2 R , 0
5R2O
7R2O

R2O
2R2O
3R..0
2R2O
3R2O
4R2O
5 R . 0

R2O

• 6 MoO3)
12MoO3,

• 18 Mo03,
3Mo03,
3MoO3,

• 6MOO3,
• 5Mo03,

4Mo03,
5 MOO3,
6MoO3,

M0O3.

Those shown in Table D, viz. :

(a') 3R 2 O- V2O5- 6MoO3,
(&') 5 R2O • 2 V2O6 • 12 MoO3,
(c') 2 R 2 O V2O5- 4MoO3,
(d') 2 R 2 O - V2O6- 3Mo033

must alao be related, as they have been produced in an analogous
fashion from normal vanadates and paramolybdates.

On the other hand, the vanadomolybdates (&') and {d') have a
composition analogous to (6) and (e) in Tables A, B, and C, whereby
the relationship of the various molybdates in the first four Tables
enables them to form a definite class of compounds.

Table E includes the following :

(a") 2R 2 O- V2O5- 6M0O3,
(6') 5R2O-2V2O6-12MoO3 ,
(c") 7 R2O • 3 V2<V 18 MoO3,
(cT) 2R 2 O- V2<V 4MoO3,
(e") 3 R 2 O - 2 V 2 ( V 4MoO3.

From this Table (E) a relationship is shown between

1. a", V , c";
2. a', d" and
3. V, e",

so that a", 6", c", d"t and e" must be analogously constituted.
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As these substances are also shown in the Summary of Tables A,
B, C, and D

a" = a,
b' = b' = b,
c" = c,
d" = c',
e" = h,

there is a definite actual relationship between all the vanadomolyb-
dates mentioned in Tables A, B, C, D, and E.

It is obvious that there can only be one theory which explains all
these vanadomolybdates satisfactorily. The authors' hexite-pentite
theory does this, and, what is more, it enables the existence of this
relationship to be predicted. A study of the following structural
formulae of these vanadomolybdates leads to the surprising result that
a large number of the theoretically constructed compounds of this
group are actually in existence, and it is to be expected that the
remaining vanadomolybdates—which are theoretically possible—
will be discovered sooner or later.

The vanadomolybdates just mentioned clearly possess the following
structural formulae :

/ .Mo\
(2 R,0 • VaO, • 6 MoO,), = Ri,(V;-Mol (a, a"),

V Mo

/ /^°\
7 R,0 • 3 V,O5 • 18 MoO, = R J V^-Mo I (c, c"),

(5 RaO • 2 VSO6 • 12 MoO,),., = R16( V^-Mo I (b, b', b"),

,Mo\
( / M ° \

,) , = R ie ft-Mo (a'),
V X j f o ;

(3 R,0 • V,O, • 6 MoO,

(RaO • Va05 • 3 MoOa), = Rj^jfo • t • Bio • V • I&>) (d),
(2 R2O • V,O, • 3 MoOa), = Btl(^o • • • ] & > • V • jfto) (d'( e),
(SR.O^V.O.-GMoO,), =RiaC^-t-Mo-f-Sio) (f),
(2R 2 0-2V,0«-5MoO,) , = Ria(Mo • t • Mo • t • Ho) (g),
(3 RSO • 2 V,O, • 4 MoO,), = R18(Mo • f • t • Mo) (e", h),
(4R aO-3V,0,-5MoO,) 2 == Rj.tMo • t • V -Wo) (i),
(SR.O^V^O.-eMoO,), = R20(V • Mo • t • Bio -~V) (k),
(R20 • V,O, • MoO,), = R l s ( t • Mo • t ) (1),
(2 R2O • V.O, • 4 MoO,), = R12(Mo • t • Mo) (c', d").
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The objection may be raised to the conception of the a-vanadomo-
lybdates as salts of complex acids : viz. the ratio of the acid components
(V2O5 : MoO3) must remain unchanged when the acids are treated
with salts such as NaCl, KC1, etc., and the only substitution which can
take place is by means of monovalent elements such as Na, K, etc.
With the vanadomolybdates, however, this is not always the case.
For instance, it may be seen from Table A, that the compound

(a') 5 (NH4),0 • 4 V,O5 • 6 MoO, • 1411,0,

on treatment with KC1 is converted into

(6') 3 K a 0 • 2 V2O5 • 4 MoO, • 7 H2O.

The acid anhydride ratio in (a') is 2 : 3 and in (&') it is 1 : 2.
From the same Table it follows that

(c') 3 K , 0 • (NH4)2O • 3 V206 • 5 MoO8 • 9 H tO,

on treatment with KC1 is converted into

(«*') 3 K 2 0 • 2 V2O6 • 4 MoO8 • 7 aq.

I n (c') the ratio of V 2 O 6 : MoO 3 =3 : 5 and in (d') 1 : 2.
I n this connection it should be borne in mind that—notwith-

standing the undoubted existence of free complex acids of Mo and W,
such as the silicotungstate SiO2 • 12 WO3 , silicomolybdate SiO2 •
12M0O3, phosphomolybdate P2O6 • 24MoO s , etc.—Friedheim and
his associates endeavoured to regard molybdic and tungstic complexes
as salts of related acids ; they conceived the idea tha t they might be
double salts and had hopes that this would suffice to explain the
remarkable conversions they had observed. And yet these reactions
are by no means so puzzling as may, at first sight, appear. Only the
a-complexes of the aluminosilicates can be distinguished by a certain
durability, e.g.

5.5 R tO • 6 Ala0, • 16 SiO, (p. 39),

in Lemberg's series. Whatever salts are allowed to act on the com-
pounds in this series the aluminasilica ratio remains constant. In the
a-components of the molybdic and tungstic complexes this is not always
the case ; they are, to some extent, unstable. The aluminosilicates
are not all of equal stability. Of all the numerous types previously
mentioned,

S i -Al -Al -S i ,

the kaolin type, is the most stable. I t is well known tha t the action of
various natural (geological) processes is to convert the various alumino-
silicates into compounds of the kaolin type.

The great stability of compounds of the kaolin type is also shown
by a series of fusion experiments by Doelter188, who found tha t
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1. Laumontite:
Ca,(Al • Si • Al) • 12 H20,

at a sufficiently high temperature, loses silica and water, forming
anorthite:

Cae(Si • Al • Al • Si).

2. On fusion, natrolite :

Nalt(Si • Al • Si • Al • Si) • 12 HaO,
produces

Na12(S
Ai • Al • Al • Si),

silica and water.

3. On fusion, scolecite:

H84Ca6(Si • Al • & • Al • Si) • 6 H2O,
yields

Cae(Si • Al • Al • Si),
silica and water.

If the vanadomolybdates and vanadotungstates are true analogues
of the aluminosilicates, the most stable of the a-compounds must be

Mo • V • V • lio, and

This is actually the case, for Friedheim has shown that

(a) 6Na2O-3V2O8-6WO8 ,

on boiling with WO8, is converted into

(fi) 6Na2O-3V2O5-12WO8 ,

and on fusing ft the a-compound

remains behind.
On studying the puzzling transformations of the vanadomolyb-

dates in the light of the hexite-pentite theory, it will be seen that the
less stable a-compounds are converted into the highly stable

Mo • f • t • Mo.

The conversion of (a') into (&') and (c') into (6') may be represented
as follows:

V • Mo • f • BfO • V - > Mo • t • t - Mo,

(a') (V)

W)
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No double decomposition can result from the action of KCl on
(a') or (c')5 because these substances are unstable in solution, as may
be found from their behaviour when attempts are made to crystallise
them from such solution. The ratio V2O5 : Mo0 3 in compounds of the

type Mo . V . V . Mo is not affected by reactions involving double
decomposition.

The most stable type of compound may be represented by

Mo
V^-Mo

X M o

deduced from the conversion of (a") and (b") into (c") (Table E).
No less interesting is Table F , all the compounds of which, with

the exception of
6 K2O • 4 P2O6 • 9 MoO3 • 4 H2O,

may be accurately represented by hexite-pentite formulae, thus :
(a)
(b)
(c)
(d)
(e)
(/)

(2R2O
4 R 2 0
(R20-
(4R2O
7R2O
(4R2O

•P2O6-
•3P2O6-

4MoO8)8

• 10 MoO8

P2O5-2MoO8)6

• 3 P2O6

•5P2O6-
•3P2O6

•9MoO8)2

16 MoO8

•4MoO3)3

= R12(Mo
==R8(Mo
= R12(Mo
= R16(l\io
= R14(Mb

= P/24(P *

•P-Mo),
• P • MS),
• P - P - M o ) ,
• P • Mo • P •
• P • Uo • P •
Mo • P • Mo •

Mo),
Mo),

P),

(g) (2 R2O • P2O6 • 5 MoO8)3 ( ^
V

= B 1 2 ( P ^

(g') ( S R . O ^ P ^ - l O M o O a J x . . ^ !

( / ) (3R,O-PSO,-5MOO,), = R

(h) (3 RaO • P2O5 • 18 MoOs) = R,

(») 2.5RaO-P sO5-24MoO3 = R / ^

(»') (3R sO-P2O s-24MoO s) = R

Altogether this series affords one of the most interesting confirma-
tions of the hexite-pentite theory, and the advantages of grouping
together these substances on the basis of their analogous mode of
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formation are readily understood. Friedheim, on the contrary, suggests
the following, particularly with regard to the compounds (c), (d), (e),
and (/) :

" Only compound (c) of the previously unknown substance —the
simplest of all those which contain phosphoric and molybdic acids—is
of a simple nature . . . the other substances are undoubtedly mix-
tures."

Friedheim regards the compounds (d), (e), and (/) as " mixtures "
simply because he could not otherwise explain their composition ! The
Table is, therefore, only of value in so far as it shows a relationship
between the a- and ^S-phosphomolybdate complexes !

Table G leads to the same conclusions as the others. The sub-
stances in it may clearly be expressed in the light of the hexite-pentite
theory as follows :

(a) (2 R2O • As2O8 • 4 MoO3)8 = R12(Mo • A's • Mo),

(a') (3 R2O • As2O8 • 4 MoO8)8 = Ris(Mo • As • Mo),

(6) (R2O • As2O5 • 2 Mo08)« = Ri*(Mo • As • As • Mo),

(c) (R2O • As2O8 • 6 Mo08)8 = 1

(c') (3 R2O • As2O5 • 6 Mo08)8 = Ruj A

(d) (2 RaO • AsaO* • 5 MoO3)s = R12I As—Mo

( /Mo\
As~-Mo|

X M o /

(e) 5 RaO • AsaO5 • 16 MoO8 = Rio(^2^~|Mo

Of further interest in connection with the hexite-pentite theory
are the series of salts170 produced by the action of V2O6 on potassium-,
sodium- and ammonium-paratungstates :

1. 2R2O-V2O5-4WOs,
2. 4R 2 O-3V 2 O 6 -12WO a .

Of these, the first is immediately decomposed by acids—even in the
cold—with separation of almost the whole of the tungstic acid. On
evaporation with hydrochloric acid, the tungstic acid is precipitated
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quantitatively in as complete a manner as in ordinary tungstic salts,
though in this instance it is rendered impure by the co-precipitation of
vanadic acid.

Compounds of the second series are not affected by acids.
Friedheim has endeavoured to show that the action of acids on the

compounds in the first series brings about a separation of tungstic
acid because they have, as one of their constituents, a paratungstate
which behaves in the same manner. He therefore suggested the
following equat ion:

(2 EaO • VaO6 • 4 WO3)8 = 5 RaO • 12 WO3 + R2O • 3 VaO5.
(Paratungstate)

The compounds of the second series he expressed as shown below,
because the meta-tungstic acids behave in an analogous manner :

4 R2O • 3 V2O* • 12 WO3 = 3 (R2O • 4 W03) + R2O - 3 VaO5.
(Metatungstate)

Friedheim himself raised the following objection to his own con-
ception of the molecular structure of the compounds of the first
series171 :

" T h e aqueous solution of the compound 2 R 2 O • V2OS • 4 WO 3

yields no precipitate on the addition of barium chloride or silver
nitrate, but on evaporation with the first of these reagents the corre-
sponding barium salt is formed; with silver nitrate a red solution,
which changes after a time to a purple-reddish crystalline compound of
the corresponding silver salt, is produced, and, if the solution is con-
centrated, the salt crystallises out in red needles."

I t is scarcely likely that the compounds 2 R 2 O • V2O6 • 4 W O 3

contain the components shown by such a formula, as the latter does
not indicate a substance which will form easily soluble barium and
silver salts. I n another research, Friedheim regards these compounds
atomically, though even then it is scarcely possible to see, from Fried-
heim's structural formula (p. 21), that the bonds between the vanadium
and the tungsten are different in the second group from what they are
in the first. Yet this difference is at once observable in the following
structural formulae based on the authors' hexite-pentite theory :

_ A A A _

w
I

V W
\ / - - \ / \ / \ / -

I II I I I
6 R a O • 3 V , O 6 • 12 W O 8 4 R t O • 3 V 8 O 5 • 12 W O , .

V a l u a b l e c o n f i r m a t i o n of t h e a u t h o r s ' t h e o r y is a l s o f o u n d i n t h e
i n t e r e s t i n g r e s e a r c h e s b y M a r i g n a c 1 7 2 o n t h e s i l i c o t u n g s t a t e s . H i s
f o r m u l a ( S i O 2 • 12 W O 3 ) a t o n c e s u g g e s t s h e x i t e .

F o r t h e c o m p o u n d
4 H 2 O - S i O 2 - 1 2 W O 8 ,
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the hexite-pentite theory shows three isomers to be possible, viz . :

l.

W
\ / ' =

2. 3.

W : S i :

II
/ \
W

\ /
w W

Marignac prepared two isomeric acids and two isomeric series of
salts having the formula 4 R2O • SiO2 • 12 WO 3 .

The " water of constitution " in the free acids and in some of the
salts may be demonstrated in a very accurate manner, as the acids
4 H 2 0 - SiO2 - 12 W O 3 • 29 H2O lose 25 moL H2O a t 100°, another
6 mol. between 150° and 220°, and are completely dehydrated at 350°.
Hence, 8 mol. H2O may be regarded as the " water of constitution "
as shown in the structural formula :

W :Si:

II

w\

~ ~ \ /

The calcium salt, 2 CaO • 2 H 2 O • SiO2 • 12 WO 3 • 22 H 2 O, loses 16
mol. H2O at 100°, and i t also contains 8 mol. H 2 O as " water of con-
stitution/5 This may be expressed thus :

( O H ) ,

| W ]
Ca-OH

= O H

( O H ) ,

H O - C a _ A

H O " W : S
( H 0 ) 2 = x /

( O H ) , ( O H ) ,

T h e p o t a s s i u m s a l t

2 K , 0 • 2 H , 0 • S i O , • 12 W O , • 7 H t O

o c c u r s i n t h i c k p r i s m s a n d p e a r l y h e x a g o n a l p l a t e s . I t s d i m o r p h i s m
m a y b e e x p l a i n e d b y t h e u s e of t h e f o l l o \ r i n g f o r m u l a :

l . 2.
K K H H
l I I

H- W W

i
K—N

W :Si:|w

The silicotungstates may also be regarded as representing the
/3-complexes which, in molybdic and tungstic compounds, are so'much
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m o r e » t a b l o t h a n t h e a - c o m p l e x e n . T h e / 5 - c o m p l e x e B UHually y i e l d free
a e i d n a n d t h e KaltH a r e n o t e a s i l y c o n v e r t e d i n t o e o m p o n n d n of o t h e r
Hcrien, b u t w i l l c r y s t a l l i n e f r o m t h e i r a q u e o u s Holut imi w i t h o u t a n y
d e c o m p o s i t i o n . T h e a c i d c o m p o n e n t r a t i o nho remaii iH u n a f f e c t e d b y
r e a c t i o n s i n v o l v i n g a d o u b l e d e c o m p o s i t i o n .

T h e o r e t i c a l l y , t h e f o l l o w i n g c o m p o u n d s m a y e x i s t :

<JJ
) i

4 K t O • S i O , • 10 W O , ,

and Marignac also prepared compounds of thin series.
The following formula* for molybdir and tungstir fj-vurnplpxm are

derived from compounds mentioned in Dammer'n *' Handbook M :

(«) K , ( M o - A l , • Mo),

{h) hj\v • B , • W ) ,

(f) iu\V • Si • W ) ,

(rf) K»(Mo * P t • Mn] ,

(/> u t f w - a • u ) .

(a) K,(Mi* • A l , • Mo).

K . O - A 1 . O , - I O M O O , - 15 1 1 , 0 (I

2 B a 0 * B , O , * 10 W O , - 10 1 1 , 0

(r) H*tiV * Hi * # ) .

4 H , 0 - S i O , - 10 W O , - 3 H , O (Mjirigniic*1*)
3 ( N H J . 0 • S i O , " 10 W O , - !l H . O
4 ( N H 4 ) , 0 - S i O f • 10 W O , - H I I , O ,
2 H , 0 • 2 K , 0 • S i O , - 10 W O , • K M,O,
4 . K . 0 • B I 0 I - 1 0 W O I - 1 7 H , O 9

4 A g f 0 * S i O , • 10 W O , • 3 I I , 0 ,
4 B a O * S i O , • 10 W O , • 2 2 H »O,

(d) ItrfMo - H • Mf>h

4 N a , 0 • P t O , - 10 M « O , - 29 1 1 , 0 <

4
4
4

( N H , ) , 0 •

K , 0

P t O , •
P t O , •
P t O , •

10
10
in

w o ,
w o ,
w o .

• 12
• 2 S
• 12

» » O ( « i b l » > " ) ,
H , O ,
H , O .
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(a) IWAJfo • AI.-MiO.
(b) R«(M» -Cr,- Mn).
(c) K«(W- H," W>,
(</) KjMo-Si -Mm, (in -i.S)

(A) K rJ\V-Pa-Wi, (in
(t) HJ^MVI • I, • Mi»).

:^K8O - AI3O,. 12 HnU, •»» H,<
3 Xn,() • Al ,U | • 12 M« d IB • 22 11 fl

3 (XH«)3O' Cr,O, • 12 M*»O» * 2** H,O tK
3 K,0 • Cr.O, • 12 MoO, • 20 ff,O ?,H,i,
3Na a0 ' 0 , 0 , • !2M«O,»2! H,O«8.|.

tn u.<\V« i V Wf.
2 K,O * 2 11,0 • H%Ot • 12 WO, * HI II,O <K

4K.O- K.Oi- 12 WO,-21 II,O#
K,0 • 3 BIIO • B,O, - 12 WO, * 2* II ,O.

(r/) K^(Mti •8i-N<o» ; in .• i
2H,O-8 iO, - I2MMO«* 21 HSO
2 H ,O • Si< >, • 12 MMO . • mi I f l M Aw

2 (NH«),0 • SiO, • 12 MuO, • H II,O IVJ
2 K,O • SiO, • 12 M*»O, • t i 11,0 if* i
2 K,O * SiO, * 12 MMO, • in IItO if* i

\I> K,0 - 0.8 If,O • HiO, - 12 M*iO.' 1.8ft HtO cA,!
2 Nfi»O * SiO, * 12 M«iOf • 21 H,O

1.5 NatO -O.B H,O * SiO, * 12 MnO, • 1H A II,O,
2 Ag,0 • SiO, * 12 M«O., • 12 H ,f K

13 Ag,0 • 0.5 H,0 • KiO, - 12 M«»O, • l«/» H,II#
4 Ag,0 * HiO, - 12 Mf•(h * 1 ft II*<I,
2 MgU > H$O, • 12 M-iO. • an II .O,
2 BaO • SiO, - 12 MoO. - 21 HtO.
2CaO *8iO, • 12M<iO«- 24 11,0

4 H,0 - 8iO, * 12 WOt • 22 iiiii! 2» H / l f M»rign»<'t")
4 H,0 • SiO, • 12 WO, • 3(1 H,CI#

« OT. *° S iO. - lSWO, - W H A
2 (NH4)SO . 2 H , 0 . HiOf. 12 WO. - 6 H,O,

H
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5Li2
5 I i 2

0
o

5 CaO
4 CaO

4 SrO • Na;
9 BaO • NaoO •
2 MnO • 3 Na:

2o
•2
.0

•I,
Is

•I s
• I ,
•I
(h
•I

x v
:07-
o 7 -
2 o ,
:07-
2 0 ,

12 MoO3 •
12 MoO3•
12 MoO, •
12 MoO3•
• 12 MoO3
12 MoO3)

• 12 MoO3

15 H 20,
18 H 20,
26 H 20,
21 H 20,
- 20 H20,
• 28 H 2 0,
• 32 H80.

1̂ N.

K20 • P 20 5 • 15 MoO3 (Rammelsberg189).

(a) E

(b)

(c)

(a) ( -lVAO
Mn2^ffifo

5 (NH4)2O • Mn2O3 • 16 MoO3 • 12 H20 (Struve190),
5 K 2 0 • Mn208 • 16 MoO8 • 12 H20.

(&) 1

3 (NH4)20 • P2Oa • 16 MoO8 • 14 H20 (Kehrmann191).

(c) fiJf.eW); m = 6.12.Rm P 2 f

PsOe • 16 WO, • 69 H,0 (Kehrmann192),
3 (NH4),0 • P,0 5 • 16 WO, • 16 H2O

2 BaO • (NHt)2O • PsOe • 16 WO, • x H2O,
6 (NH4)SO • P,Ot • 16 WO, • 2 H2O,

3 K2O • PaO, • 16 WO, • 16 H2O,
2 H2O • 4 K2O • P4Ot • 16 WO, • 19 HaO,

5 H,0 • CaO • PsOt • 16 WO, • 3 H2O,
3 BaO • P2O, • 16 WO, • x H20.
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(c) R , , | A s , : >

I . /

If.

tin i

(3 x) .\*asO • !',«),• is M

(r)

(
3 K 3 O ' 3 ir,C) • A H , O » • I H M . . O , - 2 5 1 1 , 0 ,

K,C) • 5 H ,O * A K , O » • IK M f . 0 , • 21 H . O ,

3 K a O • 3 H,<> < A H , O » • IH MciO, • 21 H»O,
3 L i , 0 • 3 H , 0 - AnjOj • IH M«»O, :il 1 1 , 0 ,
6 T 1 . O - A H , O 4 • IH M«O» • x M / ) .
3 T 1 . 0 • 3 H . 0 • A*t,O| • IH M^O» - 3 H A

6 A « , O - A H , O , • 1H M«O» • 22 H , O .
7 A"|£it>' » H , 0 • 2 ( A H , O » • IH M«O») • 2 2 1 1 , 0 .

3 C ' n < ) . 3 H , O • A H , O % . IB Mah - 2 1 * ! ! A
3 Sr() - 3 H , O . A M . O , - IH M« O , • 42!l H , O .
•1 MO • 3 H , 0 • A* A • IH Mt*O, • 3 3 Ii»O (M MM, C^I. M«,
3 MO • 3 H t O • Aw3Oi • in Mi,O* • 34 H , 0 (M Zi». CHi, Xi ) .

4. n, 14.
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3 H20 • P2O5 • 20 MoO, • 21, 38 & 48 H2O (Debray197),
2 Ag2O • P2O6 • 20 MoO3 • 7 H.O,
3 K2O • P2O5 • 20 M0O3 • 3 H2O5
7 Ag2O • P2O6 • 20 M0O3 • 24 H2O.

(b) B

P2O5 • 20 WO3 • 62 H2O (Pechard198),
P2O5 • 20 WO3 • 50 H2O (P.),

6 BaO • P2O5 • 20 WO3 • 48 H2O (Gibbs199).

M o \ 0 /Wo\

As2O6 • 20 MOO3 • 27 H2O (Debray200),
3K2O-As2O6-20MoO3-

m = 6 '

3
3

5K

(NH4)2O
(NH«)2O

3K2O
2O • H20

• P.O.
• P.O.
• P.O.
• 2 (P.O.

• 22 MoO,
• 22 MoO,
• 22 Mo03
• 22 MoO,)

• 9H2O
• 12 H2O
•
• 21 H2O

(Gibbs201),
(Rammelsberg202),
(R.),

( ( )
7 Aga0 • P2O5 • 22 MoO, • 14 H2O (G.).

PaOs • 22 WO8 • 7 H2O (Kehrmann203) and
2 K2O • P2O5 • 22 WOS • 6 H2O (Gibbs204), (Freinkel),

3 (NH4)2O • P2O6 • 22 WO3 • 21 H2O (G.),
4 BaO • P2O5 • 22 WOS • 41 H2O (G.),
7 K2O • P2O6 • 22 WO3 • x H2O (K. and Fr.),

7 BaO • P2OS • 22 W03 • 59.5 H2O (Sprenger, K. and Fr.),
3 BaO • 4 Ag2O • P2O5 • 22 W08 • x H2O (K.206).

»»
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(a) Rn
/ M o

3 (NH4)20
(9—x)(NH4)20

5(NH4)2O
2K2O

(3—x)Na2O

• 24 Mo03 • 27, 46 & 59 H20
(Gibbs206), Finkener207), Kehrmann203),

x H 2 0
H2O
H2O

0)

P2O5 • 24 MoOa
•3 (P2O5-24MoO3P2O5-24MoO3P2O5-24MoO3P2O5 • 24 MoOa

(Hundeshagen2 °9),
(Gibbs),

16H2O,
3H2O,

(58 + x) H20.
m = 2, 4, 6.

3(NH4)2O-P2O5
3 K.0 • P2O5

3 Na2O • P2O6

Na2O

P2O5 • 24 W03 • 40, 59 and 60 H2O(Pechard210), (Gibbs211), (Sprenger212),
24 WO3 • 20 H2O (Gibbs),
24WO3- 11 or 17H2O (Gibbs),
24 WO3 • 22 H2O(Brandhorst and Kraut213), (Kehrmann214),

2 BaO
2 Na2O • P2O53 Ag2O • P2O5Ag2O • P2O53CaO -P2O53 BaO • P2O52 BaO ~ '

BaO

24WO3
24WO3
24WO3
24WO3
24WO3
24WO3

P2O6-24WO3
P2OS • 24 WO3

46 H2O,
27 H2O,
58 H2O,
60 H2O,
58H2O,

58,46 H2O,
59 H2O,
60 H2O,

etc. etc.
XI

The Constitution of Clays

The hexite-pentite theory shows the possible existence of a large
number of aluminosiKcic acids in the form of hydrates and anhydrides.
Thus, if

Si • i l • Al • Si,
is taken as the type, the following hydrates are possible :

lSi
/

• \ / \
All All Si

/=

HJ2(Si fa
AAAA

Y"
H»6(Si • Al • il • Si)5.

Si I Al I Al Si I
YYYYAl6.
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Si Al
A

Al Si

H§ (Si • Al • Al • Si)7.

Si Al Al Si

I 1 I
H°(Si • Al • Al • Si)

8.

Si Al Al Si

r
Si Al

H°(Si • Al • Al • Si)
9

Al Si

HI (SAi • Al • Al • Si) Hj(& • Al • Al • Si)
10. 11.

Of the above hydrates or aluminosilicic acids, Nos. 3, 4, and 6,
also 2 and 5, also 9, 10, and 11 are isomeric. If all the contained water
is completely separated, the anhydride

Si • Al • Al • Si
is formed.

The above hydro-alumino-silicates may also contain a variable
proportion of " water of crystallisation," the number of hydrates being
thereby increased.

Analogous hydrates—with or without water of crystallisation—
may, naturally, be regarded as of other types ; by the complete loss of
their contained water, these hydrates may form a corresponding series
of anhydrides. The following hydrates and the corresponding anhy-
drides thus become theoretically possible :

_ A A A _Si I Al Si |
i i 1
i /'\ i

aq.

3.

S

Si )>=
I

A l a q Al
_ A / \ / \ / \ / ) \ .

I Si 1 A l Si | JU I Si |

Y~Y~~V
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<^Si All Si > e t c -

8. 9.

These substances have seldom, if ever, been prepared synthetically,
though their occurrence in Nature is well known under such widely
different names as "Minerals of the Allophane Group," "Clays," and
" Kaolins." They have been formed out of the most diverse materials,
such as micas, felspars, chlorites, etc., by removal of the base, hydra-
tion and subsequent removal of the water under definite conditions.*
These acids are seldom found in a chemically pure state, but usually
contain small proportions of the original base. Hence some of them
may, rightly, be termed strongly acid salts.

Their formulae have seldom been calculated from analyses, as these
materials have usually been regarded as " mixtures." The formulae cal-
culations of some minerals of the allophane group215 (see Appendix)
showed that these substances are hydro-aluminosilicates (with a small
lime content) of the type

Al • Si • Al and Al • Si • AL

Prom the analyses, the following formulae were calculated :

1. 0.5 CaO • 6 A12O3 • 6 SiO2 • 32 H2O,
2 0.5 CaO • 6 A12O3 • 6 SiO2 • 38 H2O,
3. 0.75 CaO • 6 A12O3 • 6 SiO2 • 32 H2O,
4. 0.25 CaO • 6 A12O3 • 5 SiO2 • 32 H2O,
5. 0.75 CaO • 6 A12O3 • 6 SiO2 • 42 H2O.

Par t of the water present is in the foiin of " water of crystallisa-
tion " and part as " water of constitution." I t is not possible to state
a priori how much water exists in either or both these forms, but the
maximum proportion of "water of consti tut ion" which is possible
may be predicted on theoretical grounds, as in the two following
structural formulae :

I II I I I! I
_ A / \ / \ _ _ / \ / \ / \ _

| A l I S i ] A l | | A l S i A l l
~ \ / \ / \ / ~ ~ \ / — \ / —

I ii I I F
M a x i m u m of H2O-Mols. M a x i m u m of H 2 O-Mols .

(6) (5)

• The various theories as to the origins of clays are described i n t h e translator's
" B r i t i s h C l a y s " 7 0 8 and " N a t u r a l His tory of C l a y " 7 8 a . — A . B . S.
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The determination of wairr present after \**'uUt'U tlmm*< hit}* tntv **<*
to a high temperature hhotiid, therefore, be of viilti*-.

Equally ifitere>tinj4 is th»* r;d**ulation of tin1 font tube of a tttiinbrr
of washed elnj> from t he uimlyM*** jmblnhrd in <\ Ui^ Ji« »i " f *# «!!«-* i*d
Analyses of Material* u*i*d in Clayworkiiitf," jjut»lr<hrd in Mm I ( H ^
Appendix-- Clayn/ Kertion B),

Thehe analy^e.H ftgree with the theory thai a nmjilni #4 hydro
aluniiiui^ilic^iteH may exi^t in whi«*h the niurinnn. alirn r<itiM v^rum
within extremely wide li«uit>», HO that the hydro jiltimitio'uht nU-n
themselveH may be of the mo*! %vi«lely v«iryiuj^ na ture . 1 h«n ntmly••••i••<•*
indicate the following MihMfiure* :

(fit hi • l't • Si.
(fo hi • H • Si,

hi

!ri Si • It • It -S$,
(/i St « II ' H • Si,
Ujt ^ - it • Si • It «N,
c/u si • it • si • it -Ss,
{i| Si • It 'Si * It «Sf,

More apeiirate eAlrttljitinuH of I ht- Uttmnlw (row atmly^^ by
same inventtgutor (HW /J/*/#rm/»>—'Cluyvi/ Si-r?$on I?) i?av#' tbt^ lotl
ing;

hi'
II. 0.2/1 K.U * W.7S H.O tfl l«,t>, • I^SiO,! , - f f t^Si • It < il '

III. or, H,<> • I5.A H,»> « « , ! ! , • JO s o , llM»;.,i}«i JJ ,s, it
r H 0

IV. o.r, (•«(>• ir* ri if . i t ' 0 K . O , . l o w ) , - - it*,r*«: ,(hi it
• 5 iijM,

VIII. 0,i> K,r> • t»,ft H,O •.', A!,*», l«i M M , ||;,K»<Si Al hi Al N *
IX. or, K.O • \h?> j},o • is u, i», • »r,NCI, H ; ,K ' M H • *, It >n

X I I . 0.26 K,o • o.7r»ii,«> - n it.fi, • in ,HK>, it;.<s» • it • *, • it • K>

x i n . 12 H , O • o 11,0,. i* s i o , H: , I .S , • u -m. i t • H.K

XV. 10 H tU • f, !{,(>, • 1
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Theso compounds contain only very .small proportion** of hum* and
may, therefore, Im regarded as hydro-aluminoHilicati^. The constitu-
tional formula? * nuggested are only tentative HO far an their *4 water
of eomtitut ion " in concerned ; it in not impotable that in umw of
them a par t of what i«, above, included under tin* term 44 \\nU*r of
constitution *' may, in reality, be in the* form of Jt wafer of eryMalliga-
t ion ." The, only means of ascertaining this in to make drt<*rininntionH
of the water left after heating the substances to various high tempera-
tures.

Further formuhr calculated from the analyses of the foregoing and
othor clays will show whether the other theoretically pci^^ihli* hydro-
aluminosilicates an* known to occur in Nature or to have been prepared
artificially.

According to the authors* hexite-penfite theory, clays tnnnt have
the properties of ari*h. The following equal inn represents the w\\<m
of Koditirn carbonate :

Si - Al • AI • Hi -i- 0N;itc:<), - Xa^iSi • Al • A! • SIJ - 0>VMv

According to VmiadHky*1* Imloirf suit* (KI» KBr, H*\) d*^ompo«3
©lays a t moderate-) and high teinjtfTatureH, with ^pnnitiwi nf hnioid
salts.

The acidity of clays in IUHO shown by their mr4tb* nf frirm/itinn in
Nattann Thf^y aro formed by th** tJcrompu.*iticm nf n\nmm<wi)tv}%tm
under the same conditirms im hyclrAtrn anrl anhydride;* ure Umnwl by
tho decompfmition of their Halts. ThttM, in Xi*fur*\ the tlwampmitwn
of simple nilirateH by t\w action of water nnit rnrht>nv* wM produrcm
opals, and a nimilar dt'comjw^iticm ui X M d
olayn,

This neceHnary conm?cjueni*e of I lt«* h f n t i ! « * - i y y
an$ s ingb chemical compounds ami not miltnr«'f*--•••in by nn tnrmtn mm.
Bo far as certain A hurt-inn firtM-lrtyn lire rrmct*rr*Ml( thw <*«nchniion
wan reached by (.J. Menu in n pri&e i*Hhiiy piibl$#*lif*d in IHH3, in wlikh ho
mado the following noteworthy Htn*timi*'iif :

" T h a clays mml for thtt mmntUHnm of firvbrivh* mv rompoumlM
of definite ohomica! com position nml «.n* «it»romjiriHiiit»ft pmiluef^ of
rocks of equally ditfiniti* chemicul <orn{io#ifii*n/f

Thin work of MAm$*M npjitmrii to hn.vr* IHTII «vt«rliKiki?cl, utiil timny
tnodern MdentifitN girnvtaUy—I hi nigh «-rr«mf««^ly-- r**g^rtl day* an
mixture;** of cjunrtsc, ffilnpar i*n*l tin* Mo êalh**! ** d a y mili**tjuir«\M Thin
highly mistaken view of th« rlwrniral statttrr <*f t-Jay#i i.« due to m
peculiarity jxmmtwml by them, i*A*t!y rnjilirnbltt in tht» lighi td tbo
haxita-pentitii tli«ory t but othtrrwiw*? tuily by a^ituming the ifsintcmrn of
a definito " d a y mih*Umt%*.'$ T h k {Hrritliarsfy **oii#i.H|it in Iht* fiici
tha t , like all othc*r alutitmt^tlirateHi! day* mm d*mmptm*d mi high

t>t lh« OH»flr̂ in>» in i hr*** f̂ rmulup i« *4«icfitol nl greater
i



ACTION OF SULPHURIC ACID ON CLAYS 107

temperatures and by some concentrated acids, forming compounds of the
most stable type possible, such as the following :

1.
2.
3.

Si
Si
Si

•Al
•Al
• H

•Al
•Al
•M

•Si,
•Si,
•Si.

and

If, for instance, a clay of the type

Si • Al • Si • Al • Si = 6 A12O3 • 18 SiO2

is treated with concentrated sulphuric acid, i t loses silica or silica
and alumina, according to the temperature and duration of treatment,
forming a compound of one of the three types just mentioned.

This is also shown by the researches of C. Bischof218 (see Appendix,
* Clays'—D), who was one of the first to study the action of sulphuric
acid on the following clays :

1. m RO • 5 R2O3 • 17 SiO2 - aq.,
2. m RO • 5 R2O3 • 16 SiO2 - aq.,
3. m RO • 3 R2O3 • 12 SiO2 - aq.,
4. m RO • 5 R2O3 • 17 SiO2 • aq.,
5. m RO • 3 R2O3 • 15 SiO2 - aq.,
6. m R O - 5 R2O3 • 18 SiO2 • aq.,
7. m RO • 6 R2O3 • 12 SiO2 • aq.

The action of sulphuric acid may be represented as follows :

1. Si • R • Si • R • Si —> Si • R • R • Si,
2. S i - R - S i - R - S i — > S i - R - R - S i ,
3. Si • R • & —> Si • ft • ft • Si,
4. Si • R - Si • R • & —> Si • R • R • Si,

5. ft^-Si - > S i - R - f t - S i ,

6. Si • R • Si • R • & —> Si • R • R • Si,
7. Si • ft • ft • Si —^ & • ft • ft • Si.

The above examples—which may be increased indefinitely—show
conclusively that clays are really converted into the highly stable
compounds stated. The alumina-silica ratio is approximately 1 ^2rr-
which cannot be a mere coincidence—and the supposition tha t clays
contain a " clay substance " separable by acids—though erroneous—is
a very natural one.

Mellor and Soldcroft708 consider tha t clays are decomposed by
sulphuric acid in another manner, viz. with separation of silica and
t h e formation of aluminium sulphate. This view is highly improbable,
as an almost constant ratio of A12O3 and SiO2 has been found id the
solution by numerous investigators, and this constancy iS the founda-
tion of the theory of the so-called " clay substance."
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Forchhammer2 1 9 appears to have been the first to express any doubt
as to the unitary nature of clays. He supposed that in sulphuric acid
he had found a valuable " solvent " for clays and regarded tha t portion
which entered into solution as " clay " and the remainder as " un-
decomposed felspar." From time to time, doubts have been expressed*
as to the value of the so-called " rational analysis/ ' but the remarkable
resistance of clays to strong acids is the chief reason why Forch-
hammer 's conception of " clay substance " is still maintained, though
modern chemists represent it by a different formula.

Forchhammer's theory of clays is now of merely historical interest
and must be abandoned as inconsistent with the facts.

[With it, the rational analysis must also be abandoned, at any rate as far as the
usual interpretation of its results are concerned, f ]

There is, at the present time, no fact known which is not compatible
with the unitary chemical nature of clays as opposed to the view that
they are mixtures.

[This statement must be taken to refer to " purified " clays, for many materials
are commonly termed " clay " which obviously contain other constituents. Thus
" boulder clay" contains limestone and other stones, loams contain sand which may
be removed by simple washing, and many " clays " contain rock-debris of a nature
clearly distinct from clay. Unfortunately, some of these obviously "non-clay"
materials are in so fine a state that they cannot be perfectly separated by elutriation
or similar mechanical processes. It does, however, appear to be true that, quite apart
from the hexite-pentite theory, the essential constituents of clays are definite alumino-
silicates.]

Minerals of the allophane group are characterised by the ease with
which they are decomposed by acids. Other hydro-aluminosilicates,
including several clays, are only readily decomposed by dilute acids
after they have been heated very strongly. The reason for this
difference in the behaviour of substances which, according to the
authors5 hexite-pentite theory, are analogous, can only be explained
in the following manner :

" Disdynamised " and " Dynamised " Compounds

I t has been shown, in connection with the tungstates (p. 95), that
the presence of a base weakens the bonds in the ring-radicles of com-
plexes Thus, tungstovanadates with a small content of base are not
decomposed by acids, but in those richer in base a precipitate of tungstic
acid readily forms when they are treated with acids. The bonds
between th^ ring-radicles of complex substances may also be weakened
in dtjier ways, such as by an increase in the proportion of "wa te r of
const i tu t ion" or " water of crystallisation" or by subjecting the
substance to a high temperature.

Compounds in which the chemical relationship between the ring-

* Seger investigated this subject and recommended it—under the title of "rational
analysis'*—for relatively pure clays, but found it unsatisfactory for the clays used for
the manufacture of bricks, tiles, cement, etc. Brongniart and Malaguti220 did not
question the "undoubted advantages of rational analysis," but saw in the results
obtained an uncertainty " which compels us to draw conclusions with very great care."

f Additions and comments by the translator which cannot conveniently be in-
serted as footnotes are printed in smaller type.
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radicles is weakened by these means so tha t the substance becomes
readily decomposable by dilute acids, are said to be " disdynamised "
in order to distinguish them from the "dynamised " substances which
resist the action of dilute acids.

The reason why minerals of the allophane group are readily
decomposed by dilute acids is now clear : in them the relationship
between the silicon- and aluminium-hexites has been weakened by
the presence of a high proportion of combined water.

Clays usually contain only " water of constitution " ; on heating to
vitrification they are disdynamised and then behave like the analogous
minerals of the allophane group.

[The vitrification point of a clay is that temperature to which it must be heated
in order that sufficient fusion may occur for most of the pores in the clay to be filled
with fused matter, yet without the material losing its original shape to any appreciable
extent. In most clays there appears to be no single temperature at which this occurs
to the exclusion of others ; the material becomes vitrified gradually throughout a range
of temperature which sometimes extends over 400° C, though some clays vitrify com-
pletely in a very few moments after the fusion of some of their constituents has com-
menced. This property of vitrification is extremely important in the technical appli-
cation of clays; further information about it will be found in the translator's "British
Clays, Shales, and Sands."708 It is, however, possible that this range of vitrification is
due to difficulties in maintaining a perfectly constant temperature for a sufficiently long
time. If, as Doelter has suggested, the vitrification point is definable as that at which
fusion is first observed to commence, and if, further, in accordance with A. Stock's
investigations, which showed that the vitrification point and the true melting point
of a silicate are identical and that vitrification occurs on heating perfectly pure crystal-
line chemical compounds, then it should be possible to produce a completely vitrified
mass by maintaining the material for a sufficiently long time at the lowest temperature
at which fusion can be observed to occur. The cost and difficulty of doing this with
reasonably large masses of clay are very great, as the conductivity of the material is
so low, but so far as the translator's own experiments go, and in so far as he has been
able to find other similar experimental evidence, there are good reasons for believing
that the apparent range of vitrification or of fusion is merely a result of the extra-
ordinarily low conductivity of clay and of the high temperature at which fusion occurs.
Could clays be fused at temperatures as easily observed as those used in studying the
melting points of many organic compounds, there is great probability that pure clays
would be found to have a sharply defined melting point. As it is, the only means of
effecting vitrification or fusion within a reasonably short time consists in raising the
temperature considerably above that which would be necessary if time were no con-
sideration. In other words, the term " range of vitrification " indicates a practical
experience even if it may lead to the erroneous assumption that clays differ from
other definite chemical compounds in not having a sharp, well-defined melting
point.]

In order to understand the nature of the state of disdynamisation
produced when clays are heated to vitrification, it is necessary to
assume that oxygen has two kinds of valency—primary and secondary
—and that the bonding of the ring-radicles is due to both the primary
and the secondary valencies of oxygen. If the proportion of b&se or
combined water in the compound is increased, the secondary valeijcies
are set free either partially or completely according to the propgrtion
of base or water. On increasing the temperature, the bound secondary
affinities are also partially or completely liberated, according to the
temperature to which the substance is heated.

It is conceivable tha t as soon as the secondary valencies are set
free, a looser bond must exist between the ring-radicles of the complexes
concerned.
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At the vitrification temperature, the nascent secondary oxygen
valencies of the disdynamised clay molecules a t once begin to be
liberated, and this may readily lead to the formation of polymerisation
products. If the temperature increases, the liberation also increases,
and when it is complete the whole of the material is reduced to a
molten state. I t is clear that as the temperature rises, the polymerisa-
tion increases, and this is, necessarily, followed by an increase in
density. When the mass is completely fused, the point of maximum
density will have been reached.

[Some highly interesting investigations by R. Rieke707 on the temperature at
which certain clays lose their " combined water " are worth special attention. This
investigator followed Le Chatelier's observation that if a sample of kaolin is slowly
heated there is a point at which the temperature ceases to rise for some minutes, after
which it again rises steadily. If the temperature and .duration of the heating are
plotted as ordinates and abscissae, the graph produced will show a marked flattening
about 500° C. Rieke examined 10 kaolins, 8 plastic fireclays, 6 non-refractory clays
(red-burning), and 2 shales, and in each case he found that a marked absorption of
heat occurred and was shown by the flattening of the graph at a temperature of 500°
to 580° C. The purer the clays, the more noticeable is this break in the rise of tem-
perature.

In clays containing much free quartz the absorption of heat is obscured by the
reactions which the quartz undergoes at the temperatures mentioned, and the more
complex graphs of the impure clays may be further affected by the reactions of other
compounds present.

Rieke also found that the loss of water corresponded to the flattening of the heat-
ing curve; a notable evolution of water commences at 450° C, and almost the whole
of the water is removed at a temperature of 550° to 600° C, though for its complete
expulsion prolonged heating at a higher temperature appears to be necessary. The
rate of evolution of water is not regular, and diminishes rapidly when most of the
water has been removed. It is increased by reducing the pressure of the air surround-
ing the clay.

Mellor and Holdcroft708 have independently confirmed Rieke's observations with
respect to china clay, and have concluded that the " china clay molecule " must have
its OH-groups placed symmetrically. They accept a slight modification of Groth's
formula,* viz. :

O • SiO/

HO HO

More recently, Mellor has examined crystalline kaolinite in a similar manner and
finds its behaviour is identical with that of the purest Cornwall china clay.

Unlike the authors of the present volume, Mellor and Holdcroft conclude that the
" clay molecule " is decomposed into its constituent oxides—alumina and silica—at
500° C.,f and consider that the formation of sillimanite at higher temperatures (1200° C.)
is a confirmation of this in accordance with the equation:

A12O3 + SiO2 = Al2Si05.

They agree that polymerisation of the alumina occurs (with evolution of heat at
800° C), but have published no formula for the polymerisation-product. In other
words, they regard the latter as though it were the simple non-polymerised substance
when (according to them) it reacts at 1200° C. with the silica to form sillimanite.

* The views of the authors of the present volume as to the distribution of the
OH-groups are described at greater length in the later sections—on Ultramarine,
Portland Cements, and Porcelain Cements—and the following formulas are also criti-
cised on p. 116.

t See p. 113.
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W. Pukall710 has suggested the formula :
OH

HO • Si • O • O • Al • OH

HO • Si • O • O • Al • OH
OH

and in opposition to all other writers indicates a double bond between the silicon
atoms. Prom what has been stated on previous pages, however, the bond between the
silicon atoms must contain oxygen. The view tha t a direct connection exists between
the silicon atoms is also held by Simmonds721, who studied the action of hydrogen at
high temperatures on lead meta-silicate, to which is usually assigned the formula :

He reached the conclusion that both oxygen atoms cannot occupy similar positions,
and suggested the following formula for this silicate :

— Si Si Si —

o o o — b o o

Simmonds thus suggests that the silicon atoms are connected directly with each other
and not through the medium of oxygen atoms. Manchot and Keiser722 were unable
to confirm Simmonds' observation on lead silicates, and rightly argue that silicon
compounds in which the silicon atoms are directly connected with each other must
evolve hydrogen when treated with hydrofluoric acid and then with alkali, yet this
reaction never occurs with the silicates now under consideration. Manchot723 uses
this argument in criticising Pukall's formula, and adds that such a double bond would
imply that kaolinic acid would be more easily decomposed by alkalies than by other
silicates with a single bond, whereas kaolinic acid is very resistant to alkalies.

Singer724 has also criticised PukalFs formula unfavourably and has pointed out
that a double silicon bond, like a double carbon bond, is a source of weakness in a com-
pound rather than one of strength.

The re-combination of water with the dehydrated kaolin is also of interest as
throwing further light on the constitution of the molecule. Mellor and Holdcroft (I.e.)
found that even in an autoclave at 300° C. under a pressure of 200 atmospheres the
dehydrated china clay only absorbed 2-5% of water. Rieke found that a Bohemian
kaolin, which had been heated at 500° C. until all the water had been removed, could
only be made to re-combine with 1-1% of water. The very small proportion of re-
combination which occurs is a further proof of the remarkably high stability of the
anhydride Si • Al • Al • Si, as pointed out by the authors of the present volume.]

Burning Clays

[" Burning " is a term used to indicate the heating of articles made of clay under
industrial conditions in kilns or ovens in order to give them the characteristics desired
in pottery, bricks, tiles, etc. It difiers from simple heating (or calcination) in that the
clays have been formed into articles of the desired shape and in that the heating must
usually be prolonged and the rise in temperature must be very slow so as to avoid the
splitting and cracking of the goods.

This explanation is necessary, as the shape of the articles and the speed of the
heating are important determinants of the character of the heated material. ' In
" burning,'* clays are never supposed to be heated'to such an extent as to cause them
to fuse (sufficiently for loss of shape to occur. When this happens they are " over-
burned."]

S o l o n g a s c l a y s a r e ^ e g a r d e d a s m i x t u r e s o f q u a r t z , u n d e c o m p o s e d
J g j s p a r a n d " c l a y s u b s t a n c e , " n o s a t i s f a c t o r y e x p l a n a t i o n of w h a t
b e c u r s d u r i n g t h e b u r n i n g i s p o s s i b l e . T h e g r e a t d i f f erence i n t h e e f fec t
o f d i l u t e a c i d s o n r a w a n d b u r n e d c l a y s m a k e s i t o b v i o u s t h a t s o m e
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d e f i n i t e c h e m i c a l r e a c t i o n s m u s t o c c u r d u r i n g the* b u r n i n g . T h e n a t u r e

o f t h o s e r e a c t i o n * * h a n , h i t h e r t o , b e e n i n e x p l i c a b l e . F r o m a i 4 m i x t u r e , "

a l l k i n d s o f s i m p l e a n d d o u b l e H a l t s m i g h t b e f o r m e d , i i n d t h e s e c a n n o t

b e a d e q u a t e l y e x a m i n e d . Y e t a c o r r e c t u n d e r s t a n d i n g o f t h e b u r n i n g

p r o c e s s i s n o t o n l y o f a c a d e m i c v a l u e , b u t o f g r e a t p r a c t i c a l i m p o r t a n c e .

H e n c e , t h e h e x i t e - p e n t i t e t h e o r y s h o u l d b e o f g r e a t a s s i s t a n c e i n i n -

d i c a t i n g t h e c h e m i c a l r e a c t i o n s w h i c h t a k e p l a c e o n b u r n i n g .

T h e s e r e a c t i o n s m a y b e . s t a t e d i n t e r m s o f t h e D i s d v u a m i s a t i o n

T h e o r y ( p . 1 0 8 ) a s f o l l o w s :

1. O n h e a t i n g a c l a y t o v i t r i f i c a t i o n , p a r t o f o r a l l t h e %i w a t e r o f

c o n s t i t u t i o n " i s e v o l v e d . S e c o n d a r y v a l e n c i e s o f s o m e o f t h e o x y g e n

a t o m s a r e s e t f r e e , b u t the Hay i t s e l f rrtttinn it* unitary chnnicnl nature,

and is not rttcowjnmti into its ronxtitnt nt osi'tlr*.

2 . If t h e t e m p e r a t u r e e x e e e f l s t h a t u e e e . ^ a r y f o r v i t r i f i c a t i o n , t h e

f r e e v a l e n c i e s l i b e r a t e t h e m s e l v e s a n d f o r m p o l y m e r i s a t i o n p r o d u c t s ,

t h e c l a y s e v e n t u a l l y f u s i n g e i t h e r j m r t m i l y o r c o m p l e t e l y . H e n c e f u s e d

( d a y s m u s t p o s s c s H p r o p e r t i e s c h e m i c a l l y d i f f e r e n t f r o m t h a n e w h i c h

h a v e b e e n m e r e l y v i t r i f i e d . T h e d e n s i t y o f f i r e d H a y s m u s t a l s o Ym

h i g h e r t h a n t h a t o f v i t r i f i e d c l a y s ' .

3 . V i t r i f i e d c l a y s m u s t f ie m o r e r a s i l y « t t u c k e d b y a e s d n t h a n u n -

v i t r i f i e d o n e s .

ny* in tit**
u-htch ho

}*» in tlirtn
4<̂  **f H«y

| i in
( In l h w

f n&itU nwtl in th«» tm?§.»fruHi«*
in imvurtnitt. C#*»tn'm! r^jwrir

vilril lwl urn wmitiHy f«*iai««l !«••

Ifc in

1** till

«ti«t

tho t^ntt M vttritu
only l»t*ii Ji«*uti**l

" uw*tl m I h« t<r»t **»
y *

If thw m
| | \y | fu«i*w» th«i

mi*! !i»** DMfI»<»f-ik* ih^^ry l̂ r»»fMpf» r*»f«f«4rftiAMn tu
%mwrn\ *X|frri«mt5n.)

T h e o b m j r v i i t i o i i K o f M e l l o r i t u d H o l d e r « 4 i ? ( r * # a m i t J l h e r w s h o w t h a t

c l a y w h i c h h a s \mt*n h e a t e d t o n vvrtniu x**tnf**TnlUTv in (m n c c o r d i i n c i *

w i t h t h e t h e o r y ) m o r e r w t r i i l y u t t i i c k c f j b y nrhh l i m i t t i n i t u i i i e h h i m

n o t teen h e a t e d . I t ij^ i i l « o a w i * l i > k i H m n f a r t t h a t *m f u r t h e r h e a t i n g

a t a fltill h i g h e r t i*mpi»ratwr i* a m n t f * r i » l i s p r m l t t m l w h i r h in rc^iMtAnt

t o iicitdi4 ( i n c t m t r a d i c t i o n t o t h e t h e o r y ) . S u c h imlyttwrimium h^

o e o u r w w i l l , h o w e v e r , m i t k e t h e h i n t e d c l a y r r ^ i f i t u n t t o i i c t d ^ . I n t h i n

c o n n e c t i o n i t m u x t b e n * m e f « b « * r e d t h a t fh i* pc i lyrt i«*r i^i i t io t ! b r o u g h t

a b o u t b y d i H c I y n a m i M n t s r i n in itmAf n d y r m m i i u i l t o i t a n d MO ifif?ftrai«ei* t l i a

i o f t l t e m a t e r i n l t o c h e m i c a l irif lt i i*i icei4. T h e HKI* o f t e r n p e m -

c a n , i n f a c t , o n l y h a v e it c o m p l e t e c l i t t d y n a m i o a t t i r i r i w h e n no

polynuw'm&tum tHtnw*. T h i n f i w t w » s o v p r k j o k e d b y t h t i i i u t h o m u n t i l

i t w a n p o i n t e d o u t t o t h e m b y A . f i . S t * n r l t % a n d t h i n o v e r s i g h t "w t h e

{•iiu«i* o f t h e t*rrom f 0Uj* c o n c l u M o n r«*Mfht*d i n lkmmqnt*tum 3 o f t h e

t h e o r y .
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4. The so-called "decomposi t ion" (p. 107) by concentrated acids
is merely a disdynamisation.

The observation of R. Rieke tha t , on burning clays, their tempera-
ture does not rise steadily, but remains constant for a long time, not-
withstanding the increased temperature of the kiln, may be explained
in terms of the new theory if the constant temperature occurs a t the
sintering point of the clay.

The statement made by Desch tha t clays heated to 700° can easily
a d d calcium silicate, calcium aluminate, or calcium hydrate may be
explained by the new theory of burning stated below.

The behaviour of the silicate molecule towards acids also depends on
the number of aluminium hydroxyl groups in the molecule. This must
always be borne in mind when studying this subject, and is therefore
dealt with exhaustively in the following chapter.

There can be no doubt tha t the rise in temperature exerts a dis-
dynamising action on clays, and that in consequence of this action
molecular changes are produced in addition to such polymerisation as
may occur. This is particularly the case with kaolin, as will be seen on
reading the following chapter. If the theory is extended in this
manner it will be found to be in complete agreement with the observed
facts.

I t is not then necessary, as Mellor and Holdcroft suggest, to
assume that , on heating, clays are decomposed into free silica and
alumina and tha t a re-combination of these oxides occurs on further
heat ing.

The investigations of Richter, Bischof, Jochum, Rieke and others
have shown t h a t the fusing point of clays is greatly influenced by the
impurities, such as quartz, alkalies, etc., present. A theory of burning
t o be satisfactory must take this into consideration.

This consideration of the burning process may be allowed to suffice
as an explanation of the decomposition of slightly heated clay by
acids and its greater resistance after heating a t a higher temperature.
At the same time, this theory of burning leads to no conclusions
wi th regard t o certain properties of kaolin which are described in
t h e following chapter. I t may, therefore, be necessary to modify
t h e application of the Disdynamisation theory to burning, as
further facts are observed.

The Isomerism and Polymerisation of Kaolin

From the formula 6 H2O • 6 A12O3 • 12 SiO2 (kaolin) two isomeric
substances may be formed. *

* If a rule is made to name the central core first and then the side chains, the
acid A may be termed di-Jirdlum'mo-dp-h-ailicic acid, and the acid S di-h-8ilico~<M'hr
alitminic acid. Hence the salts of the A -acid and all silicates with a central aluminium
core may be termed alivminoailicates, whilst the salts of the #-acid and all compounds
"with a central silicon core may be termed silicoaluminates.



CONSEQUENCES OF THE H.R THEORY

I I I

114

A. 8.
A number of derivativcH of t hew two ucith in which pcntitcg replace

hexitcs an* theoretically ibh

Si J Al
V

I I

Al | Hi »nd i Al | Si | Hi I Al

A'. «'.

I ̂ . y \ / \ . . i i _ / v v i
- / Si j Ai | Al | Si p - and —^ Al i Hi ; Si j At ^—

i YY:' i i "YY !

A". K#,
In accordance with the foregoing nomfnclutun* thr*r ac*id*i may betermed :A' lH~j>~tttumim*'**ti*h»iiiikir mid.A" IH-h-alumino-di-p-HiUcie mid.B' lH»j*MUim~di-h*ait4minic acid,S" . . . . . IH-h*mtfct>-di»jM%tuminfc mid,
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On polymerisation, separation of water can only occur in two
analogous rings, as in the centre of the S'2 or the side rings of the S"2

compounds.
Between the a- and s-kaolinic acids and their salts there must be a

genetic relationship, as they can be converted into each other. This
transformation may be represented as follows :

I. Conversion of the a-kaolinic acid into s-kaolinic acid :

a-kaolinic acid. a-kaolinic acid. a-kaolinic acid.
6-kaolinio acid. 6-kaolinio acid.

II. Conversion of the s-kaolinic acid into a-kaolinic acid

Si AlAl Si

a-kaolinic aoid.

Al Si Si Al Al I Si Si | Al

«-kaolinic acid. *-kaolinio acid.
a-kaolinic acid. a-kaolinic acid.
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I n an analogous manner the 'polymerised a-kaolinic acids may be
converted into polymerised s-kaolinic acids and vice versa.

I n the chapter on Ultramarines and Porcelain cements two kinds
of hydroxyl groups in kaolinic acids are described : termed a- and s-
hydroxyls, respectively. The former—the hydroxyls of the aluminium
rings—are acidophillic, and the latter—the hydroxyls of the silicon
rings—are basophillic. The kaolinic acids—both simple and poly-
merised—appear to contain more 5-hydroxyls and less a-hydroxyls ;
the s-kaolinic acids, on the contrary (both simple and polymerised),
contain more a-hydroxyls and less s-hydroxyls.

These variations in the number of a- and s-hydroxyls of the a- and
s-kaolinic acids must result in these acids having a different relationship
to other acids and a different solubility in acids. The more a-hydroxyls
a-kaolinic acid contains, the more soluble must it be in acids, or in other
words, the s-kaolinic acids must usually be more soluble in acids than
the analogous isomers or a-kaolinic acids.

As the degree of polymerisation must diminish with a-hydroxyls,
it follows that , cceteris paribus, the polymerised kaolinic acids must be
less soluble in acids than the non-polymerised ones. From the theory it
follows tha t the anhydrides of the a-kaolinic acids have the lowest
degree of solubility in acids, and therefore the greatest resistance to
acids. If the plasticity of clays is a function of the water of constitution
(see p . 65) it follows that :

1. The a-kaolinic acids can generally have a higher degree of
plasticity than the s-kaolinic acids, as the former contain more water
of constitution.

2. The polymerised kaolinic acids have, cceteris paribus, a lower
plasticity than the non-polymerised ones.

The a- and 5-kaolinic acids must also differ from each other in
physical characters, such as density, resistance to reagents, etc., as
well as in chemical structure. There is another interesting consequence
of the new theory as applied to kaolinic acids:—In the salts of the
kaolinic acids, such a compound as

\ / \ / \ _
Si Si Al

, / \ / \ r8 Na2O • 6 A12O3 • 12 SiO2,Normal sodium a-kaolinate.must have the sodium united to the silicon ring (i.e. ̂ -sodium)more strongly than the o-sodium attached to the aluminium ring;i.e. in this compound half the sodium must be more strongly unitedthan the remainder. It is also probable, on a priori grounds, that thissodium salt will behave differently towards different acids; thestronger acids can remove the whole of the sodium (both a- and 8-sodium), but the weaker acids can only remove the o-sodium.
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The Hexite-Pentite Theory and the Facts

The available experimental material is in entire agreement with
the theory developed in the preceding pages. In this connection the
work of (a) W. Pukall710 and (b) Mellor and Holdcroft708 on kaolinisa-
tion is of special value.

The Study of Kaolinisation by W. Pukall710

W. Pukall has endeavoured to prepare kaolin synthetically, and
from a mixture of 18-75 of quartz, 24-38 of aluminium hydrate, 150 of
caustic soda and 75 c.c. water heated in a silver crucible until the
mass became stiff, he obtained a product which, on washing, yielded a
white, crystalline substance which melted at Seger cone 7 (about 1270°),
i.e. the temperature at which salt glazed ware is glazed.

Zettlitz kaolin or English china clay when melted with ten times
its weight of common salt at 950° C. evolved water and hydrochloric
acid and combined with sufficient soda (28%) to be comparable to
Na2O - A12O3 • 2 SiO2. Both these kaolins are converted into a crystal-
line substance.

Multiplying the formula just mentoned by 6, the following com-
pound :

6 Na2O • 6 A12O3 • 12 SiO2 • 12 H2O,

is formed ; it may be the salt of either an a- or an tf-kaolinic acid.
From Pukall's investigations it appears highly probable tha t the

salt he obtained is a polymerised sodium 5-kaolinic acid of the following
formula :

12H2O

6 Na2O • 6 A12O3 • 12 SiO2 • 12 H2O.

As the ratio A12O3 : SiO2 in the salt obtained by Pukall is the same
as that in kaolin, he endeavoured to remove the Na2O and to obtain
the free acid, i.e. the " kaolin." For this purpose he used two methods :
by treatment with (a) carbonic acid and (b) hydrochloric acid. The
results of these two experiments, whilst in agreement with the H.P .
theory, were quite different : the carbonic acid, as a weak acid, only
removes the a-sodium and converts the Si-hexites into pentites ; the
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hydrochloric acid, as a strong acid, removes the whole of the a-sodium
and half the s-sodium, as may be seen from the following :

a. T H E BEHAVIOUR OF PUKALL'S SODIUM S-KAOLINATE TOWABDS
CABBONIC ACID

The sodium di-s-kaolinate (6 Na2O • 6 A12O3 • 12 SiO2 12 H2O)
of the above-mentioned structure was heated in a Soxhlet's apparatus
for 264 hours with carbonic acid in order to remove the soda, and by
this means Pukall obtained a substance corresponding to the formula

12H2O

2 Na2O • 4 H20 • 10 SiO2 • 6 A12O3 • 12 H2O.
The analyses made confirm this formula :Na2O H2O A12O3 SiO2Calculated 7.63 17.76 37.68 36.94Found 7.10 19.95 37.49 36.82
The carbonic acid converts the Si-hexite into Si-pentite as alreadydescribed. The feebly acid carbonic acid can only remove the acido-phillic aluminium rings, and not the strongly basophilhc Si-rings.
6. THE BEHAVIOUR OF PUKALL'S SODIUM ̂ -KAOLINATE TOWABDSHYDROCHLORIC ACID
Pukall also endeavoured to remove the Na2O in the sodium saltabove mentioned by means of a stronger acid, for which purpose heselected hydrochloric acid. The sodium salt dissolves in this acidand is obtained, on treatment with ammonia, in the form of avoluminous white precipitate corresponding to

Al Si Si Al

\ / \ A A /

|A1 Si

Calculated
Found . . .

(R2O4H2O
0.5 Na2O

. . . 1.77

. . . 2.15

Y
0.5 (NH4)201.481.26

12 SiO212 SiO241.1642.07
6A12O8)26A18O»34.9936.33

32H2O20HaO20.5820.00



F C K A L i ; S E X r K K I M K N T S O N K A O L I N 1 1 9

P u k a l l d i d n o t d e t e r m i n e t l w p r o p o r t i o n of N w t o nml ( N ! I * ) t O n n d
s u g g e s t e d t h e f o l l o w i n g f o r m u l a :

5 5 3 H , O AIjO, 2 H i O t

C a l c u l a t e H U 7 'MM 43 .47
F o u n d - u o u : H M W 42 .07

T h e h y d r o c h l o r i c a c i d , l * « m g n HtrotiR a r i d , ri ' tt iuwH M»HH« lww« f r o m th««
s o d i u m s a l t , y e t a Hmidl p r o p o r t i o n o f tht* I m w Mil l ri'itmiiiH. It i«
p r o b a b l e t h a t tht? h y d r o c h l o r i c ncit l r c r w m * * ItiiH tht« ^ m i t t i u t n ; tln«
r e m a i n d e r b e i n g r e p l a c e d b y X H * .

I t h a n a l r e a d y 1M*4»« tfhown t h n t ft*** c h e m i c a l n n d p h y jt nl proprrti**H
f h f U l i id d

y p y p
of a n y * - k a o l i n i c m'ul mn*t difft-r f r o m t h w w <#f n n y n-Uiutltniv n r i d , n o d
a n a c i d 4 -kao l innt t ' m u « l d i f fer nt i l l nion^ u- i t i f ly hum " k a o l i n ** {<*
kaol in ic a c i d ) . AM a m a t t e r of fm*i, Ft ik i i l l !•»** prov«*r| t h n t k n o l t n IN
different f r o m t h e knolinnt<* hmntmuh HH tht« f o r n u T o n l y Ion*'** iiM wnt«<r
o n h e a t i n g t o n 'dm^H, but. tin* ln t t^r part** wit)* bu l f it** n n t ^ r wt
temperatuttfH ln*low 3^0" f*. n n d thi* r^it i i t imifr o n In nf i n ^ t o r^dii*'**^.
Other propc?rtii»H of tht'N* t w o *ttb#tj imw« ii l^o c o n f i r m t h ^ v i ^ w f l i n l
t h e y r e q u i r e d i f f e r e n t M r m ' t u r n l f o r m i i h f s K i i o i i n , for i*tampit% in
v e r y p iant ic o n at 'cc iunt o f ttn* ttiatty ( i l l ^rot ip^ it r u n t tut**, Tl***
n u m b e r o f Of { - g r o u p s in th** m*id kiiottiiiif** in t t m r h J*^» nnt l j m r i of
t h e m art* rt*pk<*i»d b y bit^ir? g r o u p * . Hrnri<, i i i** n o t ^tirpri^ttiK tb**t
P u k a i l s h o u l d f ind thin **iill t o !*• II*M« pifi*tif? t luif i kn<*ltft.# W i n n
Pukal i f n «a l t in mixf*d w i t h q u a r t s » n d U*Up*t it f*»rwt** n v ^ r y t
mixtun% a n d o n h e a t i n g t h i * ta I*rl7*i n b e a u t if u ) , w h i t e , t i
porce la in in ptmlutHnL i f t h e ^umi* wait i* t n i E r d w i t h free
a l u m i n a t h e mixtunr* in n o t {ikifttie, t h o i i g h ICA«*ISII( w-Iten f ittni lnriy
t r e a t e d , r e t a i n s iti* p l a s t i c i t y . Mcirt*ovi*r# th in m i x t u r e d o e * n o t p r o d u r e
a t rue p o r c e l a i n o n b u r n i n g .

P u k a i l ha-K iilmi prrpfiriHl t h e n h o v e - m e n t i o t i e t l mnUnm #i»li nf
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p r o d u c t , a w h i t e <Try^taIlint* tnmm m o b t i t i i j r d wl i i r l i IHikntl ttiw # b r m n
t o be t h e abrivt*-mi*nti*ined H o d i u m n-ki i t i t tnnUs T h i n m e t h o d in o f
g r e a t t h e o n * t i e a j i m p o r t a n c e , an i t nhnwn i* d e f i n i t e g i ' t i f>l terr l i i lu i i i i ih i | i
mui^t e x i n t b e t w i v n t h e a-kf to l inta an id n n d t h e ^IciKtUitte nr i t l ; o n e
b e i n g c o n v e r t e d i n t o t-hn o t h e r u n d e r rer tn i i t ctonditionii* T h i * i tgrren
w i t h t h e renultii o b t a i n e d b y M e l b r f ind I fo ldc roft n n d d i ^ i i i t ^ d i n t h e
n e x t a c t i o n ,

P u k a i l hm, f u r t h e r , m a d * t h e m t e r e M i n g d k e o v e r y t h a t if n i ! i rngn«I
alumina- a r e h e a t e d w i t h a n exccfMi o f it v e r y u t r o n g it lkAli n o l t i t b n t h u
c o m p o u n d p r o d u c e d lxMn0$» 2jr8iO t f) n l w a y i t tun* t h e MI mi* m o k w u l a r
r a t i o of a l u m i n a a n d mtim, n o n u t t r r w h e t h e r t h e n i l to* a n d a l u t a i n n
a r e free o r i n m cotnhinvtl » u t e *

ia »W|» b l u w i filinikity ami «
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II

The Study of Kaolin by Mellor and Holdcroft708

Mellor and Holdcroft have studied the structure of kaolin by
means of the purest china clay obtainable, this kaolin having a com-
position approximating very closely indeed to the formula :

A12O3 • 2 SiO2 • 2 H2O.

The result of their investigations leads to the conclusion that in all
probability china clay is an a-kaolinic acid with a structure represented
by the formula * :

A A A =

2 H20 • 6 A12O3 • 12 SiO2 • 10 H2O.

This a-kaohnic acid is converted on heating to 500-600° C. into a
derivative of s-kaolinic acid, as shown in the following diagram :

/ \ / \ / \ / \ 500-600° / \ / \ / \ / \
j Si | Al | Al | Si | > ) Al | Si | Si | Al |

At a higher temperature (800-900° C.) the s-kaolinic anhydride is poly-
merised with a liberation of heat, and at a temperature of 1100-1200°
the polymeric anhydride of the «s-acid is converted into a polymeric
anhydride of the a-kaolinic acid with absorption of heat.

In this way the genetic relationship between the s- and the
a-kaolinic acid previously discovered by Pukall is confirmed.

The changes just mentioned are based on the following con-
siderations :—

1. The heating curve plotted by Mellor and Holdcroft for pure
kaolin shows, at temperatures above 500° C , a reduction in the rate
at which the temperature rises, and this is doubtless due to the occur-
rence of an endothermic or heat-absorbing reaction. At 900° C. a
feeble exothermic reaction occurs, and between 1000° and 1200° another
strong endothermic reaction takes place. These three "critical
temperatures " are due to f :—

(a) The conversion of the a-kaolinic acid into the anhydride of
s-kaolinic acid.

(6) The polymerisation of the anhydride of the s-kaolinic acid.
(c) The conversion of the polymerised anhydride of the s-kaolinic

acid into a polymerised anhydride of the a-kaolinic acid.

• Mellor and Holdoroft's formula is given on p. 110.
t MeUor and Holdcroft's interpretation of these results is given on p. 122,
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I t will be observed tha t the solubility of the alumina in the china
clay after heat ing to 600° is only slightly higher than that in the clay
heated t o 100°. I t appears as if the conversion of the a-kaolinic acid
into 3-kaolinic acid commences a t this temperature. At 700° there is a
notable increase in the proportion of soluble a lumina; a t higher
tempera tures the solubility of the alumina appears to diminish so that
a t 800° C. i t is only 0-68 ; at 900° it is still lower, and, a t 1000°, the
solubility of bo th silica and alumina is very small. The solubility of
the a lumina in china clay does not agree entirely with the conclusions
previously expressed (see Section I , p . 120) in which it was stated that
the conversion of the a-kaolinic acid into the anhydride of the
#-kaolinic acid occurs a t 500-600° C , but the above Table clearly offers
a general confirmation of the theory inasmuch as it shows an increased
solubility in hydrochloric acid as the temperature to which china clay
ift heated is increased.

4. The specific gravity of the s-kaolinic acids must, clearly,
differ from t h a t of the a-kaolinic acids and the investigations of Mellor
and Holdcroft have shown tha t this is the case, the specific gravity
diminishing as the conversion of the a- into the 5-kaolinic acid takes
place. The Table below shows tha t a t 600° the specific gravity of the
clay is dist inctly lower than at 110°.

At high temperatures the polymerisation which occurs and the
formation of the polymerised anhydride of a-kaolinic acid must
necessarily result in a series of increases in the specific gravity of the
material . Mellor and Holdcroft have (without recognising the true
na ture of the compounds with which they were dealing) determined
the specific gravi ty of the various a- and $-kaolinic acid derivatives, as
nhown in the following Table :

Temperature.

110°
600°
700°
800°
900°
1000°

Specific Gravity.

2.615
2.473
2.469
2.497
2.560
2.734

Hence the various consequences of the H.P . theory as applied to
the kaolinic acids are in complete agreement with the facts.

Mellor and Holdcroft have endeavoured to explain the three
critical temperatures (500-600°, 800-900°, and 1100-1200°), mentioned
above, which are recognisable on heating kaolin, and the abnormal
behaviour of dehydrated kaolin towards acids, on the assumption tha t
(a) between 500° and 600° the substance loses all its water and is
decompoBed in to free silica and alumina, (&) polymerisation of the
alumina occurs a t 800-900°, and (c) the free silica and alumina re-com-
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bine at 1100-1200°. This explanation of Mellor and Holdcroft's is
highly improbable, and is contradicted by their experimental results.
Thus, the Table showing the solubility of kaolin, alumina, and silica
which have been heated to various temperatures (supra) shows tha t
at 700° only 0*98 per cent, of the alumina presumably set free from the
china clay is dissolved, whilst 20-4 per cent, of the hydrated alumina is
dissolved under similar conditions. To suggest t ha t this low solu-
bility is due to the alumina being in the nascent state is to make the
whole experiment quite inexplicable, as alumina definitely known to be
in this state has a still higher solubility. In any case, such a difference
in solubility as Mellor and Holdcroft suppose is quite incomprehensible,
and their assumption tha t the alumina from the clay is more readily
converted into an insoluble modification than tha t existing when
hydrated alumina is heated is untenable, as the difference in solubility
is far too large. Moreover, such an assumption is unnecessary,
because, as already explained, the hexite-pentite theory gives a much
simpler interpretation which is in closer agreement with the facts.

The hygroscopicity of china clay, alumina and silica which had been
heated to various temperatures has also been determined by Mellor
and Holdcroft. The values obtained appear to be in opposition to the
assumption tha t china clay is dissociated into free alumina and free
silica at 500-600°.

The hygroscopicity was determined by standing the materials for
24 hours at 25° over 10 per cent, sulphuric acid and noting the increase
in weight; this was considered to be due to the water vapour absorbed.
The following results were obtained by these investigators :

Temperature.

110°
600°
700°
800°
900°

1000°

Percentage of water absorbed.

China Clay.

0.71
0.33
0.31
0.37
0.34
0.04

9.80
10.33
10.75
9.19
0.01

Silica.

18.35
15.93
15.34
12.85
3.96
0.00

The low hygroscopicity of china clay compared with t ha t of silica
and alumina (600-900°) is extremely puzzling if it is assumed tha t the
clay dissociates into free silica and alumina on heating. But in the light
of the H.P . theory this is readily understood. If china clay were to dis-
sociate as Mellor and Holdcroft assume, the product should have a
much higher hygroscopicity than it possesses.

Another interesting investigation of Mellor and Holdcroft is their
at tempt to produce hydrous china clay from the dehydrated (heated)
material. Samples of china clay which had been maintained for a long
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t i m e a t CH>0 BIO4 anil Mill c o n t a i n e d I 'Oi JHT wnt. of VVAIIT (approxi-
m a t e l y I m o l w u l f of H 2 O) w«*rr lu<at«*d wi th w a t e r in i i t iautorlav<*at
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over V2()$ i/i mru*tt nhowrd a I«»H** on iftiiifiuiiof ri*lKI jwr<*f*nf. (approxi-
m a t e l y 3*# H f O ) , th<* d e h y d r a t e d ch ina H a y thu* fth*orhin$j; 2*5 jH»r

rent* <>r 2*5 mol«*rulrn «»f w a t e r . ThiM l i ehav inur m a y Im predicted
from flu* H e x i t e - i V n t i t e t h e o r y .

Tbo Melting VoinU of CLtyn and o th i r
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"melting range" (like a heterogeneous mixture) it would be necessary to keep it for
a sufficiently long time at the lowest temperature at which any fusion appears to
occur. The time required is so great that the cost of such tests becomes prohibitive,
but until they have been made it is not logical to assume that the apparent behaviour
of clays is necessarily opposed to their being definite chemical compounds and not
mixtures. It is, moreover, not impossible that the progressive decomposition of the
molecules containing substituted elements may make what are really true compounds
behave as heterogeneous mixtures, though the former suggestion appears to afford a
more probable explanation.]

That a close relationship does exist between the melting point and
chemical constitution of a compound cannot be denied, and this being
the case, the following statements are direct consequences of the H.P.
theory:—

1. Clays are usually kaolinic acids which have undergone a partial
polymerisation. In the theoretically possible compound :

ii f ! n
= l Si I All All Si

18 H20 • 18 A12O3 • 36 SiO2,

one or more hydrogen atoms may be replaced by K, Na, Ca, Mg, Fe,
e tc , ; one or more aluminium atoms may be replaced by Fe, Mn, Cr, Co,
e t c . ; one or more silicon atoms may be replaced by Ti, Zr, etc. By
such replacements compounds would be produced containing very
small percentages of certain elements which would, nevertheless, have a
marked influence on the melting point. I t is obvious tha t this influence
must be different with different elements. Not only must bases have a
different effect on the melting point from tha t exerted by acids, but
the various bases and acids will vary in their individual influence.
Hence, the melting point of the material will be affected according as
K3 Na, Ba, or Ca, etc . replaces one or more hydrogen atoms, and
whether a portion of the aluminium is replaced by Fe or Cr or Mn, etc.,
or whether Ti or Zr is substituted for part of the silicon.

Other variations in the melting point will occur according as a
portion of the hydrogen, aluminium or silicon is replaced by analogous
substances.

In all these cases the melting point is a periodic function of the
atomic weight of the substituting element, i.e. there must be a definite
relationship between the change in the melting point and the atomic
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weight of the replacing element. As the atomic weight increases, the
melting point of the clay may rise or fall.

2. Clays and alurninosilicates have varying A12O3 : SiO2 ratios.
Wi th any variation in the proportion of alumina or silica the melting
point of the clay must also rise or fall.

3. The melting points of isomeric aluminosilicic acids and of the
corresponding salts must differ from each other.

(See " Basis and Ring Isomerism," p . 63.)

The H.-P. Theory and the Facts

The available experimental evidence is not sufficient to prove
completely the foregoing consequences of the H.P. theory regarding the
relationship of the melting point and the chemical constitution of
clays. Such facts as are known, however, are confirmatory of the
theory.

Consequence 1 (p. 125)

I t follows from the theory that the melting point of a clay must
depend on the nature of the elements which replace some of the H,
Si or Al in the theoretically pure kaolinic acid or clay. Opposed to this
theory is the law of Bischof and Richter726 which states that " equiva-
lent amounts of fluxes have an equal influence on the melting point of
any clay in which they occur."

[In order to obtain a numerical expression of this law, Bischof re-calculated the
analyses of the clays he examined so as to show their molecular proportions, and
arranged these as a formula of the type

O • aAl2O3 • 6SiO2,

in which the amount of base is constant, the two variables being the silica and alumina.
Considering these variables alone, he suggested that the refractoriness of a clay might
be represented by a coefficient or quotient (FQ). According to Bischof:

a2
Fire resistance Quotient (Bischof) FQg =~T-«1

According to this law, it follows that equivalent amounts of potash,
soda, ferric oxide, etc. should have an equal influence on the
melting point of clays containing them. The following compositions
of clays may be taken as an illustration :

0.5 K
0.5 Na.

0.25 K2O • 0.25 Na,
10 H
10 H

iO-
. 0 -
. 0 -

9.5
9.5
9.5
5.5
5.5

H8
Hs

Al!
AL

,0

so

K

• 6A12O3
• 6A12O3
• 6A12O3
• 0.5 Fe2O3
• 0.5 Mn.O3

•12Si02 ,
• 12 SiO2,
• 12 SiO2)
•12SiOa,
• 12 SiO2.

These contain the same amount of fluxes, viz. 0*5 molecules, and
should all have the same melting point. Actual determinations of the
melting points of these clays show that this is not the case.
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In direct opposition to Bischof and Eichter 's law are the extensive
studies of Jochum728 on a series of fireclays in connection with Seger
Cones. THe data obtained by Jochum are summarised in the following
Table :

Ko.

1.
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

SiOa

53.32
52.24
52.50
52.74
52.50
52.33
53.11
52.74

53.35
53.35
51.45
51.57
51.57
51.90
51.43
55.00
57.00
58.19
52.34
52.92
52.48
52.90

A1,O,

44.15
43.43
45.22
45.81
46.25
45.81
44.63
46.00

44.13
43.35
45.23
45.70
45.90
46.10
45.57
40.60
37.00
39.37
40.11
39.16
39.16
38.40

FeaO,

0.56
0.87
0.81
1.00
0.35
1.30
2.34
1.07

0.89
0.83
0.55
1.31
1.13
1.14
1.31
2.86
3.66
0.85
2.54
2.57
2.55
4.80

CaO

0.28

0.15
0.47

0.86

0.28
0.24
0.30
0.86
0.24
0.24
0.89

0.57
0.09
0.25
0.18
0.18
2.40

MgO

0.23
0.32
0.54
0.05
0.13

0.65
0.23

0.41

0.09
0.09

1.30 Di

0.41
0.91
1.24
1.23
0.80

0.51
0.35
0.50
0.54
0.32
1.43
0.22
0.24

1.34
1.43
1.78
0.77
0.60
0.60
0.77

ff.
1.77
1.14
3.87
3.55
3.52
1.00

Na,0

—

TiO2
1.11

—

—

Total
Fluxes

1.58
1.54
1.85
1.74
1.27
2.73
4.07
1.54

3.62
2.50
3.03
2.94
2.06
2.07
2.97
4.16
6.00
2.49
7.57
7.54
7.48
9.00

Refractoriness
in Seger Conea

36
35
35
36
36
35

35-36
35

35
35
35
35
35

35-36
35
35
35
34
33
30
32
32

A glance at this Table will show the invalidity of Bischof and
Bichter 's law. This is particularly noticeable with respect to clays JSTos.
ft, 7, and 8. The total percentage of fluxes in No. 6 clay is 2-73, in
No. 7 clay 4-07 and in No. 8 clay 1-54, but the refractoriness of all three
clays is the same (cone 35). Indeed, the clay with the lowest pro-
portion of fluxes (No. 7) has, if anything, a higher degree of refractori-
ness t han the other two. The figures in connection with clays No. 17
and 18 are even more striking. Clay No. 17 contains 6-00 of fluxes
whilst No. 18 contains only 2-49, yet the refractoriness of No. 17 is a
Seger cone higher than No. 18, i.e. cone 35 as compared with cone 34,
whereas, according to the Bischof-Bichter law, No. 17 should be con-
siderably more fusible than No. 18. In the case of clays No. 19 and 21,
the composition is practically identical, but the refractoriness is
different.

[Seger'80 has pointed out that the Bischof-Richter law is only applicable to clays
containing a very small proportion of basic oxides, i.e. to the most highly refractory
clays, and that it is quite useless for second-grade fireclays and clays used for building
purposes.

Kichter780 found that the form in which the silica is present in a clay, Le. whether
combined or in the free state, has a profound influence on the melting point. Hence,
as Seger has pointed out, the resistance of clay to heat does not depend on the com-
position of the material as a whole, but on the compounds present in it and on their
state of aggregation. This fact has been repeatedly confirmed and is well known to all
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manufacturers of refractory goods. Indeed, the remarkable variations in fireclay
deposits are a daily source of anxiety to those using them. For this reason, and because
he regarded the variety of minerals present in most clays as rendering abortive all
consideration of the melting point of any clay as a whole, Seger730 insisted that it is
first necessary to free the clay as far as possible from sand, silt, and other impurities
by washing, and then to study the melting point of the purer product thus obtained.
He therefore applied Bischof's Quotient to that portion of the clay which is sufficiently
fine to be washed out by a current of water flowing at the rate of 0.18 mm. per second
(i.e. on the nearest approach to "pure clay " obtainable on mechanical elutriation of
a commercial clay and termed by him " clay substance," but more accurately cla/yite
in the case of china clay by J. W. Mellor708, and pelinite in the case of plastic clays by
A. B. Searle782). With this purified material Seger obtained results which agreed much
better with the actual fusion tests. As, however, serious discrepancies still existed—
even among the higher-grade clays—Seger eventually suggested the following formula
applied to the clayite or pelinite above mentioned, and not to the material as a whole :

Fire-resistance Quotient (Seger) FQ • (a+b) £.
b

This formula, though applicable to a larger number of clays than Bischofs, is,
like the latter, extremely limited in its application and is far from reliable, and Seger

'30

25

-20

-05

\ \

\ \

\ \

\

\

s \

A

\

\

K

\

\

\

\

\

\

\
\

\

\

\

\

\
\

\

\

\

\

\

\

x

2 I IS 2 25 3 3-S 4 45 S S-S ' 6
FIG. 1.—Ludwig's Chart

himself found several fireclays and kaolins in regard to which it proved impossible to
obtain an agreement between his formula and the results of actual fusion tests. That Seger
recognised this is clearly shown in the following statements in his " Collected Papers" :
" Both Bischof's and my coefficients only give approximate figures, as the fusion of
clays involves several important physical factors which must inevitably be omitted
from any method of calculation." " It is unwise to attach much importance to any
coefficient, because it cannot include the variations in the size of the grains of clay
this factor being quite as important as the composition of the material. Thus, silica
in an extremely finely divided state acts energetically as a flux, but coarser silica in-
creases the heat resistance of some clays to which it is added ! " Seger also laid great
stress on the irregularity of composition observed in clays, and declared them, to be
" not homogeneous, but merely mixtures of various minerals of which the largest
proportion is ' clay substance.' " " Hence, any figure which it is claimed represents the
melting point based on the composition of the material can only be rough approxima-
tions."

When Seger's quotient is applied to the analyses shown in the Table on page 127,
the results obtained are so conflicting that it is impossible to trace any direct con-
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nection between Seger's quotient and the Seger cone numbers in the last column of
the Table. It is, however, only fair to observe that the temperatures indicated by
these Seger cones are not the true melting points of the clays, but only the " softening
points," and Bischof has shown there is no simple law connecting the temperature at
which Seger cones bend with that at which they melt.

A method of calculation similar to those of Bischof and Seger, but differing in
the manner of its representation, is that of T. Ludwig706, who assumed that the fluxes
in a clay are- in the form of a solid solution with the clay as a solvent, and arranged
the composition of a clay as a formula with alumina as unity thus :

x RO A12O3 y SiO2,

plotting x as ordinates and y as abscissae. Ludwig obtained a chart (Fig. 1) in which
the diagonal lines represent the limits of the Seger cones marked thereon, so that the
" melting point" of a clay is represented in terms of these cones. This chart is in
close agreement with the experimental observations of many fireclays and kaolins,
but is entirely unreliable for clays in which the total fluxing oxides exceed 6 per cent.
Ludwig attributed its failure to the heterogeneous nature of clays and to the irregular
distribution of the fluxes in them.

The relationship between the composition of clays and their melting point has
also been investigated by H. Seger730, who studied the melting point of mixtures of
silica and alumina and of silica and kaolin to which sufficient felspar was added to
keep the alkali-content of the various mixtures constant.

Seger found that mixtures of free silica and alumina behave in a manner similar
to mixtures of kaolin and pure quartz-sand, so far as the melting points are concerned.
In both cases the larger the proportion of silica the lower the melting point, until a
material is obtained with a molecular ratio of 1 A12O3 : 17 SiOa, after which the
addition of more silica increases the melting point until practically pure silica is
obtained. These results are summarised in the curve shown in Fig. 2 (see also
p. 132).

That some definite relationship does exist between the composition and the
softening point of clays is shown by the existence of a regular series of Seger cones.
These are composed of mixtures of pure kaolin with marble, felspar, and quartz in,
atomic proportions, the whole being reduced to an exceedingly fine powder. Not-
withstanding the fact that the purest possible materials are used in the manufacture
of these cones, no definite general formula has been found for connecting the fusing
point of these cones with their composition. Seger laid special emphasis on the un-
desirability of attempting to correlate the Seger cones with definite temperatures.
" I permit the preparation of a scale of comparison between my cones and definite
temperatures," he wrote, " with the greatest unwillingness, more especially as I have
found no means of comparison for the highest cones." Seger's caution and modesty
are well known, so that it is interesting to note that later investigations have proved
that, with trifling exceptions, all the cones above No. 10 correspond very closely to
definite temperatures, provided that the rate and other conditions of heating are
favourable and constant, but that slight variations in the condition of heating cause
serious discrepancies in the behaviour of the cones. It should, however, be noted
that Seger's cones do not show the melting points of the mixtures composing them,
but only the resultant of the various forces which cause them to bend to a definite
extent. Whether there is any relationship capable of simpler expression numerically
between the bending temperatures of Seger cones and their true melting points remains
to be proved. Meanwhile, in view of the misuse of terms in the literature of the subject,
too much emphasis cannot be laid on the fact that Seger cones merely indicate the
softening points of the materials of which they are made. These softening points,
together with the molecular composition of the cones, are shown in, the Table
on the next page.
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SEGER CONES AND TEMPERATURES

Estimated
Temperature ° C.

1320
1350
1380
1410
1435
1460
1480
1500
1520
1530

1580
1610
1630

•
1650

1670
1690
1710
1730
1750
1770
1920

Cone No.

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
28J
29
29*
30~
31
32f
33
34
35
40

Molecular Composition
KaO

.25

.21

.19

.17

.14

.13

.11

.10

.09

.08

.07

.06

.06

.05

.04

.04

.02

—
—
—
—

—

—
—

CaO

.58

.50

.53

.39

.33

.29

.26

.23

.20

.18

.15

.14

.13

.12

.11

.10

.03

—
—
—
—
—
—

—
—

AlaO,

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

SiOa

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
9
8
7
6
5
4
3
2.5
2

—

* These cones are not manufactured, as their Estimated Temperatures lie too close
to neighbouring cones, and are somewhat irregular,

f Pure silica behaves like cone 32.

It will be observed that there is a fairly regular difference in temperature between
consecutive cones, but this is not sufficiently constant for any simple law to be found
from a graph of the cone numbers and temperatures.

Simonis70* has studied mixtures of kaolin, quartz, and felspar in connection /with
Seger cones and found that the felspar acts as a constant and neutral flux. He also
concluded that the softening point of such a mixture might be represented numerically
by a " refractory index," using the symbols k for the percentage of kaolin, 8 for that

of quartz, and / for that of felspar. According to Simonis, if k is greater than t the

" refractory index " will be R = | — / -f 60. For bodies high in silica, in which
| is greater than k, the M refractory index " is -j — k — / -f- 60. The value of this
" refractory index " in terms of Seger cones is* given in the accompanying Table :—

Refractory index ..

Seger cone

Refractory index ..

Seger cone

17.5

14

65

27

22.6

15

72

28

28

16

80

29

33.7

* 17

89

30

39.2

18

102

31

44.6

19

114

32

50

20

127

33

57.6

26

141

34
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It will be observed that there is no simple relationship between Simonis' Refractive
Index and the corresponding Seger Cones.

I n short, the Bischof-Richter law, together with the various modi-
fications of it and the other at tempts to correlate the melting points of
clays with their chemical constitution here noticed, which are not in
accordance with the H. P . theory, is shown by the above evidence to be
erroneous. Further investigations must show that , in accordance with
the H.P. theory, the true melting point of a clay (not the " softening
point ") is a periodic function of the atomic weight of the replacing
elements.

[That this relationship has not been found is, in part, due to the difficulties experi-
enced in melting the purer and therefore the most refractory clays, and also to the
very widespread belief that clays are heterogeneous mixtures and not true chemical
compounds. The general evidence in. favour of the H.P. theory is, however, so strong
as to make this consequence of it highly probable, even though the experimental
evidence at present available in respect of melting points is of little or no assistance.
In due time the various germs of truth in Bischof's and other theories will emerge
from the obscurity in which they have so long lain, in consequence of the non-existence
of a correct theory as to the constitution of clays and allied substances.]

I t is highly probable tha t the melting point will be lowered by the
substitution of elements of higher atomic weights. Such an effect has
been observed by G. Ja&tsch729 in other complexes with the general
formula :

3Mo-X 2 O 3 -6N 2 O 6 -24H 2 O,
where Mo = MgO • MnO • NiO • CeO • ZnO, and
X2O3 = La2O3 • Ce2O8 • Pr2O8 • Nd2O3 • Sm2O3 • Gd2O3.

This is shown in the following Table :

La.
Ce
Pr
Nd
Sm
Gd

Ms

113.5°
111.5°
111.2°
109.0°
96.2°
77.5°

Mn

87.2°
83.7°
81.0°
77.0°
70.2°

110.5°
108.5°
108.0°
105.6°
92.2°
72.5°

Ce

101.8°
98.5°
97.0°
95.5°
83.2°
63.2°

Zn

98.0°
92.8°
91.5°
88.5°
76.5°
5Q.5°

The divalent manganese appears to behave in an exceptional
manner which cannot, at present, be explained.

Consequence 2 (see p. 126)

The melting point of silicates containing no alumina increases with
the silica-content. Thus, bisilicates fuse at a higher temperature than
monosilicates, and trisilicates are more difficult to fuse than bisilicates.

I n most cases, the physical properties of complex substances differ
from those of their constituents. This is also the case with alumino-
silicates in which, according to the researches of C. Bischof, a lower
fusing point accompanies a higher silica-content, the aluminosilicates
which are rich in silica being more fusible than those relatively poor in
silica.
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A glance at Fig. 2, which shows the results obtained by Seger730

on mixtures of pure silica and alumina (see p . 129) shows :—
1. An increase in the proportion of silica is accompanied by an

increased fusibility.
2. The melting point, or more strictly the softening point, di-

minishes with an increase in the proportion of silica until the mixture
with a ratio A12O3: SiO2 = l : 15 is reached, after which there is a
change in the direction of the curve until a ratio 1 : 17 is reached, after
which an increase in the proportion of silica is accompanied by an
increase in the melting point.
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FIG. 2.—Relation of Softening Point to Composition (Seger)

The flattening in the curve indicates the formation of a compound,
and as glasses are known with a ratio of A12O3: SiO2 = 2 : 36> the curve
appears to indicate the existence of a secondary type of such a glass.
The compound A12O3,17 SiO2 would then have a high molecular weight
and the following structural formula :—

Consequence 3 (see p. 126)

No experimental evidence is available for proving the correctness or
otherwise of this consequence of the H.P . theory, but further investiga-
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tions of clays and aluminosilicates will, in all probability, lead to the
definite confirmation of this theory.

In connection with the foregoing observations the behaviour of the
so-called mineralisers1 zz may be mentioned. The ones most generally
used are the chlorides of calcium, magnesium, manganese, aluminium,
and silicon, the fluorides of calcium, sodium, potassium, magnesium
and silicon, the tungstates of potassium and lithium, the borates of mag-
nesium, calcium and sodium, the phosphates of potassium, magnesium,
etc. These mineralisers appear, in many cases, to form sodalitic com-
pounds with silicates (see Sodalites p . 59) and, on adding a mineraliser
to a compound or mixture, the melting point of the substance is con-
siderably reduced.

Mineralisers play an important par t in the synthesis of various
minerals and without them some minerals cannot be produced.

The Cause of Plasticity in Clay

Before concluding this chapter, a few words may be added on the
plasticity of clay.

The authors agree with Seger221 in terming those substances plastic
which possess the power of absorbing and retaining fluids in their pores
in such a manner tha t the mass may be given any desired shape by
kneading or pressure, this shape being retained after the pressure has
been removed. I t is a further condition tha t if the fluid is removed,
the substance shall retain its shape unchanged.

A number of theories221a have been formulated to explain the
causes of the plasticity of clays.* The authors of the present volume
consider those theories are the most probable which assign the chief
cause of plasticity to the "wa te r of constitution " in clays.

From this it follows t h a t :

A. The more OH-groups a clay contains in the form of " water of
constitution," the more plastic must it be.

B. By separation of the OH-groups on an increase in temperature
of the clay, or by the replacement of hydrogen by a base, the plasticity
must be reduced or completely destroyed.

These consequences of the theory are fully confirmed by facts.
Thus, Seger221 found tha t if a cream or slip made of clay and water

is allowed to settle and the clear water decanted, the pasty sediment will
be so stiff tha t it can bear the weight of a glass rod without the latter
sinking into i t . If, however, to the water used for making the slip
a few drops of caustic soda, sodium carbonate solution or water-glass
are added, so that the water is rendered feebly alkaline, a remarkable
change occurs. The slip becomes considerably thinner and more fluid,

* The chief of these are summarised in "British Clays, Shales, and Sands."7Oi
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par t of the material settles immediately to the bottom as a solid
substance and the supernatant liquid requires a very long time before
it becomes clear. If, now, a few drops of acid are added to the mass,
it becomes so stiff that the vessel in which it is contained may be
inverted without spilling the contents. On drying to a definite volume,
the acidulated mass will be found to be much more plastic than the
original clay and the alkaline mass will have lost almost all its plas-
ticity. I t is highly probable that in Seger's experiment, the prolonged
action of water or acids on the clay had effected a partial separation of
the alkalies it contained, whereby an increase in plasticity resulted,
due to the cause indicated in Conclusion A above221a.

By the action of alkali, a partial substitution of H by the alkali may
also occur and, as indicated in Conclusion B, this is the reason the
plasticity is reduced.

E . v. Sommaruga222 has shown, by analysis, that aluminosilicates of
the alkalies and alkaline earths lose part of their base on washing.

I n agreement with Conclusion B, there is the further fact that clays
lose their plasticity at high temperatures, at which the water of con-
stitution is also driven off.

The fact that some hydrous-aluminosilicates, such as the zeolites,
are non-plastic is not in opposition to the above theory as to the
cause of plasticity, as the introduction of a definite proportion of base
so as to form a salt—and zeolites are true salts—completely destroys
the plasticity.

[The term plasticity, as ordinarily used, inoludes so many other properties that
the interpretation of experimental results is extremely difficult. Moreover, no generally
accepted method of measuring plasticity has yet been devised, all those now in use
being open to several objections, the chief of -which is that they measure some property
closely allied to plasticity—such as tensile strength, adhesion, viscosity, binding power,
etc., but not the plasticity itself.

Again, Drs. W. and D. Asch make no mention of the close connection between
the colloidal material present and the plasticity of clays, nor do they explain how it
is that quartz, calcium fluoride and a number of other substances of widely different
constitution and composition have been found by Flett, Atterberg and others to be
plastic when in a sufficiently finely divided state.

If it is really a fact that extremely finely divided silica which is free from con-
stitutional water can become truly plastic, the hexite-pentite theory will require
modification. In the present state of knowledge it is, however, extremely difficult to
decide whether the substances just mentioned do become truly plastic or whether
they merely become more cohesive.

Several investigations, including those by Bieke707, have shown that the loss of
plasticity when a clay is heated is not proportional to the loss of " water of constitu-
tion." A certain amount of plasticity remains, even when all the water has been re-
moved from the clay, provided that the removal has been effected at a low tempera-
ture. For this reason Rieke and others have concluded that the loss of plasticity
on heating is due to the physical rather than to the chemical nature of the clay. An
equally correct conclusion and one which is, moreover, in conformity with the hexite-
pentite theory, is that the loss of " water of constitution " is accompanied by poly-
merisation phenomena which materially reduces the plasticity and necessarily involves
a lack of proportionality between the loss of water and of plasticity when the clay is
heated, especially as, under such conditions, the plasticity is lost at a greater rate
than the "water of constitution."

The reader interested in this subject will find further details in the translator's
" British Clays, Shales, and Sands," in which the conclusion is reached that the plasticity
is partly due to the extreme smallness of the clay particles, partly to the shape, texture,
and physical nature of these particles, and only slightly to their ohemical composition.
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Considering the great stability of the clay molecule, it certainly appears to be quite

as likely that the action of a few drops of acid or alkali on a considerable weight of clay
may be due to the colloidal material in clay as to any change in the chemical com-
position of the clay molecule of the nature suggested above. Moreover, it is difficult
to understand why china days and kaolins should be so slightly plastic compared to
ball clays yielding such remarkably similar results on analysis, unless plasticity origin-
ates largely in the physical, rather than in the chemical nature of clay. This may,
of course, be due to somewhat different chemical structure (isomerism or polymerism)
and the hexite-pentite theory is a 'priori in favour of such an explanation as accounting
for the physical differences.

The whole subject of plasticity is, however, so complex, that no definite theory as
to its cause has yet been found which will satisfy the whole of the facts. Under these
circumstances, the theory suggested by Drs. W. and D. Asch takes its place amongst
the numerous other serious attempts to ascertain the cause of this very elusive property
of clays. In the opinion of the translator, however, the present application of the
hexite-pentite theory to plasticity is attempting too much. The hexite-pentite theory
is so valuable in its relation to the chemical composition of clays that it would be a
pity to prejudice its acceptance by prematurely extending its application. When
more is known of the nature of plasticity, it is not improbable that the value of this
theory, in regard to plasticity, may be much greater than now appears to be the case.

The Colour of Bricks and other Articles of Burned Clay
The red colour of building bricks is usually attributed to the presence of free

ferric oxide in the burned clay; that of Staffordshire " blue " bricks and clinkers is
generally considered to be due to the production of a ferrous silicate by the reducing
action of the kiln gases on the ferric oxide in the burned clay.

It is, however, a curious fact that the best red bricks cannot be made by adding
ferric oxide to a clay, though the use of this substance does produce a low grade of red
brick with a very irregular colour. Moreover, ordinary " red oxide of iron " dissolves
readily in hydrochloric acid, but the colour of a finely-ground red brick is not removed
by cold acid, nor can such a powder be completely bleached even by boiling with
hydrochloric acid for several hours. Again, the clay used for blue Staffordshire bricks
produces goods of a bright red colour if burned in an oxidising atmosphere, the blue
colour being only formed when reducing gases are present. If the temperature of the
kiln has not been excessive, and the atmosphere is made strongly oxidising, the blue
colour is replaced by a bright red one, this transformation of blue and red and vice
versd being capable of being repeated indefinitely as long as the temperature is care-
fully regulated.

The generally accepted opinion that a simple ferrous silicate is the cause of the
" blue " colour is not borne out by synthetic ferrous silicates, the colours of the latter
being quite different.

These facts all point to the colour of bricks being due to an aluminosilicic anhy-
dride containing iron in such a form that it can be readily converted from the ferric
to the ferrous state and vice versd. The structure of silicates in which the colbur if
due to a chromophore group containing a metallic oxide is described in greater detail
in a later section on " Coloured Glasses," in which the state of combination of the metal
is explained by the aid of the H.P. theory.

Seger730 and others have exhaustively investigated the relationship between
the iron contents of numerous clays and the colours of the bricks obtained therefrom,
but have not been able to find any definite correlation between the two. In many
instances clays which contain 5 per cent, or more of iron calculated as ferric oxide,
burn to a pale buff or primrose tint, whilst other clays with only 3 per cent, of iron oxide
produce bricks of a strong dark red colour. The lower-grade fireclays and other buff-
burning clays do not contain less iron than red-burning clays, but they must contain
it in a different form. There is evidence in support of the view that in buff-burning
clays the iron is chiefly in the form of pyrites, whilst in red-burning clays it is in the
form of a ferrosilicio or ferro-alurnino-sincic acid, analogous to clay in which one or
more of the hydrogen atoms have been replaced by an atom of iron. Seger also found
that clays rich in alumina as well as iron, usually burn to a buff rather than to a red
tint.

It is interesting to note, in this connection, that if a red-burning clay is washed
with dilute hydrochloric acid a large part of the colouring matter will be removed,
and if the clay is then dried and burned it will be of a yellowish red colour. No treat-
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ment with acid has yet been found, however, which will remove all the iron without
destroying the clay.

If buff-burning clays are brought into momentary contact with flame in the kiln
a reddish tint will form on their surface, as though a portion of the combined iron were
set free as ferric oxide. No satisfactory explanation of this phenomena has yet been
published, as the amount of red substance formed is too small for analysis; the pro-
duction of such " flame-flashed " goods is, however, well known to all makers of fire-
bricks.

If chalk is mixed with a red-burning clay, the bricks produced at temperatures
below about 800° C. are red, but above this temperature the chalk reacts with the iron
compound and the bricks are quite white and might be supposed to be quite free from
iron. The nature of this white compound of lime, iron and clay has never been ascer-
tained, but in the light of the H.P. theory it would appear as if the lime had destroyed
the chromophore group—forming a new ferruginous silicate—and so had deprived the
iron of its colouring power.

The whole subject of the colour of burned clays is of great technical importance,
but hitherto it has been subject to so many assumptions which have passed as explana-
tions that very little scientific investigation has been made. Clayworkers have been
content to accept the assumption that the red colour of certain bricks is due to the free
ferric oxide in the clay without troubling to ascertain how it is that 5 per cent, of
iron oxide is without effect on the colour of the raw clay and yet produces such an
intense colour when the clay is burned. That some change must occur in the combina-
tion of the iron is obvious and the view published some years ago by the translator of
the present work, that a large proportion of the iron occurs in the form of ferrosilicic
acid (? nontronite, H4 Fe2 SiaO9) which, on heating, is decomposed into water, silica and
free ferric oxide, certainly agrees with a number of the important properties of red-
burning clays. Whether the iron is in the form of a ferrosilicic acid or of a substituted
group in an aluminosilicic acid it is, at present, almost impossible to determine ex-
perimentally.]

XII

T h e U l t r a m a r i n e s

Historical Review

Since 1828, many fruitless attempts have been made to ascertain
the true cause of the colour of the ultramarines. Those investigators
who consider ultramarine to be simply a " mixture " or a " solid
solution " have, naturally, endeavoured to find a " colouring principle,"
the nature of which varies according to the various authors. Thus,
according to G-melin245 and Breunlin246, the " colouring principle " of
ultramarine is sulphur; Eisner247, Kressler248, Guyton Morveau249,
Priikner250, and Varrentrapp251 consider it to be iron sulphide, but
Brunner2 5 2 has contradicted this by producing a blue from materials
quite free from iron, which colour is in every respect equal to that
produced from ferruginous clays. According to Unger263, the blue
colour of ultramarine is due to nitrogen compounds, but Biichner264

has disproved this by showing that " ultramarine " contains no nitro-
gen. Stein255 has suggested that ammonium sulphide, mixed with the
ground mass in a state of " molecular fineness," is the colouring matter
of "ul t ramarine," and Rohland256 has stated that " u l t r a m a r i n e "
contains a " colour-carrying substance," or chromophore, whose
composition he has not published.

On the contrary, those investigators who consider the ultramarines
to be definite chemical compounds seek for the source of the colour in
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the arrangement of the smallest particles of this compound, i.e. they
regard the colour of ultramarine either as a constitutional property or
seek its origin in definite atomic complexes which form definite
chemical compounds with the essential constituent (silicate) of the
ultramarines. Among others in the first class is included Ritter257, who
considers tha t c c there can be no question of a colouring principle, as the
whole of the ultramarine forms a chemical compound because, as
previously shown, one form of such substances may be colourless, yet
may, under certain conditions, be converted into a coloured compound
without the introduction of any new substance—a comparatively clear
indication that here, as everywhere, the colour is due to the arrange-
ment of the " smallest particles."

R. Hoffmann258 is one of those who consider tha t the cause of the
colour is to be found in definite radicles contained in the ultramarine.
He has referred frankly and clearly to sulphonates which can add or
lose sodium, oxygen, and sulphur, forming various colours.259 "These
changes occur in a similar manner to those in the side chains of organic
compounds; addition, substitution, and subtraction changes may
occur without destroying the combination with the silicate molecule."

I t is clear that Hoffmann's conception of the constitution of
ultramarine is the one which most closely resembles tha t of the authors
of the present volume.

In this connection, the following extracts from Hoffmann's inter-
esting work on ultramarine are of value : 2 6 0 " for the present it is
sufficient to state that the formation of green and blue ultramarines
and their behaviour towards various reagents confirm the view tha t the
sodium added in the form of oxide must be more firmly united to the
elements of the kaolin than is the sulphide, and tha t it alone takes part
in the further conversion of white into blue and green ultramarine.
Consequently, it is possible to distinguish a silicate side from a sulphide
side in the ultramarine molecule without in any way disturbing the
combination of the elements as a whole."

Hoffmann261 was also the first to claim the chemical individuality of
ultramarine and to confirm this by means of microscopical investiga-
tion.2 6 2 He was also the first to show that it is not correct to speak
of one ultramarine, but rather of ultramarine compounds ; he en-
deavoured to classify these into those " r i ch in silica " and those
" p o o r in silica."

The view that there are several ultramarines and that some, at least,
of these are chemical compounds, has been independently adopted by
Phillipp263, Szilasi264,. Heumann266 , Guckelberger266, etc. At the same
time, it should be noted tha t Hoffmann has doubted the chemical
individuality of several ultramarines, including "ul t ramarine green."

"Ultramarine green " is generally understood not to have the
properties of a chemical compound.267 I t is considered to be either a
mixture of ultramarine blue and a yellow substance or as ultramarine
blue to which sodium sulphide, etc. has adhered.
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For this reason Guckelberger268 examined " ultramarine green "
microscopically and found it to be a perfectly uniform, transparent,
sea-green substance. No traces of blue particles or of those inter-
mediate between green and blue were discernible. Hence, Guckelberger
concluded that " ultramarine green " is a single chemical compound.

I t is surprising to find that , as early as 1878, R. Hoffmann269

expressed an opinion on the nature of the bond of the sulphur-group in
the ultramarines which is very similar to that of the authors of the
present volume. He also expressed the belief that part of the oxygen
in the silicate molecule is replaceable by sulphur. " The existence of a
sodium silico-aluminate in which that part of the oxygen which is in
closer combination with sodium can be replaced by sulphur—such
silico-sulphonates behaving like free sodium monosulphonate (from
which higher sulphonates may be produced by combination with
sulphur and loss of sodium, without the silicosulphonate being decom-
posed)—would be sufficient to explain the formation of ultramarine by
the ordinary method of preparation and also its chemical behaviour
towards other substances."

R. Hoffmann734 endeavoured to find satisfactory structural
formulae for white ultramarine, siliceous blue ultramarine, etc., and
for this purpose made use of the silicate formulae proposed by K.
Haushofer736 to obtain the following :

Na—0—Al / ° \ Si--8—Na

— A ! <^°^> Si—0—Na

White ultramarine.

Na—0

0Si
/ N

Na—0' N0—AJ

N a " \ / ° - A i < o > s i
Si 0

Na—CT \ ) — A l ^ ^ S i — S — S — N a

Siliceous blue ultramarine.

Hoffmann admitted, however, tha t these formulae were more
fantastic than probable.
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A New Ultramarine Theory

The formulation of the authors ' new hexite-pentite theory of the
constitution of the silicates, and the existence of an extensive literature
of ultramarine, naturally suggest the application of the theory to the
ultramarine compounds. The absence of a general theory of the
composition of the silicates appears to be the chief reason why the key to
the chemical constitution of the ultramarines has not yet been obtained,
i n spite of the innumerable experiments which have been made.

Por example, the following hydro-aluminosilicate :

Si Al Al |Si

I
H12H4(& • Al • M • SAi),

contains two kinds of OH-groups :
1. Aluminium hexite hydroxyl (or a-hydroxyl).
2. Silicon hexite hydroxyl (or 5-hydroxyl).

The four a-hydroxyls must obviously behave differently from the
twelve s-hydroxyls. As a matter of fact, the hydrogen in the a-
hydroxyls is readily replaced by monovalent acid radicles such as—NOa

—CrO2 • OH, —SO2OH, etc. The hydrogen of the s-hydroxyls is, on
the contrary, more easily replaced by basic groups.

I n the hexite-pentite theory of ultramarines, the a-hydroxyls
play a special part . The substitution of acid radicles for hydrogen in
the a-hydroxyls is specially noticeable as a characteristic property of
the compound Na8H4(Si • Al • Al • Si) first observed by Silber for which
no explanation has, hitherto, been obtainable.

On heating a mixture of kaolin with an excess of soda, to redness,
and washing the calcined product with water, Silber obtained the com-
pound :

(SijjAySTaaO^e = Na12(& • Al • Al • &).

If this substance is treated with dry hydrochloric acid gas a t 150°,
one-third of the sodium separates out as sodium chloride and there
remains the compound:

r N a H H 1
I I I I

!Si Al Al Si „ .

Na H i ita,

This compound, contrary to the original substance, possesses the
remarkable property of not replacing its sodium by silver when treated
with a solution of silver nitrate. Instead of replacing the sodium, the
silver is precipitated as oxide.

Silber228 gives this substance the formula Si6AlfrNTa4028, but he has
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undoubtedly overlooked the presence of hydrogen in it . The separation
of Na by the action of HCl can only occur when the Na is replaced by
H, for a temperature of 150° is much too low for OH-groups to
separate in the form of water.

On the assumption that in the a-hydroxyls the hydrogen can be
replaced by acid radicles, the behaviour of the compound Na8H4(Si*
Al • Al • Si) with AgNO3 may readily be explained. By loss of Ag2O
and H2O the compound :

NO2NO2
I I

0 0
I I

NO2NO2
is formed.

If this view is correct, a maximum of four atoms of silver can be
separated for each twelve atoms of silicon. The correctness of this
consequence of the theory must be proved experimentally.

The above theory permits the prediction tha t the hydrogen in the
a-hydroxyls may be substituted by the most varied monovalent
inorganic or organic acid radicles, and that in all compounds of the

Si • Al • Al • Si type, only four of these acid radicles can be taken up.
The aluminosilicates in which the hydrogen of the a-hydroxyls can

be substituted by monovalent acids or acid radicles may conveniently
be represented by the terms A -aluminosilicates or 2-aluminosilicates.

The mode of formation of the ^4-aluminosilicates may be
made clear by means of a few examples. The production of these
compounds may be explained as due to splitting off the elements

of water. Thus, from 2 or 4 mols. SO2<T QTX and the hydrate

H 1 2 • H4(Si • Al • Al • Si), the following ^-aluminosilicates will be pro-
d dduced :

|OH| (QH
_ ) )

OJH|O@
I I I

B.
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O|Hj JOHJ

-> Si Al Al Si

The compounds A, B, C, D are acids or acid anhydrides.
The hydrogen atoms of the sulpho-groups in A and C and the s-

hydroxyl groups may be partially or completely replaced by a base,
whereby acid or normal salts will be produced.

In ultramarines, the group
0

O2

6
(a)

plays a special role. This atomic complex has the power, under certain
conditions, to split off oxygen atoms and to take them up again, or to
replace them partially or completely by sulphur atoms. Thus, there
may be formed from S2O7 the following :

SO2-SO2
A A
1 1s«o«
(b)
0no y \ QQOO» OlOo

A A
i is,o3(b)

0so/Nso
A
1!

ss
s
t

6
132O5(c)

0
Sj/̂ SSa

s
1s8otw

Sulphonates
SO-̂30
A A
i iS2O4(d)

s
ss/N

00
-

1 s,
(k)etc.

ŜSs
k
1

etc

0s/\s
A A
i is2o3(e)

s—s
A A
1 1s2o2(f)

s
. ss,-ss2 s*2/

N

' i s
1 1s8(1)

s
1s7(m)

s
A
1s

vs2
&
1

A
1

7O2(g)

k s
1 1
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The sulphonates are very labile radicles and can be converted into
one another, under certain conditions, by the loss or addition of oxygen
or sulphur atoms or by the substitution of atoms of oxygen for those of
sulphur and vice versd. The atomic complexes a, b, c, d, e, etc. are
anhydrosulphonates, but they may also enter the above 4̂-alumino-
silicates A and C as hydro-compounds.

The Sulphonates as Chromophores
The study of the A- and 2-aluminosilicates containing sulphonate

groups has shown that these substances may be regarded as chromo-
phores in the sense in which this term is used in Witt's theory.*

The introduction of a sulphonate group in this way into a hydro-
aluminosilicate is not sufficient to form a coloured body. There must
also be one part of the hydrogen of the s-hydroxyls or the total
hydrogen of the A- or E-hydro-aluminosilicates replaced by
mono- or divalent basic atoms. Such colour-stuffs may be termed
" ultramarines."

Ultramarines are, therefore, in terms of the hexite theory, such

ONa ONa
so2 so2

compounds as

Naa=
Na2=

H
|/ \
Si

\ /
A

:

so-so
o A
1 1Al

\ /

/ \
Al
\ /

ô-4o

H
iSi

\ /
£

K 6
=Na2
=Na, Zn=

etc. etc.
Following the suggestion of M. Schiitz224 it is convenient to regard

the change from yellow to orange, red, bluish violet, violet, blue, blue-
green and green aS a deepening of the colour ; the reverse change from
blue-green to blue, etc. as a lightening of the colour.

R. Nietzki226 has formulated a law representing the relation
• Witt's theory is described in further detail in a later chapter on the chemicalconstitution of coloured glasses, p. 24,6.
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between the change of shade in a pigment and its composition. Accord-
ing to this, the pigments of the simplest constitution are yellow ; with
increasing molecular weight the yellow colour changes into red, violet
and blue. Later researches by Kriiss and S. Oeconomides226, H . W.
Vogel227, and E. Koch2 2 8 have shown tha t Nietzki's law is of general
application, but tha t there are certain exceptions to it in which an
increase in the molecular weight accompanies a lightening instead of a
darkening of the colour.

With increasing molecular weight, the sulphonate group can
produce either a deepening or a lightening of the colour.

As it is not sufficient merely to have a sulphonate chromophore in
order to form a hydro-aluminosilicate pigment, and the introduction
of a base into an acid is necessary, it is clear t h a t the nature of the
base must exercise an important influence on the shade. An increased
molecular weight may thus cause either a lightening or darkening of
the colour. In all probability, the molecular weight of the original
substance of the pigment (i.e. the aluminosilicate itself) is also of
importance in connection with the shade of colour produced.

Enough has been said to enable the various facts relating to ultra-
marines to be explained in a simple manner. Apart from this, however,
the theory shows the manner in which further investigations—both
practical and academic—may most usefully be carried out in connec-
tion with these highly important pigments.

The Hexite Theory of Ultramarines and the Facts

From the ultramarine theory developed above, a series of Conse-
quences result. I t is important to see how these agree with the facts.

A

Theoretically, the composition of the ultramarines may be pre-
dicted. I t is, in fact, highly interesting to calculate the formulae of a
large number of analyses in order to see how far they confirm the
Consequences of this theory.

Most analyses of ultramarine have not been calculated into f ormulae,
and those which have been given often show wide differences between the
calculated and ascertained values. This is considered, by most chemists,
as being less due to errors in calculating the formulae than to impurities
in the material.

The calculation of these formulae showed tha t ultramarines of the
following types have already been prepared (see Appendix):

2. & - X 1 - & - A 1 - & ,
3. S i - A l . S l - i l - g i ,

5. S i - i l - S i .
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6. Agl2(Si12Al12046) • S5O9 • OAgNa,
7. Ag15Na(Si12Al12O48) • S509)
8. Na12(Si12Al12O46) • S4O8.

(c) Rm(Si12Al12On)-S4O4.

9. Na16(Si12Al12O48) • S4O4(H2O)2,
10. Na12(Si12Al12O46) • S5O3 • ONa2.

(d) Rm(Si12Al12On) • S4O2.

11. Na12(Si12Al12O46) • S4O2)
12. Na12(Si12Al12O46) • S4O2 • Na2,
13. Na12(Si12Al12O46) • S4O2 • Na4)
14. Na12(Si12Al12O46) • S4O2 • Ag4,
15. Na,Ag,(SiltAl11Ol,) • S4O2 • Ag4.

(e) Rm(Si12Al12OJ • S4.

16. Nau.sK0.5(Si12Al12O46) • S4Na2)
17. Na16(Si12Al12O48) • S4Na2,
18. Na12(Sia2Al12046) • S4Na4.

Ultramarines of other types are arranged according to their sulphonates.

The following additional pigments have been produced :

(a) RJAIAO.) • S4O14.

19. Na14(Si16Al12O6S) • S9O9,
20. Naw(Si1()Al120B6) • S9O9,
21. Na4(Si12Al6O34) • S6O3 • ONa2>
22. Na6(Si10Al6O31) • S6O3.

(6) Rn(AlpSirOn) • S4010.

23. NaM(SiirAlMOM) • S10O4 • O2Na4.

(c) R^AlAOn) • S4O8.

24. Na14(Si18All2OS9) • S12)
25. Na^SiuAluOn) • S12)
26. Na20(Si18Al12OM) • SU)
27. N a ^ S i ^ O ^
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(d) Rm(AlpSirOJ • S402.

28. Na8(Si12Al6O36) • S6,
29. Na16(Si18Al12O60) • S6,
30. Na18(Si18Al12O61) • S5O.

The above ultramarines exist both theoretically and actually.
Other corresponding compounds must be produced sooner or later.

If the views just expressed with regard to the constitution of
ultramarines are correct, these substances can only be produced from
hydro-aluminosilicates with a-hydroxyls, and not from acids of the
following types :

.Si yS i .Si /Si
1. Al^Si 2. A l A i 3. Al^-Si and 4. A l A l

XSAi X S i X S i X Si

as the latter contain no a-hydroxyls.
Ultramarines of these latter types are, as yet, unknown, and any

attempts to produce them must prove abortive if the hexite-pentite
theory is correct.

C

Many ultramarines of the greatest diversity of colour are in
agreement with the theory. Thus :

1. According to Zeltner229, violet ultramarine may be obtained
from the blue or green varieties if chlorine or other halogen and
hydrogen is passed through the given ultramarine at 160-180°, NaCl
being separated.

2. According to Hoffmann230, a purple-red or violet pigment may
be obtained from blue or green ultramarine by treatment with acids or
salts and air at a high temperature. A separation of the base—
also probably of the sulphonate group—occurs.

3. J . Phillipp231 obtained a blue ultramarine by treating green
ultramarine with water at 160°, and concluded that sodium sulphide
was liberated in the process.

4. Gmelin232 had previously shown that blue ultramarine, when
heated in a current of hydrogen, is converted into red ultramarine with
the liberation of H2S.

5. In the following compounds, with the same chromophore and the
same silicate nucleus, but with a variable proportion of base, the
deepening of the colour with increasing molecular weight—in accord-
ance with Nietzki's law (p. 142)—is readily observable.

Na14(Si18Al12O59)S12 is red,
Na18(Si18Al12O61)S12 „ violet, and
Na20(Si18Al12Oe2)S12 „ blue.
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The possible existence of isomeric ultramarines follow** naturally
from the theory. Thus, there are four possible iaomerH for a compound
with the formula :

NaI1(SiltAl«O4i)SiO4Nalf

as may be seen from the following structural formula :

^ | Si I Al I Al I Hi

'' O-SNab-SNa

3.

>>•

Si Al

H

O
H
I

Si

H ! . . . I

Hi

i Hi r

Theresultsof anumber of analyufsfi by R. Hoffmann*11, H#nmftnnia4»
and Phillippt$fi agreo with the laMt-mentioned formula. In npit«
of the fact that all the ultramarinen examtnml by thmm invi«Nltgat0rii
had the same composition, thty varied in ihinr eharocteriMttcH, tlia
ultramarines of Hoffmann and Heumann Iming blui! &nd Ihiil of
PhilHpp, green. Heac© at leMfc two tuomorfi, out of thorn poiMibfa, mm
known.

Further studies of thena pigmentii muni eventually lead to the
discovery of new i$omer», the composition of whiok can foti predioted.
Thus, there are three possible isomers of the compound

with the following structural formula :
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S — S 0 — 0 S —S

0
I

0

Si Al Ul | Si
is is

0-0
3.

O n t r e a t i n g a g i v e n u l t r a m a r i n e w i t h a n a q u e o u s s o l u t i o n of
e .g . t h e c o m p o u n d

S — S

K a O (!) N a
i I i

a s a l t ,

s

with BaCl 2, SxCl2, ZnS04, AgNO 3, etc., a substitution of the sodium by
barium, strontium, zinc or silver, etc. may occur or the sulphonate
group may pass into the nevr compound. The sulphonates, as already
mentioned, are very labile radicles and can easily unite with or throw
off oxygen, so that it is by no means impossible that the sulphonate of a
new compound may be either rich or poor in oxygen.

Szilasi286 and Heumann237 have reached the same conclusion in
their investigation of the behaviour of ultramarine compounds and
solutions of salts. Szilasi studied the behaviour of three green ultra-
marines (see Appendix)—one made at Budapest and the two others
at Nuremberg. As it happened, all three samples had the same com-
position, viz. :

A.
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By t reat ing t h i s compound with a solution of AgNO Pb(NO ) and
ZnSO 4> Szilasi ob ta ined the following ultramarines :

B .

1. Agls(Si12Al12O48) • S4OloONa2(H2O)4,
2 . PbafSiuAluOtt) -S4OloONa2(H2O)8,
3- Zn8(Si12Al12O48) • S4OloONa2(H2O)16.

The mode of formation of compound B from A is easily seen. On
the silicate side tlxere is a replacement of sodium by Ag, Pb or Zn,
whilst one sulphon&te has added oxygen and the other oxygen and
Na 2 O. The add i t ion of N a 2 0 is due to the fact—noted by several
inves t iga tors—that sodium ultramarines, on treatment with water,
lose par t of theix sodium in the form of caustic soda.

That the sulphonates can lose oxygen and Na2O in aqueous solution
is shown by the fact tha t Szilasi was able to reproduce the original
sodium salt A f rom tke silver salt B 1, -with the structural formula,
B, by treating t h e latter with sodium iodide.

Heurnann examined a "blue ultramarine from Marienberg, the
analysis of which (see Appendix, Analysis No. 10) corresponds to the
formula :

C.

Na,12(Si12Al12O46) • £T
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Si Al Al Si

This sodium ultramarine was heated with silver nitrate in a sealed
glass tube at 120° for seven hours and formed a yellow, silver ultra-
marine with a composition corresponding to :

0
/ \
SO SO

4 A

D.

0 0

SO SO
\ /

s
Ag16Na(Si12Al12O48) • S5Ofl.

The sulphonate groups in this case were oxidised ; they added
oxygen and lost Na2O. The silicate side took up more base than
compound C, as shown in formula D. Such cases have frequently
been observed in the formation of complex silver and thallium salts
(p. 19).

To all appearances, Heumann. was able to reproduce the original
sodium salt by heating the silver salt for eight hours at 130°-140° with
a solution of sodium chloride, but, unfortunately, no analysis of this
blue compound is available.

If the ultramarines are really derivatives of clays and are formed
in the manner indicated by the hexite theory, the possibility of the
formation at temperatures above the vitrification point of the clay
must diminish with the amount of polymerisation which occurs and
must cease entirely at the temperature at which the clay fuses, as at
that temperature clays no longer contain a-hydroxyl. On the other
hand, it must be possible to destroy the colour of any ultramarine by
heating it to a sufficiently high temperature.

Knapp and Ebell288 have shown that as soon as the temperature
of an ultramarine reaches that of incipient vitrification, the possibility
of its remaining blue diminishes and it ceases entirely at the fusion
point of the material.

Gmelin239 has shown that the colour of ultramarine may easily be
destroyed by excessive or prolonged heating.

C. Stolzel240 heated blue ultramarine to redness for a long time in
a platinum crucible and noted that the colour gradually weakened and
that a white product was finally obtained. A green ultramarine, when
similarly heated, showed no diminution in colour. At first it dartaaed,



THE CONSTITUTION OF ULTRAMARINES 151

but then showed so great a stability that after several hours' " powerful
heating " no further change could be noticed. In all probability, t h e
vitrification point of the green ultramarine examined by Stolzel was
above the " red heat " to which it was exposed ; this accounts for
the colour remaining unaffected. Further experiments will show
whether the destruction of the colour of a number of ultramarines,
which are stable a t red heat, occurs at a higher temperature. Accord-
ing to the hexite theory, this must necessarily occur.

G

The separation of a sulphonate group in an ultramarine mus t
result in a destruction of the colour. This is necessarily the case.
Dilute acids, such as hydrochloric acid, effect a separation of t h e
sulphonate group and produce a colourless mass.

H

If the ultramarines are real derivatives of clays, strong acids mus t
not only effect a separation of the sulphonate groups, but must also
affect the silicate nucleus and convert it into a compound of the most
stable type, gelatinous silica usually separating out. No experiments
in this direction are yet available. The t ruth of these conclusions—at
at any rate as regards the separation of gelatinous silica—appears to be
confirmed by Eisner241, who treated two ultramarines—one blue a n d
one green—with hydrochloric acid. Both lost their colour, sulphuretted
hydrogen being evolved and gelatinous silica separated.

The authors' ultramarine theory gives a maximum content of
monovalent bases in these substances. So far as the analyses s tudied
by the authors are concerned, no ultramarine is known with a higher
content of bases than the maximum shown by the hexite-pentite
theory.

K

The theory also demands a minimum molecular weight for u l t r a -
marines. In this connection it is interesting to note tha t Guckel-
berger242—in studying the ratio H2S : S : SO2 in the decomposition of
ultramarines by acids—has also arrived at the conclusion that t h e
molecular weight of " ultramarine blue " is greater than tha t of a n
atomic complex with 6 silicon atoms, and tha t it is a multiple of Si 6 .
This view agrees with the theory proposed by the authors of t h e
present volume.

L

I t also follows from the theory, that the sulphonates form definite
chemical compounds with silicate nuclei. Rit ter2 4 8 has reached t h e
same conclusion experimentally* By the action of chlorine gas a t
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300° on the so-called white ultramarine, Bitter has shown that only
a small quantity of sodium chloride is formed. From this he rightly
concluded that , in the ultramarines, the sulphonates are in true
chemical combination with the silicates, as any free sulphide com-
pounds present would be completely decomposed by chlorine.

B . Hoffmann244 is of the opinion that the sulphonate groups
behave similarly to free sulphides, but are not quite the same as the
latter as " they show a greater stability in the silicate compounds."

Analogy between Ultramarines and Socialites

In concluding these observations, it is interesting to note the mode
of formation of a number of compounds, the constitution of which is
analogous to that of the ultramarines.

The assumption that some normal salts, e.g. Na2SO4 , Na2WO4,
NaNO3, etc., contain "water of constitution," when in aqueous
solution, is quite reasonable, as the formation of such hydrates is
extremely probable (p. 267). If it is accepted, there is a possibility of
forming compounds with these salts and an aluminosilicate correspond-
ing to

Na, OH OH Na2
I 1 li

!—Na

Na2 OH OH Na2

6 Na2O • 2 H2O • 6 A12O3 • 12 SiO2.
A

If water is lost, the constitution of the resultant substances may
be represented by the formulae :

Na2 2 2

Na—

Na—
Si Al Al

Na2

i—Na
Si

—>

Na

-Na

Na2 klL 6lS. Na2 Na2

the sign 2 representing a molecule of a given salt (Na2SO4, Nfa2WO4>

NaNO 8 , e tc ) .
Thugutt (p. 60) has actually obtained a series of these compounds

which may be termed " atomic compounds " (p. 59). From this atomic
expression of the constitution of the sodahtes it follows that a molecule
of silicate A can combine with, at most, 4 molecules of 2 . This
Consequence of the theory is conformed by the facts, and no sodalite is
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yet known which contains more than 4 molecules of 2 to one of A (see
the series of Thugutt 's sodalites on p . 60).

Theoretically it is also possible that the aluminosilicate A and other
aluminosilicates with a-hydroxyls may not only combine with simple
compounds and salts of the kinds mentioned—conveniently termed A
(acid-) and 2 (salt-) sodalites—but also with complex acids and their
salts.

The formation of sodalites (A- and 2-sodalites) of the latter kind
occurs in the so-called porcelain cements (p. 215).

Thugutt 's sodalites and the porcelain cement sodalites may there-
fore be regarded as analogous to the ultramarines.

XIII

A New Theory of Hydraulic Binding Materials, with special reference
to Portland Cement

The various substances known as " Portland cement " form only
one division of the so-called hydraulic binding materials, the others
being known as trass, puzzolans, hydraulic limes, Roman cement, slag
cements, etc. Of all these, the Portland cements are the most important
and valuable hydraulites. * Like the ultramarines, innumerable theories
have been proposed to explain their chemical nature, but none of these
theories is completely satisfactory.

If, as may be taken for granted, the solution of the problem is to
be found in the chemical nature of the silicate cements and in the
chemical constitution of the substances (silicates) from which they
are derived, any attempt to apply the new hexite-pentite theory
to the constitution of these cements must be of exceptional interest.
If the new theory should prove to be of general applicability to the
silicate cements it would not only solve one of the most interesting
problems of inorganic chemistry, but the fact that it could afford such
a solution would be of enormous value to the new theory itself.

Before endeavouring to apply the new theory to the hydraulic
binding materials, it is desirable to review briefly and critically the
various theories now in existence concerning cement, and to state in
some detail the nature of the problem the solutions to which hitherto
suggested have proved so unsatisfactory.

Historical and Critical Notes on previous Theories relating to Cements

The artificial production of Portland cement had scarcely been
discovered when a question arose as to the cause of hardening f of

* A hydraulite is a substance which, when mixed with water to form a stiff paste,
sets and becomes hard like a cement.—A. B. S.

f In English-speaking countries the " setting " and " hardening " of cements are
treated as distinct. In the present volume, the term " hardening " is used to include all
the processes which occur from the time the soffematerial, made by mixing the cement with
water, begins to set to the time when the mass attains its maximum hardness.—A. B. S.
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cements generally. A French engineer, Vicat270, who had paid much
attention to cements, set to work to investigate, and eventually con-
cluded that the hardening was due to the combination of the cement
with water. A closer investigation showed tha t there are several
difficulties in the way of accepting this hypothesis, some substances,
which were known to combine with water, never hardening like cement.
Thus, the zeolites are hydrous aluminosilicates which, after being
deprived of water, can absorb it again from the air, though, as Fuchs
has shown, such dehydrated zeolites do not harden under water.
Again, quicklime is well known to combine with water, yet the com-
bination does not produce a hard, solid mass, but only a soft, friable
powder. Fuchs271 therefore sought for another explanation of the
cause of the hardening, and eventually made the remarkable discovery
—since repeatedly confirmed—that only those aluminosilicates which,
on treatment with acids, produce gelatinous silica, possess the property
of hardening with lime and water. Fuchs concluded that hardening is
a chemical process in which part of the lime and the " attackable,"
"so lub le" silica unite, on burning, to form a calcium silicate.
Indeed, Fuchs went so fa.r as to state the composition of the silicate
which he supposed was formed. As no facts in opposition to this
theory were known, it was not only accepted readily, but was used to
great advantage. Pettenkoffer272—an energetic supporter of this
theory—even suggested that Fuchs had so completely solved the
problem that no further investigation was necessary ! Feichtinger278,
however, sought for experimental proofs of Fuchs' theory, and believed
he had found it in the following fact: if the hardening is due to a com-
bination of soluble silica and free lime, the mixture must lose soluble
silica in proportion to the amount of hardening which has occurred.
This fact he confirmed on several occasions.

Fuchs' theory was published before the discovery of Portland
cement, and, when applied to the latter, difficulties a t once arose. One
of these difficulties was that in Portland cement the chemical behaviour
suggests that the whole of the lime is in a combined state and that no
free lime is present to combine with the soluble silica. This was one of
the first facts observed to be opposed to Fuchs ' theory. Winkler274

then found it necessary to devise a newtheoryforthesehydraulites,*and
at once assumed that in the newer cements the hardening was not so
much the result of a new compound of lime and silica as of the separa-
tion of lime from a compound previously formed. He retained Fuchs'
theory for silicate cements containing free lime (Roman cements) and
concluded that in Portland cements the liberation of lime occurred
until the same calcium sihcate was obtained as Fuchs had found to be
necessary in the other hydraulites.

Feichtinger275, on the contrary, opposed Winkler's theory, and
maintained that Portland cements contain free lime ; to this extent he

* See the first footnote oxx the previous page.
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supported Fuchs' theory. Nevertheless, it is possible to draw pre-
cisely the opposite conclusions from Feichtinger's experiments, i.e. the
absence of free lime in Portland cement. He endeavoured to explain
the inconsistency of his theory with the facts by means of a new and
improbable hypothesis, viz. that the particles of free lime are so
coated over with molten cement that a considerable amount of time
is needed before the presence of the free lime becomes noticeable.
Feichtinger examined various kinds of hydraulic limes, including
those, like Portland cement, in which the whole of the lime is chemi-
cally combined, and those, like Roman cements, which contain free
lime. Both are readily distinguished by their behaviour towards
water ; the former, on hy drat ion, show a scarcely noticeable rise in
temperature, whilst the latter show an unmistakable development of
heat. Furthermore, Portland cements after a given period of hydration
show no Ca(OH)2, whilst in the Roman cements this substance may be
detected as soon as water is added. This is in direct contradiction to
Fuchs' theory. In order to retain this theory, Feichtinger had recourse
to the improbable hypothesis mentioned above.

Winkler276 has argued tha t the behaviour of Portland cement towards
an alcoholic solution of phenolphthalein shows tha t the whole of the
lime is in a chemically combined state, as the smallest trace of free
lime would, if present, turn the indicator red. In reality, no such red
colour is produced. Fuchs ' theory is inconsistent with the possibility
of regenerating the cement from the set or hardened mass, though this
possibility may be inferred from Feichtinger's experiments, as will be
shown later. No agreement was ever reached by Feichtinger and
Winkler: each retaining his own opinion to the last. This shows how
strong was the influence of Fuchs ' theory on Feichtinger.

No absolute answer to the question, " Does Portland cement
contain free lime ? " has been given, even at the present time ; the
influence of Fuchs' theory has been so strong.

I t is also interesting to note how the supporters of the " free lime "
hypothesis endeavoured to disparage the value of the phenolphthalein
reaction. Some of them suggested that the " free " lime in Portland
cement is in a crystalline state and so is incapable of reaction as an
alkali. This suggestion is futile, as Richter277 has prepared crystallised
lime and has shown that in alcoholic solution it has an obvious alkaline
reaction.

Fremy278 endeavoured to show the presence of free lime by treating
Portland cement with dilute acids, but Schuljatschenko279 has rightly
shown that the behaviour of Portland cements towards dilute acids is a
most unsatisfactory premise on which to argue for the presence of free
lime, as the whole of the lime present can be removed from the cements
by means of dilute acids.

Other investigators have used other reagents278 * such as Mg(NO3)2.

* A Hst of reagents which have been tried for showing the presence or absence of
free lime in cement wiU be found in the Bibliography tinder No. 278.



Iftff rONSKQI'KNCKS OP T1IK I I P . T H E O R Y

A considerable replacement of linn* then occur*, and hug lm>n con-
sidered to prove that Portland cement emitniuHi frit* lime. That this
conclusion in fiilne limy !*• readily understood when it in remembered
tha i such reagent* are precisely thoM* which decompose tin* cement.
Michieli^3*® ha* rightly tthowu thnt the eiine with which lime may foe
liberated hy tIn* action ojf certain reagent* does not prove tha t a
portion of the lime in Portland cement %** in a weaker **ti*fe of com hi na-
tion. The statement mmlv hy Hardt Ml» that ** feebly combined l ima"
in the winie an ** free l ime/1 in nhn ijuite vtnaxnim,

Nor doen it follow tha t Hohibh* niiica jilay^ a ^jwHial part in the
hardening <»f cement, even though it in true that only t lmw tttlteAUm
which contain ** w»luhlc Mlica M are hydraulic. Krronenti** idean a# to
the part played by "^ohihle silica " orctir throughout the literature of
cement ever **inre tin* lime of Fuclw, nnd have, hi therto, rendered it
impokwihlc to evolve a ^ufticiently comprehensive theory of hydratilite*.
Many hydnitditcH, muh tin jiln^ter, limc-nluminatri«, itnie-VHiratei* and
tffvern! calcium nnd nm^nt^ium oxides, rontain no hilica nt all. In it
not pro ha hie tha t thew t*ilicw4ri*e httlwltmrv* harden in accordance
with th« mutt* generiil lnw nn l\w f*ilirnte remwit* T Vi*t no one ap|H^am
to have nntli^ed the potabil i ty of the •***nluhle f*tlirn " t a k i n g no
par t whatever in the hardening pr**eew*» for even *hmlm and
Kimter1*1, who reganl nil pri*vi«*u« theon«#»* rr^pr^tinic the conniittt-
tion of cementi* nn without fnundfttmn and erroneotii*. lay great
en!phn»in on the importance *4 "Holulile silica " ttt the hnrd«vningcif
cement.

The influence of Purh*' theory in al***» Hhouti l>y Ht'ldt1**, who waa
clearly of tl«» opinion tha t the valttr* *#f rnnt<t%u Urm rhirl ly in the pro-
portion of ** ifotuhli* MWCII M they contain nnd t lmi the nlntnmn m only
detrimental, when he wrot«» ; " If nn ahmmioMhmtf* w p r r ^ n t in a
mortar (n*nii*fit) it«*xtHt« dimply n* n wholly inert tfintrriitl and takes
no part in the s i t i n g or hardening:, httt i» harmful ln*ra«m* it TPtlumm t h t
projwrtitm of nilicii prrwtit, Vdwh jn*r cent, of ahimim^iliriiUi which
in not combined with lime in lu*i, M* l u r ^ l h e furrnatioii of a haid«ntng
comjiound in conrernerl, unit m i m m * n?* an iri*tihit4i* mnt inert
mater ia l / ' I t in not Ktirj»ri*ing tlml Hrldt tlrew the folkm-ing ciirioiii
inference from thin theory : *' If it mere }i«#«i*itilf t« pmpmm n hydrnulic
rnortiir (cetuerit) contairitng 2.1 jit*r eiiit , $4 m$lnhh Nltaa, all i*xbttng
cement workn would t*t* ruin*^l, »** the \w.*i Portland mtmmi on l j
contains I ^ I H per cent, of Miltible Mlirn, %%lncih in rrdiit***dt by the
addition of wntor and miter h«ni«*ntttf|;, to only 7 to 10 per ««nt. in tha
final product / 1

Cliitt-iiney and Itivot1*1—two French m\wmtigmt€$m^^m^mv0Ufed
to put finkitV theory to pni i i i t^ l i w , Hthnl jut^lwnko hm* publi«titd
the following rommt'ntK on ihi* ini**rri*ting portinn of the hbtory of
the cement industry : M TVo HTit«*r*. Clmtciney »nd Rivot^*, tba
3iitk*r A learned cliemi**t nnd profewwnr at lh»* School of Minen, in trl^eir
treatim* on maler$nl« employed in structural work on the mm const,
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reached the remarkable conclusion that only (hone cement* an* durable
in 8ea-water which eonmnt of the »imple#t compound* *ueh nn thone
made of lima and silica. Roman wnwnt*, puz'/olnn* an<! other cement*
lack durability in HO far an their composition in complex. . . . " The^e
authors arranged t h a t the *«*a wails in the harbours of St. Mulo und IM
Rochelle should IK* built with silicate* free from alumina, and it in
easy to understand the panic which occurred among French engineerH
when they noticed the rapidity with which the cement une<l at thene
places was destroyed.

Fuchs ' theory also influenced the methods of investigation of the
constitution and hardening of Portland cements. Hin view, tha t the
hardening was due to the formation of a given calcium silicate, led to
an enquiry as to which substances were formed during the hardening
of the cement. These substances were Inter termed the ** effective
substances " of the cement. For over fifty years innumerable investi-
gators have endeavoured to find the substance which in the chief CHUH*
of the hardening of cements,* and it in noteworthy t h a t everyone
who was able to prepare an aluminitte or silicate which p<wm*mi*il tin*
power of setting in water, a t once declared tha t it WIIH in this Kuhalnim*
tha t Portland cement owe* its sett ing jjowcr f The result in that there
are nearly as many ** effective subMiuieits M nn investigators. All kinds
of calcium silicates—from the mono- to the hexii-*tlit'?»U<s--Hii<l tunny
calcium aluminates have Iieen prepared in thin ermrun tion, and* to add
to the difficulty, the silicates which out* investigator declared to \w
hydraulic wens found by another to him? no hardening power. ** Hem•«%
almost all possible calcium silicates," write «f orris* und Karit««r *****,
" h a v e been * found ' in cement blinker ; imlt*ed» mmv inventigntom
have not confined themselves within the limits of the theoretically
possible f There is, in fact, a repletion of HiIieat««H entciilntett from
cement analysis , the only evidence for the existence of which in Hint
the (assumed) componttfoti* of them* vitrioim m\UmUm$ nlumittnU**t

ferrates, ete. , when itdded together in the proportion* in which they
are alleged to be present, ngrw with thow of I^irlliiiid tpm^ni,
Surely tliiB m a weak argument when it in n*iiliKi*tI what m nunmt by
the inclunion of all the jicMwibli* combination* ! ff

Puchu' theory in a l w renpon*«iblit for the fact t ha t tin one ha*
hitherto regarded the Portland ceoit*ntn n* r l iemiml comfjotimltf, n*
this would be in dimct opr>Of*!tiori to thi* view t h a t the vjtttu* *if n
cement lieB in tha (free*) u miluble *tltt!t M pn**i*ntv I t him, in fuct, hnm
generally agreed t h a t Portland cement in either m tnixturo of
compounds (cf. the thDorii** of U* (3i&t«>it»r M i , th« Ilroth<$m Ni^wl
Kosmann t a 7 , J e x i f i

f etc.) or «i fiuted mwm of i m k f l l | n d n »
B r d m e n g e r w regards Portland mment m n **gIniiKH; H a r d t i i # m a
"gelid nolation," and the thitorii** propounded by BchchiaichCaro

th»» S h t t * ^ ^ d * * * M M h l ^

# For a tint of tbmrlm of hurdtfting ih» tmdmr thmiUt mtmr UP Km t%i* m tint
Bibliography.
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Zement, Stuttgart, 1906, p. 102) by heating a mixture containing 67 per cent, of lime
to fusion. The " alite " crystals had a composition corresponding to :

Lime 67.33
Silica 23.50
Alumina 3.82
Iron oxide 2.28
Magnesia 2.34
Other matter 0.73

100.00
According to C. Desch709, " These crystals are completely homogeneous, so that

we are fully justified in regarding them as a solid solution of calcium silicate and
aluminate, but not in assigning to them a definite chemical formula."

This statement of Desch's is most peculiar. Surely the fact that the material is
crystalline is opposed to its being a " solid solution," and in any case it is not clear
why it is wrong to assign a chemical formula to crystals.

In criticising the German edition of the present work, C. Desch complains that the
authors have not paid sufficient attention to the structure of cements as revealed by
the microscope. Yet this investigator, whilst accepting the homogeneity of Schmidt
and Unger's cement, refuses to regard it as a definite chemical compound I The " solid
solution " theory, which he prefers, has been exhaustively discussed in the general
criticism of the various theories respecting silicates (p. 13) and is further confuted by
the fact that no Portland cement has yet been found which does not conform to the
hexite-pentite theory, which states that such cements are highly basic calcium salts of
aluminosilicic acids. Besides, the properties of Portland cement do not coincide with
Desch's or any other theory of mixed crystals. {Vide pp. 13, 22 and 162.) In short,
there can be no single substance forming the essential constituent of all Portland cements
and corresponding to alite, because, as the authors' formulae show, the compositions
of cements differ greatly from each other, although they all admittedly fall within certain
limits when expressed in the form of an ultimate analysis.]

There is a sense in which all theories published on the silicate
cements are developments of that of Fuchs, and a considerable number
of investigators at the present time are still under its influence. I t is,
however, impossible to find that these theories have led to any satis-
factory results, but rather $o the opposite. The worthlessness of
these theories is particularly noticeable when an at tempt is made to
use them in explaining the various experimental results which have
been obtained in silicate cements. Thus, in the light of the foregoing
theories, the following facts are inexplicable :

(a) I t is known that the best temperature for burning a mixture
of clay and lime or chalk in the production of Portland cement is the
temperature at which thfc amount of vitrification is readily appreciable
to the unaided eye * and tha t the quality of the cement also depends
on the duration of the heating. If this is too prolonged or the tempera-
ture is too high, a cement of lesser, or of insignificant value is produced.

The theories previously mentioned afford no explanation of this
important fact.

(6) Silica cements which have been heated to the sintering point,
become gelatinous when treated with dilute acids.

This fact is well known, but not the slightest explanation has yet
been^given as to its cause.

* This is sometimes termed the " sintering point." It is reached when sufficient
fusion has occurred to render the mass impervious to any suitable fluid which has no
chemical action on the material.—A. B. S.
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(r) It in known that in Portland cement* a {tortion of the* limi* m
more readily removable tUnn the remainder. The MMial cxpinn?itioiif$
offered are tha t cement* contain both free and combined lime, or that
part of the lime in in a Mate of weaker combination tliati the reM, The*
lirnt or ** frt*«% lime M h y p o t h e c ha* l>een tthown in previou* |*agcM to lie
opponed to t!i<* flirts. Tlit* M'fMfifl i* often thoiiglit to !*e Mipported by
the mipponed presence oj highly o»*4c MlicuteH imd ahititinatc* in the
cement. The behaviourof Fortliunl ri-nu-iit Iawmrth certain reagent*it*,
however, opjumnl tn tlu& hy]tothe>»iH, f¥ht* MipjwiHition t ha i ealctum
**ilirateHare prewnt in fouiu!e<i rui Wiiiklir'ni ^}*erimt*i)tN, uhii h i%howt*d
th<* en-leium #*ilieate** to \n* in-nnhible in an «1« uhulw ^alntum of hvdro-
ehlnrte aeicl. From thin it wan ?ir̂ ii«*cJ ihnt th«w* |*orfiotifi of eement
whirh an* iiiMiluhle in thin rrng*#iit nre vmn]nm<tl of ralrium ml'waii*.
Calcium itltumnateH rvnvl alkaline to an nlroholte Milutinn of phenol-
jihthalefn. Forlliitid eeitienth should, there jure, prodtiee a retl eolour
with thin reagent. AK II mutter t§f furl, tht'V <!«-» n<»t do HO,

Henee, the ready wparntion of n tlvfunu* projtortioit of Itrni* from
Portland cements* in very pui^/Jing in the light of previous tltrnrieM.

{*/) By granulating fiimnee ^lngi* it hiw Iwen foiintl |*f>H t̂hIft to
produce silicate eemcnf »* wliirh will #»nly w*t or harden in the prtwricct
of waliir containing litnt* t*r other lilkahet* m miliition, None of thu
thettritw j*revio?i«*]y mentioned am I*** trwtl to explain thi*t fnet. Ac-
cording to Ziiikow-ftki*****)!!}!* Piirtliind cement*, ».* w.«*n a* they huva
hmt n, eertitin j^rccntagf* of lime. |*OHM«*.M tJiiw clinritcteri^tic ui ulag
eementHitnd will only harden in the pn<*«*ne.e ut alkahnt* iUml* nml not
a t nil with wnter alone, Sutm r*t t he rxif*tent th rones dt**w any genctio
rclatioiiiihip between tlie Ptirf land ci-ment« and the t».|ng rementfi,

An m mat ter of fmi»I here i** mw-h n rel/it t$m*hipt n# w-i 11 tm nhown latc*r,
{̂ ) Lunged**1 in%lei«t}giition» **ti the rr*i«tntiee Ut iilkaliet* of gmntl*

lati'd and ungnirstdiited l̂ngH> i*h«*wed thut , in the littler, the nhtummitn
m nmn* htrmigty comWned than in th«* lormer. There in no e^pliinniicin
of thi« faet cnit*id«* the pn*m*nl volume,

{/) The i*xiMmg theimrw m i t b r j*« rmil the prediction of tha
following faetf*, nor do they provide a twUfdartt'iry ••xplrtttntion of thvm :

(1) According to *%• tintt m*n v**tmfctn\*\i* {importton of liine may ba
n*mnw4 imm aeement witltmtt*flFi*rtttig it*f m*% tingmicl hardening power.

{2) According to Mteliiftidf*M\ fchutt. mid •ithein l i t in fptuwibh to
n^prcidtice the uriginttl nrinf ttt from mm whtrti him b«wn fully hi*reinnttdh

(3) If acenient knUnwed Ut ^% iind i* thru gmund to powdlcraiici
again tnixt*d with water* it w-dl sgnin w¥t hard, but not «n **trtnig a-n tmtom.

(g) Thcn^ can In* mmm4y «.tiy iltnitit tlmt liantlenctj cotmnta »r^
very m*n**itive to certain mil®, piifiitftiUrly to i*iilphiitei«» Nattr of
the cacintiiig thcorieit run expkii i tliii* hurmfitl luttion of *nlphnUw, nor
do they indient^ nny mean** wheretiy it ttitty tm nvoidrd. When it in

i d that an e ipki ia t i t in of the harmful Art ion of *t»lphittt» on
t in prntfatily the mml likely roraii* r>f ovrrromitig thi»flilHcuItie»
by the^i* cumpatind^—inrliidirig thi? pcw*il*U* **olution of the
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water problem—it is not difficult to imagine t ha t the inability of
existing theories to throw any light on thiy important nubject in one* of
the gravest objections to their use. Another special weakness of
existing theories lies in the assumption made in almost nil of them,
tha t Portland cements arc not single? compounds. Thin assumption,
which is entirely without foundation in fact, not only limits the develop-
ment of chemical knowledge of the silicate cements, but makes Mich
development quite impossible.

The opinion tha t Portland cements do not form chemical in-
dividuals is doubtless dm* to the prevalent ideas of the constitution <>f
the substances from which these cements are derived, viz. the clays.
The conception of other derivatives of clay, such as t he* tilt ramariitcs, an
chemical individuals is also made* difficult for the same reiison.

Now tha t it has been shown (a) that the clays and ult mtuariues may
be regarded as true chemical individuals (i.e. an definite chemical
compounds), (b) tha t by HO regarding them, the whole rtm.'w of pub-
lished experiments on the hilicutcs becomes explicable,mid (r) that thin
conception of them has the characteristics of a irnt* elietuieitt theory
one which permits a single dUtHKi fixation for all these *ul».stuuceH HH well
an the deductive study of them—it appears to be highly probable t ha t
the Portland cements, which are nothing more than derivative* of
ckys , may also be* regarded as chemical individual^ provided that
no facts are opposed to this view.

When it is added tha t by thus regarding the Portland cements nn
definite chemical individuals and applying the new hexite-(tentitt?
theory to them, the meaning of the whole mtinn of published experi-
mental results Incomes clear and tha t a new menu* of solving the
important "sea-water " problem In provided, it in hardly too much *f>
nuppoge tha t there will scarcely lie a chemist who will continue to
regard Portland cements in the* old errrmeou* manner nn mixture* of
various substances.

In applying the new theory to Portliind ct*tm*ntfi, the following
subjects must \n> considered :

(a) The chemical countiititiori of the Portliind rement-M.
(6) The reactions which occur during the UmtmtUm of Portland

cements, and tho influence* of the duration of heating and of the
temperature on the product*.

(c) A new theory of wetting and hardening.
At the suggestion of A. B. *St?j*rk» the following ^tatemcttt.*, which

occur in various text-book*, iin* dealt with moreKjMHificfiily thitn in Um
original (German) edition of thin t m i t i w ;

(a) Th© ternpumtisrti in » flmrtwtt kiln *m\y uffiwu* a fmrtm! ftmlnn til l\m itwl4«r#**i»
(6) ChernicJU rmGtfaim Imtvmm nolle! mtlmt&nem tn«« utium v#>ry utowty am! mm

seldom complnU\
(c) Om<mt ttl'mkvt i» not a hr>mo t̂tfmtm milmtimo9» Imi m»>r»»iy n minl-wn* fir »

solid solution, wad mrrmt otmetmUttm m to itm ttbmni&ti mmiiiutkm nmmut* lm dmmn
without studying mch of tha wmnUtmntm mpmntufiy.

(d) Th© chemical mmiiom which tmmur in ttmwtmlng «f 0#mwnt Mm nmvr ««m»
pl©tat end it in thnrnfoiti ineommt to rt%tiTtl t*iw nrmimt m n rinujk tmnpmntl, Urn
constituents of which zm in prop&rUmw emiftmtmhh U) ih# fawn *4 Ud%m tmd "

M
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{<•) t Wrî nf rlmk^r r<»jr-»r»i-i **>wiifmJly *»f ruj|tjjrinj nnSMm\rv4_ Mid th*« |>

With renj>eet tn ('i), a partial fti»ion of the material i* not incom-
patible with the unitary nature of tin* elinker, i.e. it C!CM*H not ncc,f»*i-
Manly imply that clinker in not cnmpoM*d of a nngle definite compound.
Tin* partiality of tin* ftit*inn in due to the low heat conduct ivitv of the
material, whereby tin* indtinK point is not reached in thi* interior of
tilt* mnm.

\\u inUvmttup. j*i»rrtlJ*'l !•••» tlii:* t*»» f«»titi»l V*y J. W. f 7iM», %th«» fthnwitl thtii lima

j | )
The f*tali*nii*iit (A), tha t thi* rh«*t«iral r««a»iion.H JH»t\vt*Hi nolid

inati*rialH «n* hl«»w «rul H'klom nunp l r t r , JH hy no nirauH t.nn» at high
ti'n$jMTatitn*H. tU^ulv^, th^r** î  no puMitivr proof that on heating a
mixture* of knohn with ralrmrn rjirlHinati* {tin* purr fouHtitiifutH of a
raw r«*mt*nt mix) the rlink**r rontiiinn frei* t-lay ^^ well IVH free ealeium
enrlwiniite or rather free lii«t«. On the eMnlrary* the very hinull pro-
portion of tn*<»ltih!e matter iti rvtnvnl t l i n b r (only 1 2 ° ^ ) #how* that
the n*artion is* remarkahly romjilet^,

That , IIH ̂ tutrti in (c)# elinki^ ir« i\ mixture mul not a romjioiiml i»
purely an aw»umpti«ii nntl not a fart. C>f the two fi*Mim|*titttus (1) that
cement elinker it* n rciinjxnind, uiitl (2) that it in a rnixtiirr, tha t munt
be the more jirobahln whirh witinfie?* the tmmt iiwin nnii enahlei* the
pretlitiifin of the mont propertir* to l«^ mmle. Till.** in wrtcjiieHtionahly
true of the awaisnptjon tlmt twnwni clinker ii* a true chemical eom-
ptntml,

Htiitemeiit (rf) ii* f»«flTirientlv aiw^wereil in the comment on utatemant
(b) given above*.

Httttefttt*nt fr) that remmf rhnker in ei**enti»lly colloidal in another
pure mmumjilimi whuh in qnitv ttiinrrefmiiry. I t in true t ha t eatnenU
havi* mm* vharMlvtMir-* m cnmmnn with eolloifln, e^pi*i?islly with
n^gurd to their N^havioar on trr-aiment with wmt**r. Any tmntunion
whieh may ari** in thin vtmtwr\i**n can only !>•• due to a mtperfici*!
apprremtton of the }imprrtii*n »»id i»tru^tiirii r*f callotclit. For* a* a
matter of fart, the millajdal prci|it*rtirt# nf r rmrn t* and eiayn are by no
mmm tnetimpalibli* with th t i r rhrmicftl individuality! and, in the
author^' &pmkm* th# c^Uoidn lbt»imti»lvt*ii art* not mi&turfifi, but definite
cherniiml rompcmndu of vi»ry bigh mok&ular wrigbt.

I t in mofit «urprii*ing tha i € . Henrh, on th« out* nide9 and E. T. Allan
and K. H, 8hf?!»h<*ni, on tba nth#r» in thwr wvfeiwi of the Oarman
edit inn of thin work rrpitmebf*! thi? authorw rrf the H.P. theory for
regarding Fortkrid craiwnU an drfinili? cbamicjil eompoundii and not m
minlurm* Thew* rritirn ht*lt**vr tha t the nsicroncopicttl invcNitigntion of
centfntu ban nbown po#ittvi*ly tha t mtmmU mm biterogeneout sub-
utiincw. Thin in the nob» argumrnt which ban bw»n brought in opposi*
tion to the HJ*. theory.

Unfortunately, %h#m crittcn bav* omit t rd to btmr a vary important
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fact in mind, namely, tha t a difference in crystal form does not neces-
sarily prove the presence of substances of different chemical composi-
tion. There is always a great probability of di- or poly-morphism,
whereby one and the same substance may assume different forms.

[The various forms which sulphur assumes is a particularly interesting example of
polymorphism brought about by cooling under different conditions.]

A proof of the non-identity of the various crystalline substances in
cement can only be furnished by proving that each of them has a
different chemical composition. This proof—simple as it appears to be
—is entirely wanting with regard to Portland cements, and all attempts
which have so far been made to separate the various crystalliiie con-
stituents have proved abortive.

These critics appear to adhere to one of the numerous mixture
theories of the constitution of cements, and it would be of great interest
if they would only state which is the one they prefer. If it were correct
to speak of a " fog of theories " such a term might well be applied to
the various mixture theories applied to Portland cements. Jordis and
Kanter, in their well-known work on cements, have stated that all
kinds of compounds, of possible and impossible theoretical constitution,
may be present as essential constituents, and when enquiry is made
as to what the various theories explain, it is almost impossible to find
a simple answer. The following lines will give the reader a clearer idea
as to the nature of the mixture theories :

Some writers state the composition of only a limited number of
constituents ; others give the composition of the clinker. In the
former class are Jex , Le Chatelier, Erdmenger, Rebuffat, Zulkowski,
etc . ; in the latter are Kosmann, Newberry, Jex, etc.

The constituents of cement clinker according to the writers named
below are shown in the following Table :

Alleged
Constituent

SiO2
2 CaO • SiO2 .

3 CaO • SiO2 .

2-3 CaO • SiO2 .

3-4 CaO • SiO,.
5 CaO • 2 SiOt .

Year

1884
1900
1893
1899
1901
1901

1856
1885
1885
1901

1901
1902
1902
1903

1856
1865

Authority Quoted and Reference

Le Chatelier, Bull, de la JSOC. Chim., 41, 377.
Jex, Tonind. Ztg., 1900, 1856.
Erdmenger, Ohem. Ztg., 1893, 982.
RebufEat, Gaz. Chim. itcd., 28, II.
Zulkowski, Chem. Industr. 1901, 290, and Pamphlet, 1901.
Leduc, StMr la dissociation dea produdts hydrauliques, Sept.,

1QA1Rivot & Chatoney, Comptes rend, 153, 302, and 785.
Le Chatelier, Bull, de la Soc. Chim., 42, 82.
Spencer <fc Newberry, Tonind. Ztg., 1898, 879.
A. Meyer, Bull. Boucareat, 1901, No. 6; Tonind. Ztg., 1902,

p. 1895.Ludwig, Tonvnd. Ztg., 1901, p. 2084.
Kosmann, Tonind. Ztg., 1902, p. 1895.
Clifford Richardson, Tonind. Ztg., 1902, p. 1928.
Michaelis, Verdarmrdung des Vereins der Portland Zement

fdbrikanten, 1903.
Winkler, Jour. j . prakt. Ch&wU, 67, 444.
Heldt, Jour. f. prakt. Ghemie, 94, 202-37.
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The true composition of clinker is, according to Kosman (1895) :

According to Newberry (1898) :

x (3 CaO • SiO2) + y (2 CaO • A12O3).

According to Jex (1900) :

( ^ [ } ) c(CaSiO3)

ICaO
2 CaO

8 CaO2 CaO

and according to Ludwig (1901) :

3.033 CaO + 0.125 MeO + 0.217 A12O3 + 1 SiO2,
or 3.158 MeO + 0.217 A12O3 + 1 SiO2.

The published opinions as to the chemical composition of hardened
cements and of the constituents which cause this hardening are
equally divergent and confusing, as the examples in the following
Table will show:

Alleged Constituents Causing the Hardening of Cements

Alleged
Constituent Authority Quoted and Reference

CaO • SiO2 • H2O

4 CaO • 3 SiO2 • H2O
5 CaO • 3 SiO2 • H2O
3CaO-2Si(VH2O

2 CaO • SfOa • H2O

3 CaO • SiOa • H8O

Le Chatelier, Bull, de la Soc. Chim., 1885, 42, 82.
Jex, Tonind. Ztg., 1900, 1856-1919.
A. Meyer, Bull. Boucarest, 1901, No. 6.
Zulkowski, Pamphlet, 1901.
Landrin, CompL rend., 1883, 96, 156, 379, 841, 1229.
Michaelis, Jour. f. prakt. Chemie., 1867, 100, 257-303.
Michaelis, Verhandlung d. Vereins z. Beftird. d. Gewerbefleizes, 1896,

317.
Eebuffat, Tonind. Ztg., 1899, 782, 823, 853, 1900.
A. Meyer, Bull. Boucarest, 1901, No. 6.
Erdmenger, Chem. Ztg., 1893, 982.
Rivot & Chatoney, Compt. rend., 1856, 153, 302, 785.
Michaelis, Jour, prakt. Cherrrie., 1867, 100, 257-303.

Michaelis has also stated that the composition of a fully hardened
cement may be represented by :

246 (3 CaO • R 2 0 3 +3 H2O)+661 (5 CaO • 3 SiO2+5 H2O)+93 (CaO+H2O).

Allen and Shepherd have made the remarkable statement that the
view that Portland cement is a mixture of various constituents is
supported by ' a large amount of evidence.' I t would be mostinteresting
to see this voluminous evidence, as it is entirely unknown to the authors
of the H.P. theory. Indeed, these critics appear to have overlooked
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a fact to which Rohland has drawn attention, namely, the undeniable
relationship between the constitution of clays, ultramarines and
Portland cements. If Portland cements were mixtures, then clays
and ultramarines could not be definite chemical compounds, yet the
available experimental evidence is entirely in support of their definite
chemical composition.

Almost all students of the constitution of Portland cements have
overlooked the following considerations :

Portland cements are, theoretically, highly basic lime salts of
aluminosilicic acids, i.e. they are basic salts of which clays are the
corresponding acids. Their general properties are in entire agreement
with this view of their constitution, and it is incomprehensible tha t on
treating clay with calcium carbonate in the manufacture of cement,
the product should not be a lime salt, but a mixture of various silicates
and aluminates. I t must also be remembered that Vernadsky has
proved that free carbon dioxide is evolved when kaolin is heated with
sodium carbonate and that a sodium salt is formed quantitatively.
Analogous reactions occur in the synthesis of ultramarine from clay,
sodium carbonate and sulphur, wherein sulphur addition-products of
the sodium salt of the clay are formed. There is no foundation whatever
for the assumption that the reaction between calcium carbonate and
clay produces any other substances than those which the H.P . theory
demands.

(a) The Chemical Constitution of the Portland Cements

If any suitable hydro-aluminosilicate such as

- A A A A .
Si Al Al Si

"YYYY"

—which has been repeatedly mentioned on previous pages—be exam-
ined, it will be found (p. 139) to possess two kinds of OH-groups, viz.
a- and s-hydroxyls. The a-hydroxyls play a special part in the forma-
tion of the -4-aluminosilicates; in the formation of Portland cements
the 5-hydroxyls are specially important. The hydrogen of the
^-hydroxyls—which may be briefly referred to as s-hydrogen—is, unlike
the o-hydrogen of the a-hydroxyls, replaceable by such groups as :

—R"-OH, — R " - O - R " - O H and —R" • 0 • R" • 0 • R" • OH,
(R" = Ba, Sr, Ca, Mg, etc.)

The basic atomic complexes are known as hydro-basic groups and as
side-chains.* If the elements of water are split off from two neighbour-

* For an explanation of side-chains a good text-book on organic chemistry
should be consulted.—A. B. S.
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ing (ortho) poMticmN in th«* hvdrobiiMc M<k*-chamfMuihydrobaBie groups
an* formed UH phown :

(> - K* • off

o i r « o i r

« o i r - on
- o - i r - o - i r • on )

o •If
• If

o •
o-

if
R' • 0 -

\
R-/ 0

byirobawr ntomir

-O • H* • OH, O • I f • O • I f • OH »n«l O • i f • O • R" • O • R* • OH

may b«- rt<prcM'iitrci, tu'ttittiina U> tlw utimlnr at H"-atom«, by

hf tii>by<]r«tbn>tir vmnph s»«

- O • R - \ O • I f ~C> • R* • O • R '
- 0 • R " / ' O • R* • O • R V u > o • I f • O • I

-<) • R* • O • R# I) • I f • I) < I f • O - H\
o • R* • o • i f • o • K V " 1 o • i f - c j • i f • o • R V ° p t c >

may pmah bt? indirnliHl, Hrrordtng t« thr imtnt'n*r t*f R"-aic>niif by
ir, :r\ 4 \ a% 0-. rt<?.

A ft*w rxumjiirii will muki* thin rlfiir
(3) OK OK (3) C2j OH OH (2)

S " ! Hi AJ ! A1 * i m m I » | AI | AI I *

* I , I « I 1 j i
(3) UK OK (3) (2) OX* ON* (2)

2 Kto • m it*o •» HSO • x*fo * ao R#o • «>ffo •

(2)

.Si Al H.

5* 5*
4 H,0 • W lt#0 " 0 Al,O, • 12 SiOg

Suit.
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What has been stated with regard to substances of the type
Si • Al • Al • Si is equally applicable to other types, and the existence
is, therefore, possible of :

30—

=(3 )

= 3°
etc. etc.

The Al may be partially or completely replaced by the sesquioxides
Fe" ' , Cr"', Mxi'", Ce'", etc., and the Si by Sn, Ti, Zr, etc., whereby the
number of these basic salts is largely increased.

Some of these basic salts with definite hydro- or anhydro-basic side-
chains (viz. when R " = C a , Mg) are manufactured on a large scale and
are sold commercially in a finely-powdered state under the name of
" Portland Cement." (It would be more correct to use the plural form
— " Portland Cements.")

These Portland cements certainly contain 3° chains ; their maxi-
mum content of base remains to be found. Good samples appear never
to exceed a maximum corresponding to 6° side-chains. Apart from
this, these cements appear to contain a little alkali (in the aluminium
hexite), a little water (probably basic), and small quantities of such salts
as K2SO4, K2CO3 , Na2SO4 , CaSO4, etc., but only as impurities.

The following are typical examples of Portland cements :
(2)(2) OK OK (2)(2)

«=4°

=4°
+ 0.5 CaSO4 + 0.5 Na(K)C03

2 H 20 • 24 CaO • 8 MgO • K2O • Na2O • 6 A12OS • 12 SiO2+2.

5°

4°=
+ 0.5 NaCl

5° OK 5°
20 CaO • 16 MgO • K>0 • 3 A12O3 • 12 SiO2 + 0.5 NaCl.
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•J

i -v ! .,.

•i" :»•
3i> ('«(> • :i AljOj • ir, s i >3 , <*,:, KSSI *,. H<«, KC%

(̂ i Th« Reaction* occurring in tho formation of Port land Cnm®nt$, and the
influonc© of th« timo of Imattng a&d ttt« tompftratunt on the Products
iWtluml ft-iû iit•« ui.'iy !**• iwvU- \>y hunnn^ th*< m«*-4 widrly different

rlity*, with ii«*!iiiifr iju.:*ritifi«---' <»j Iiiti*- «»r mlmim rarbonntr. '!*!»• ratio
t»f linj** ffirlny ii*i>ur.!illy v*tf4#'> with ?hi*l̂ tt«T. HitIĤ Tt**f tlu* proportion
of liiiji* nntl t'hiy hn'-» i«'<"-ii fi%««ii i-inj*inrnl!y» i,«», ii lian l-M-ft? nrrnn\zi(l
ia*rr»nlirig to a tfrfiiiiif rul<* (tvrinrfl ?ii«f hy*inmhr m**(uhiM) ff.>ri*arh kiLcl
of cky.

A-H, iirrr»rdtiî  to tin* luithor** thi*<-»ry (j», l*$2)t i\w vhiy^ ntt* nn*vtAv
rJutniiiUHilirir urulk, th«» r«"n«'tfim** UJ»»*-|J nrMir iti tin* hunting of
I'fMMit nr** tibvifiii's niifj roi»H|s»t rhn'fl>' in rrpiariiig th^ *4iyrlrogi*n in
ihi* riiy hy nnhyilrolut̂ ir Kruup̂ . TKJM *"aiii;«»t t*** HI* rniiiiJy «*hM*rvrri
in t)»«* i't»miurrfijil fiiiiiitif>.»-!nr̂  * f thr-.i* n-iwuf̂ , «t* îlm*. nhmiirm,
!ircif% iilkuli, vU\ (m tin* j»»rni of impiintî H ?ii thi* rMiilf, iin* ncirlcd to th«

in thr f*rsginftl inixiiirr iu»rj j*r**fiti*~f* othrr typf*H thnn thoM*
rt* iipmTiiwl in «lt*t/ii).
To ohtiiiu f*Mim* itlri*. of th«* mttn*-nrv t»f i

fio.ii of thi* hunting it i«» nrri^^#ry t« «>*« th** ilyinuiiiHUtioii theory
(p» ION). Arronitiig !*• thif*, th«* o&ygr-fi vji|riir$r« wliirh iiro in m mattir-
atfil Htiitî  in tlit* riiw fiiiil««ri»l nr«T *«*t lr«^* uhi-n th<- t^lny, «*tr, in hfiitrd
to iti* vitrtftt'iitton p<*iiit. If t li*̂  hrBtinn i» prK4*iiin;rfl nr tin* t r
ri**t»* mttrh nln-ivr Ihtii Mi^df^i to proiliirr vitriiinitioji, 4
prmiuotM iirr for in*1'*! nnd th** fr<*«* #i&yg**ti vitli^nriri«
jiiirtiiiliy or mnnplrtrly imumL If tlit- Iir^it ing IH Mill further p g
nr tho tl*mpi*r2ilun* i*̂  r»t*»r<l imlil tlw iiiiit^rinl itirlti»:> an i i i rn^^t in the
l i y of flit* Uithir m)iriitri» j i r r^n t m»y l^4 *4^i*rvi^i, At I lit* m« Hmg

of thi* mmt^riiil* th r §*f4yrin^rin^iit*n tittiiitii* n iniijiiitiiim ; tha
tlwwily mti^t, r»f tirr«^.%iiyf U* r twhr*! #iiniiltftni*oti#)v»

Thii* i'liimgt* in di»rn«tl.y ttndrr tlir tnflti«*nr#* of hr»t hm tirt*n rrp^nt^iify
h l by vnrititi* in%4t*nligiitcir» n* wrll m hy the* Anthom of the

val tiwM*.
fW» rrini*iil**r!itioiii*' ii fnlkiw* that tlw »#ih"ity of tht,1 ba«i0

wilt#« (which in diii^ t« thi* Ittwmtinti of mmmtfary onyg**n vnbnoir« at
th^ vitrtiit*Atmti U*nt\wr$%ttm* of tin* miitrriiil) in diinini#hi*«i or ttvtm
dfistmyril c»n |irolongc*d hunting i t A t«tti|n^niltsf^ AppraAGhing tha
mrlitng point.•••*
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Both consequences of the theory—(a) the increase in density on
prolonged heating, attaining of a maximum at the melting point, and
(6) the diminution of activity or ability to hydrate—are fully con-
firmed by the facts.

In confirmation of the second consequence of the theory, the
following facts may be cited : A properly burned cement, if crushed
to powder and then mixed with a suitable proportion of water, readily
hydrates at the ordinary temperature. This property of cement
diminishes on prolonged heating at the vitrification point and, in some
cases, ceases entirely when the cement is fused.

If the temperature is raised much above the melting point, further
reactions may occur, the polymerised molecule breaking up into its
original constituents—i.e. into single cement molecules—or decom-
position occurs within the cement molecule itself. In the former case,
useful cements are produced. Schmidt and Unger have prepared
crystalline Portland cements from such fused substances by means
of the electric arc. Sauer has investigated the optical properties of
these crystals. When crushed and mixed with water they set rapidly,
with an appreciable development of heat.

This theory of the formation of polymerisation products of alumino-
silicates (including calcium aluminosilicates) at high temperatures,
provides a simple explanation of several facts which have hitherto
proved puzzling. Among several others :

The Reactions -which occur on granulating furnace slags and the
formation of Silicate Cements from them803b

are thereby explained.
The raw materials from which iron is obtained are the iron ores.

In addition to iron, these contain other earthy constituents such as
lime, silica and alumina. The object of smelting these ores with coke
in furnaces is to separate the metallic iron from the other materials
and to remove the latter in a fluid state as slags. In order that the
slags may possess the necessary fluidity, the lime must bear a certain
ratio to the silica and the alumina, and great care is exercised by
iron-smelters to ensure tha t this ratio is maintained. In most cases,
the proportion of lime in the raw iron ores is too low and an addition of
limestone is, therefore, made. Under favourable conditions, the
molten iron and slag separate readily in the furnace on account of
the great difference in their specific gravities, and are allowed to flow
separately out of the furnace at two different levels. The slag carries
off all the lime, silica and alumina in the form of a calcium alumino-
silicate.

If the slag is " quenched," by allowing it to fall into cold water, a
material is obtained which, if crushed to a fine powder and mixed with
alkaline solutions (lime-water, etc.), hardens to a strong mass. The
material which has not been granulated does not possess this property.

The simplest explanation for this difference in behaviour between
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whic-h havi* tw*rn %mnuh%U'tl and nthrr* i* t ha t tht* latter are
polyiwriM'd, wlifrrax thr t jumrhfd <*r granulutrd »bigs undergo an
* * iltt fiul vrnt*riHiif if in,f * i.t*. a breaking up mtu *<iitglf msu-nt molmik'H.

A^niji^t thin virw it may b«* argued that. thi*H* hlagn ar<» only
mixttin*H and not rhvtnivnl roinptMind,*, hut n«> *ati»fartory proof ban
hern fciunci in Mipport of thiw ohjet linn. On th r mn t r a ry , it i* ohvknm
that the manner in whirh thr^e ^hig* nw pn*durt*d in neither irregular
nor t?upri<*iou*, hut in in ur*rurda!ir<- with fif*iinit«« '* liiw**/* tlu*ir cum-
pOHitkin only varying JII tin* Hi-vrrul wf*rk,H IKH-IHIM* O{ fiilTrrrncrrt in
th<* iron on*n IHWH).

H«*nn% if an inm «in^ f*f rtmnfant rom}*«nili«in in tiwd in a given
workif, tht* ctntt\mmium of tht^ t*U%^ will fi!»o In* tuitiMtnnt. Thin ttmna-
<jiirm^ tjf tlit* authors1 m*w th«*«>ry tif th<* roiiHtittitinn t̂ f f»iagf* i^ adopted
hv »lantwnM*, w!m fiujijMirti* it hy tin* follnuin^ i»imiy î*H cif furnace
*li*K«* from tlw* }iufii*riiHlrnii Work** in IHHH t a !NfH)/lHU3v 1 Hilli and

iu'wj u/2i <i tth i» :iu 4V.I" !.:#«» ;M7 U*« (»»«•
34.All Ill.W OJH 11,114 W 4n 4T 41 t44 t.WI |,3U M
34,23 1«2*« 0.33 «,tt# Tr*»^ 4**.-'«i I H? XM7 1,13 M
3f#,4W 10,4ft •-••«—<*.•—«• M ( ^ T 4*i T4 l ,?2 I.Hi t,2M M

if, 1*1

Thi#« r^miirkuhli* n*giikrity in tip* runif*ittittt»!i **f tin* hlag** during
long a jwrkitl cannot \H* a IIMTI- r*»ini*if|i*ii«"i*. It i** fur ition* i^hamcrk^r-
i of a di*finit^ law*, Mtu-h II-H i« niily nhnrrvrii in mmtwctum with the

formaticm of dt<finit4* t hrnnt nl roriij^nntl^.
Alltni and Hh**phrrdT*? clt*fiy that thin vMmtmwy r*f rotii|»D^itiatt i»

dur* to tht» n*it-win i«t»t<**l and rrgnrd it a^ ivnu,w*tl hy tin* vnmlnnl c*om-
pciHitinn of tht* tmxttirr* rhiftrgrii int«* ttw* fiirnarv. Th*^y i^ncirairour to
fiupjiort thinr content ion hy Matmu lhat innriy ininrriit** hiivt* limn
fciiint) in Htirh uliig^, and protr^t iiKwii^t m^tniktioiii* tin th r i*trtictura!
chtvmtrat natun* of wil^tnni;it« of which thr*. !itoli*rtiliir weight in un-
known. This otiviotati rrpfy l*i Mirii a rritiri^in t** that it t*« quiu*. l»f*«id#
tht* pottst. Tht^n* in no inidrtirt* in nupfmrt of ifir %iî w flint tht* com-
pOHilton of th# # b p in dt*jK iidant on t ha t of the* rhargt% ni!t*pt in io
far an all ehemtnil rt?artioni» n*ijttirr« r r r tnin j*rcij#firtioni* at raw materials
before thuy ou t aetnar. Thf» furt tltui tbt» rhmrgr in ronnliitit, or
variable within certain iuniln, in imt intt^mpmttbh with ihi* formntion
of diifkiikt almmiiHil t:<iit}poitiid#*

Thw further ftlkgmtbn thiit mm?h nlngii ronl*tn mntty minrrak in nol
ftiipportHl by fnct#«. •l»nlr^n, who «rrivt«I nt t h r wimi* rosiclttiftionan tha
authorp of the II .P. tbrory, rfinrt«rtttng tbi» pbgn htt f*XAtnincrdl9 tntiit
havi*. n?A£hi*d a widrly dlif!i*rrtit rcinrhntion »f tht* i*l#g.n hail really cos-
taintfd iitiin<?roiiit mm^r^U,

If Allen and Hht'pherd sntvi^t on rrgarding wlag^ nn a kind cif ** glaaii19

i.t, an a mix tuns it in difficult to mm bow thf y r an ftxpUtn »tiifacfU>rily
this r**nwlt«§ of Lungo'n c«x{ic*rtiiKMtt4i (pp. 1 Ho and 171) on thi* bthaviourol

l l and tingrmniilatnl *1»RH with alkmlit*!*. I t would be a tuost
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remarkable coincidence if such slags behaved so completely in accord-
ance with the H.P. theory, if this theory were quite erroneous.

With regard to the determination of the molecular weight of the
constituents of slags, it is one of the advantages of the H.P. theory
that (as has been previously pointed out) it furnishes for the first time
a fully established hypothesis concerning the minimum molecular
weight which a substance can possess when in the solid form. The
determination of this minimum has been impossible hitherto, as no
method yet known—not even the physico-chemical ones used for
soluble compounds—is applicable to solids. The published molecular
weights are, as the present writers have shown elsewhere, only applic-
able to substances in gaseous form or in solution, and cannot be used
for substances in a solid state. The charge of lack of knowledge of
molecular weight of the compounds concerned cannot, for this reason,
be urged in opposition to the H.P . theory.

Previous theories as to the nature of furnace slags have led to most
puzzling results. The theory that the chief constituent of these
slags is a definite chemical compound is confirmed by the fact that
analytical results obtained by Jantzen agree well with the formula :

26 CaO • 1.5 MgO - 0.25 FeO • 0.25 MnO • 3 A12O3 • 18 SiO2 • CaS • 0.5 CaS04

V

3 ° =

QO

An experimental proof of the authors' views of the constitution
of furnace slags is to be found in an investigation of slowly cooled
and of granulated slags by Lunge30S, who obtained the following
results :

21.5 CaO • 0.5 MgO

CaO
Calculated 47.46
Found in \{a) 47.17
Granulated slag J(b) 47.14
Found in \ (a) 46.38
Ungranulated slag/(&) 46.40

) - 2 ]

2)(2)
II

:<(Si
II
4°

MgO
0.78
0.73
0.73
0.81
0.81

H2O •6

] A I Al

CaS
2.82
1.82
1.82
1.79
1.79

A12O3-

S i / =
II
4°

A12O3
23.93
24.36
24.20
24.64
24.82

10 SiO2 •

3° • CaS 1

SiO2

23.60
23.38
23.60
23.29
23.50

CaS

m

H2O
1.41
1.06
1.25
1.21
1.17

—
0.72
0.84
0.98
1.10

4> Unattacked by caustic soda or sodium carbonate.
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this difference is easily understood. Through the combination of a
large number of cement molecules to form a combined molecule
the strength of the bonds of the alumina in the ungranulated slags
is greatly reduced.

On the other hand, it appears as if the combination of several
silicate molecules, to form a single large one, weakens the bond in the
pentites ; otherwise, no explanation can be given for ungranulated
slags giving up 4 to 5 times as much silica to sodium carbonate solution
as do granulated slags.

(c) A New Theory of Hardening
Various theories of hardening are stated briefly in the Bibli-

ography.*05* None of them are entirely satisfactory, hence the need
for a fresh hypothesis based on the hexite-pentite theory.

In the following formulae is shown the composition of various
hydrated hexites, derived from one which is capable of taking up
hydroxyl progressively, i.e. at different intervals of time :

i I I

\ _ \ _ - V - = = = =

x| |x |x| |x| |x| J x _
\ / \ / \ / ~~\/~~ "~\/~" ~\/~"

i i i i i a
6XOt Ht0'6X0a 2Ha0'6X0a 3Ha0'6XOa 4HaO'6XO» 5H2O'6X0a 6HaO-6X0,

a b c d e t s
The conversion of a into &, b into c, c into d, and so on, is accom-

panied by an increase in the volume of the molecules concerned, so
that the molecular volume of b is greater than that of a ; that of c is
greater than that of b, and the compound g has the largest molecular
volume of the whole series.

In converting the compound a into &, 6 into c, and so on, the
separate molecules in each group take up definite positions relative
to each other, so that between &, c, d, e, etc., definite attractive, or
more correctly molecular, forces are bound to exist.

Assuming the molecules to be in the form of minute spheres, the
last statement may be expressed graphically by the following diagrams :

b Molecules c Molecules d Molecules

Each addition to the molecule of water in the form of hydroxyl
groups,305b with a corresponding increase in the size of the molecule, is
termed a hydration phase. I t is clear tha t any substance which is sub-
mitted ^o a sufficient number of hydration phases must set and harden,
because with the increase in the molecular volume the space between
the various molecules must diminish and their mutual attraction or
molecular force must correspondingly increase. Hence, every substance
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which ran tnkv up \VH1»T pr<^r«<^ivrly, i.*\ wlmh ran undergo a ttf»rkw of
hydriition jiha i?s uiti I \H* a hydmuliti* fvrr foot not** p, 15*1).

Kxjwrii'jirii* IJUM ? h*»uf} that if tin* !ii I hydnttion pha**** follow rack
othrr rapidly, ritht-r n«» hardming nrrurn or what litt!*• hardening
tak«••« plarr j> \vl\ U'r\*U\

Thi «• fart* limy I*' rxp la iwd in ttrronbim•*• with tht* ni*w tht*orvt

by HtatiiiK that if tin* (mirat ion phî ,*<w f**ll**w vnvli otlwr rapidly, thti
h]mi*f*H IH*I wrt«n ttif* inoli*t*ulf[ ^ ar** too Iiif^«s or af any rati* mvi^h larger
than whfii tin* hyilrattou orrurn morr- i^loulv. If thin <«xpkitiation in
ro r rwt , it I4H»II1CI l«f («>w4blr tttlrvai buhntnnri'K whirh hytiraff rapidly
iiiid do nut Itiirdm in Mirh a inauiM-r fâ » by applying pn^Min*) thai f hn
moli*riiI*'H nn* bronchi nvnrw Uwthvr. Thf {*itvt*< provi* that. whi*tt i h b
in flow*, lhi* Mib^taiiri" win nijij hiirdrnw, fhun liilly rontiriftitig lha
ihfory. Quickliim* i« a typiri*! * ̂ atfiplt* nf a miilrniil with nipicl
hydralion |ihnw*H, and whi*n it in iditki-ti it IHJIH rmnpU^irly Ut powder
with a ntn*idrn*hli* dm<t«li»pnn-ijt of hi»*ti and tin* ««v*4tstit»ti «»frltnaiii«of
»iriim, AwortiittK t«i K n a p p i M , htiwrvrr, vd«ry finely ground ipit^klime
whi*n ttiixril with %v*tti*r in n -Htiitiibl**, tightly rjowd VK-HN*! j»rodum<n,
afk*r wv^rnl lionr^, a niut^rint %%'hirh in hurdrr ihun cirdinnry bliutk-
br»ani rhuik.

From tin* fongoing htMU*m*rntn. fh«* fojttming ^ontlitianHi and
*ri**iitx« of ^II*H| hydraubt^H rniiy In* *Irfitir**d ;

1. Th<- rurlirr tmir^tififi J-IIJIWH mti*i rw-cwr nt mufficfetttly Icing
l

2. Thif rnAt^rinl rtiti«*t utifirrgM a kri*^ nntnbi'r r»f hydnition pltmtes*
Of wvrrjnl **tit*t*tittt̂ t*-#» itntlfr Biitnliir ninditintii*, ttn* oni* whirh under*
gm»f€ iht* int>f*i hydraiitin phiiw-« will i v# niwuily b* iht* bnrtit*nt and
thr moil dt*ni*i\

3. rI*lit* Kmiiilrr thr ilininnrr bf<t«»« îi tin* imitrrtifcn of a hydmulila
dtiring thr flfil hydnttinn phnw*s tin* harder nnd d^iutrr will be lha

d

Th© Xf« Tkoory of HAi«ift»>i«| ikmd Hi#

, Acccmlirig t« Urn* lhrt*ry» ^ I t in i i intii»t. ^ pn»VMitiHi if tha
tif hydrmtilili* nn* t«io Jar njmrt* »# wht<n i«o ltitit*h wnl#r is
An ftx^nH of w»i^r mmy itUt* brins nbnul loo rapid an

mldilitm irf OM-fmtipn mid thii*. nccoititfiK u» thi» tiĉ w theory» tntiit
hnvi* n d«*trimi*ftt*t t«nrrlf

I I , I t ulna f»llowi«frofti tht* lht*»»ry ilmt thi* ̂ ftmlliuMt of thi* hydrau-
litii pitfiiftrn miinf pl iv a j*primi p*irt $n ^ l l i r t g and hardening,
Thi« KtnAlkr ih^ fM-Hiri** Iht* r^iwirr nnd ntof^ rmpid will \m tne
hydmfion ; thi* brp^r Urn |mriirfctn fjh«« mom dtffiattli will i t bt to
h y d m t r th^m^ A definite dt̂ pnw* «f finrn^Ni tn9 ihri^lfin*, nn cmimttAl
mmtlitmn ni hydriftifni* utid $1 in th '^rr t imilv^ aw well an practirrtlly,

y U» rrgttki«* lhi* iiil̂ r%4mlni of tiffin betwcurn the hydmtioa
(M*. thr rnir uf rnmbiti^tifin with wnf«*r) by tnvum of th«* finc-

of thi? purticlim of r#irti*rtt,
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I I I . According to Knapp3 0 8 , anhydrous magnesia (prepared by-
calcining magnesium chloride) absorbs water with no development of
heat and with extreme slowness, a stony mass is produced with a hard-
ness somewhat greater than tha t of marble. The lighter, more porous
magnesia (obtained from the hydrous carbonate) combines rapidly
with water and finally forms a porous, talc-like mass.

Richter309 maintained finely powdered, anhydrous calcium nitrate
at a white heat for six hours in a platinum crucible and obtained a
vitrified porcelain-like mass, with a clearly defined crystalline texture
on the fractured surface. When ground with water this crystalline
CaO sets like cement. If the lime is insufficiently heated it is found to
crack badly on cooling.

Allen and Shepherd737 state that only large pieces of fused lime are
indifferent to water, and that finely powdered, fused lime does
not differ from ordinary quicklime. This " fact," which requires con-
firmation as it contradicts the results of Richter's investigations, is used
by Allen and Shepherd as evidence against the H .P . theory. These
critics consider that the reduced reacting power of the burned material
is not due to polymerisation, but to the size of the pieces, i.e. to the
surface area. If this were really the case, calcium aluminosilicates
(cements) must behave exactly the same when burned hard of soft,
provided that the material is ground to the same degree of fineness
in both cases. Direct experiments show, however, tha t this is not the
case.

These interesting instances of isomeric lime and magnesia are
readily understood in the light of the authors' thepry ; both the MgO
from magnesium chloride and the crystalline CaO are polymerisation
products which have hydration phases like the hydraulites and harden
in a similar manner.

According to the authors ' theory, the cause of disintegration in
some materials is due to hydration phases following eacli other too
rapidly, owing to the material not having been properly burned. -Ip.
this connection it must be admitted that disintegration may also be
due to other causes.

For instance, Michaelis310 attributes the cracking or " es;pansioia "
of cements to a subsequent increase in volume, this being du© to three
causes : first and foremost to a high percentage of lij^e, second to.tHe
presence of calcium sulphate, and, finally, to irregular particles and
coarse grains in the cement.

That tod high a percentage of lime may bring about the destruction
of the mass is a simple inference from the authors' theory, as lime and
alkalies effect an intense and rapid hydration, and a sufficiently large
proportion of lime will cause the hydration phases to follow each other
very rapidly.

An iiregular distribution of coarse and fine grains in the cement,
resulting in disintegration, may be explained in terms of the authors '
theory because, as already mentioned, a fine powder is hydrated more
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rapidly than a coarser one and forces differing in intensity are thereby
set to work in various portions of the material, with the result that the
latter is broken up.

The harmful effect of gypsum or plaster of Paris in silicate cements
is described later.

IV. Quartz crushed to an impalpable powder and then levigated,
will not form a hard mass with lime and water.3 1 1 Opal, similarly
treated, hardens slowly, but well. Calcined silica, such as that obtained
in silicate analyses, when mixed with lime, hardens rapidly but badly.

According to the authors' theory, lime effects a hydration of the
opal and calcined silica, so that they harden; but, as lime does not
behave in this way towards quartz, with the last-named substance no
hardening occurs.

According to Winkler312, if a mixture of three parts of quartz and
one part of lime is strongly heated and the sintered mass is then
crushed with six times its weight of lime and a suitable quantity of
water, the mass hardens slowly and strongly. I t is clear that in this
case a series of hydration phases occurs at long intervals.

V. The authors' dynamisation theory also explains why it is
necessary for most silicates to be heated to redness before they will
harden in water (like Portland cements), or with lime and water (like
puzzolans). In the case of clays it has already been shown that, on
heating them to redness, or on causing them to combine with a base,
the bond between the hexites or pentites of silicon and aluminium is
weakened, and, for this' reason, such silicates precipitate gelatinous
silica when treated with dilute acids.

The authors' theory agrees with the discovery of Fuchs that only
those silicates harden which contain " soluble silica," with the one
difference that the " soluble silica " plays absolutely no part in the
hardening process.

Different silicates must be heated3 1 4 to very different temperatures
or for various periods before they will harden with lime and water.
For some of them a short heating to redness is sufficient; others must
be strongly heated for a considerable time, and others must be almost
melted. According to Fuchs, the following substances harden with
lime and water after they have been sufficiently heated at a suitable
temperature: felspars, leucite, various magnesium silicates such as
talc and steatite, analcime, natrolite, clays, etc. All these silicates
harden because the heating and subsequent treatment with lime and
water produce hydration phases in the manner already explained.

The cause of the hardening of " trass " and " puzzolans " with, lime
and water may be explained in an analogous manner. The trasses and
puzzolans are simply clays, and only differ from ordinary clays in the
alterations they have undergone in consequence of volcanic action.
In the course of time these substances may again lose their free
secondary valencies. Such trasses or puzzolans are improved by being
heated to redness.
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A considerable number of hydraulites of the most widely different
composition have already been prepared. Thus, various aluminates,
ferrites, ferromanganese oxides and silicates, borates, calcium sul-
phates, etc., have marked hydraulic properties. A further study of the
hardening of these compounds must eventually lead to the proof of
the existence of hydration phases.

VI. The Causes of Hardening of Portland Cements-. If a definite
silicate cement is selected, e.g. the compound

4 -

the following substances may be formed from i t :

5°

-t-4 Ca(OH)a etc. etc.

If the hydration occurs as indicated in the above formulae at definite
intervals and with a definite increase in volume, hydraulites are pro-
duced in accordance with the authors' theory. The absorption of
water does actually occur in this manner, as will be explained in the
next chapter ; ZulkowsM818 has experimentally proved the increase in
volume. He treated ground slag with water, and obtained a flocoulent
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correct) must therefore be capable of extension to organic cements in which hydros ols
are converted into hydrogels, forming cementitious substances, just as inorganic
cements pass through definite hydration phases into stone-like masses.

Bone-substance, which is essentially a highly basic calcium carbo-phosphate
(p. 271), is probably derived from an organic cement whose hardening phases are
analogous to those of Portland cement.]

The Consequences of the New Theory of Portland Cement
and the Facts

From the foregoing theory of the chemical constitution of the
Portland cements and the corresponding hardening theory, a series of
interesting consequences may be inferred, the value of which may be
proved by means of the experimental material available.

From, the theory it follows that the calculation of the formulae
of Portland cements from their analyses must lead to compounds, the
existence of which is theoretically possible. The calculation of the
formulae from a series of cement analyses fully confirms this conse-
quence of the theory ; the high content of bases is particularly notice-
able in some analyses. Whether the whole of the base is in actual
combination is doubtful; further investigations are needed to decide
it.

The formulse calculated from cement analyses (see Appendix) are
shown in the following Tables :

(a) n MO • 3 R2O3 • 12 SiO2 • 2.

I. 24 MO
II. 34 MO

HI. 35 MO
IV. 36 MO
V. 37 MO

VI. 37 MO
VII. 37 MO

Vin. 38 MO
IX. 39 MO
X. 39 MO

3 R2O8 - 12 SiO*
3R2O8
3R2O8

• 3 R2O3
3R2O8
3R2O8
3R2O3
3R2O8
3R2O8

• 12 SiOa
• 12 SiO2
• 12 SiO2
• 12 SiO2
12 SiO2
12 SiO2
12 SiO2
12 SiO2

3 R2O3 • 12 SiO2

2

• 2
• 2
•2
2
2
2

•2

(b) n MO

XI. 29 MO
XH. 34 MO

XJH. 35 MO

3 R2O3 - 10 SiO2
3 R2O8 - 10 SiO2
3 RtO8 - 10 8iO2

(c) n MO

AI,O,

1.50
2.00
2.00
2.00
2.00
2.00
2.25
2.25
2.00
2.50

Fe,O,

1.50
1.00
1.00
1.00
1.00
1.00
0.75
0.75
1.00
0.50

• 3 R2O3 •

AJ,O,

3.00
2.25
2.25

Fe,O,

0.75
0.75

• 3 R2O3 • 18

|iAI,O, Fe,O,

CaO

26.00
34.00
35.00
36.00
36.00
36.25
36.00
38.00
38.25
39.00

MffO

1.00
—
—
0.50
1.50
1.25
2.00
0.50
1.25
1.00

10 SiO2.

OaO

29.0
31.5
32.5

SiO2

OaO

M«o

2.5
1.5

• 2 .

M*O

K,0

0.25

—

—
—

—
—

Na,0

0.25

—

—
—

^

K,0

0.5

Na,0
,

0.5

K,0 Na,0

SO,

0.5

—
0.5
0.5
0.5
1.0
0.5
0.5
1.0

SO,

—
—

SO,

CO,

3

—

—
— •

-
—

CO,

CO,

H,0

2

—

—
—

, —

H,0

2
—

XIV. 52 MO • 3 R2O8 • 18 SiO2
XV. 54 MO * 3 R2O8 • 18 SiO2 • 2 2.25

3.00
0.75

52J
53i.75l 1.25| — 1 I —
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t) n MO • :t i t t o , • I5SJO, -::.

X V I .
X V I I .

X V I I I .
X I X .

X X .
X X I .

X X I I .
X X I I I .
X X I V .

X X V ,
X X V I ,

X X V I I .

20
21
21
22
24
2f*
3W
42
4A
4 A
4«!
4tt

M< * •
M o •
MO •
M o •
M o
MO •
Mil •
M n •
MO
Mu •
MO
MO •

3 ! y *» • IA HtO, * X
3 H o v • !
3 It O • i
3 i y u * J
:* l y * , * i
:i 1 1 , 0 , I
3 It O- » I
3 It O t • }
3 i y * , i

3 II O. • I
3 It O I

ft S i O . ' •,

fHl< * ? ' ; :

ft Ni< I- • 2,
ft K i o , • z
ft >»iM. ' *;
;, .fnjH • 2;
ft H*«», • X
5 M i , « £
ft f*it t £
A HiO, • Z

2,<tM I.
2 .iHJ \
1MH1 ' J,
2««» t
I.Ml , I.
1.MI : 1
iv/in Jo
2.<:HI h ,

I
2 *,* •*» W
2,2ft 0,
3.2ft 0.

mi
IHI
lilt
ftii
M»
A**
tw»
ftO
7ft
7ft
7ft

22,<•
22. M
2 * '̂
22,<*'
2t*. /*
27.14:

4U.fi1!
4ft!<l:
44. U*
4 ft. ftj
4 t i d

1.0
u. ft
I «

I.'ft
l.r#
2.U
I.A
1.0
1.0
1 0
I J

f*.2ft

0,2/»
ti.^r*

:0,2f#
il.ftlt

,O.ftO
1 •;

O.!IA:

I •••• •
1 «to '

O.W) 'J,i)
0 .50 i.O

ti.2»f*! 0 .50 0.5
0,2ft? IJ,2f* 4.0
f).2ft 4.0
ii m i . noo . s i t t i o
II, &o! 0 .50 2.5

'• li.m '
o.7ft| i ,oo; ••-
' - 10,M)'

l i lO

1

i

2
'2

2

...»
aw.

XXVIII. 112 MO - «!*,«» • I2K?O8- X ! A $ HV tl

X X I X . »W3IO« ft 11,11, in Hii i ,
X X X . 3H MO • il t y ) » In Hit*,

X X X I . 74 M o • n l y i § • I*I H I I K
X X X i i , 7n M O • n i i f t * t i « H I I I ,

X X X l l l . W MO • «i H ^ i , |fi H i o ,

fill n M O

3 I 10

%. **
** •*
!& 3.
w> ft
S *̂
v ft

t«i*

ft
«**
u
«l

u

J
i
j

ft
fi

M
0
fi

40 ft
4*t U
71 ti
v:u
Mi *:»

MUM " «

«» ft

ii II
ft 0
HM

Oft
II. a

men

o.n
0.5

i 2

3
1 *
i 4

UpO
™ 2

I 2
8

! 4
10

XXXIV.
XXXV,

XXXVI, t c v
XXX VII. 9H))iO*K.Ov IB M l ,

XXXVIII. H»MO0Htl l e w o

34 «*•:
I2MJM 0^

Oi

05
05
05
0,5

(h) It Mil * A K/> A

XXXIX. 44 MO * A Ml 44 5 t «
* I i KiflJ • X ; 4-0 ' 1 0 AM.» tU

n%U$ • R ^ O , - t 2 H i O r

« ] « . 11,0

'MM) M ! 8,0

12
Ml-
$O

11 &
ISU

too ! 0.A

XLI, W H O ' 14
XIJI* 31 MO- H

XUIt* $4 » O - H, „ ._,-,. ,- . «.-
XUV, 3S* MO • l i / J , • 12 JM*f t 00 !

T h ^ wati*r which i»nt*r* i n t o r u t u b i n a l i o n fiiiiiil, in ftoy oMe:
^mpubJi* of r tpmicf i i i i i io i i b y u to ichio iBKrica l figitnNi» i .e. in

. thin <?AH t « tltiiii» lit m&m fn$m the (oUowing
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I. Von Teicheck316 has studied the hydration of a Portland cement
of the formula

4 , M A , O D 0 .i^QiO .K'QC) / 45 MO = 44 CaO -1 MgO,45 MO 3 R2O3 15 SiO2 R 2SO4 { 3 R A 2 2 5 M ^ Q 7 5
0

2O3

5°

«°=<E|ffi"
II5°

E 5= 0,75 Na2O •
(see Appendix, Analysis
5°^_

A /
Al

%

//

%

5°

5°

5°

5°

0.25 K2OXXV).

After 21 or 30 days 14-44 per cent, of hydration-water was found,
which, according to theory, represents the addition of 36 mols. of water,
as shown in the following equation :

45 MO • 3 R2O3 • 15 SiO2 • R
/
2SO4 + 36 H2O

= 18 MO • 9 H2O • 3 R2O3 • 15 SiO2 + 27 M(0H)2 + R̂ SO4

In this case, the chief products of the reaction may be represented
by:

27 M(0H)2

(1)

The percentage of water represented by the above formula is 14-21,
which is in sufficiently close agreement with that found by experiment.

II. ZulkowsM817 produced a cement by burning, at a white heat in
a Seger furnace, a mixture of lime and Zettlitzer kaolin, the latter
having a composition corresponding to ALSO3* 2SiOa* 2H2O. His
results suggest one of the two following formulae for the cement he
prepared:

|

Y
5 °

A l A l | S i |

W Y
5 °

_ 4 o

4 4
o A / \ / \ A

I Io r

36 CaO •• 6 Alj.0, • 12 SiO,
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Zulkowski studied the hydration of this compound by reducing it
to a powder, mixing it with water and forming balls; these set when
warmed gently for a quarter of an hour and became quite hard after
one and half hours. These balls were then placed in water and were
found to have become much harder after the lapse of several months.

Zulkowski also found that a given cement after 7 days contained
16-19% and after 30 days 17*05% of hydration-water. According to
theory, 36mols. of water should enter into combination according to the
following equation :

36 CaO • 6 A12O3 • 12 SiO2 + 36 H2O
(1)OH HO(1)

OH / \ / \ / \ / \ OH
(1)

28 Ca(0H)2*

(1)OH HO(1)

The value 16*19% calculated from this formula agrees sufficiently
well with the amount found by experiment.

C

The hydration of cements must take place very gradually. In
determining the amount of water entering into combination during the
hardening it is, therefore, necessary to be able to trace a gradual
increase in the proportion of water in the material. This is confirmed
by the results of a series of hydration experiments by Feichtinger319,
who studied the behaviour, towards water, of the following hydraulic
materials :

21 MO • 3 R2O3 • 15 SiO2 • 2f
(Analysis XVIII, Appendix)

KB)

3°=< Si

2 \ x _ / / 4 °

Al

<§>y

2° 3°

(Analysis XIX, Appendix)
2(o)

4000.8 gins, of the hardened cement mass contain 18x36 = 648 gms. water or
= 16.19 per cent, water.

t 2=2.5 R"CO8 + 0.5
t S=0.5 MgCOj + 0.5

4+H2O.
4 + 2 H,O.
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5°=
5 O J = 5 O

II
4° 4° 4°

44 CaO • 5 R203 • 18 SiO2 • 2*
(Analysis XXXIX, Appendix)

3 (A)

—A

2°=

3° 3° 3°

26 CaO • 6 R2O3 • 18 SiO2 -2f
(Analysis XXX, Appendix)

Samples B, C and D were Bavarian hydraulic limes, obtained by
burning mar l ; A was a Portland cement. The sample D con-
tained 13 mols. free lime (as shown by Feichtinger's experiments),
but in the other silicates the whole of the lime was in a combined
state.

The hydration experiments were carried out as follows : a small
quantity of cement was placed in a suitable vessel and weighed accu-
rately. I t was then mixed with a little water and was afterwards
immersed in water. To determine the amount of water which had
entered into combination, the samples were dried at 100° C. and the
increase in weight was attributed to the combined water.

Calcium hydrate only loses all its water at a red h e a t ; a t 300° C.
only a portion of it is removed. According to Feichtinger, the silicate-
water is also driven off a t this temperature. By determining the
proportion of water evolved at 300° C. and deducting it from the
total combined water, the difference shows the proportion of water in
combination with the lime.

The following Tables—which are based on Feichtinger's researches
—show the manner in which the water was evolved.

In Table I :

#=the total weight of water which combines with 100 parts of
cement in time t.

s=the weight of water which is evolved a t a red heat from
100 parts of the mixture of cement and water at 300* C, i.e.
water combined with the silicate.

g—$=the weight of water which is evolved a t red heat from
100 parts of the mixture of cement and water, i.e. water com-
bined with lime as Ca(OH)2.

* 2=1.5 R"CO,4-1
t 2=2 R'/CO8+0.5

R2CO8+0.5 B2SO4-f-2.5 H2O.
SO+13 CaO+2 H2O.
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Table I

t
Immediately
after mixing
with water.
After 4 hrs.
„ 20 „
„ 3 days
„ 7 „
„ 14 „
,, 18 „
,, 21 „
„ 24 „
„ 2S „
„ 35 „
„ 42 „
„ 49 „
„ 56 „
„ 80 •.

1(B)

g

1.28
1.67
2.08
3.42
3.85
4.46
5.00
5.84
5.89
6.86
7.68
8.30
8.92
9.13
9.50

8

1.28
1.67
2.08
3.42
3.85
4.46
4.40
4.50
4.42
4.46
4.52
4.48
4.40
4.46
4.40

g—8

—
—

—

0.60
1.34
1.47
2.40
3.16
3.82
4.52
4.67
5.10

2(0)

g

0.61
0.71
1.14
1.82
2.15
2.63
2.84
3.46
4.36
4.90
5.56
6.20
7.08
7.34
7.40

8

0.61
0.71
1.14
1.82
2.15
2.63
2.84
3.46
4.36
4.30
4.25
4.30
4.20
4.25
4.20

g—a

—
—

—
—

—

0.60
1.31
1.90
2.88
3.09
3.20

3 (A)

g | .

0.99
1.41
2.29
5.62
6.58
7.96
8.45
8.91

10.40
10.52
11.43
11.35
11.50
11.60
11.56

0.99
1.41
1.60
3.80
4.76
5.90
6.20
6.43
6.60
6.50
6.63
6.60
6.58
6.64
6.60

g—s

—
—

0.69
1.82
1.82
2.06
2.25
2.48
3.80
4.02
4.80
4.75
4.92
4.96
4.96

(4)D

g

6.79
7.80
8.26
8.87

11.20
11.80
11.86
12.75
13.68
13.92
14.30
14.68
14.50
14.73
14.65

s \g—8

1.40
2.42
3.08
3.30
4.20
4.64
4.60
5.30
5.60
5.82
6.18
6.60
6.56
6.60
6.56

5.39
5.38
5.18
5.57
7.00
7.16
7.26
7.45
8.08
8.10
8.12
8.08
7.94
8.13
8.09

In Table I I :
MJ MIJ M2 a n ( i /*3 a r e the molecular weights of the hydraulic

binding materials.
y = t h e number of molecules of water which combine with JJL, /UL^

etc., parts of cement in time t.
(r=the amount of water, in gramme-molecules, lost by /*, fj.v etc.,

parts of the mixture of cement and water at 300°, i.e. water
combined with the silicate,

y—cr=the number of molecules of water which are only evolved at
a red heat from ju, [il9 etc., parts of the mixture of cement and
water, i.e. water combined with lime as Ca(OH)2.

Table I I

t
Immediately
after mixing
with water.
After 4 hrs.
„ 20 „
„ 3 days
„ 7 „
„ 14 „
,, 18 „
„ 21 „
„ 24 „
„ 28 „
„ 35 „
„ 42 „
„ 49 „
„ 56 „
„ 80 „

M=2777.
1

7

1.97
2.58
3.21
5.27
5.94
6.88
7.73
9.01
9.08

10.58
11.85
12.81
13.76
14.09
14.66

(B)
<r

1.97
2.58
3.21
5.27
5.94
6.88
6.79
6.94
6.82
6.88
6.97
6.91
6.79
6.88
6.79

4

—

0.94
2.07
2.26
3.70
4.88
5.90
6.97
7.21
7.87

^=2659.4
2

7

0.90
1.04
1.68
2.69
3.17
3.97
4.19
5.11
6.44
7.24
8.21
9.16

10.46
10.85
10.93

(C)
<r

0.90
1.04
1.68
2.69
3.17
3.97
4.19
5.11
6.44
6.35
6.28
6.35
6.20
6.28
6.20

0.89
1.93
2.81
4.26
4.57
4.73

7

2.50
3.59
5.97

14.32
16.77
20.28
21.53
22.70
26.50
26.80
29.13
28.92
29.30
29.56
29.45

8=458*

3~(A)

2.50
3.59
4.07
9.68

12.13
15.04
15.80
16.38
16.82
16.95
16.89
16.82
16.77
16.92
16.82

5

7-<r

1.90
4.64
4.64
5.24
5.73
6.32
9.68
9.85

12.24
12.10
12.53
12.64
12.63

8̂=4327
4(D)

7

16.30
18.75
19.86
21.33
26.93
28.37
28.51
30.65
32.89
33.46
34.38
35.29
34.83
35.41
35.22

cr

3.36
5.82
7.40
7.93

10.19
11.16
11.06
12.74
13.46
13.99
14.85
15.87
15.77
15.87
15.77

12.94
12.93
12.46
13.40
16.74
17.21
17.45
17.91
19.43
19.47
19.53
19.42
19.08
19.54
19.45



HYDRATION OF PORTLAND CEMENTS 185

These Tables agree with the theory in showing a gradual absorption
of water. Thus 1 B, Table I I , shows that on mixing the cement and
water together only 2 mols. H2O enter into combination, but that after
20 hours 3 mols., and after 18 days 7 mols. of water are combined. A
gradual combination of water may also be observed in the case of
silicates 2(C), 3(A) and 4(D).

I t should be noticed that , according to Table I I , some of the CaO
in the materials studied by Feichtinger split off before the silicates
had taken up the maximum quantity of water. Thus 1(B) can bind a
maximum of 9 mols. of water, but the lime splits off when only 7 mols.
(after 18 days) are combined. After 80 days this silicate took up no
further quantity of water. A similar result is observable with 2(C),
which is analogously constituted. In this case, the lime separates
when 6 mols. have entered into combination, but' only after 28 days.
With Portland cement 3(A) the lime separates after the combination
of 4 mols. of water, i.e. after 20 hours. In the compound 4(D) the
hydration of the silicate molecule occurs somewhat rapidly, on account
of the presence of free lime. After 20 hours the silicate molecule
combined with about 7-5 mols. H2O. The separation of the lime began
only after 3 days, after 8 mols. of water had entered into combination.

The structural formulas 1(B), 2(C), 3(A) and 4(D) show clearly the
reason for the separation of the lime at an earlier stage than is the
case with other hydraulites. The larger the basic side-chains the
weaker must be the bond of a portion of the lime. The structural
formula of Portland cement shows 4°- and 5°- side-chains, whereas the
structural formulae of the other compounds show at most only 2°- or
3°- side-chains.

The figures 16.82 and 15.77 molecules of o—water,* which are taken
up, after 80 days, from the compounds 3(A) and 4(D), at first appeat to
be opposed to the authors ' theory, as for the latter the maximum is 10
mols. o-water (or 11 or 12 mols. if the Al-OH-groups are included).
From Feichtinger's results it is, however, clear that part of the water
he regarded as o-water was really in the form of " water of crystallisa-
tion." Feichtinger re-heated the cement masses 1(B), 2(0), 3(A) and
4(D) to redness and obtained a fresh hydration. These results are
shown in Tables I I I and IV. From Table IV it will be seen that the
cements 3(A) and 4(D) give similar results for or. But, shortly after mix-
ing, the cement 3(A) tookup 7.49, and cement 4(D) 3.6mols.of -tfuter, so
that this portion of the water behaves differently from the remainder.
If these amounts are regarded as "wa te r of crystallisation," the
remainder (16.82-7.49=9.33, and 15.77-3.6=12.17) may be termed
" water of constitution," i.e. the compound 3(A) has taken 9, and 4(D)
about 12 mols. of silicate-water into combination in the form of
hydroxyl groups.

* For definition of <r-water see previous page.
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t

Directly
after mixing
with water.
AfterShrs.

, 36 „
, 60 „
, 5ds
, 8
, 12
, 20
, 24

>

>

/x=2777.4
1 (B)

7

6.17
6.48
7.96
8.46
9.63

10.12
10.65
11.96
12.03
12.84
13.92

(T

1.85
2.47
3.02
3.11
3.54
3.98
4.86
5.92
5.93
6.34
6.82

y-<r

4.32
4.01
4.94
5.35
6.09
6.14
5.79
6.03
6.11
6.50
7.10

TABLE IV

^ = 2659.4
2(C)

7

1.83
3.39
4.61
5.61
6.28
6.50
6.79
8.09
9.57

10.43
10.64

0.73
1.03
1.77
2.06
3.25
3.43
3.54
4.95
5.94
6.23
6.17

y-c

1.10
2.36
2.84
3.54
3.03
3.07
3.25
3.14
3.63
4.20
4.47

ju2=4585
3 (A)

7

19.97
20.10
21.91
23.44
24.97
26.75
28.13
30.17
29.56
—
—

c

7.49
7.69
9.38

11.08
12.40
14.27
15.80
16.71
16.97

—
—

7-<7

12.48
12.41
12.53
12.36
12.57
12.48
12.33
13.46
12.59
—
—

M3 = 4:327
4(D)

7

19.96
—

22.98
—

26.39

30.79
—
—
—
—

3.60
—
5.65
—
9.39
—

11.20
—
—
—
—

7-<r

16.36
—

17.33
—
17.06

19.59
—
—
—
—

A comparison of the figures in Tables I I I and IV shows that the
hydration phases of the regenerated hydraulite (made from a hardened
cement by re-heating) follow each other more rapidly than do those of
the original cement. From this it may be concluded tha t the hardened
masses were not properly burned, as otherwise the hydrat ion phases
in the regenerated cement would occur in precisely the same manner as
in the original cement. These results make the possibility of repro-
ducing fresh cement from hardened masses highly probable.

As the hydration phases follow each other more rapidly than in the
original cement (Tables I and I I ) a much lower degree of hardness must
be obtained in the case of regenerated cements when they are mixed
with water and allowed to set and harden. This was actually the case in
Feichtinger's experiments.

F

Thermo-chemical studies of hydration and hardening processes must
lead, in the case of cements which contain free lime, to results which
are different from those in which the whole of the lime is in a com-
bined state.

In cements of the former kind there are theoretical reasons why a
development of heat must occur a t the commencement of hydration
(the hydration heat of the CaO); and in cements devoid of free lime a
perceptible development of heat can only occur after an interval, viz.
at the moment when the separation and hydrat ion of the first CaO
molecule occurs.

As a matter of fact, Feichtinger did observe a noticeable develop-
ment of heat during the hydration of cement 4(D), which contains free
lime.

In this connection the results of W. Ostwald's thermo-chemical
studies Z2Z on the following cements are particularly interesting :
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Analysis XII.*
A QAMO ^ n lÔiO 9T-Tni34M0 = 31.5 CaO • 2.5 MgOA. 34 MO - 3 E2O3 • 10 SiO2 2 H2O { 3 ̂ ^ = 2 25 ̂ ^ . Q 75 -^

Analysis XXVIII.
{B. 92MO.6R2O3 .12SiO2 .3MgCO310H2O { f ^ Z

Analysis XXXI.

C. 74 MO • 6 B2O3 • 18 SiO2 • 3 MgCO3 8 H2O { l ^ Z

Analysis XXXII.
A T T H /76 MO = 72 CaO-4MgO• 4 H2O ( 6 ^ 6 ^ ^ . F e ^D. 76 MO • 6 R2O3 • 1

Analysis XXXIII .
I? o n w n flpn ia<a;n nvr^nn m i r n /90MO=86CaO-4MgO
E. 90 MO • 6 R2O3 • 18 SiO2 • 4 MgCO3 • 10 H2O { 6 ^ 0 ^ 5 Al203-Fe203.

These results are summarised in the following Table :—

Time
2 hours
6 „1 day4 days5 „6 „7 „

A
7.53
10.0918.79——
—

B
20.53
37.0541.3546.1647.1757.9665.63

C
9.94
12.2315.3229.7232.1033.5640.21

D
34.01
35.4638.39—
—

E
20.47
29.5739.78——44.3451.55

Ostwald drew attention to the great increase in heat evolved on the
5th, 6th and 7th days and suggested that after this time a new stage in
the hardening process occurs and is accompanied by a fresh develop-
ment of heat. This noticeable development of heat—for which,
hitherto, no satisfactory explanation has been given—is readily under-
stood in the light of the new theory. It is the moment of hydration of
the calcium oxide liberated from the silicate molecule.Further references to the development of heat during hardening will be found inthe Bibliography under No. 322.

G
As the most important hydraulic limes are aluminosilicates, it

must, theoretically, be possible to observe the conversion of primary
into secondary types by the action of alkaline solutions of definite
concentration. This deduction has been confirmed by some experi-
mental results obtained by Feichtinger323. He treated the hydraulic
mortars A, B, C and D (both in the fresh state and after they had been
allowed to harden for some time)with aqueous solutions of sodium and
potassium carbonates, and allowed these reagents to act for some time.

* For the analytical figures, see the corresponding numbers in the section onPortland cements in the Appendix.
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A definite quanti ty of silica and a little alumina was dissolved, the
amounts being expressed in. percentages and molecules in the following
Table :

TABLE V

In fresh state .
After 14 days .

„ 3 months
„ 5 „ .

%SiO2

A

2.63
1.66
1.42
1.04

B | C

5.09
3.72
2.50
2.10

6.78
6.05
5.80
5.26

D

4.24
2.86
2.40
2.12

A

2.17
1.34
1.14
0.84

Molecules SiO2

1
4.11
3.00
2.02
1.70

2.98
2.66
2.55
2.31

D

2.13
1.90
L82
1.65

From this Table it may be seen that the Port land cement A is a
basic salt of the type

Si • M • Si • Al • Si

and, in the fresh state, parts with 2 mols. SiO2, forming

ST-Al-Si -Al-Si .

Similarly, the alkaline solution reacts on the hydraulic lime D,
which is a compound of the type

Si • Al • SAi • Al • Si.

I t forms a compound of the type

ST-Al-Si-Al-Sr ,

and it is interesting to note that the cements B and C, which are both
basic salts of the type ,

M

X s i

do not, when in the fresh state, part with the same number of mole-
cules.

From B—with the liberation of 4 mols. SiO2—a compound

and from C a salt of the anhydride

Si -Al-Si ,

are produced. The last-named shows tha t hexa-compounds may, in
some cases, be produced by the action of alkalies on penta-com-
pounds.

Table V also shows tha t the solubility of the silica diminishes as
the cement mass hardens. This fact is also in agreement with the
theory, according to which a separation of CaO from the hydraulites
A, B, C and D should occur and the combination between the alumina
and silica radicles should be intensified.
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H

The separation of CaO in hydraulic binding materials, which is a
result of the action of dilute hydrochloric, sulphuric, carbonic and other
acids, of alkaline carbonates or, in some cases, of water alone (Portland
cements), must take place in accordance with certain definite stoichio-
metrical laws. Valuable contributions to the support of this statement
have been made by Feichtinger324 and Schott325 .

Feichtinger has studied the action of water containing carbonic
acid on the cements 1(B), 2(C), 3 (A), 4(D) and also on the silicates :

24= CaO • 3 R2O3 • 15 SiO2 • -2* 24 CaO • 3 E2O3 • 12 SiO2 • 2 f
Analysis XX, Appendix. Analysis I, Appendix.

5 (E). 6 (F).
Feichtinger's object was to discover whether the whole of the lime

in the hardened material could, in this way, be converted into calcium
carbonate or whether this conversion was confined to a portion of the
lime. Although he allowed C02-water to act on the hardened material
for 1£ years, he was unable to convert the whole of the lime into CaCO8;
a part of the lime remained combined with the silica. Unfortunately,
Feichtinger did not publish the data on which he bases his conclusions
regarding the proportions of lime in the free and combined state after
1J years. The following Table shows the progress of the decom-
position, studied by Feichtinger, during only 5 months :

TABLE VI

Conditions of Experiments

The mortar lay 3 months in clean water
After this for 1 month in CO2-water

„ 2 months „ „ . . .
3 „ . . .

•» J> * !» »> »» . . .
» *> 5 „ „ „ . . .

Percentage of

A

4.2
14.4
16.7
18.2
20.8
20.9

CO,

B

8.1
16.3
19.2
19.4
19.4
19.4

= 4 RCO, 4- 0.25 NaaSO4 + 2 H,O.
3 R,O, = 1.5 AlaOt • 1.5 Fe,O,.
4 RCO, = 2.5 CaCO, • 1.5 MgCO,.

= 3 RCO, -1- 0.5 R,SO4 -f 2 HaO.
3 R2O, =1.5 AlaOt • 1.5 FeaO,.
3 RCO, = 2 CaCO, • MgCO,.
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TABLE VII

I j

i l l 1 I!
41.36
38.12
37.48
39.56
43.84
41.13

40.90
36.13
37.10
36.80
42.30
41.70

22.5
19.4
21.2
21.3
20.9
24.0

16
12
16
15
26
27

24
21
22
24
44
26

8
9
6
9
18
12

23.45
19.30
21.59
22.29
22.27
23.14

2860.8
2777.4
2659.4
3090.9
4585.0
4327.0

F
B
C
E
A
D

a
o
o
o
o

13

19.0
14.5
16.5
19.0
29.0
29.0

Table VII is of special value, as it allows the inference that the
following products have been formed by the act ion of carbonic acid on
the hydraulites F , B , C, E , A and D :

l = < f Si

\

Al

8CaO-3Al203-12SiO2 9 CaO • 3 A12O3 • 15 SiO2 6 CaO -3 A l ^ - l S S i O , .
F. B and E. C.

18 CaO • 5 A12O3 • 18 S iO 2

A.
12 CaO • 6 A12O3 • 18 S i O 2

A g l a n c e a t t h e a b o v e s t r u c t u r a l formulae s h o w s t h a t t h e s e p a r a t i o n
of CaO m u s t b e i n a c c o r d a n c e w i t h q u i t e d e f i n i t e l a w s . H e n c e i t
fo l l ows f r o m t h e s t r u c t u r a l formulae A a n d D t h a t :

1. T h e l i m e i s c o m b i n e d m o r e s t r o n g l y w i t h t h e m i d d l e h e x i t e a n d
c a n n o t b e s o e a s i l y s e p a r a t e d a s i t c a n f r o m t h e s i d e h e x i t e s , a n d



CONSKyrKNCKS OF T H K I M \ T H E O R Y

AI

t;.

m - • « i : M

t • t i t
* 1 . 0 H '" »V / n i l

ujf t i l l
<!* HtO • It f-*O • 3 itgil^ * 1&

tl

2. In tlii' ii«'iK!il*«*tn*ini4 jtf.*Mtin!iH 2 and 3, th»» liim* i* im*rc ft-fbly
IIMUIK! than in th«f pnMfinn'* t an*l -I.

If HjijH'nrn tu l«Minlik«'lv fh*tt tli«* i!1 nd^t-haiii* in
A nv m n«*i^}ihuuiing }*<"•: it i««nfc (l\ 3;?,

A rom|mriruu ui ih r i-.trur-iur^l f«»nnuli*» Ii, *' ?ui«l K ̂ JIOU-H tliat thv
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The structural formula H suggests a comparison with the formula
B previously given. The decomposition, so far as the separation of
lime is concerned, occurs in a similar manner ; this can scarcely be a
mere coincidence.

More hydration phases occur under the action of alkaline carbonates
of certain concentration than with water alone. Hence, in such cases,
the cement masses must a t ta in a greater hardness, as Schott has shown
experimentally.

I t is, therefore, very important to ascertain the nature of the
action of carbonic acid on hardened mortar, as a clear conception of the
changes which occur to cement mortars hardening in air may then be
obtained. The secondary hardening of cements allowed to set in air
must be chiefly referred to the action of carbon dioxide and moisture
in the air.

As the cement mortar, in such a case, undergoes a large number of
hydration phases which follow each other very slowly, storing in air
ought to give a harder product than is obtained by storage underwater.

J

In a hydraulite of the composition

5°

it is possible to remove a portion of the lime by means of hydrochloric,
carbonic or other dilute acids, or of dilute ammonium carbonate
solution. The following compounds may be produced in this manner :

3° 3°
fl II

,o I S i A l l Si o o e t c .

These compounds may, in the presence of water or dilute alkalies,
undergo a series of hydration phases. Hence, if a portion of the lime
is removed from combination with the cement by means of dilute acids,
it must, to a certain extent, retain its hydraulic properties.

Fremy327 has experimentally removed a portion of the lime from
hydraulic limes, and has treated the residue with dissolved lime, with
the result that the mixture hardened. ZulkowsM828 repeated IVemy's
experiment, and found tha t as much as 14 per cent, may be removed
from some Portland cements without destroying the power of the
residue to harden when mixed with water.
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lime. The silicate molecules, being derivatives of clays, must be
resolved into compounds of the type

Si -Al-Al-Si , S l -A i -Al -S l , or S i -AT-Al-Si

(see p. 107).
So far as the authors are aware, no experiments to prove this have

yet been made.

0

From the theory, the possible existence of isomers of the silicate
cements may also be inferred. Thus the compounds

2° 3°

1
are isomeric. Up to the present these isomers have not been investi-
gated.

Good hydraulites ought only to be producible by mixing hydro-
aluminosilicates (clays) with limestone or chalk in theoretical stoichio-
metric proportions, the ash of the fuel (alumina, silica, lime and alkali)
used being also taken into consideration.

As a matter of experience it is well known that for each mixture
only definite proportions of clay and lime can be used to produce good
cements. These proportions are usually found empirically, but the
formulae given by the authors show that these empirical proportions
agree with the ones theoretically the most suitable and that the
empirical proportions are scientifically correct.

Q
A New Investigation of the Sea 'Water Question

Schuljatschenko330 correctly states that it is very difficult
to ascertain accurately the cause of the destruction of masonry
exposed to the action of the sea; i.e. whether it is due to the pro-
perties of the bonding material (cement), to external influences such
as sand, to incorrect proportions of the materials used in the concrete,
to the porosity or to the low density of the cement blocks, etc. There
can be no ddlbt that all these factors have some influence, but the facts
seem to show that, in many cas&s, the chief cause of the decomposition
of maritime masonry is the action of sulphur compounds. That this
inference is generally true is shown by the fact that a large number of
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investigators have, for many years, endeavoured to ascertain what
substances are formed by the action of calcium sulphate on
cements.

I t is generally agreed that Portland cements contain compounds of
lime and alumina, and Candelot331 and Michaelis332 have concluded
that, by the action of gypsum or plaster of Paris on hardened cement
masses, certain calcium sulpho-aluminates are formed, and that these
are one of the causes of swelling of cements. Schott3 8 3 also investi-
gated the action of gypsum (plaster of Paris) on normal Portland
cement and on analogous cements in which the alumina is replaced by
iron oxide. In both cases he noticed tha t decomposition occurred, so
that the formation of a calcium sulpho-aluminate or sulpho-ferrate
appears to be probable. Schott did not, however, agree with the
investigators just named tha t the swelling action of gypsum (plaster)
is due to the formation of sulpho-aluminates or sulpho-ferrates. Le
Chatelier334, on the contrary, is in favour of the formation of a definite
calcium sulpho-aluminate and, like Deval335 , endeavoured to ascertain
the action of various sulphates on cements containing various propor-
tions of alumina.

Rebuffat836 also found tha t there is a number of different calcium
sulpho-aluminates. He doubted, however, whether the destruction of
maritime masonry could be referred to the formation of these com-
pounds. Here again, it should be noticed, the swelling and disinte-
grating effects which occur when gypsum (plaster) is present in the
cement were also attributed to the last-named substance. The chief
description of the disadvantages of sulphates on cements is that of
Schiffner337, who had collected a number of instances in which the
decomposition was unquestionably due to the action of sulphur com-
pounds on the hardened cement masses. Some of these interesting
examples may be mentioned here :

1. In the walls of a railway tunnel, the effects of some destructive
action were observed. The mortar came out of the joints in the form
of a milky fluid and carried with it all the sulphate, so tha t the cement
was considered to be bad. I t was only after a very careful examination
that it was found that the overlying rocks contained sulphurous lignite
which became oxidised to sulphates, the latter causing the destruction
of the cement.

2. In a concreted gallery in a mine in Alsace-Lorraine the walls
became moist and porous in parts. The greater portion of the
structure was in exceptionally good condition, so tha t it was im-
possible to blame the cement, but in some portions boil-like swellings
appeared, the mortar becoming semi-fluid and the joints loose.
A closer examination showed tha t the nature of the water in the
neighbourhood of the gallery contained calcium and magnesium
sulphates in sufficient quantities to effect a partial decomposition of
the concrete.

3. According to Grauer, cracks and characteristic white crystals
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It will be interesting to learn whether this prognosis can be proved
by the actual production of such substances.

XIV

A New Theory of the Silicate or Porcelain Cements

Certain kinds of transparent silicate cements, which are conveni-
ently known as porcelain cements, have been used for some years
as dental-stopping materials. The first of these porcelain cements was
discovered and patented in 1878 by T. Fletcher3 3 8 , b u t it did not
fulfil his anticipations and rapidly fell out of use.3 3 9 An interval of 25
years appears to have elapsed before any other porcelain cements were
produced, and these were of a different composition. Those placed
on the market in 1904 by Ascher and others were hearti ly welcomed
as new discoveries in dentistry, and they rapidly at tained great
popularity on account of their valuable characteristics.

I t may be here pointed out that the porcelain cements appear
likely not only to replace the zinc phosphate cements and amalgams,
but also the burned enamels and the " queen " of stoppings—gold—in
practical dentistry ! Morgenstern has expressed himself as follows
respecting these new stopping materials : 340 " Porcelain cement, when
properly selected and prepared, sets to form a mass with a remarkable
resemblance to natural teeth, both in colour and transparency and
possessing a gloss which is confusingly like t ha t of na tura l dentitic
enamel. These stoppings have no objectionable features, and in no
way harm the teeth, and they have a great advantage over gold and
the burned enamels in tha t they save the dentist thousands of hours of
work and greatly economise his health and power. They save the
patients many a painful hour and have great pecuniary advantages."

Porcelain cements consist of two ingredients—a powder and a fluid.
According to Sanderson, Fletcher's powder was composed of aluminium
hydrate, zinc oxide or magnesia and a basic zinc silicate. The powders
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of the new porcelain cements consist chiefly of calcium alumino-
silicates.

The fluids of the new cements differ from tha t of Fletcher chiefly
in their consistency. Fletcher's fluid was a syrupy solution of alu-
minium phosphate in phosphoric acid, whilst the newer ones are less
syrupy and consist chiefly of alumina and phosphoric acid. There was,
until recently, a cement of which the powder resembled tha t of Fletcher
and consisted chiefly of calcium aluminosilicate and zinc oxide. The
fluid had a consistency resembling that of Fletcher's fluid, but was
chiefly composed of alumina and phosphoric acid with a large pro-
portion of zinc oxide. I t differed from Fletcher's cement because it
was a practicable, dental-stopping material.

On mixing the silicate powder with the fluid, there is immediately
formed a transparent mass which is at first plastic—in distinction from
the earlier zinc phosphate dental cements—but rapidly becomes quite
hard.

The powder of the new cements contains the same constituents as
the Portland and slag cements, but instead of the fluid being pure water
or alkaline water, acids (aluminophosphoric acids), or solutions of acid
salts (aluminophosphates), are employed.

From a scientific point of view it is highly important that an
investigation should be made with a view to ascertaining the constitu-
tion of the porcelain cements in order to solve a number of physical
and chemical problems in connection with their setting. This investiga-
tion appears to be all the more necessary when the available experi-
mental results and the theories already formulated are critically
examined. If the new hexite theory proves of use in this investigation,
it will not only add to the value of the theory itself, bu t will clear many
problems of enormous and pressing importance in surgery and particu-
larly in dentistry.

The new silicate cements—with the exception of those containing
a large proportion of zinc oxide both in the powder and in the fluid
portion—have one serious drawback : they have a destructive action
on the nerves (pulpa) of the teeth. For this reason there has long been
a dispute as to the best means of preventing this poisonous action.

In regard to this and to several other problems—e.g. the best
methods of testing the durability, density and hardness of such cements,
both in the laboratory and in the mouth—much remains to be done.
I t is, however, clear, that in all investigations of this kind, a knowledge
of the constitution of the cements and of the changes which take place
during their setting, must be of the greatest importance.

The porcelain cements must possess a number of very definite
characteristics, such as unchangeableness of shape and size in the
mouth, resistance to the action of saliva, etc., if they are to fill a useful
place in applied dentistry.

Miller341 considers that an ideal dental stopping should have the
following characteristics :
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1. Sufficient hardness so as not to be worn away unduly b y
mechanical forces in the mouth.

2. Unchangeability in saliva, food-stuffs and other decomposition
products (chemical indestructability).

3. Constancy of form and volume when placed in the teeth.
4. Low heat conductivity, so that any changes in the temperature

of the mouth are not transmitted to the nerves of the teeth.
5. A high degree of plasticity in order that the stopping may be

water-tight and may properly fit the teeth.
6. Colour as similar as possible to tha t of the teeth.
7. Absence of detrimental action on the tooth material, nerves,

mucous membrane and the general health.
8. Easy manipulation.
9. Minimum sensitiveness to moisture.

10. Adhesiveness to the tooth-wall.
11. Antiseptic, at any rate during fitting.
12. Easy removal, if necessary.
The possibility of producing ideal stopping materials depends

chiefly on a knowledge of the chemical constitution and on a clear
understanding of the reaction which occurs during the hardening of
these substances. If no scientific basis—no scientifically grounded
theory—of the porcelain cements is possible, the manufacturers of
these substances can only work in an arbitrary manner in at tempting
to improve the quality. To do this is, however, risky, as i t is possible
that some manufacturers may even produce inferior products instead
of " improvements " ; the final material may, in fact, be worse than
the original one, though it may be sold as " greatly improved." In
one case a porcelain cement was so much " i m p r o v e d " tha t it was
eventually agreed tha t the material made five years previously was by
far the " best," and the manufacturers were obliged to forego their
" improvements " and to use the older recipe !

A large amount of theoretical, and especially of experimental work,
has been done in connection with porcelain cements, but i t cannot be
said that this has made the most important properties, such as the
poisonous nature of some of these cements, more comprehensible. The
solution of this problem of poisoning—undoubtedly one of the most
important—is made particularly difficult by the absence of any well-
established theory, and even more serious are the effects of false and
purely speculative theories and especially of wrong explanations and
faulty interpretations of experimental results.

In this connection the litmus experiment of Rawitzer848 is pecu-
liarly typical. This investigator endeavoured to show, b y means of
strips of paper soaked in blue litmus solution, that the porcelain
cements containing zinc oxide are poisonous, whereas their innocuous-
ness has been proved by laboratory tests and is obvious from a s tudy
of their chemical constitution. Rawitzer appears to have overlooked
the fact that a substance may turn blue litmus red and ye t may not be
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prejudicial to health ; it all depends on the amount of acidity present.
A substance may even be acid and yet may not have any detrimental
action on the teeth. For instance, concentrated hydrochloric acid is
unquestionably a violent poison, but dilute hydrochloric acid is, on the
contrary, an internal medicine of great value. Yet both solutions turn
blue litmus red ! Litmus alone cannot give any clue as to the amount
of acidity, and is, therefore, useless for determining poisonous qualities.
Rawitzer had not, apparently, a clear view of the meaning of the term
" acid reaction," and was but partially informed with regard to the
structure of the hardened cement masses ; consequently he had an
erroneous idea of the physico-chemical reactions occurring during
the hardening.

The absence of more definite knowledge of the nature of the
porcelain cements has led to several false and meaningless investiga-
tions by Dreschfeld342, Strumpel343, Robert Richter344 , and Kulka345.
These have been criticised by Schreiber346.

For instance, Dreschfeld, Striimpel and Richter347 digested the raw
cement (composed of a solid aluminosilicate and a fluid containing
alumino-phosphoric acid and aluminophosphate of zinc) with water
for various periods of time. According to the length of this digestion a
proportionate quantity of the uncombined cement would be decom-
posed, the result being a partial splitting up of the cement mass into its
components. These acid-reacting decomposition products were titrated
and regarded as "free phosphoric acid " by the investigators named.

Yet what is the use of showing the presence of acid in the
decomposition products of a substance which is known to have an
acid as one of its original constituents ?

The same authors also studied the action of freshly mixed (and
therefore uncombined) cements on various colourless solutions as well
as solutions of aniline dyes, fruit juices (bilberry juice), etc. They
regarded a cement which produced no colour in the presence of aniline
dye-stuffs as perfect! Yet i t is clear that even the " densest cement,"
in a fresh (unhardened) state, must necessarily form a compound of an
intense colour if such cements form a lake by combining with the dye-
stuff. I t is a well-known fact tha t a valuable series of aniline lakes are
produced from aluminosilicates and certain basic aniline dye-stuffs; is
it reasonable to suggest that , because an aluminosilicate forms a lake
with a certain aniline dye-stuff, it is, therefore, unsuitable as a dental
stopping ?

Kulka falls into a similar error in his experiments, and he appears
to have paid no attention to the physico-chemical reactions of harden-
ing in his studies, although Morgenstern349 and Schreiber850 had called
attention to them. Morgenstern was, therefore, induced to issue a
warning in regard to the experiments of Kulka and to the general
manner in which investigations on silicate cements are carried out.
In this warning Schreiber joined. Both these authorities believe that
it may be safely assumed that Kulka would never have carried out
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his experiments on imperfectly hardened cements if he had been clear as
to the constitution of these substances and the changes in their physical
and chemical properties which occur during the different hardening
phases.

As Morgenstern351 rightly says : " I t is incorrect to stop the various
chemical and mechanical processes in cements prepared for experi-
mental purposes before the hardening is complete. The cements so
treated lose very valuable properties and lead to erroneous results.

" If this were a matter of purely theoretical or academic interest I
should not write about it, but would modestly express my contrary
-opinion. This is, however, a case where the conclusions are of great
practical and technical importance, and Kulka's theories may have a
most important influence on the use of silicate cements in dentistry and
on their production by the manufacturers. I t is because I am con-
vinced that this influence may be profitless and even harmful tha t I
feel right to call c H a l t ! ' to those colleagues who are following these
new paths."

Morgenstern himself treated the cements with chemical agents from
half to three hours after hardening. He agrees, however, t h a t he could
not, in this way, definitely ascertain the t rue properties of the cements
he examined : " I treated," he says,352 cc m y cements with water a t
35° C. for one-half to three hours, and found t h a t their adhesion,
durability, density and resistance to acids and alkalies were such tha t
the results obtained cannot be regarded as showing the inherent good
characteristics or their value as dental stoppings."

Morgenstern353 rightly says that in many of his experiments Kulka
paid too little attention to the time required for hardening the cements :
"Before commencing his special experiments, he (Kulka) treated his
cement fillings (30 minutes after they had set) with a mixture of saliva
and water and allowed them to remain in i t for seven days, the fluid being
renewed occasionally. He found that some cements showed no change,
others a little change, and others again were much altered, and tha t one
cement was completely destroyed. These changes in structure and
hardness are good evidence that the different cements t ake different
times to complete hardening."

As Kulka, in his researches, did not pay any at tent ion to the
hardening phases in his cements, he found, as Morgenstern has shown,
that as great a loss of material occurred when the cement was treated
with a 0.5 per cent, solution of lactic acid as is only produced in three
weeks in a properly hardened cement.

Schreiber364 has pointed out the interesting fact tha t Kulka's
phosphate cements possessed no adhesion, so that Kulka 's conclusions
—based on too early a treatment of the cements with saliva, i.e. before
they had properly hardened—must, necessarily, be erroneous. As a
matter of fact, Kulka covered the ends of small pieces of ivory with
cement, and after an hour's standing placed them in saliva-water, where
they remained for six days. At the end of this period he found " to his
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astonishment" that the ivory could be completely withdrawn from
the cement covering with comparative ease. From this experiment
Kulka drew his erroneous conclusions.

Another serious omission in the records of experiments mentioned
on the last two pages is that none of the investigators named mentions
the proportion of powder to fluid which he used in his tests. Hence it
is not difficult to understand tha t , as Schreiber355 has shown, under
apparently identical conditions a cement mass x is, according to one
investigator, only -^th as resistant as the mass y; according to another
investigator it is only £th as resistant as the same mass y; according
to a third it has the same resistance to acids as y, and, finally, a fourth
reports it as being more resistant than y ! Clearly, these different men
have worked with cements of widely differing degrees of hardness and
therefore with very different proportions of powder to fluid. Schreiber
has correctly stated, in regard to this remarkable result of the study
of these experiments with silicate cements: " A r e not these results
significant ? Can any reliance be placed on experiments which give
such contradictory results ? I t is impossible to believe that any
substance can behave so differently in analogous experiments."

In spite of Morgenstern's warning and Schreiber's severe criticism,
Kulka has continued to pay no attention to the hardening phases and
other important properties of the silicate cements. In his latest work
—on the possibility of chemical and pathological actions of cement
stoppings366—he endeavours to determine the acidity of various
silicate masses shortly after they have been produced, i.e. during the
first stages of hardening. This is a very important problem ; yet how
does Kulka attempt its solution ? He mixes the powder with the fluid
and, either at once or after 20 to 40 minutes, during which the mass
is kept at a temperature of 35°, he grinds it to a fine powder. He then
treats about 1 g. of this powder with 150 c.c. distilled water for 24 to
48 hours. At the end of this period the powder is removed by filtration

and the liquid titrated with r-r-r potassium hydrate. The alkali

neutralised is expressed in terms of " free phosphoric acid/ '
A further study of this so-called " quantitative determination " of

the " free phosphoric acid " shows that this method is not merely
objectionable, but is entirely erroneous because :

1. By adding a larger quantity of water to the finely powdered
but unhardened cement mass, and especially if it is also stirred con-
tinuously for 24 to 48 hours, not only is the cement decomposed, but,
in the case of cements in which the fluid is a solution of zinc salts,
these salts separate out as new constituents! Acid decomposition
products of the most varied nature enter partially into solution. On
titrating the filtrate—assuming tha t it can be t i trated (see 2 below)—
what is really determined is the proportion of substances which are, to
a large extent, of secondary origin and are not contained in the original
material!
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2. I t is entirely wrong in principle to t i t rate acid-reacting solutions
of metallic salts (zinc salts of aluminophosphoric acid) and to determine
the "free a c i d " by means of the amount of potassium hydrate
required, because many solutions of metallic salts react like acids, bu t
contain no trace of free acid. Copper sulphate, cobalt chloride, nickel
sulphate, etc., are typical in this respect.

3. None of the fluid portions of silicate cements contained free
phosphoric acid, bu t phosphoric acid combined with alumina, i.e.
aluminophosphoric acid and their zinc salts.

These complex aluminophosphoric acids and their salts have
entirely different chemical and physiological properties from those of
free phosphoric acid and must not be confused with i t . This is the more
important as the alumina, as will be shown later, plays a very important
part in the physiologico-chemical action of these acids.

Yet Kulka, in his determination of the " free acid," entirely over-
looks this alumina and regards the cement fluid as consisting of
" orthophosphoric acid " in which one atom of hydrogen has been
replaced by a base. This view is quite erroneous and unfounded.

Under these conditions it is not surprising t h a t Kulka 's " deter-
minations of acidity," in various silicate masses, led him to regard
what are known in practice as highly poisonous cements as " harmless "
and those which are entirely free from danger as< c the most poisonous."

From the experiments of Morgenstern, Kulka and others it was
discovered tha t the porcelain cements have a far higher resistance to
acids than have ivory857 and the enamel of natural teeth.3 6 8

This fact is of special importance inasmuch as i t provides the key
to the constitution of the silicate cements. I t is also important to
observe that some of these cements possess this high resistance even
before they are fully hardened! This fact also provides means for
studying the course of reactions which occur during the hardening and
in this way excludes a priori a number of hypotheses which will be
mentioned presently.

Critical Examination of various Hypotheses concerning the Course of
Reaction during the Hardening of the Porcelain Cements

Experimental results are available from which it is possible to
learn the course of the chemical reactions which occur in t h e hardening
of porcelain cements. I t is clear that so long as no scientific and well-
founded theory was put forward, these results must remain in the
background. Several of these hypotheses must , however, be aban-
doned, if the high resistance of the half-hardened cement to acids is to
be taken into consideration.

Jung3 6 9 was one of the first to endeavour to explain the chemical
changes which result in the hardening of the porcelain cements. He
first assumed tha t the powders are " chemical compounds of silica,
alumina, lime," etc., but found an " impor tan t e r r o r " in the com-
position of these cements and was led to conclude tha t , on mixing the
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powder with the fluid, a separation of lime and magnesia in the form
of calcium and magnesium phosphate—i.e. a separation of readily
soluble substances—must occur. " The solubility of these substances
in acids," says Jung, " may be reduced by the admixture of alumina,
silica, etc., but it can never be removed altogether."

The proved slight solubility of the porcelain cements in acids is
clearly opposed to the separation of lime and magnesia as just sug-
gested.

Morgenstern360 also appears to have discovered the same " import-
ant error " as Jung. " We know," he says, " t h a t the general chemical
composition of the cements is due to their calcium and magnesium
contents, and tha t the reaction between the powder and the fluid
results in the formation of calcium and magnesium phosphates, which
are known to be readily soluble in acids. This naturally leads us to
fear tha t dental stoppings made of such cements cannot have much
resistance to the acids present in the human mouth ." Yet Morgenstern
has, himself, shown the great resistance of these cements to acids, and
has further demonstrated tha t the reactions which take place during
hardening must be different from those mentioned in the above
quotation.357 '358

Kulka381, in 1909, published a theory concerning the chemical
reactions occurring during the hardening of porcelain cements, accord-
ing to which the action of the acid on the powder produces successively
primary, secondary and tertiary calcium phosphates. This theory is,
however, opposed to the resistance of the silicate masses to acids
which Kulka has, himself, proved 1

Schreiber362 has severely criticised Kulka's theory, and has rightly
demanded tha t any theory of the hardening of a cement must neces-
sarily explain why the calcium compounds produced do harden.
Any theory to be satisfactory must, for example, explain why a cement
fluid which has been diluted with water effects a more rapid hardening
than the concentrated fluid, and so forth. For this fact the Kulka
theory affords no explanation.

Eawitzer363 has also at tempted to explain the course of the re-
actions which produce a hardening of the porcelain cements ; b u t his
suggestion that the phosphoric acid in the cement fluid causes the
precipitation of the whole of the silica in the aluminosilicate powder
in an insoluble form is ̂ directly opposed to general experience with
regard to the behaviour of aluminosilicates. Moreover, silica pre-
cipitated in an insoluble form from aluminosilicates must usually be in
the form of a gelatinous mass, yet in porcelain cements this form is not
produced.

Somewhat more noteworthy is the hardening theory suggested by
Apfelstadt364, who considers the powder to be composed of a mixture of
alumina and clay. On mixing this powder with the fluid, the alumina
combines with the "free phosphoric a c i d " in the latter, A12(PO4)2

being precipitated. This precipitate " cements the previously formed
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aluminium phosphate and the clay substance together.57 This investi-
gator also attributes the poisonous action of the silicate cements to
the presence of " free phosphoric acid." His theory affords no explana-
tion of the great resistance of the fully hardened cements to acids.
I t is well known tha t clay substance is resistant to acids, yet the
alumina and the " cemented aluminium phosphate " must be readily
soluble in acids. What, also, is to be said about the lime and mag-
nesia ? To this question, Apfelstadt's theory affords no answer.
Moreover, the expression " cemented " is by no means a clear one.
In short, Apfelstadt gives no satisfactory explanation of hardening,
and his opinion tha t porcelain cements are mixtures of alumina and
clay substance is without foundation.

From the foregoing pages it will be readily understood how feeble
and unsatisfactory are the theories criticised and tha t the investiga-
tions hitherto made have led to no results of importance. Hence there
are reasons for supposing that an application of the H . P . theory of
silicate constitution to the hardening of porcelain cements is not with-
out interest.

Before attempting this, however, it is desirable to enquire whether
the porcelain cements, as such, are single chemical compounds, as it is
only then that they can be elucidated in the light of the silicate
theory.

As the result of numerous investigations made by them in the
manufacture of porcelain cements and of their studies of such cements
as are now obtainable commercially, the authors of the present volume
have reached the conclusion that these substances are really single
chemical compounds, chiefly calcium aluminosilicates.

The chief reason for supposing them to possess this unitary
character is the manner in which they are produced : useful cements
can only be made from clays (hydro-aluminosilicates) and lime or other
bases mixed in definite stoichiometric proportions and heated to
redness.

I t is also impossible to separate a porcelain cement into different
ingredients by mechanical treatment, such as washing with an inert
fluid. Such fractions as ar© obtained in this manner all have the same
composition.

The unitary character of these compounds is confirmed by the
following:—It might be supposed that the silicate powder is composed
of mixtures of calcium aluminate and calcium silicate or calcium
aluminate and aluminosilicate, or of silica, calcium aluminate and
aluminosilicate. These constituents could then be readily separated
on account of their different specific gravities. But no such separation
is possible ! The high resistance to acids of such mixtures in the form
of half-hardened cements, as found by Morgenstern and Kulka, would
be inexplicable. The Contrary is really the case ! Furthermore, the
presence of some*coiistituents, such as calcium aluminate or calcium
silicate, is thereby excluded, as these products, even after being heated
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to redness, readily absorb CO2 from the air. On mixing a given
porcelain cement with the cement acid an evolution of CO2 should
therefore be observable, but tins is not the case.

The objection may be raised that a study of the Patent Specifica-
tions leads to the conclusion tha t many porcelains cannot be single
compounds. Thus 0 . Hoffmann (German patent No. 199,664, Kl. 30h
of 7th April, 1907) claims a "Method of producing dental cements
characterised by the use of aluminosilicates alone or in admixture
with other substances."

A suggestion of the non-unitary character of porcelain cements is
also given in Rawitzer's German patent, No. 196,510, Kl. 30h of 20th
November, 1905, in which he claims " t h e production of a dental
cement-powder for transparent dental stoppings which is to be mixed,
with phosphoric acid before use." This powder is made by " mixing
heated but unfused aluminium silicate A12O3 SiO2 with a previously
melted mixture of calcium aluminum oxide and silica."

The study of commercial porcelain cements made by the manu-
facturers previously indicated show beyond all doubt tha t their
dental cements were not made according to this recipe ! For instance,
a " cement" which contained a large proportion of precipitated
aluminosilicate was entirely useless as a dental cement on account
of the ready solubility of the precipitated aluminosilicate in acids, and
the ready decomposition of the " cement " by acids. The ordinary
porcelain cement made by the same manufacturer is, like all other
cements of clay, very resistant to acids, so tha t these cements cannot
contain a large proportion of precipitated aluminosilicate.

There is no doubt that the various porcelain cements do contain
admixtures of salts (basic and acid) and, possibly, small quantities of
precipitated aluminosilicate* these being added to give certain definite
characteristics to the material and to regulate the time of setting and
hardening.

I t is also well known that only in the rarest cases are the recipes
in the Patent Specifications correct for making commercial products.
For instance, the patentee of the well known Rostaing content was the
first to use zinc phosphate for dental purposes. Yet Rostaing wa^,
after Jung's8 6 5 recommendations, so careful and took such pains to
express himself so broadly and in such an incomprehensible inamxer
that it has not, so far, been found possible to produce a cement having
all the properties possessed by Rostaing's own preparation by follow-
ing the directions in the Patent Specification.

Hence the Patent Specifications cannot be regarded as being
opposed to the unitary nature of the porcelain cements,

A physico-chemical Theory of the Hardening of Porcelain Cements

In formulating a theory of the hardening of pordelain cements, the
following matters must receive special attention :

(a) The chemical constitution of the porcelain cements.
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(6) The at tract ion of aluminosilicates for acids and bases.*
(c) The physico-chemical progress of the hardening.

(a) The Chemical Constitution of the Porcelain Cements

It haB already been shown tha t a hydro-aluminosilicat© of the
formula

i i ii

contains two kinds of hydroxyls : a- and a-hydroxyls ; the former
playing the most important par t in ultramarines and the latter in
Portland cements.

In Portland cements the hydrogen of #-hydroxyls—I ho i-hydrogen
—may be substituted by monovalent basic groups, viz. It '7 • OH,
— R " - O • R " • OH, etc., where R " = C a . These are termed " hydrobasic
groups " and according to the number of R7 /-atoms are indicated by
(1), (2), etc. By separation of the elements of water in two neighbour-
ing, i.e. ortho-hydrobasie, side-chains, the an hydrobasic groups :

~ O - R * \ O - O - R * - O - R " \ o te

— O • H V — O • R" • 0 • R V ?

are formed and are distinguished according to the number of
E'7-atoms by 2% 3°, 4°, etc. (p. 16ft).

The porcelain cement powders differ from the above silicate
cements inasmuch as they contain only a few silicate side-chains;
and the number of R"«atoms is 1.

The following are typical porcelain cements :
JO JO

11 - / \ A / \ y / \ t

J Al •: Si I Al t r « < 8 i | A l | 8 i
\ / — \ y • - \ / -

R*O • 6 Al / ) $ - 6 SiO t R rO • 0 AltO3 - 5SiO s 2 WO - 3 Al O* • 10 SiO,

These porcelain cements also differ from other silicate cements in
tha t they only form transparent , stone-like masses when mixed with
certain acids, viz. aluminopbosphoric acids, or such of their salts as
have a certain composition, to he mentioned later.

* Thu authors of the pmmnt volume wm th© term ac&fo- or boso-phiU (from philo$
a* fond of) for any «ub»tnnc© which hm an attraction for an acid or bmh dye-stuff.—
A. B. S.
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The Attraction of the Aluminosilicates for Acids and Bases

The acido- and baso-philism of the aluminosilicates must be
specially considered, as this property of the aluminosilicates plays an
important part in the reactions under consideration.

For example, in the hydro-aluminosilicate

I I I I
H12 (Hi • Al • Al • Si),

both the a- and s-hydroxyls are acido- and baso-philic, i.e. the a-
hydrogen and the s-hydrogen may be substituted by monovalent acid
and basic radicles. There is a great difference between the degree of
acido- and baso-philism * of these hydrogen atoms : the a-hydrogen
atoms are strongly acidophilic and only feebly basophilic, but the
5-hydrogen atoms are strongly basophilic and are only feebly acido-
philic.

These properties of hydro-aluminosilicates, which are very im-
portant in connection with the reactions which occur in the hardening
of cements, may be further shown in the following:

1. The topaz molecule
Fl Fl2 Fl
i II I

Fl— -
Fl—• Al

\ /
Si

\ y

h

/ \
Al
\ /

> Fl

—Fl
—Fl

must, if the foregoing hypothesis is correct, have the monovalent
fluoric acid radicle strongly bound to the aluminium radicle and only
feebly to the weakly acidophilic silicon radicle. In any case the
fluorine must be bound more strongly to the aluminium radicle than
to the silicon radicle.

The fact that the topazes contain at least 8 fluorine atoms, shows
that when natural changes occur the fluorine splits off from the
silicon ring and not from the aluminium one, i.e. the fluorine is bound
more strongly to the aluminium than to the silicon ring, as the theory
implies.

2. The relatively feeble basophilism of the a-hydroxyls and the
strong basophilism of the 5-hydroxyls are shown by the interesting
studies of Gans367 on the " artificial zeolites " or " permutites." Gans
found that the aluminosilicates showed a variation in the strength of
the bond between them and the alkalies and alkaline earths,
the bases in some cases being readily and completely replaced by

* See footnote on p. 209.
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others, whilst in others, substitution could only be effected with
difficulty.

Gans inferred (in agreement with the theory stated above) that the
readily replaceable alkalies and alkaline earths are combined with
alumina, those bases which are replaced with greater difficulty being
attached to the silicon. In other words, he concluded that the a-
hydroxyls are feebly basophilic and the s-OH groups are strongly
basophilic.

Gans has applied this ready replaceability of the a-bases of the
aluminosilicates in an ingenious and practical manner. For instance,
in the sodium silicate A, viz. :

Na Na Na Na

Na Na Na Na
A.

the a-sodium must be readily replaced on t rea tment with aqueous
solutions of Ca, F e " , Mn, etc., forming B, viz. :

Na R" Na

ita 'it*1 ISTa
B.

R"=Ca, Fe, Mn, etc.

Conversely the compound A may readily be formed by treating B
with an aqueous solution of sodium chloride.

The great technical importance of such properties of the a-bases is
obvious. Thus, by suitable t reatment of the sodium silicate A with
water, it can remove calcium and magnesium bases from solution, i.e.
it can be made use of in softening hard water.

The a-bases may also be used for other industrial purposes, e.g.
to replace potassium in molasses and syrups in the sugar industry by
sodium or calcium.

For this reason the following patents (see Siedler368) are interesting :
(a) An invention for treating water for domestic and technical

purposes, distinguished by filtering the water through hydrous alumino-
silicates, whereby the undesired bases such as iron oxide, manganese
oxide, lime, magnesia, etc., are replaced by others which are desirable
or at least harmless.

(b) An invention for replacing the potash, in sugar syfups and
molasses, by other bases, distinguished b y filtering the said syrups and
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molasses through aluminosilicates, whereby an exchange of bases
occurs, the potassium in the syrups being replaced.

3. The acido- and baso-philism of the aluminosilicates are also
shown by their simphichromatophilism, i.e. their relation to both acid
and basic dye-stuffs, as has been shown by Hundeshagen369 in the case
of kaolin. Concerning this, Hundeshagen wrote : " A peculiar form
of amphichromatophilism is observable in kaolin, which behaves as
though the silica and alumina could act independently towards dye-
stuffs. The influence of the silica is by far the strongest, and it is to
this that clay owes its very basophilic character; almost equal, in fact,
to that of amorphous silica. At the same time there is a weaker, yet
still distinct, oxyphilism which is completely analogous to the oxy-
philism of free alumina."

Hundeshagen therefore considers that in the kaolin molecule there
are both alumina-hydroxyls (=a-hydroxyls) and silica-hydroxyls
(=s-hydroxyls).

4. The acido- and baso-philism of kaolin may also be observed in
the colours known as "kaolin-lakes/3 which are formed by the action
of kaolin on acid and basic dye-stuffs. The basophilism is stronger than
the acidophilism, so the kaolin lakes with basic dye-stuffs play a highly
important part in technology of lakes, whilst kaolin-lakes containing
acid dye-stuffs have a much feebler colouring power and are, technically,
of much less importance.

5. According to Hundeshagen, the acido- and baso-philism of
kaolin are due to the fact tha t kaolin can withdraw acids from acid
solutions and bases from alkaline ones.

6. The acidophilism of the a-hydroxyls of kaolin is shown by the
constitution of ultramarine, and particularly from the behaviour
(observed by Silber) of the compound :

N"a12(Si-Al-AAl-Si)

towards HC1 and that of the product thus formed,

towards AgNO3, as well as by the formation of the sodalites (p. 152).
The somewhat strong acidophilism of the a-hydroxyls and the very

strong basophilism of the s-hydroxyls are of importance in connection
with physio-chemical reactions which take place during the hardening
of the porcelain cements, as described in the next section.

(c) The Physio-chemical Reactions occurring during Hardening

The hardening of porcelain cements is physio-chemically analogous
to that of other silicate cements, such as Portland and slag cements,
the molecules undergoing a series of hydration phases, just as do those
of Portland cement (p. 173). The porcelain cements are also " hydrau-
lites " (p. 174), but, unlike the Portland and slag cements, they only
harden in the presence of certain acids. If the powdered portion of a
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porcelain cement is more basic than usual, acid salt solutions may
induce hydration phases.

Two classes of porcelain cements may, conveniently, be dis-
tinguished :

1. Porcelain cements of which the fluid portion is acid—acid
cements or JL-cements.

2. Porcelain cements of which the fluid portion is an acid salt
solution *—saline or 2-cements.

The 2-cements have several advantages over the A -cements.
The chemical reactions involved in hardening porcelain cements

consist chiefly of two par t s :

(a) Hydration, and
(b) Condensation, or formation of an acid or salt with simultaneous

loss of water.

(a) Hydration

Hydration consists, as in the hardening of Por t land cement, in a
series of hydration phases as shown in the following example :

J Sij Al I Al

I I
4 RO • 6 A12O3 • 12 SiO2 4 RO • 2 H2O . 6 A12O3 • 12 SiO2

(a) (b)

i l l I I I I

I I I I I
4 RO • 3 HaO • 6 A12O, • 12 SiOa 4 EO • 4 H2O • 6 Al tO 3 • 12 SiO,

(o) (d)

II I I II
l ° = / \ / \ / \ / \ = l °

| Si | All A l | Si |
1 = \ / w v = 1

I I I I
4 RO • 5 H , 0 • 6 A l a 0 8 • 12 SiO,

(e)
* Although the term'' acid salt solutions'' is used for convenience, it should be under-

stood that acid-reacting salts are really meant, and not the true acid salts which con-
tain H-ions. Solutions of metallic salts are known (p. 228), which do not appear to
contain H-ions and yet have an acid reaction.

Even if the acid reaction of these fluids is referred to the presence of H-ions, or
if these ions should be found in some of them, there still remains a large difference
between a porcelain cement containing free acid and one containing an acid salt, par-
ticularly when the physiological action of the cement is considered.
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i i ii II i i
4 RO • 6 H2O • 6 A12O3 • 12 SiO2 4 RO • 10 H2O • 6 A12O8 • 12 SiO2

(*) (g)

This large number of hydration phases is accompanied by a notable
development of heat, particularly a t the beginning.

(b) Condensation

As soon as the hydration—assisted by the acid or acid salt solution
—ceases, the second stage of hardening—condensation—commences.

If the fluid portion of the cement is a complex acid, as shown by
the acidophilic a-hydroxyls, water will be separated and the acid
radicle will attach itself to the silica molecule.

On account of the somewhat strong acidophilism of the a-hydroxyls
on the one hand and the very strong basophilism of the s-hydroxyls
on the other, it is highly probable tha t acids will at tach themselves
to the silica ring without any separation of base from the silica side of
the molecule.

The constitution of a hardened mass of an .4-cement will, thus, be :

' aq.

According to this constitution, if, for instance, A is an alumino-
phosphoric acid, such a substance must be a strongly acid salt of a
triple acid.

The addition of a complex acid to a cement powder is by no means
a neutralisation of the former in the ordinary sense of this word,
although on account of its insolubility the hardened mass may react
neutral to litmus. There is, in fact, a large number of substances
which, being insoluble, react neutral to litmus and yet are, constitu-
tionally, acids. Kaolin is a typical substance of this kind.

A hardened 2-cement has probably an analogous constitution :

;;; | si | A I | A I | si |
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A completely saturated substance of this kind is, therefore,
analogous to Thugutt ' s sodalites (p. 60) and the 2-ultramarines whose
mode of formation has been shown in previous pages to be due to the
formation of condensation products. The ^4-cements, on the contrary,
are analogous to the A -ultramarines (p. 140).

These structural formulae indicate t ha t a molecule of a cement may
be combined with four molecules of acid or of 2 , but this can only
be the case occasionally.

The above structural formulae for fully saturated dental cements
are only for a given case, as the structure of these substances must,
naturally, vary with the ratio of powder to fluid. Some of these
cements may, for example, have the formula

i Si Al Al SI • aq . ;

11 i n k -

others contain an excess of acid (2) or of uncombined A or S. The
constitution of hardened cements of other compositions may be
regarded as analogous.

The physio-chemical reactions occurring during hardening are
thus clearly shown by means of this theory. On the physical side, the
following may be added :

If the cement mass is regarded as a sphere composed of different
layers as in Fig. 3,3 7 0 the hardening takes place from the circum-
ference towards the centre. The outer layer a
hardens without any external pressure, b u t in the
case of 6, any expansion is opposed by the harden-
ing outer layer a. The same occurs with layers c and
d, only they cannot expand so much. Hence the
hardness and density of the mass must increase as
the interior is approached and the outermost layer
must be the softest. An examination of phos- 3#

phate cements confirms this view, the outer portion of an old dental
stopping being more or less worn, whilst the interior is found to be
much harder.

Consequences of the Theory and the Facts

A

From the theory i t follows tha t the formulae calculated from the
analyses of the porcelain cements must be arranged to represent
compounds whose existence is theoretically possible. Unfortunately,
very few analyses of porcelain cements have been published. The
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investigations of the authors3 7 1 have shown that the powders contain
approximately

CaO A12O3 SiO2
6 - 1 2 % 38 - 50% 40 -

One analysis leads to the formula

ca

Calcd.
Pound

1°=

3 CaO
11.20
12.10

< S i | Al
\ /

• 6 A12O3 •
40.80
38.19

Al

ca
iI

10 SiO2
40.60
40.60

>=1° (Ca=4 CaO)

• Loss on ignition
8.00
8.23

The 6 - 1 2 % CaO in the porcelain cements shows tha t the powder
contains fewer R " side-chains than the Portland cements. This
relatively small proportion of CaO also explains the great resistance of
these cements to acids, as experiments with complex acids have shown
that the power of the molecule for combining with a base increases
inversely as the amount of base present (pp. 94, 108, 262, 263, 265,
etc.). The non-separation of this CaO by the action of the fluid
portion of the cement may also be regarded as being due, in all
probability, to the acidophilism of the Al- and the basophilism of the
Si-rings.

B

The absorption of water during hardening must be capable of being
represented stoichiometrically, as it is in Portland cements. The
hardened mass must contain various forms of combined water : water
as — R " • OH, water in the form of OH-groups attached to the silicon
ring and " water of crystallisation." Of these, the maximum amount of
water combined with —R". and with silicon respectively must
a priori be capable of prediction. No direct determinations of these
forms of water have been published.

C

The hydration of the porcelain cements must proceed gradually
like tha t of the Portland cements. I t must, therefore, be possible t o
prove a gradual growth of the various OH-groups by determining the
amount of water in the porcelain cements at various periods during
the hardening.

This consequence of the theory was confirmed, in the case of
Portland cements, by a series of hydration experiments by v. Teicheck
and others (p. 180), but no such determinations have, as yet , been
made with porcelain cements.
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D

The duration of the various hydration phases is a very interesting
subject. In the case of the porcelain cement powders, with their
relatively low content of base, the duration of the hydration phases
must, cceteris paribus, depend on the following factors :

1. The constitution of the silicate molecule.
2. The acidity of the cement acid.
3. The temperature at which the hardening occurs.
4. The proportion of water in the cement fluid.
5. The physical conditions of the cement powder.
As regards the first factor—the constitution of the silicate molecule

—it is clear tha t the various silicate molecules mus t hydrate a t
different rates.

As an increase in the acidity of the cement fluid must increase the
speed of hydration, it is clear tha t , cceteris paribus, those porcelain
cements of which the fluids contain more acid must harden more
rapidly than those with a less acid fluid.

As, on the contrary, the hydration begins more readily when the
basic content of the silicate molecule is increased, a reduction of the
acidity of the cement fluid must effect a corresponding increase in
the basic content of the silicate molecule if a definite ra te of hardening
is to be reached.

The temperature a t which the hardening occurs exercises an
important influence on the rate of hardening, the higher the tempera-
ture the quicker the hardening, and vice versd. The extent to which
the rate of hardening is increased by a rise of (say) 10° in temperature
must be determined by direct experiment.

For a definite acidity in the fluid portion of the cement, the ra te
of hardening must naturally depend on the proportion of water in
the fluid: the larger the proportion of water the more rapid the
hardening, and vice versd, as in the former a quicker, and in the latter
a slower hydration occurs.

The ability of the silicate molecule to undergo hydration also
depends, cceteris paribus, on the physical condition of the cement
powder : the coarser the powder the slower and feebler t he hydration,
the finer the texture the greater its readabi l i ty .

This consequence of the theory is fully confirmed b y experience.
With some A -cements the hardening is so rapid t ha t the powder must
contain coarse grains as well as fine ones in order to reduce the ra te of
hardening within convenient limits, or special instructions must be
issued to users tha t the fluid must be added in small quantities and
very slowly.

There is a possibility, in the case of some of the slower 2-cements,
of so regulating the rate of hardening tha t a t blood, heat (37° C.) they
harden at a normal rate and can thus be used for dental purposes. This
is effected by arranging the size of the grains in the powder and the
concentration of the fluid portion of the cement.



218 CONSEQUENCES OF T H E H.P. THEORY

At the ordinary temperature, the 2-cements usually harden more
slowly than the ^4-cements, and a number of writers have considered
this to be a defect in the 2-cements. As a result of this slower harden-
ing of the 2-cements they contain uncombined 2 (i.e. uncombined,
feebly acid salts) in solution for a longer time after the commencement
of the hardening than do the A -cements, and, consequently, they have
an acid-like reaction towards litmus for a longer period. This has led
to the false conclusion tha t the 2-cements are detrimental to the
pulpa.

In reaching this conclusion the following have been overlooked :
1. That the dental cements should not harden a t the ordinary

temperature, but at blood heat, and this is, as already shown, the
temperature at which they harden best.

2. No importance can be attached to the suggestion that these
cements are harmful to the pulpa, as the reddening of litmus by them
is not due to a strong ,4-acid, but to a weakly 2-acid salt solution.

E

I t also follows from the theory, tha t the hardening of a porcelain
cement must occur in a series of phases. This consequence of the
theory is fully confirmed by practical experience. Morgenstern872 has
shown that , in most cements, the first hardening is followed by molecu-
lar changes, which in some cases are completed within 3 hours, but in
others are not fully completed in 24 hours. I n confirmation of this is
the fact, proved by Morgenstern, t ha t the strength of these cements
increases if, after the first period of 3 to 24 hours, they are kept out of
contact with air or moisture.

Wege873 has also distinguished two stages in the hardening of
porcelain cements.

1. The setting stage, which, according to Wege, " lasts 15 to 20
minutes. If i t takes place at blood heat, i t is accompanied by a
marked evolution of heat owing to the rapidity with which the physio-
chemical changes occur. During this stage these cements become so
hard tha t they may be cut and polished. At ordinary room temperature
the hardening takes place much more slowly.

" The sensitiveness of the freshly mixed cement to moisture and
to saliva is characteristic of the first stage of the hardening of a
porcelain cement. I t is, therefore, necessary to perform the operation
of tooth-stopping in such a manner tha t all saliva is excluded until the
cement is hardened."

2. The stone-forming stage commences " after 15 to 30 minutes (at
blood heat). The chemico-physical reactions which occur during this
second stage of the hardening are less energetic than those in the first
stage, and the heat evolved is so small as to be scarcely measurable."

" The mass in the second stage is less sensitive to moisture and
saliva. This sensitiveness—which shows itself by * killing' any cement



TOXIC ACTION OF J -CEMENTS

mass mixed with saliva—diminishes more and more until i t eventually
ceases completely.

" T h e 'stone-forming' process may be completed in a few hours
or it may take 2 to 3 days, different cements varying considerably. I t is
during this second stage tha t the cement at ta ins its maximum hardness
and density."

Schreiber374, in his critical studies, has also repeatedly called
attention to the various phases of hardening of the porcelain cements.

The inference from the theory tha t the hardening of the porcelain
cements occurs in a series of phases is thus in agreement with the facts.

I t is clear that , previous to the " stone-forming" stage, the
hardening of the porcelain cements may be hindered by the action of
water, alkalies, and diluted acids, and it is a serious error, in studying
the resistance of these cements to acids and alkalies, to t rea t them with
these reagents before the stone-forming stage of the hardening is com-
pleted. As already mentioned, Morgenstern and Schreiber have
clearly shown the nature of this error in a series of experimental studies
made by them.

F

In the light of theH.P . theory, the fact t ha t porcelain cement masses
have a higher resistance to dilute acids than is possessed by ivory or
the enamel of natural teeth is explicable. The acid in the fluid portion
of the cement does not decompose the silicate molecule ; i t does not
cause the separation of any bases which can form easily soluble salts
with phosphoric acid or aluminophosphoric acid. The acid in these
cements only assists the hydration of the silicate molecule and adds
itself to the latter. Dilute acid, if it does not act on the hardened
molecule, may, if it has as great an affinity for the silicate molecule as
the cement acid, effect a further hydration and may replace it, though
this is seldom the case, with dilute lactic and acetic acids.

This indicates tha t the cement mass is not readily at tacked by
acids, a fact which has been proved experimentally.

The Toxic Action of the ,4-cements in the Light of the New Theory

From what has been written in the foregoing pages, the constitu-
tion and properties of the porcelain cements must , undoubtedly, be
regarded as new members of the great class of silicate compounds. I t
is therefore desirable, in the light of the H . P . theory, to find an answer
to a question which is both theoretically and practically of the greatest
importance. I t has been stated t ha t some porcelain cements have a
serious disadvantage in tha t they cause dangerous inflammation and
destroy the nerves (pulpa) of the teeth, with all the consequences which
follow these actions.

For several years there has been a bit ter fight as to whether the
toxic character of these silicates may be prevented. The chief difficulty
in solving this problem appears to lie in the lack of knowledge of their
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basic cements which have been hardened by t reatment with acid, such
as the zinc phosphate cements, the powdered portion of which contains
90% of zinc oxide.

In commerce, as may readily be seen from a study of the literature
of the subject, there are two kinds of zinc phosphate cements :

{a) Those in which the fluid portion contains a strong, free acid ;
and

(6) Those in which the fluid portion contains a considerable amount
of a stronger base, e.g. zinc oxide.

The difference is shown in the following Table, due to H . Paschkis :

Composition of Zinc Cements

Name

Poulson
Entrop
Ash
Grunbaum
Poulson
Rostaing

"Fluid Portion"

fluid
•»
it
19

crystalline
fluid

Contains

no zinc
>> 91
91 91

little zinc
much zinc

I t is clear tha t these two kinds of zinc phosphate cement may have
different chemico-physiological properties. In this connection i t is
interesting to notice tha t one of the most famous workers—Miller,
Professor of Dentistry a t Berlin University876—comments on the
repeatedly observed destruction of pulpse by zinc phosphate cements
(p. 232), whilst another equally famous operator—Prof. Black877—has
observed no such destruction by zinc phosphate cements. These
contradictory opinions can only be explained by assuming tha t
Miller used cements containing free acid, whilst Black used those in
which the fluid portion contained salts. Other operators have also
reported contradictory results, some recommending the use of a
protective medium below the cement stopping and others advising the
direct use of zinc phosphate cement as providing the most suitable
protection for the pulpa.878

The destructive action, on the nerves, of zinc phosphate cements
containing strong acids in a free state in the fluid portion can only be
explained by supposing tha t not merely the 6 -12% of base in porcelain
cements, but even the 90% of base in the zinc cement powder, cannot
prevent the destructive action of the free acid on the nerves a t the
moment when the mass is introduced into the cavity in the tooth.

This surprising fact admits of a complete explanation : the harden-
ing of a cem^pLt is essentially a slow physio-chemical process and it
cannot, by the time the mass is introduced into the cavity, have
proceeded far enough for the neutralisation of the strong acid to effect
the separation of the base. This behaviour of the highly basic zinc
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phosphate cements thus affords a further confirmation of the im-
probability of any separation of the base by the action of the cemeiit
acids on silicate powders so poor in basic material as are the A -cements
at the moment of their introduction into the dental cavity.

3. In the light of the H.P . theory, the fully hardened ^t-cements are
really " sodalites " (p. 214). The acid is added to the silicate molecule
because of the acidophilism of the a-hydroxyls. Experience has shown
that this acidophilism of the silicate molecule is never strong, and in
the case of acid dye-stuffs the " lakes " produced are, technically, of
minor importance.

There is a danger on account of the low acidophilism of the tfe
hydroxyls, tha t after a long time a separation of free acid may occur
and the pulpa be destroyed, the ^-cements thus resembling a sleeping
volcano which may start its destructive action at any moment.

According to the new theory, the completion of the hardening of
the -4-cements need not prevent the acid in them from acting detri-
mentally. Definite reports made by various practical dentists show
that the deleterious action has been observed a long time after the
" stopping " had been inserted ; in some instances after an interval
of a whole year. In one case, disease of the pulpa, resulting in the
death of the patient, set in more than a year after a shallow cavity had
been stopped with -4-cement.

The toxic action of the ^-cements has now been shown to be due to
that of the free aluminophosphoric acid present. The question arises
as to whether this toxic action can be proved by chemico-physio-
logical experiments in which these free acids are compared with other
toxic substances. The answer to this question forms the subject of the
following section:

The Causes of the Neurotropism of Aluminophosplioric Acids
(Ehrlich's Theory)

The term " neurotropism " was suggested by Ehrlich379 to in-
dicate the poisonous action of any material on nerve-substance.

Before it can be stated tha t a given substance is, theoretically, a
neurotrope it is necessary to understand why modern physiological
chemists consider that neurotropism is the result of chemical action.
The famous physiologist and bacteriologist, P . Ehrlich, was the first to
suggest that only those chemical substances are neurotropic which
form a definite chemical compound with the nerve-fibres380 (side-chain
theory). Erhlich reached this conclusion as a result of his study of
the so-called vital colour processes. Ehrlich has shown tha t the various
dye-stuffs become localised in the organism according to their chemical
constitution. For instance, methylene blue has a special attraction
for living nerve-fibres; other dye-stuffs are chiefly retained by the fatty
organs and still others by the substance forming the kidneys.

As the theory of the chemical combination of the toxines is of
fundamental importance if a satisfactory theory which will explain the
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observed properties of porcelain cements is to be obtained, it is neces-
sary to mention briefly those facts having any bearing on the
theory which have been observed by all well-known physiological
chemists.

Ehrlich's theory is confirmed by the following facts :
1. Analysis of cases of poisoning by toxines. I t is well known, for

instance, tha t when toxines are introduced directly into the blood-
stream they rapidly disappear.381 The rapid combination of injected
toxines with the blood has also been observed by von Behring382,
A. Knorr383, Bomstein384 , de Croly385 and others.

2. The investigations of von Behring386 on te tanus afford a special
confirmation of the theory of the chemical combination of the toxines.
If animals which are peculiarly liable to te tanus are inoculated with
tetanus poison, this is found in all the organs except the central
nervous system. I n other words, the poison is only feebly combined
in the organs first mentioned, bu t it enters into definite chemical
combination with the nerve-substance and cannot then be detected.

The following fact also supports Erhlich's theory : Knorr has
drawn up a " Scale of Sensitiveness to Te tanus ," and finds that the
poisonous dose for a hen is 200,000 times tha t for a horse, the amount
being calculated in grammes of poison per gramme of animal weight.
Hens have been found by Kitasato to be practically immune from
tetanus.

The very slight sensitiveness of hens as compared with horses may
be explained by Ehrlich's theory as due to lack of combining power.
This is confirmed by the experiments of Metschnikoff387, Azakawa388,
and of Fermi and Pernossi389, which show tha t insensitiveness to
certain poisons is accompanied by the easy recognisability of the
toxine in the organism for a long time after its introduction.

4. The well-known experiment of Robert Koch3 9 0 is a particularly
valuable confirmation of the theory of the chemical combination of the
toxines. Koch wished to sterilise infected animals with corrosive
sublimate, bu t found tha t the largest practicable doses had no influence
on the parasites, the animals being killed more easily than the para-
sites. This can be readily understood in the light of Ehrlich's theory ;
the sublimate is organotropic, bu t not parasitotropic, i.e. it forms
definite chemical compounds with the substances forming the important
organs of the infected animals, bu t has no chemical action on the cells
of the parasites.

5. Low's experiments on the action of oxalic acid on plants, is
another interesting and valuable confirmation of Ehrlich's theory.

Oxalic acid is well known as a powerful poison to both animals
and plants, and its action was found by Low to be due to i ts forming
definite compounds with lime salts. Hence, according to Low, oxalic
acid is only poisonous to those plants whose cells contain lime salts,
and it can have no poisonous actiofi on plants, the cells of which are
free from calcium compounds. Low has fully proved by direct experi-
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II. The Chemical Relationship between the Nerve-fibres and the
Aluminophosphoric Acids

If it may be accepted as a definite fact t ha t the nerve-fibres, like
animal fibres generally, are chiefly proteins (amino-acids), it is clear
that such substances may form definite compounds with either simple
or complex acids, especially as Friedheim and his associates have
found, as the result of a large number of experiments, tha t complex
acids can not only combine with bases, but also with other acids, and
other chemists have proved the existence of amino groups.

That the facts fully confirm the possibility suggested by theory
is shown by the mordanting of animal fibres by sesquioxide compounds
such as aluminosulphates (alums), aluminoacetates, etc., i.e. by the
various complex alumino-acids.396 The properties of the alumino-
phosphates—such as the existence of aluminophosphates with very
different proportions of phosphoric acid and alumina, which can pass
into one another ; the impossibility of replacing the alumina by other
bases by double decomposition ; the masking of the phosphoric acid
by alumina in agriculture, etc.—show tha t their constitution is
analogous to tha t of the aluminophosphates and aluminoacetates, and
there can be no doubt t h a t they have a special chemical relationship
to the nerve-fibres. In short, the aluminophosphoric acids are, in
accordance with Ehrlich's theory, neurotropes or nerve poisons.

I t is very probable t ha t the proteins, like the aluminosilicates,
have a cyclic constitution, i.e. they apparently consist of N- and C-
hexites and pentites. The combination of animal (nerve) fibres and
the complex alumino-acids—the corrosives—is most probably analo-
gous to that of the complex acids : two neighbouring OH-groups in
the animal fibre combining with two similar (ortho) OH-groups in the
alumino-acid with loss of water. The resultant complex can then, in
an analogous manner (i.e. on losing water), unite with dye-stuffs, the
combination of these being thus effected by means of the OH-groups
in the alumino-acids. From this it follows t h a t only dye-stuffs with
ortho-hydroxyl groups can combine with alumino-acids and can be
used as dyes. This interesting consequence of the theory has been
fully confirmed by the experiments of C. Liebermann and St. Kon-
stanecki396, who liave shown tha t the only oxyanthracinones which are
fixed dyes are those containing two ortho-hydroxyl groups. C.
Liebermann has converted non-dyeing colours into strong dyes by the
introduction of two ortho-hydroxyl groups, particularly in the case of
fluorescines, eosines,397 malachite green,398 fluorines,399 oxyaurenes,400

etc.
What can be said in regard to the physiologico-chemical action of

the 2-cements ?
The experience of Black and Schreiber with 2-phosphate cements

shows tha t the 2-silica cements are non-poisonous to the nerves of the
teeth. The plastic mass of 2-cement does no t contain free l i
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phosphoric acid, but an acid saturated with zinc oxide, i.e. a zinc salt,
which must, naturally, behave in a different physiologico-chemical
manner towards the nerves. According to Ehrlich's theory, all toxic
action is excluded in the case of 2-cements, as investigations on the
dyeing of animal fibres show401 that , in the absence of mordants, the
colour can only be fixed on wool and silk when the dye-bath is acid,
i.e. only when the dyestuff-acid is in a free state. From this it follows
that only free acids have any action on the nerve-fibres, salts being
inert in this respect; in other words, solutions of zinc salts can form
no definite chemical compound with nerve-fibres, i.e. they are not
neurotropic.

I t is very remarkable tha t , according to Siem's investigations,738

complex compounds of aluminium (sodium alumino-lactate), when
injected subcutaneously into animals, are found to be highly poisonous.
On injecting relatively large doses of these compounds into the blood,
death occurred after seven to ten days. The daily subcutaneous in-
jection of small quantities into dogs, cats and rabbits, caused death
within three to four weeks after the introduction of a total weight of
0.25 to 0.30 grammes A12O3 per kilog. of animal weight.

The fact discovered by Dollken739 in repeating Siem's experiments
is even more interesting. Dollken confirmed Siem's conclusions and
also found that , in accordance with the H.P . theory, these poisonous
aluminium compounds are essentially nerve poisons. He found that in
animals which had died from injections of these substances the nerve-
roots were degenerated and tha t marked changes had occurred in the
nerve-cells. The central nervous system is the part most affected by
these poisonous aluminium compounds ; the outlying nerves not being
appreciably affected.

Siem and Dollken have also shown tha t it is a further characteristic
of aluminium poisoning tha t time is required before any symptoms of
poisoning are observable. Neither investigator noticed any acute
symptoms of poisoning, even when large doses were administered.
This experience is a complete agreement with the symptoms accom-
panying poisoning by silicate cements of the " A " type, in which, as
previously stated, the action of poison does not make itself observable
until after weeks, months, or, in some cases, more than a year:

The objection may be raised that , according to the H.P . theory,
neutral salts of complex alumino-acids and particularly sodium
alumino-lactate, should be ?wm~poisonous, as the harmlessness of the
zinc aluminophosphates (i.e. of the 2-cements) was thus explained.
This objection is not well taken, as i t is necessary to remember that
some salts, like the sodium compounds of complex acids, readily
dissociate and their anions can then enter into reaction. For this reason
the feebly dissociable zinc salt possesses advantages over the free
acids. Moreover, it is especially important to observe tha t Siem used
extremely dilute solutions, whilst the fluid portion of the 2-cements is
highly viscous and is thus different from the il-cements. The prob-
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ability of extensive dissociation or decomposition of the fluid portion
of the 2-cements in hollow teeth is very remote.

It should also be noted that, apart from any particular theory, there
can be no doubt that free acids can combine with nerve-substance far
more readily than can salts, and from this point of view the 2-cements
must be more advantageous than the -4-cements for physiologico-
chemical purposes.

The objection may be raised that the fluid portion of the 2-por-
celain cements is very concentrated, and that the acid reaction is
due to a hydrolysis of the salt, i.e. that these salts must contain free
aluminophosphoric acid, even if only in small quantity. This objection
is quite erroneous, as the acid reaction of metallic salts is not neces-
sarily a sign of hydrolysis, because many metallic salts (including
nickel sulphate, manganese chloride and copper sulphate) which, in
aqueous solution, react strongly acid may be shown, on physio-
chemical grounds, to be quite free from hydrolysis.

As the question whether the acid reaction of an aqueous solution
is a definite sign of the presence of free acid has not been clearly
answered, an attempt is made, in the following lines, to deal with it in
accordance with the experimental material available.

Does the Acid Keaction. of an Aqueous Solution of an Acid Salt always
indicate Hydrolysis and the Presence of Free Acid ?

The non-hydrolysis of a number of acid-reacting solutions of
metallic salts may be shown :

(a) By determining their coefficient of conductivity, and
(6) By spectrum analysis of the solution.

(a) Conductivity Determinations

The following simple means of determining whether a salt is hydro-
lysed in aqueous solution is due to Ostwald. If the molecular con-
ductivity of a solution of one gramme-molecule of a salt in 1024 litres
of water at 25° C. is represented by /*iO24 and the conductivity of the
same weight of the salt in 32 litres of water at the same temperature
i» represented by /i82> fr°m the difference A between these two numbers
it can at once be seen whether the substance is hydrolysed or not. If,
for instance, the difference A is approximately 20, no hydrolysis ha4
occurred, but if A is considerably above 20, a hydrolysed salt is
present.402

A number of salts, such as nickel sulphate, cobalt chloride, man-
ganese chloride, copper chloride and copper nitrate, when in aqueous
solutions react like acids, yet the value of A shows that according to
Ostwald's rule they are not hydrolysed, as may be seen from the
following Table,*°* in which no number is significantly above 20.
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Conductivity Difference

Salt A
Nickel sulphate 18.6
Manganese chloride 18.5
Cobalt chloride 18.2
Copper chloride 20.5
Copper nitrate 18.6

Copper sulphate also has an acid reaction, yet the determination
of tfre conductivity of a number of aqueous solutions of copper sulphate
show, according to Ostwald404, that this substance is not hydrolysed.
Ostwald has shown that the conductivity increases steadily with the
dilution of the solution, and from this and from the conductivity of an
infinitely dilute solution he concludes that solutions of copper sulphate
contain Cu- and SO4- ions, but no H- ions.

(b) Spectrum Analysis

According to Knoblauch405 and Nernst406, spectrum analysis affords
a very delicate method for showing the constancy, or otherwise, of the
constitution of a substance. If the absorption spectrum of a solution
of the substance changes with the concentration a change must have
occurred in the constitution of the substance. According to Nernst407,
innumerable tests have shown that a very small change in the consti-
tution is readily shown by the difference in the absorption spectrum.

If acid-reacting solutions of metallic salts, such as copper sulphate,
underwent the slightest hydrolysis this could be detected by the change
in the absorption spectrum, so that by examining the spectrum of
solutions of different strengths it is possible to ascertain whether the
slightest hydrolysis has taken place.

Acid-reacting copper sulphate which, according to its conductivity,
is not hydrolysed in aqueous solution, has also been spectroscopically
examined by several investigators, including P. Glan408, H. W. Vogel409,
and Knoblauch410. Glan and Vogel found that the solid and dissolved
substances both have the same absorption spectrum* so that no change
in its constitution and therefore no hydrolysis occurs when acid-
reacting copper sulphate is dissolved in water.

Knoblauch dissolved half a gramme-molecule of copper sulphate in
0.37 litres of water and an equal quantity in 325 litres of water ; the
character of the spectrum of both these solutions was identical and
Knoblauch therefore concluded that in neither case did water effect
any hydrolysis of the salt.

In these ways, the best methods of physical chemistry have shown
that a number of acid-reacting metallic salts are not hydrolysed when
in aqueous solution, i.e. they do not contain any free acid.

The objection may be raised that (a) Carrara and Vespignani in
measuring the rate of saponification of methyl acetate at 25° C. by
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means of copper sulphate, and (b) Davis and Fowler by inverting sugar
with copper sulphate solution,411 have shown quantitatively tha t the
hydrolysis of the copper sulphate does occur and tha t the investiga-
tions of these scientists, a t first sight, appear to show a slight though
definite hydrolysis. These experiments must, nevertheless, be re-
garded as useless, as Donnan4 1 2 , who first introduced them, found that
they were by no means free from objection inasmuch as they contradict
the results of conductivity determinations. They are specially
erroneous as their authors worked on the false assumption tha t the
saponifieation or inversion was effected exclusively by hydrogen-ions.
If thin assumption were correct it must follow tha t :

1. The inversion of the sugar muni increase with the dilution of
the a'*id, as the number of the H-ionn increases as the solution becomes
more dilute. Precisely the opposite in the cane: the inversion pro-
ceeding more rapidly with the stronger acid.4 1 3

2. The rate of inversion must be reduced by adding neutral salts
of the acid used, as this would reduce the number of H-ions. Yet
according to Nemst the opposite is the case: the presence of an
equivalent amount of potassium salt of the given acid increasing
the rate of inversion by about 10 per cent.

3. Halts which react acid to indicators must also invert sugar, as
they should (on the assumption named) contain H-ions. Yet H. Ley4 1 4

has observed tha t many salts which react acid to indicators behave
like neutral salts as regards sugar.

4. Salts which contain no H-ions should never invert sugar, yet
H. Ley and others4 1 6 have found that many so-called neutral salts,
e.g. chlorides of strong bases, invert sugar to a small yet measurable
extent. The contradiction between practice and the theory t ha t H-ions
are necessary for the inversion of sugar was explained long ago,
ArrheniuH*10 having shown that other ions greatly increase the action
of the H-ionn. If, however, the inversion of sugar may be effected or
increased by other ionB it is clearly useless to employ this method to
ascertain what hydrolysis (if any) has taken place in a given solution.
The above-mentioned facts are also opposed to the assumption that
sugar inversion can only occur in the presence of H-ions, as Ley and
others have effected it in complete absence of these ions. If, on the
other hand, it is agreed tha t anions may influence the inversion, it is
impossible to understand why the inversion cannot be due to the SGV
ion in the copper sulphate, an two absolutely unexceptionable methods
—electrical conductivity and spectrum analysis—have shown the non-
hydrolysin of the solution.

There can be no doubt tha t there are some metallic salts which
react like acids and ye t do not contain a trace of free acid* Hence
the acid reaction of the 2-eement fluids cannot be used as an argument
for the presence in them of free acid ; in other words, the acid reaction
of the S-cemerit fluids does not in any way imply the possibility of a
chemical combination of the cement fluid and the nerve-fibres.
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The physiologico-chemical properties of the A- and 2-cements
fully agree with the properties which have been observed in practice.

Practical Experiences with A- and 2-cements in regard to their
Physiologico-chemical Behaviour

The numerous experiments already referred to leave but little
doubt that the 4-cements are nerve-poisons and that the E-cements
are harmless.

In the year 1904 or 1905, shortly after the silicate cements had
been placed on the market, several attempts were made to prevent the
poisonous action of the -4-cements. For this purpose Selowsky417,
Hentze418, Sachs419, Bruck420, Detzner421, Scheuer422, Escher428 and
others recommended that :

1. A very thick cement mixture should be used so that any excess
of poisonous acid in the fluid would eventually combine with the
excess of powder.

2. Before inserting the cement, a neutral material should be
introduced into the dental cavity, so as to prevent the acid from
reaching the pulpa.

In spite of the most careful use of these protective materials,
dental literature contains many reports of destroyed pulpse and of
some deaths due to the acid. Thus, in 1906 the following (German)
dentists reported cases of poisoning and the uselessness of a stiff paste
and of protecting pieces : Heinsheimer424, Silbermann425, Reissner426,
and in 1908, Schreiber427. In 1909 Baldus428 confirmed this view. Of
the many (German) dentists who in 1909 reported deaths due to
pulpa poisoning caused by -4-cements, only the following need be
mentioned : C. Wolff, Aachen429, Marx430, Horstmann481, Schulte482,
Gerhardt, Leipzig488, Wild434, Albrecht436, Peckert436, Stein-Mann-
heim437, Gunzert438 and Port489.

Of these, Wild alone found 30 deaths due to -4-cements. Still more
recently, Feiler440 has reported that in spite of the greatest care, 11
cases of poisoning occurred, and enquired whether it was right to use
silicate cements of so dangerous a nature to patients. " I must say
that to me each case is a peculiarly unpleasant memory, so that I am
constantly asking myself whether we are justified in using a material
which, in spite of the greatest care and skill, places the patient in so
much danger."

Feiler has also reported a fatal case following the use of an -4-
cement as follows: " The following incident, told to me by Privy
Councillor Partsch, is worth careful consideration. I take the following
from the official medical report: ' On the 16th December, 1906, a year
after the stopping of a superficial cavity in the right upper incisor with
original Ascher's silicate cement, R. G. (22 years of age) began to suffer
indefinable pains in the right side of his face, and several days later a
pronounced swelling of the right cheek and of the upper and lower
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eyelids was observed ; fever also commenced. On the 20th December
an elastic swelling, very sensitive to the touch, was easily observable ;
the teeth were very painful when pressed, and a similar swelling near the
fossa cannia was seen. The temperature rose to 40° C. with the pulse
at 120. General condition much disturbed ; no mental symptoms.
The dentist trepanned two, whereupon pus discharged from the pulum
cavurn, the swelling increased around the roots of the teeth and con-
tained an evil-smelling pus. I n the evening the temperature was still
38.5°C; the pain somewhat reduced. Next day, a general improvement.
On the 23rd and 24th no pain experienced ; pat ient taken in closed
carriage to the dentist for further t reatment . On the 25th he made
a long journey unknown to the doctor. On the 26th headache re-
commenced and on the 27th the doctor was sent for and found con-
siderable feverishness and headache, bu t no trouble with the mouth,
apart from three vomitings. The doctor diagnosed influenza, but the
symptoms increased daily, the lid of the right eye swelled, the eye-
ball was protruded ; general mental symptoms observable; the pulse
sank to 56 and became irregular, the knee reflexion was unsatisfactory,
and considerable deep hyperaesthesia of the legs was found.

" On the 4th of January an operation showed t h a t the processes had
extended through the fissura orbitalis inferior to the eye-socket, and
notwithstanding a wider opening i t was impossible to prevent the
spread of the processes. The temperature fell for a short t ime, but on
the 7th of January it rose to 40.4° C , with feverish shivering, and
remained fairly constant with increasing brain disturbance until the
exitus letalis on the 18th of January . "

Schreiber441 in 1910, after reporting a whole series of fresh deaths
from diseased pulpse due to the use of A -cements, wrote in strong terms
condemning the impracticability of the preventive methods recom-
mended.

Freund4 4 2 , of Breslau, encouraged the use of -4-cements, and
attributed the toxic action of some specimens to the presence of
arsenic and not to the free acid. A year later (in 1909),448 after some
unfortunate experiences with -4-cements, he openly joined those who
accept the acid theory and discussed the question as to who were
responsible for t hese ' ' accidents "—the manufacturers who guaranteed
their products to be harmless, or the dentist.

Lartschneider444 distinguishes between an irritation of the pulpa
and destroying i t . Under the term " pulpa irritation " he groups all
the cases in which pain is felt soon after the insertion of the cement.
In most cases the pain soon ceased, bu t in some instances it continued
for several hours. He has observed these symptoms in 6 to 8 per cent,
of his patients. They were often quite independent of the depth of the
cavity, and many of the worst cases were those where no trouble was
anticipated. H e noticed tha t young, delicate, anaemic patients
suffered most, and considered tha t the fatal cases might be due to
anaemia.
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Robert Richter445 also attributes the harm done by these cements
to the presence of arsenic, and points out the seriously poisonous
nature of this material. He goes so far as to suggest that the A-
cements should always be labelled as " poison."

Schreiber446 also regarded the -4-cements as poisonous, and urged
that they should be scheduled accordingly. He also suggested that in
the case of an " accident " the dentist should be held to be legally
responsible.

I t is interesting to observe that most investigators consider that the
poisonous action is due to the free acid.

A. Masur447 reports observations made by the Breslau dentists on
the destruction of the pulpa a short time after the use of A -cements,
the patients suffering from acute periodontitis. Masur also considers
tha t the cause of the symptoms observed is to be found in the cement
acid. Reissner448 also attributes the periostitis observed by him to
the action of free acid.

Silbermann449 definitely assumes that the detrimental action of the
-4-cements on the pulpa is due to the acid they contain, and has
endeavoured to prove this assumption experimentally. Later, he
considered that the arsenic in the cements was the cause of their toxic
action, but " the difference observed in the pulpa after the application
of arsenic and of an Ascher's stopping, which had resulted in peri-
odontitis," led him to conclude that the damage was done by the acid
in the cement and not by the arsenic. Moreover, arsenic-free A-
cements have the same toxic action as others ; hence it is not generally
agreed that the acid is the poisonous ingredient.

Kulka450 has pointed out that, according to Miller451, the destruc-
tion of the pulpa (p. 221) is by no means unusual with zinc phosphate
cements, and is apparently due to the phosphoric acid in the cement
fluid. Kulka accepts this suggestion and also the similar one made by
Ottolenguis463 ; he also considers it possible tha t the free acid removes
lime from the tooth-ivory and affects the pulpa by partial destruction of
the dentine.

Feiler454 does not accept this view, as he found that on drilling
through the stopping the dentine above the pulpa was unaffected, and
tha t no lime had been removed from i t ; he does, however, agree that
the detrimental action of the-4-eements is due to the free acid present,
and refers to Pawel's455 work in support of this. Pawel found, by
actual experiments on animals, that the acid in these cements can
penetrate thick layers of dentine and can then damage the pulpa.
According to Feiler, the chemical irritation of the excess of acid
affects the vitality of the pulpa through pores or channels in the dentine
and destroys its power of resistance to bacteria. The latter are thus
able to pass through the channels in the dentine and to enter the blood-
stream, thus bringing about violent processes, the intensity of which
depends on the virulence or pathogenity of the germs present.

The destruction of the pulpa which results from the use of porcelain
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cements containing free acids is attributed to the strong acids in the
cement fluid by the following (additional) authorit ies: Biel456,
Hentze457 , Sachs458, Bruck459, Apfelstadt460, Schreiber461, Wege462,
Schachtel463, etc.

Lartschneider464 has expressed a doubt as to the action of free
acid in A-cements on the pulpa. He placed small pellets of cotton-
wool saturated with the fluid portion of these cements (i.e. with
cement-acid) in the cavities in infected teeth and closed the cavity
with a Fletcher's cap. In some instances temporary pain was ex-
perienced by the patient, but it ceased after a few hours. In no case
did he find any appreciable destruction of the pulpa or any periostitic
symptoms, even though some of these " a c i d fillings " were retained
in the teeth for nine weeks.

This investigation is of value, but it does not invalidate the " acid
theory " for the following reasons :

1. Symptoms are, in many cases, only observed after a very long
time, sometimes as much as a year or more after the introduction of
the stopping, and the observations made by Lartschneider were made
in too short a time for the action of the acid to become noticeable. In
this connection the experience of another dentist—Albrecht465—is
interesting. Albrecht was one of the first to use 4-cements extensively,
and he could not understand why so many of his colleagues complained
of their deleterious action. More recently, however, he has realised
that several " accidents " are due to old cases, the damage to the
pulpa taking some months before it became noticeable. Two cases in
particular, in which he filled quite shallow cavities with .4-cements,
resulted in the destruction of the pulpa and in periodontitis after more
than a year, have made him pessimistic with regard to these cements.

The eventual destruction of the pulpa in the cases quoted by
Lartschneider is, therefore, by no means excluded.

2. The plastic silicate mass is pressed into the dental cavity under
considerable pressure, whereby the free acid may the more readily
penetrate the pores or channels in the dentine and so reach the pulpa.
If a pellet of cotton-wool saturated with acid is used, there is little
or no pressure exerted, and the acid cannot so readily reach the pulpa :
it may, in fact, combine with the Fletcher cement.

3. I t is not impossible that only certain people are sensitive to
the action of the aluminophosphoric acids, and tha t in his experi-
ments Lartschneider had patients who were not likely to develop
pulpitis.

If the harmlessness of the aluminophosphoric acids is assumed,
to what is the destruction of the pulpa due ? Moreover, Pawei has
shown the harmful action of strong acids on the pulpa by direct
experiments on animals as previously noted (p. 232).

The most direct proof that the toxic action of the A -cements is
solely due to the free acid they contain is found in the 2 -cements,
which only differ from the former in the substitution of a salt for the
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free acid, yet are found in practice as well as in theory to be perfectly
harmless.

No sooner had the poisonous nature of the ^4-cements been realised
than an urgent demand was made for their improvement in such a
manner that they should lose their toxic action completely. Thus
Heinsheimer466 has stated tha t " Beautiful and valuable though the
Ascher cements are, they have one property which is absolutely neces-
sary to remove, viz. the toxic action on the pulpa. Otherwise, these
almost ideal materials must be discarded. These views are held by a
number of my colleagues, and I may frankly say tha t this serious dis-
advantage is not due to the use of too soft a mixture or to badly
prepared material."

Greve expresses himself to the same effect: " Some of the new
silicate cements produce excellent results under suitable conditions,
but an improvement is essential. If this cannot be effected they will
never attain the popularity which has been prophesied."

The warnings of Heinsheimer, Greve and others are all the more
significant when it is remembered that , according to Pfaff467, diseases
of the pulpa are the cause of other diseases of important organs—
particularly of the eyes and ears. Thus, deposits of decomposed matter
on the pulpa, diseases of the pulpa itself and of the membranes sur-
rounding the fangs, frequently cause neuralgia of the trigeminus, or
neuritis ascending to the ganglion gasseri (Karewski). The clinical
observation that the eyes are affected in many diseases of the teeth
has been made by numerous ophthalmologists. Acute pulpitis, peri-
ostitis and empyemia of the antrum highmori are stated to be the causes
of many eye complaints by Alexander, Keyser, Wacher, Lardin,
Birch-Hirschfeld and others. Pagenstecher and Vossius have also
reported numerous cases. Amongst other diseases of the eyes which
have their origin in defective teeth are changes in the optic nerves and
in the retina ; inflammation of the cornea and of the conjunctiva, or
of the whole eye-ball; diminished sensitiveness in the apparatus for
accommodation and in the iris, affections of the muscles which move
the eye-ball and eyelids, diseases of the tear-glands and ducts. These
have been observed by Decaisne, Blank, Schmidt, Schulek, Wedl and
others. The manner in which these diseases are brought about must
be sought in the nerves and in the mucous lining of the m o u t h ; the
latter extends to the jaw from the ostium pharyngeum tubce to the drum
of the ear, so that inflammatory processes in the mouth may also
extend their action for a considerable distance. Otitis media and the
related ascending neuralgia may also be due to diseases of the teeth,
according to Boke, Ziem and Winkler.

Greve468, in 1906, attributed the poisonous nature of the JL-cements
to their irrational composition. He considered tha t the composition of
the silicate powder does not permit it to neutralise the cement acid,
and he attributed the dangerous irritation of the pulpa to an excess of
free acid. I t has been shown that in the highly basic zinc phosphate
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cements (p. 221) the UHO of ICHH acid will not avoid the danger, because
no separation of the base has occurred by the time the plastic mass is
placed in the cavity. Nevertheless Greve's work is important because
he showed the value of batten for reducing the poisonous nature of A-
ivmentn. The right way to destroy the poisonous nature of the silicate
cementH in shown, both by theory and practical experience, to consist
in saturating the* cement acid with a ntrong basis before the fluid
portion of the cement in mixed with the powder ; in other words, by the
convention of /l-eementn into S-cementn.

W. ami D. Aw?hM*f in 1908, publiHhed the results of some experi-
ment** with a transparent 2-cement, i.e. with a silicate cement in which
the fluid portion consists of an acid-reacting salt solution. Use of this
cement in practical dentistry appears to be highly satisfactory : the
twim proved, in accordance with theory, to be perfectly harmless to
the pulpa. The practical <»xf>erienceK of Oppler470, W e g e m , Schach-
td47*, Schreiber4*1, Baidun474, etc., with this cement have further
confirm**! its absolute harmlessness.

BalditH him UHWI thin cement for more than a year, Wege and
He hreiber for ncwral years. Schachtel has laid this cement on almost
translucent pulpa?, which were very painful at the time of the opera-
tion, but after a long time no harmful symptoms could be observed.
Oppfcr him brought tht* cement into direct contact with the free pulpa,
yet though thu patient!* were under observation for a long time, he
obnervnd no irritaling ftymptom*, a rcnult which, according to Schreiber,
i« incredible if ,/f-cement* arc? uned.

H<*nr<*, practical exportanco i« in full accord with theory in regard
to the abnoluto hmrmlentinewK of the £-<tem<mtH» junt as both are agreed
at* to the e#M*fiti&i pcimonouH nature of the A -cements.

The £-ft»mentfi nave, in thtiir phyniologico-chemical relations, other
advantages over tht? ^l«cemc*ntn. It in o|>en to argument whether an
nxrHm of cement fluid diffitmm more rapidly through the dental capil-
Inrie** and into the j>ulj>a mom rapidly when it m in the form of a
rotation of m mil or an acid. The factn established by Graham740

afford valuable c*vidi*nci* in thin connection. According to Graham, the
ncidn and acid mUn Aiffum mom rapidly from a mixture of basic,
neutral and acid fluid** than do tho baaie and neutral ones. The fluid
portiorti of tho A~cem$nUh--whieh are usually free, or practically free
alumtnophoftphorie*iiddii-~diffuw, cmteris jxirihuB, more rapidly than the
S-rementi, m the latter are usually saturated with bases. Should an
mmm of the fluid portion of the 2-cementn eventually diffuse towards
tbe pulpEy it m by no meann improbabla that during this time it would
come into eontaet with cement powder and so would become fully
nmtmlimA. In this way the nlow diffusibility of fluid portions of the
S-eemente in a gr©at advantage, for physioiogioo-chemical purposes,
over the more readily diffunibl© portion of the -4-<^ments.

When it in TOtnembered that in the commercial 2-cements the fluid
in highly vineoHS, whilst in the ^-cements the fluid is very mobile, it is
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clear that , cceteris paribus, the 2-cement fluid must diffuse more slowly
than that of the A -cements, and therefore the former cements are
preferable to the latter.

XV

A New Theory of Glasses, Glazes/ and Porcelains

A definite part of the silicates known as glasses, glazes and porce-
lains are, without doubt, definite chemical compounds in the structure
of which hexites and pentites play an important part .

Some of the " glasses " are compounds of simple acids, others,
like most glazes and the porcelains, are, in so far as they are single
chemical compounds, complex acids or the corresponding salts.
Dumas4 7 5 considered that glass has as definite a composition as
certain minerals or that it is a mixture of certain silicates ; the glasses
he examined corresponded to the formula Na2O • CaO • 4SiO2, but,
as Berthier476 has shown, a higher silica content in the glass makes it
harder and less fusible, whilst lime increases its resistance to chemical
influences ; Benrath477 regards as " glasses " those silicates which
correspond to the general formula RO • 2 SiO2. I t is important to
observe that it was Benrath who showed tha t the most suitable
composition for all useful glasses (excluding optical ones) lies within
the limits of Na2O • CaO • 6 SiO2 and 5 Na2O • 7 CaO • 36 SiO2, in
which If a may be replaced by K and Ca by Pb. The occurrence of the
figure 6 and its multiples is highly significant.

Zulkowski741 has studied the relationship between the chemical
composition and the physical properties of glass, and, for certain
specimens prepared by him, he suggests the following empirical
formula :

M'2O • M"O • 6 SiO2,

and the following structural formula :

/O-S iO-S iO-O-S iO-OM'
M"<

X O • SiO • SiO • 0 • SiO • OM'

In this manner Zulkowski regards glasses as definite chemical
compounds. At the same time, he regards the refining stage in the
manufacture of glass as a chemical process and not, as is customary,
as a purely physical one in which the dross particles are separated on
account of their higher specific gravity.

That the 6 SiO2 in the above formula plays an important par t in
glasses is recognised by Zulkowski, and based on the investigations
of Schwarz, which showed that the resistance of glasses to the action

* Glazes are carefully prepared mixtures of minerals which are applied to articles
in order to impart a glossy surface or glaze, the covering material being melted into a
kind of glass by heating the article in a kiln or suitable oven. Opaque glazes are termed
enamels, but both words are used somewhat loosely.
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of 10 per cent, hydrochloric acid reaches a satisfactory value with
glasses of the character examined by Zulkowski. The investigations of
Stas and others have also shown t h a t glasses only become resistant to
the action of water when their composition is in accordance with the
above formula.

I t is also of interest to observe t ha t Zulkowski has studied glasses
with 5 SiO2 in the molecule—to which he attributes an analogous
formula.

In reality, it is not the number 6, bu t a multiple of this number
which is essential, and glasses containing 36SiO2 are particularly
important. Thus, the normal composition of glass is stated by
Fischer742 to be :

5 Na2O - 7 CaO • 36 SiO2,
5 K2O • 7 CaO • 36 SiO2,
5 K2O • 7 PbO • 36 SiO2.

Normal glasses of the following formulae have also been reported : 7 4 3

6 K2O - 2 PbO • 2 ZnO • 2 BaO • 36 SiO2,
3 Na 20 • 3 K 2 0 • 3 PbO • 3 CaO • 36 SiO2,
3 Na 20 • 3 K 2 0 • 6 PbO • 36 SiO2.

I t cannot be said t h a t the three lat ter formulae represent the mini-
mum molecular weights, as formulae can be constructed from the same
data with less than 36 SiO2- Yet if the above formulae are regarded
as representing the minimum molecular weights, then glasses must
clearly have a t least 36 molecules of SiO2 in each glass molecule.

There are many people who believe tha t glasses are not single
chemical compounds, bu t mixtures or solid solutions. Zulkowski holds
the opposite view, and has drawn attention to the experiments of
Mylius and Foerster744 , which show t h a t glasses are not mixtures, but
true chemical compounds. Zulkowski regards glasses as acid di-
silicates, because he is not in a position to give a formula similar to
those suggested by the H .P . theory.

Of special interest is the composition of alabaster-glass, which,
according to Zulkowski, is not a double silicate, but a pure potassium
meta-silicate which belongs to the siliceous glasses. The composition
of this glass he represents by K 2 O, 8 SiO2. I t is highly probable that
this glass has a molecular weight a t least four times as large as corre-
sponds to the above, i.e. t h a t the t rue formula contains 32 SiO2.

In addition to those glasses which may, possibly, be regarded
as simple silicates, there are the glazes and porcelains which may be
regarded as fused aluminosilicates or salts of other complex silicates,
such as salts of borosilicic acid. Zulkowski also considers tha t " on
fusing 4 SiO2, 2 B 2 O 3 with one molecule of CaC0 3 and one molecule
of soda, the product is no t a glassy mixture, bu t a homogeneous
glass." He at t r ibutes to the material obtained in this manner a
structural formula analogous to t h a t which he assigns to normal glass.

Assuming tha t the minimum weight of the chemical compounds
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known as " glass " corresponds to a formula with 36 SiO2 and tha t this
substance is an acid with the constitution

A A A =

Si Si Si

II
14 H20 - 36 SiO2,

in which the positions marked with a + are either direct bonds between
the Si-hexites or are those to which dibasic or sesquioxide-forming
elements may be attached, by means of this constitutional formula
many hitherto puzzling properties of the " glasses " may be explained.

I t should be observed that in this formula the maximum of
OH-groups is shown. A series of acids with fewer OH-groups is
theoretically possible ; from these a series of salts can be produced
as in the case of the complex acids.

The following lines deal with some properties of " glasses " which
are explicable by means of this theory :

1. Schott478 has examined "bes t Thuringian glass " with a com-
position corresponding to

Calcd.
Found

8Na a 0
16.05
16.01

•K2O
3.04
3.38

• 4 CaO
7.25
7.24.

• A12O,
3.30
3.00

• 36 SiOa
70.36
69.02 (0.42 Fe2O3 and 0.26 MgO)

in a threefold manner, viz :

(a) After two years' exposure to air,
(6) After heating to 100° C , and
(c) After heating to the softening point.

The glasses were carefully cleaned with water, alcohol and ether,
dried by prolonged standing over sulphuric acid, weighed before and
after treatment with water and finally after heating in an air ba th at
150° C. The loss of weight was calculated to milligrammes per sq. cm.

Experiment I : Loss of weight in water 3-5 mg.
„ at 150° C. 0-8 mg.

After heating in water the glass appeared to be unchanged, but after"
heating in an air bath the whole surface became covered with very fine
cracks, but no flakes were split off.

Experiment I I : Loss of weight in water 2-5 mg.
„ at 150° C. 0-8 mg.

The cracks produced in the air bath were very fine and could scarcely
be seen with the naked eye.

Experiment I I I : Loss of weight in wafer 1-8 mg.
„ at 150° C. 0-6 mg.

In this case no cracks could be observed even with a lens.
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From the results of these experiments ifc follows that the constitu-
tion of the glasses tested must differ, and it should bo specially noted
that heating this glass to its softening point had notably improved its
quality, as ia shown by Experiment I I I . If it in assumed that the
dibasic: elementH and the nesquioxide aro strongly bound, but that the
alkali-atoms are labile, tho following isorners of the original formula
may be conceived ; these appear to confirm the three foregoing
experiments :

Ca

It in vory probabli* tha t , in Ex|Hirimcnt I I I , the compound A i&
formi?*!, tm thw fuin a nymmotrtcral diHtribution of tho atoms in tho
moUu uh which wmiid account for it« greater stability than tho
compatJtulK It and (L

It ii* hijw Awttimrfl tha t on Htoring or heating the glMsos examined,
only the fiikfUi-atotrm vlnmgti plmm, tho dibanic and Al-atoms not
b^iiig aflortoL Tliii* aHMumptiati In justified by the fact, proved by
Wi*hfr, t h a t vt?ry l i t t b cli*|>reii«ion* m shown by thormometor glasses
which contain pc^anHium^ but no fiodtuni. If this depression is due to a

Whfm mm** kind* <>t nimm mm nmni in thu manufiteturo of timrmomotorg, these
m JMUU'I, in c*Mrm ttt Hum, lei intlkiit# Iow#r t#mp#rfttur#» than they

i»h*ml4 <!<». Tlin« k ivfwrmd ti> ^ th« *# ditfirtimton " of fch« thtnuomafcer; it In oom-
twm\y un^mumi to h® dm, m lomu way, U> th«* chumicftl oornpoBition of the

l d l
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rearrangement of the alkali-atoms within the molecule, those glasses
which contain sodium, but no potassium, should show no depression at
all. Experiments made by Schott480 show tha t this is actually the
case.

Thus, glass which contains unmixed alkali (i.e. a pure potash-lime
glass) when used for thermometers shows a much smaller error owing
to changes in volume than a glass containing mixed alkalies (i.e. con-
taining both potash and soda). Thus, a glass which contains unmixed
alkali745 showed, after a given time, a depression of only 0-04, whilst
a glass containing mixed alkali had a tenfold depression, viz. 0.40.

I t is a well-known fact that thermometers made of glass containing
both potash and soda are erroneous on account of this depression,
whilst those made of potash alone are quite satisfactory; this was first
pointed out by Weber in a lecture before the Prussian Academy of
Science, in December, 1883.

2. I t is a well-known fact that the behaviour of various kinds of
glass under the heat of a glass-blower's lamp varies greatly : one
kind of glass (window glass) turns mat t and rough shortly after it has
become hot, whilst the glass made in the Thuringian Forest can with-
stand repeated heating and cooling, and may be blown into various
shapes and re-melted without showing any signs of physical change.

Schott 's4 8 1 experiments on Thuringian glass have shown that it has
the following composition :

8.25 Na2O • 1.25 K2O • 0.25 MgO • 4.25 CaO • A12O, • 36 SiO,
Calcd. 16.21 3.72 0.37 7.54 3.23 68.93
Found 16.01 3.38 0.27 7.38 3.38 67.74

Ail analysis of the sand used in its manufacture showed :

SiOa A12O3 Fe2O3 CaO MgO K2O Xa2O
91.38 3.66 0.47 0.31 Trace 2.99 0.50

Schott therefore assumed tha t this glass owes its valuable
properties to the alumina it contains, this being derived from the sand.
He has confirmed this by preparing various glasses synthetically from
pure quartz to which various quantities of alumina were added, and
found tha t the latter enabled the glass to be worked satisfactorily
in the blower's lamp, whilst the former left much to be desired. The
value of alumina has also been confirmed on the large scale ; the
addit ion of felspar or alumina to a glass mixture invariably improved
the working qualities of the glass.

Seger746, also, made exact experiments on the action of alumina in
glass mixtures, and has shown that it increases the fusibility of the
mixture and that the tendency to devitrify is reduced. Weber, in an
exhaustive treatise on " Depression Phenomena in Thermometers/ '
has stated that alumina is highly important in the manufacture of
glass : i t increases the fusibility and makes it easier to work.

Schott has also repeatedly observed tha t the tendency to crystallise
or devitrify, shown by many glasses with a high percentage of alkaline
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earths, may be diminished by the addition of alumina. This peculiar
property of small amounts of alumina (2% to 3%) is readily understood
in the light of the H.P . theory of the constitution of glasses; it is due
to the bonding of the silicon hexites by the Al-atoms. Definite com-
plexes are formed and may be conveniently termed y-complexes.

The presence of very small proportions of one substance in another
has frequently a very marked effect on the latter. Thus, Marignac484

has shown the enormous influence of 2 per cent, of silica in silico-
tungstates ; W. Asche485 and Parmentier have shown the equal
importance of 2 per cent, of silica in the silico-molybdates, and it is
very probable tha t the small amounts of Ce2O3 in the rare-earths used
for gas-mantles,486 phosphoric acid in the blood, and carbon, tungsten
and other " impurities " in steel play a highly important part in the
characteristics of these substances.

3. Forster482 and Kohlrausch483 have independently proved
experimentally that glass is attacked by pure water more strongly
than by acids. Forster has also found that a given glass will lose the
same weight when treated with sulphuric, hydrochloric, nitric or acetic
acid, of either one-thousandth of the normal,* or ten times the normal
strength. With concentrated acids, Forster found the action to be
weaker than with more dilute ones.

This property may be explained in the light of the H .P . theory, as
follows : The water causes primary alkali to become separated from the
molecule, and this, to some extent, reacts in a secondary manner on the
hexite and partially converts it into pentite, as the authors of the
present volume have frequently observed in studying the complex
salts. With acids, on the contrary, only the acid-water reacts and
causes a partial separation of the alkali in the glass. This alkali is at
once neutralised by the acid and so is prevented from having any
secondary action. In this manner the more powerful action of water,
as compared with acids, may be explained.

4. The cause of the phenomenon known as " devitrification " was,
until quite recently, extremely puzzling and has not been ascertained
with certainty. For instance, Zulkowski considered tha t devitrifica-
tion is due to the presence of subsidiary silicates. Thus, a glass made
from a mixture corresponding to the formula :

9 Na a0 + 10 CaO + 60 SiOa,
is stated by Zulkowski to be :

8 (CaO • Na2O • 6 SiO2) + 2 (CaO • 4 SiO2) + Na2O • 4 SiO,
True glass. Subsidiary silicates.

The glass is thus regarded by Zulkowski as composed of 8 molecules
of normal glass with 2 molecules of calcium tetra-silicate and 1 mole-

* "Normal acid " is of such a strength that 1 c.c. of it will exactly neutralise 0*040
gramme of NaOH or 0053 gramme of Na2COa, hence I c.c. of " one-thousandth normal "
or milli-normal acid will exactly neutralise 0-000040 gramme NaOH and 1 c,o. of " ten
times normal" acid will neutralise 0-400 gramme NaOH or the equivalent weight of
any other alkali.
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cule of sodium tetra-silicate. These subsidiary silicates are, according
to Zulkowski, the cause of devitrification.

In the opinion of the authors of the ELP. theory, the experiments
of M. Groger748 throw a special light on the subject of devitrification
and lead to the true causes of this phenomenon. Groger examined a
devitrified bottle glass made in the works of the Austrian Glasshiitten-
gesellschaft at Aiissig. I t consisted of crystalline nodules which, on
fracture, were composed of radial fibres of a ma t t greenish-white tint.
I n these nodules completely transparent, dark green masses are
embedded. Groger analysed "both the transparent masses and the less
transparent devitrified portions and found tha t their chemical com-
position was identical and corresponded to the general formula :

2.5 R2O • 4.5 EO • A12O3 • 15 SiO2,

0.25 K2O 2.25 Na2O 0.25 MgO 3.5CaO0.5MnO 0.25 FeO Al*Oa 15SiO,
Theory: '

1.64 9.75 0.70 13.70 2.4=8 1.24 7.13 63.36
Found in devitrified portion :

1.52 9.76 0.61 13.38 2.49 1.39 7.73 63.79
Found in transparent portion:

1.45 9.78 0.73 12.81 2.47 1.39 7.42 64.39

In this manner Groger confirmed the statement of Pelouze that the
devitrified portions are of the same composition as the glass itself, and
also tha t of Benrath in which the errors in the view previously held, t h a t
a devitrified glass is more siliceous than a normal glass, were exploded.

Groger also investigated the physical and chemical properties of
both portions in order to ascertain the cause of the devitrification.
He showed that the two portions differed considerably in both physical
and chemical properties. For instance, the transparent portion is
much more fusible than the devitrified portion.

Again, when treated with concentrated hydrochloric acid the
devitrified portion was almost dissolved completely, whilst t h e
transparent portion remained unattacked. From this, Groger con-
cluded tha t the devitrified portion consisted of two different substances
and endeavoured to separate them by digesting for twelve hours with
concentrated hydrochloric acid. Both portions—the soluble and the
insoluble—were analysed and conformed to the following formulae:
For the soluble portion :

10.25 RO • 0.75 RaO • 0.12 SiO2.
For the insoluble portion :

1.75 RO • 2.25 R ,0 • A1.O, • 12 SiOf.

These figures were deduced from the following data :
0.25 FeO 9.5 CaO 0.5 MgO 0.75 Naa0 12 SiO,

Theory 1.35 39.80 1.49 3.48 53.88
Found 1.16 39.30 1.33 3.57 52.89 0.27MnO 0.36 K tO
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0.25FeO0.25 MnO CaO 0.25 MgO 2 NaaO 0.25 KaO A12O, 12 SiO,
Theory 1.67 1.65 5.20 0.92 11.53 2.18 9.48 67.37
Found 1.88 2.60 5.83 0.73 11.27 1.28 9.44 66.97

In the light of the H.P. theory, the devitrification of this mass is
readily explained. The clear portion consists of a perfectly stable
penta-compound which, in time, parts with a simple silicate and is
converted into a hexa-compound. Groger interpreted his results in a
similar manner and considers that the devitrification is due to an
unmixing of the glassy mass. In other words, devitrification is not a
molecular change, such as occurs when amorphous arsenic acid is
converted into the crystalline modification (Pelouze), but the con-
version of an unstable compound into a stable one by the separation of
a definite constituent. This conclusion agrees completely with the
interesting results obtained by O. Schott749 in the microscopical
examination of numerous devitrified products. Schott found that
devitrified glasses contain crystals of wollastonite (calcium silicate),
and the existence of this substance as an integral part of devitrified
glass is shown in the above analysis.

As far back as the year 1900, Zulkowski741 endeavoured to refer
the properties of glass to its chemicaj. constitution and found that, at
that time, the only properties to which glass manufacturers and others
paid much attention were of an aesthetic nature, such as the shape of
the articles made, and the colour, transparency and light refractivity
power of the glass. The chemical properties of glass, i.e. its resistance
to weather, water and various chemicals, had scarcely been studied at
all, and Zulkowski very wisely pointed out that many articles of a
domestic or aesthetic nature, to say nothing of the innumerable
technical and optical articles made of glass, and those used in the
experimental sciences, require that glass should possess not only certain
physical properties, but the still more important chemical ones, and
yet the study of the latter has been almost entirely neglected.

Nevertheless, the chemical structure attributed to glass by Zul-
kowski does not sufficiently explain the various properties which have
been mentioned in the present chapter, whereas the H.P, theory does
explain them satisfactorily.

The Chemical Constitution of Coloured Glasses

Coloured glasses of the most varied tints may be prepared by
means of suitable preparations of copper, silver, gold and iron, and
attempts to learn the chemical constitution of these glasses have been
made by numerous chemists. Zulkowski, for instance, regards them
as mixtures of various silicates, one of which contains the colouring
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oxide. Thus, according to him, the ferrous oxide in a glass is contained
in a silicate of the following formula :

SinOm-i< /Fe or

SinOan-i< /SinO2n—1
XO • Fe • 0 '

The constitution of coloured glasses is of extreme importance, both
scientifically and artistically. The most widely adopted view is that
glasses are colloids and that the colouration is of a colloidal nature.
That the source of the colour of glasses is analogous to tha t of organic
compounds does not appear to have been suggested, and it is therefore
of great interest to consider it with the assistance of the H.P . theory.
When this is done the surprising conclusion is reached tha t coloured
glasses possess a structure analogous to tha t of the organic dye-stuffs
and tha t the colour of the glass is due to the chromophore groups and
salt-forming groups in accordance with the theory which Wit t devised
for organic dye-stuffs.

Glasses do not belong to a single class, but, as their analyses
indicate, to several classes of compounds, some of which are simple
and others highly complex. This may be readily observed in the
following types of glasses :

8 R2O • 6 RO • 36 SiO,
A.

8 R2O • 2 RO • A12O, -36 SiO,
B.

_ / "

4 R2O • RO • 6 BaO8 • 24 SiO,
n

\

(3 R2O t; 7.5 B 2 0, • 6 SiO,).
TV

etc.
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In the positions marked +- not only acid groups, but also groups
of metallic oxides (in either -ous or -Reform) may enter. The intro-
duction of such acid or metallic oxide groups may conveniently be
termed central acidising or central metallising and the groups them-
selves may be termed centralisers.

All these centralisers have an important influence on the rings, as
will be shown later. At the moment, however, the metallic central-
isers are the most interesting, as they give to compounds containing
them the property of absorbing certain selected rays of light, i.e.
the metallic centralisers are excellent chromophores.

The structure of these chromophore groups may be explained as
follows : The positions marked + in the foregoing structural formulae
are supposed, for the moment, to be occupied by CuO. One of these
positions may then be represented by :

Si
/ \
O 0
\ /
Cu
Cu

/ \
0 0

Si

A.

This group may lose o:xygen and so be converted into the group

B.
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On further reduction, group B forms the group :

S i -

0

Cu

Cu

0
I

S i —

C.

G r o u p C c a n a l s o p a r t w i t h o x y g e n or c o p p e r .
G r o u p B i s t h e c h r o m o p h o r e g r o u p w h i c h , o n r e d u c t i o n , f o r m s t h e

l e u c o - g r o u p C. T h e l a t t e r , o n o x i d a t i o n , a g a i n f o r m s t h e c h r o m o p h o r e
g r o u p B . If, d u r i n g t h i s r e - o x i d a t i o n , a l i t t l e of t h e s e p a r a t e d m e t a l
r e m a i n s u n o x i d i s e d , a c o l o u r e d g l a s s w i l l b e o b t a i n e d i n w h i c h s m a l l
q u a n t i t i e s of free m e t a l occur s i m u l t a n e o u s l y w i t h t h e c h r o m o p h o r e
g r o u p .

D e c o l o u r a t i o n b y r e d u c t i o n a n d r e - c o l o u r a t i o n b y o x i d a t i o n h a v e
b e e n r e p e a t e d l y o b s e r v e d i n o r g a n i c d y e - s t u f f s . I t w a s first p o i n t e d
o u t b y C. G r a b e a n d C. L i e b e r m a n n 7 6 0 , w h o f o u n d t h a t a l l t h e c o l o u r e d
o r g a n i c c o m p o u n d s w h i c h t h e y e x a m i n e d b e c a m e c o l o u r l e s s o n
r e d u c t i o n . T h e r e d u c t i o n m a y c a u s e t h e d i r e c t a d d i t i o n of h y d r o g e n
w i t h o u t t h e l o s s of a n y e l e m e n t f r o m t h e m o l e c u l e , or i t m a y b e e f fec ted
b y t h e s i m p l e r e m o v a l of o x y g e n f r o m t h e c o m p o u n d .

B e s i d e s t h e c h r o m o p h o r e g r o u p s , t h e s i d e - c h a i n s h a v e a l s o a n
i m p o r t a n t in f luence o n t h e c o l o u r . I n c o l o u r e d g l a s s e s t h e s e s i d e -
c h a i n s are of a b a s i c n a t u r e , a n d , i n a c c o r d a n c e w i t h W i t t ' s t h e o r y ,
t h e s e g l a s s e s s h o u l d b e c lass i f ied a s " b a s i c c o l o u r s . "

Witt's Theory.—According t o 0 . MT. W i t t 7 6 1 , t h e c o l o u r of a r o m a t i c
c o m p o u n d s i s d u e t o t h e s i m u l t a n e o u s p r e s e n c e of a c o l o u r g r o u p o r
c h r o m o p h o r e , a n d of a s a l t - f o r m i n g g r o u p . T h e c h r o m o p h o r e i s m o r e
a c t i v e , i . e . i t p r o d u c e s a s t r o n g e r c o l o u r , w h e n t h e d y e i s a s a l t t h a n
w h e n i t i s i n t h e s t a t e of e i ther a free a c i d o r a free b a s e .

I n o r g a n i c d y e s a n d c o l o u r s , t h e c o l o u r - s u b s t a n c e s m u s t c o n t a i n
c h r o m o p h o r e centra l i sers s u c h a s are r e q u i r e d for c o l o u r e d s i l i c a t e s b y
t h e H . P . t h e o r y . S u c h c o l o u r - s u b s t a n c e s a re t y p i f i e d b y s o m e d y e s
c o n t a i n i n g t h e so -ca l l ed t r i p h e n y l m e t h a n e g r o u p . T h e o x i d a t i o n
p r o d u c t s o f t h e c o m p o u n d s :

CHf-C«H4 • NHa C(0H)^CeH4 • NH a

\C«H 4 • NH, \C.H,(GE,) • NH,
Paraleucaniline. Roeaniline.
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and the substances

247

/ 4 • NH,
Cf-CeH4 • NH2

\ C e H 4 • NH • HC1 and
.. - _ : , - N H ,
\C,H,CH, • NH • HC1

are basic dyes on account of the basic groups, though the materials
from which they are prepared—paraleucaniline and rosaniline—are
colourless. The structure of these colours may, according to the H.P.
theory, be written as follows :

NH2

NH, NH,

\ .
NH2 NH,

These new structural formulae are in as complete agreement with
the properties of these substances as the ones generally seen in text-
books and have, in addition, the following advantages :

1. They show a complete analogy with the coloured glasses,
inasmuch as both the organic compounds and the glasses are shown to
contain chromophore centralisers; in the former case, carbonic
centralisers.

2. As distinct from the usual structural formulae, the new ones
show definite symmetry, which makes the new formulae more probably
correct than the older ones.

3. The difficulties connected with difference in behaviour between
the central ring and the two others in the older formulae do not occur
in the new formulae, as in the latter the groups are arranged differently.
There are many other instances in which this difficulty, encountered
when the text-book formulae are used, is avoided by the employment
of the new formulae.

With the assistance of the H.P. theory in combination with that of
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Witt , the possible existence of the following coloured glasses containing
copper may be predicted :

Type I.

A. 8R 2 O- 6 R'O • 3 Cu2O • 36 SiO,
B. 8 R20 • 10 R'O • 3 Cu2O • 36 SiO2

C. 8 R2O • 12 R'O • 3 Cu2O • 36 SiO2

D. 8 R2O • 16 R'O • 3 Cu2O • 36 SiO2

E. 8 R20 • 17 R'O • 3 Cu2O • 36 SiO2

R 8R 2 O- nR'O - 2 Cu2O • 36 SiO2

G. 8R 2 O- nR'O- Cu2O • 36 SiO2

H. p(8 R2O • nR'O • 36 SiO2) + q(8 R2O • nR'O • Cu2O • 36 SiO2)

Type I I .

A. 6 R2O • 4 R'O • Cu2O • B2O3 • 36 SiO2

B. p(6 R2O • 4 R'O • CuaO - B2O8 • 36 SiO2) + q(6 R2O • 4 R'O • B2O3

• 36 SiO2)

Type I I I .

A. 7 R2O • 7 R'O • Cu2O • A12O, • 36 SiO2 + 7 R2O • 7 R'O • A12O3

B. p(7 R2O • 7 R'O • Cu2O • Al.O, • 36 SiO2) + q(7 R2O • 7 R'O • Al.O,
• 36 SiOa) + rCu2, etc. etc.

These three types of glass must obviously differ in their properties.
The glasses in the first group are simple silicates, those in the second
group are the Gamma Complexes, in which the copper is more strongly
combined than in group I . In the third group the glasses are also
Gamma Complexes, in which free metallic copper occurs in addition to
the copper in combination.

[The existence of coloured glasses containing other metals in place of copper and
of a completely analogous constitution is equally possible.]

The H.P. Theory and the Facts

Only one glass in the first group mentioned above has yet been
prepared, namely Porpora* which, according to Zulkowski752, corre-
sponds to the formula :

8 RaO • 17 R'O • 3 CuaO - 36 SiOa.

* Porpora glass is defined as a glass which has a rusty red colour by reflected light
and a purple-blue colour by transmitted light, the colour being due to a small proportion
of copper added to the batch.



lMnO
1.20
1.50

3Cu2O
7.28
7.89

36 SiO2
36.91
35.80
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The analysis of this glass when re-calculated, in accordance with
formulae suggested by the H.P . theory, is as follows :

6.25 NaaO 1.75 KSO 4.5 CaO 10.5 PbO lFeO
Theory 6.57 2.79 4.27 39.74 1.22
Found 6.31 2.60 4.31 39.06 1.29

Trace A12O3

Zulkowski has also analysed a glass belonging to the second group
and known commercially as Copper Ruby. This analysis corresponds
to the formula :

6 R2O • 4 R'O • 0.5 Cu2O • B2O3 • 36 SiO,

3.25 K»O 2.75 Naa0 0.5 SnO 0.75MnO 1.75PbO
Theory 9.10 5.07 1.99 1.59 11.62
Pound 9.11 5.13 2.16 1.91 10.71

Traces of PeO • A12O3

Zulkowski has also analysed aventurine, a glass belonging to the
third group. Par t of the copper in aventurine glass is in the free state,
but if all the copper is considered to be in combination the analysis
corresponds to the formula :

7 R , 0 • 7 R'O • CutO • A1,O, • 36 SiO,

ICaO
1.67
1.52
MgO

O.5 Cu,0
2.12
1.63

B,O.
2.08
2.53

36 SiOs
64.76
64.80

Theory
Found

1.5 K.O
4.19
4.46

5.5Na,O
10.15
10.22

O.5 PbO
3.22
3.07

0.25 FeO
0.53
0.68

5OaO
8.33
8.74

1.25 MgO
1.49
1.57

Cu,0
4.25
4.90

A1,O,
3.03
2.16

36 SiO,
64.71
64.52

The structural formulae of these glasses when arranged in accordance
with the H.P . theory are as follow :

Porpora glass

3 2 3
II II ii

=AA/ V
Si Si Si |
1 / N | I

CuaCuaCu2
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Copper Ruby glass

J

Aventurine glass

Cu,

=\/\/\/—

A large series of facts which have, hitherto, been inexplicable is in
complete agreement with these structural formulae. For example :

{a) On comparing the structure of the ruby glass with that of the
porpora, it is clear that the chromophore

> 2 — 0 — S i <

in the ruby glass is in the first y-complex, whilst the corresponding
chromophore groups in the porpora glass are combined with a simple
polymerised silicate.

From the H.P. theory, a masking of the Cu2O in copper ruby glass
may be predicted, i.e. this oxide will not be recognised by ordinary
tests so readily as it is in the porpora glass. This interesting conse-
quence of the theory is found to be in complete agreement with the
experimental evidence.

According to Rose and Hampe763, cuprous oxide and silver nitrate
react as follows :

3 CuaO + 6 AgN03 + 3 H2O = 2 CuaH,N0e + 2 Cu(N0,)a + 6 Ag.
Zulkowski752 used this reaction in his studies of the copper ruby

and porpora glasses and found that whilst the porpora glass effected
a separation of metallic silver in accordance with the equation, the
copper ruby glass showed no such separation, even after many weeks.

(b) From the structural formula of these three glasses it follows
that only the aventurine contains free metallic copper. The facts fully
confirm this consequence of the theory. For example, Wohler found
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that on placing this glass in a solution of mercuric chloride it became
white and copper entered into solution—a clear sign of the presence of
metallic copper. I t might, of course, be argued that cuprous oxide,
which is also present in aventurine glass, would produce the same
result, but this argument has been met by Zulkowski752, who treated
the powdered glass with an ammoniacal solution of copper. In the
presence of metallic copper the reaction with this solution would be

Cu +• CuO = Cu2O,
and the solution must be decolourised. Zulkowski placed a weighed
quantity of finely powdered aventurine glass in a test tube and then
added an ammoniacal solution of copper sulphate in such an amount
that the metal in i t was equal to one-quarter of the copper in the glass.
The tube was then sealed and heated on a water bath. After 15 hours
the deep blue colour of the solution was entirely discharged, thus
proving beyond all doubt tha t aventurine glass contains free copper.

Zulkowski has also shown by similar tests tha t porpora and copper
red glasses contain no free copper. In the case of porpora the colour
of the solution was not affected in the least nor was the tint of the glass
changed, even after three years. The test was not so prolonged with the
copper red glass, but even after several weeks the colour of the
solution was not changed in the least. These tests show beyond all
question tha t the porpora and copper red glasses contain no free
metallic copper, but that it is present in aventurine glass. They algo
shatter the opinion, commonly held, tha t the colour of the two glasses
first named is due to their ability to dissolve metallic copper and re-
tain it in solution in its metallic state.

(c) The structural formulae of porpora, copper red and aventurine
glasses also show tha t the colour is due to a definite chromophore
group and not merely to dissolved cuprous oxide as is frequently
stated. The investigations made by Seger754 on coloured cuprous
glasses are in full agreement with this consequence. This investigator
showed tha t an alternately reducing and oxidising atmosphere is
necessary in the production of these glasses, and that the difficulties
in manufacture were not so much due to the glass itself as to the correct
atmosphere in the furnace. Seger found tha t the same glass-mixture
would produce all shades, from black, through brown, to bright red or
yellowish green, and tha t different parts in the same melt would vary
enormously in colour, according to the nature of the gases which
entered the crucible ; that some melts would be of good colour whilst
others of the same batch would be quite devoid of red and would,
instead, be black or grey.

All these variations show tha t red glass must have a definite chemical
constitution, tha t i t must contain certain chromophore groups, and no t
be merely a solution of copper or cuprous oxide. Seger confirmed
this view when he added 1 percent, of cupric oxide to a glass correspond-
ing in composition to

3 Naa0 • 3 CaO • 3 BaO$ • 15 SiO».
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Thin mixture wan placed in a ponr l iun * ru* thlr W1*K1I w*^ f h« it p
in a platinum one. The1! platinum rru**ibl«« *"̂ *« litf#**i %%'ith a p**r<-
lid through which protruded a pon-rlmi* tub** *»f *mall b«*n*. i|«
healing the eruribta to 400" to ftinr' imd pruning n *trwtm of J*y4f«i|$t*n
or carbon monoxide through th<* tub**, flu* ^ ' j » p t <**i«li* w**.* r«*iu<vf«i(
but the gl&nn did not funr ; it merely formal a r««*t »*luik«'r. O» r£u*mg
the temperature- to 050 n and rriutimting tin* Htt*>nm **i tn«\n< in% xn*, tiw
metallic! eopjH^r previously fnrmrti tJi^ij^Hsiri^l, tip* j-*fir!>*Jt^ 4iA^4ving
in the niolt<*n glass, and the colour «»1 th** i^la^ *himg**4 tt**tn r«T4 t«» %
greenish grey. On powderitig thiM grey yU.*.* nn4 rr hr^itiuit wuh
white glann to whieh a little oxiiliMni; a ^ u t , mi*-:h m* 1 JHT ri«!if ir^n
oxide, tin oxide or a nulphafe like gvjwiiiii. IMMJ J#«*«*ii i*#14**4 iiii4 »*tili
Htituting a stream of air for the former r»*lu« $ng M-J*.̂  ^ h 4
a red glanH.

He explained thin phenomenon by »iipp***inK f hut y
verted the black metallic eopjwr * mt«# n 4 ctiproiti* «IHI<|«* »ml I lie tmli&t
gave tho gl/i^n it« nd colour. H f ^ r f*u«.«r»»i<Mr| *fit h f4 t
equations as showing what occurred with ditli*ri-«t »x

The corroatnetw of the !ji*t r-qunti<in i« r*mfirnm*il by Ih^
development of gan during th«* fusion.

Tho red gbn« thui* formed nmy «l«*iirly In.- wpt^mmUni by tbf*
following formula:

Si ^—

in which it in amsumed t h a i only n pctrtifin of fti«i glmm
ohromophoreshown, Otherwine, thti pn»ptirtion of«tiprwtma*if|<* w«inWi
hava to be higher than tha t acttmtUy pntwml.

Tho phenomena obuervadl by B r ^ r nrf* in t^inipbla ^onfontiity
with tho consequences of the application of tin* U*t#, Ibi^iry l« rok»ur«wt
ghiHHCH.

(d) I t has, hitherto, baon imponnibh* in nwlvr*i*MA why rokturcd
glasses nhould contain mieh nmmlt f|tinftUt-irfi of fit*? tttniAllic rim*
stituanta. Not only can thin fact now be &%plmmm&, b u t it- in a
consequence of the H .P . theory.

y, %hi» in not me^Uic coppor »t *!l, Iml a* i«u^ ̂ frt^«un4 or Hill
lemoo-compourtd (p. 240).
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(e) According to the theory there is a definite maximum for the
metallic constituents to which the colour of glasses, etc., is due. This
maximum is not exceeded in the glasses mentioned on preceding pages,
and further investigations will only show that i t must not be
exceeded.

I t is highly probable that glasses containing silver and gold are
completely analogous to those containing copper, bu t to prove this it
will be necessary to re-calculate the analyses of these glasses and to
consider their characteristics and properties with the aid of the H .P .
theory.

In reviewing the German edition of the present work, C. Desch736

urged that the use of " definite formulae " for glass and porcelain is
unjustifiable. This is not surprising, as Desch has so strongly com-
mitted himself to the view that cements, glasses and porcelains are
all " solid solutions." Of various theories, tha t one is most likely to be
correct which explains the most facts and permits the prediction of
the most properties, and on this basis the H .P . theory, like all
others, must be judged. The authors of the H.P . theory have never
suggested tha t the structural formulae they assign to various substances
are in any sense "f inal ," and they readily admit t h a t they must be
altered whenever other formulae which correspond with more proper-
ties are discovered. Meanwhile, the fact that , a t present, they
explain more properties than any other formulae yet devised is a
sufficient reason for the formulae deduced from the H.P. theory.
Moreover, so far as the authors of this theory are aware, there is, a t
present, no real ground for doubting the correctness of their conclusions.
On the other hand, what good does it do to assume tha t glasses are
mixtures or solid solutions ? Such a view, which is held by many
chemists, including all the chief critics of the H.P . theory, does not in
any way advance the cause of science, because it fails to explain more
than a very small proportion of the facts, whilst an enormously large
number of them are fully explicable in accordance with the H.P .
theory. Under these circumstances, is i t too much to say tha t the
deductions from the H.P. theory approximate far more closely to the
true structure of the substances concerned than do the " mixture "
and " solid solution " hypotheses ?

I t should be observed tha t in this volume the authors have made
n6 attempt to show tha t all commercial glazes, glasses and porcelains
are definite chemical individuals, though, without doubt , many of them
are such. I n the following pages the analyses of a number of glasses,
glazes, and porcelains have been calculated into the molecular form,
those materials being selected which, on account of their excellent
physical and other properties, appeared likely to consist of definite
chemical compounds. This calculation of the formulae should prove
of value in the further study of these materials.
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II. Formulas of Porcelains490
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No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

SiOa
63.95

63.07

63.48

60.53

60.42

76.75

71.31

71.60

65.79

69.32

65.61

66.00

64.52

66.78

65.17

64.28

66.97

52.94

74.53

AJUOa
25.59

24.67

25.00

26.37

26.47

18.44

19.74

18.71

23.51

23.64

23.07

22.59

22.07

22.70

23.63

23.49

20.92

28.91

16.09

Percentage of

Fea03

0.69

0.59

0.51

0.75

0.52

1.17

0.73

1.19

0.31

0.83

0.65

0.36

0.97

0.55

0.51

0.87

0.64

0.48

1.03

MffO
0.54

0.40

1.06
CaO
0.69
CaO

1.37
CaO
0.02
CaO
0.17
CaO

1.59
CaO
0.86
CaO
0.80
CaO
1.68
CaO
2.10
CaO
0.97
CaO
1.09

1.77

2.06
CaO
3.99
CaO
0.17
MgO
0.06
oau
0.25
MgO

KiO
2.07

4.25
AllrJtXxH—
2.26
2.95

2.75

4.23

4.04
4.16

2.01

2.66
*

2.94

2.71

1.35

1.07
2.92

1.11

2.75

1.7

4.37

NaaO
0.98

—
1.19

1.44

1.60

0.17

0.1
0.18

1.73

1.82

2.72

1.80

3.13

1.51

0.90

3.07

0.41

0.68
2.48
co2

1.19

HaO
6.62

7.00
6.76

6.39

7.19

—

4.01
4.68

&org.
Subst.

5.89

5.98

4.50

5.59

5.60

6.07
5.98

5.48

5.43

9.12

2.83

RaO
0.5

0.5

0.5

0.5

1.0

0.5

1.0
1.0

1.0

1.0
*
1.0

1.0

1.0

0.5

0.5

1.0

1.0

2.0

1.0

Molecules

EaO,
3

3

3

3

3

3

3
3

3

3
—**
3

3

3

3
3

3

3

6

2

SiO9

12

12
12

12

12

18

18

18

15

15

15

15

15

15
15

15

16

18

16

HaO
4.0

4.5
4.0

4.0

5.0

—

3.0
4.0

4.5

4.5

3.5

4.0

4.0

4.5
4.5

4.0

4.0

10.0

2.0

Source of the Porcelains

Socidte* anonyme do
Hal (Belgium).

Berlin porcelain, 1877
A. Hache & Pepin,

Schalieur, Vierzon.
L. Sazerat, Limoges,

body for heavy
porcelain.

L. Sazaret, Limoges,
ordinary body

Japan IV, Biscuit of
egg-shell porcelain.

Japanese Body II.
Japanese Body IIL

Guerin & Co. (Body
for figures).

Guerin & Co. (su-
perior body).

Guerin & Co. i (su-
perior body).

Guerin & Co. (ordin-
ary body).

J. Poyat, Limoges
(ordinary body).

Carlsbad Body I.
Carlsbad Body II.

J. Poyat, Limoges
(superior body).

A. Hache & Pepin
(superior body).

Sdvres, Body for
table-ware.

Japanese Body I.

From a study of the foregoing formulae it will be seen tha t there
is a great probability of the hexites or pentites playing an important
part in the structure of the substances under consideration,

XVI. The Hexite-Pentite Theory as a General Theory of Chemical
Compounds

The following facts make it appear probable t ha t the new hexite-
pentite, or more briefly the H.P. theory, which originated in connection
with the aluminosilicates, is capable of application as a general theory
of chemical compounds.



CONSEQUENCES OF T H E I-M\ THKOKV

A. The H.P. Theory and tlie Composition of the Metal-ammonias and tilt
Related Compounds

The H.P . theory appears to bo of npe< ial v a l w with regard !** th r
constitution of the metal-ammonias and the related r t impmmiK In
Gmelin-Kraut's u H a n d b u c h " (1909. V, p. *'W7) a n u m b r r o f romjmumiit
termed metal-ammonias are described, and from the empirical U>rnni\&
there given, the following may be selected an bring likely t<» r<mtitin
hexite or pentite radicles :

[Co(NH,),]2Cl4(PtCI<) I HaO, [Cr»(XH,).|,(Pt(l#KiIi - 2 H,O.
[CMNHf)f][Cfc(CN)^
[Co(NH,),][Fe(CN)J • 1} H,O. fCojXH.UIfCViK'Ng)!.
[C6(NH,)iN0JI[Cc>(N0I)i],,[Cc>(NH,)4XO>JSO4 - H.O,
[Co2Ot(NH8)xo](NH8)4 • 2 ltjj% Kc.

Of special interest are the compound* :

' \Co*XH(XH r) t

X = NO., Br, Cl,
Co4(NH,)10(NO0n-HaO,
Co^NHtjioiNOiJit-HtO,

Also the compounds :

2 Na,0 • Co.O, • 5 X,O. - 11*0,
3 Na2O • Co.O, • « X,O§ • II fO,

and the cobalt oxalates :

Naf(NH4),eo.(CtO«)i • 7 11,0,
K,Na»Coa(Ca(>4)i • (1 If fO,

The hexites clearly play an important part in th<*
plexes of nitric acid, prepared

K4Ni(NOfl)., K tBeNi(NO t).,
K2PbNi(NO8)€ and BatNi(NO,)#,

from which i t is impossible to Hubstituta another metal for the Xt by
any of the ordinary methods of doublo decomposition.

The following pentarcompound«:

K8Cu(NOa)«, K^n(NO»)s • 6 HfO and K,Hg(XOK)» • II ,O t

also prepared by Oppenheim, are interetttingv inanmueh an they nimw
that three-fifths of the OH-groups in pentariitritai ' '
from the others.

Hexites clearly occur, also, in the following (wmpound*
by Soenderop4 9 2 :

2 (K2Co2CyI8)HgJ1, Hg8Co,Cyi

y y 2 , (
(NH4).Co aCy1 8 .HgCy i-H20.
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The hexites also play an important part in the yellow and red
ferrocyanides, K4Fe(CN6) and K3Fe(CN6) and in the double salts
FeCl3 • 3 KOI, CdCl2 • 4 KC1, etc.

The number of compounds whose composition indicates the possi-
bility of hexites and pentites playing an important part is very large,
and all at tempts to represent these atomically have hitherto proved
unsatisfactory.493 For some of them, structural formulae have been
devised, as Erlenmeyer's494 and Friedel's496 formulae for the ferro-
cyanides ; Blomstrand's496 formulae for ferrocyanides and metal-
ammonias ; Jorgensen's497 formulae for the metal-ammonias and
Rernsen's498 for the double salts. Kohlschiitter499 has shown tha t the
defects in all these suggested formulae are due to their limited applic-
ability ; instead of a broad general principle, these formulae ^re only
related to special compounds, and it is not infrequently found tha t
they do not apply to apparently closely related compounds.

A. Werner500 was one of the first to call attention to the repeated
occurrence of the number 6 in inorganic compounds and to utilise this
in the formulation of a theory of molecular compounds in which an
at tempt was made to construct structural formulae.

[Werner discovered a remarkable series of optically active compounds of cobalt
and chromium, whose activity he traced, in this case, to the hexavalency of the elements
in question.

He regarded an element as possessing, in addition to its usual or "principal"
valencies, what he designated " auxiliary " valencies, i.e. a kind of fractional valency
capable of effecting the union of otherwise independently acting molecules like NH3
and H2O. For the present purpose it will be convenient to distinguish between these
two types of valency, though the manifestation of the latter is understood by Werner
to be independent of units, being variable within wide limits with the nature of the
atoms combined and the external physical conditions. Under the influence of both
principal and auxiliary valencies, the components of a complex molecular compound
arrange themselves into zones around the central element. The first zone comprises a
maximum of four or six univalent atoms or groups, this number going by the name of
" co-ordination number," and each additional component of the complex is relegated
to the second zone, where it takes upon itself certain peculiarities in behaviour, notably
that of mobility and consequent tendency to ionisation.

For instance, the structure of the well-known complex CoCl2 • 6 NH3 was formerly
written

Cl • NH8 • NH, • NH3 • Co • NH8 • NH, - NH3 • 01,
s, representation at once unwieldy and inadequate, though consistent with the then
prevalent ideas of valency. Werner, however, regards it as possessing the structure :

T N H , N H , ~ |
NH, Co NH, Cl.

\_Ka, N H . J
in which the ammonia molecules are united with the cobalt atom by auxiliary valencies
and comprise a first zone (usually marked by square brackets), whilst the two ionisable
chlorine atoms fall into a second. The six constituents of the first zone may be supposed
to be arranged symmetrically around the metallic atom, so as to be situated at the corners
of a regular octahedron (Fig. 4), the position of the chlorine atoms remaining undefined
by Werner.

Other groups than NH8 may be included in the first zone, in which case it is easy
to see that isomerism becomes possible with compounds of the type
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This hypothetical totrahodral grouping permit-* fh«* \wUvtf,n *>i
of two isomors, whoso space formulm Hn« notmifw<n«**ifcf»l»*; b*<ih mvrh mjl
therefore be optically active. Hy nubmitting t«
two types ;

~ A
Co on 8 I n.nd

B
I~A 1
I Co on 8 ILB Jin which A or B represents Cl, Br, NHa, NO,. MS or H,O im<l "> M

or two molecular radicles NH,, Wonwr ol#Miin«l iwttwr* wi«h «» v
rotation. In one isomer containing a aingl«« »t**wi «»f rohuJt. » f»j*< * jf̂
was obtained, whilst anothor with two colmlt nt*#!!*>• «w th« <t<ry hî

Some of these compound** nitiiittmn thmr ttptwtil itrfnity ui»̂ lm**
for several months, othozs exhibit n ph«wmn<iiMfi i*kifj !••'• mut*'f<*!-*«
stitution of certain oomponontit of tlw cnrnpl«̂ x hy ilififfvut. «riv»ii|«*« »̂ «*
racemisation, whilst in othors tho activity in prt̂ *»fv«*4, A <«w **t th^®**
a very considerable rotary diMpornioii. Thn jwuitur f̂ ntur̂  nl«*mt th« H
pounds is that tho valuft of th« rotary pow««r HJWAVM l*«̂  nh<$ut Jf̂ i 1*r*
correspondijag cobalt compound, incitcfttinjt thut dm rri^tn! inu«l j»Uy
in the production of tho activity. Xrt hw bo«»k, "Now M îw «»i In«#r#|̂ *
(translated by Hedley), Womor fully HUIAVH th«* «n-i«I««»»w ui Uviur **( J**.
as it could bo produced at tho tiinft whi*ii hi* \mi*k wm \Mhk*h"<l 1

1 H4«r

, |

ti!i

Werner501 states t h a t : "If , in hrmnlmwi* with (hi*) jir^j
structural formula, tho elementary ftt«ftii* U*rmwu. ihv m<*\v<-nU<*
their valencies saturated, they mti*t, iif*vi«rthi'li-•*•*, Imfo ^*m^
saturated valencies, a» only in thin way it* si |wî $̂liJf* to r«{«|«in h«<w
the apparently saturated moktculw run unin* with *^1i *4h«r t«»
form molecular compounds. I t WAN formerly I hi* « i w m l Mi»it *u*l
even now this same view is largely hdklp tha t fhi* ntnirt t i i^ of mt*li*ulir
compounds is unprovabb m they cronnint rif fht* rombtitAttoti «f th«?
molecules to form complexen qui te uparf from I hi- !*iAtit*nnht|» «4 ilw
atoms concerned. Recent di«covert«m h a w , hnw^i^r , ^huwit Ihnf Urn
combination of molecul© with molcimte mitlmnt if i*v*?r, t^^ur*. ami
tha t , even in molecular compound*v th© mmhinmlmn in r**n% tielwt^n
definite atoms. Hence, it fa powiibb to devtm Nlrutriural frtrnnil^ for
the so-called molecular compounds in the mm* manner a» for the
valency compounds."
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The difference between the valency compounds and the molecular
ones is due, according to Werner's co-ordination theory, to the valency
compounds being derived from compounds in which the chief valencies
are saturated, whilst the molecular compounds are formed by satura-
tion of minor valencies. According to this theory the molecular
compounds should be less stable than the valency compounds, yet this
is by no means always the case : a very large number of the so-called
molecular compounds being amongst the most stable substances known!

The representation of the constitution of the compounds under
consideration by means of the H.P . theory overcomes the difficulty
introduced by the use of major and minor valencies, as in Werner's
theory, as the H.P . theory is one of valency compounds and not of
molecular ones and is in full agreement with the high stability which
has been observed.

B. The H.P. Theory and the so-called "Water of Crystallisation"

The frequent occurrence of 6 and 5 H2O molecules in compounds
containing " water of crystallisation " suggests t h a t this water may be
in the form of hexites or pentites and may thus form the foundation of
a theory to explain the occurrence of water of crystallisation.

The view tha t the H2O-molecules can form hexites and pentites
requires a higher valency for oxygen than tha t usually ascribed to it.
Various writers have shown that oxygen has, a t times, a higher
valency than 2, and the physical properties of water confirm this.
Thomsen502 has pointed out that the water molecules of salts often
separate in pairs a t the same temperature, from which he concluded
that either the water molecules are arranged symmetrically about
the molecule of the salt or the molecular weight of water is double
that of steam. The latter view requires oxygen to have a valency
greater than 2.

A number of other investigations imply tha t water is capable of
becoming polymerised. Thus, Paternos' experiments508 suggest that
the molecular weight of water in acetic acid is 18 or 36, according to
the solidifying temperature of the mixture. According to Eykmann604 ,
water in paratoluidine has one-half, b u t in phenol the full normal
molecular pressure. Walker506 has measured the heat of liquefaction
of ice in ethereal solution and concludes that the molecular weight of
water is 36. Ramsay and Aston506 consider tha t water and some other
substances containing hydroxyl, such as alcohol, acids, etc., are
molecular aggregates when in a fluid condition.

[W. R. Bousfield and T. Martin Lowry771 have advooated the view that liquid
water is a ternary mixture of " ice molecules," " water molecules," and " steam
molecules," these three varieties being perhaps identical with Sutherland's77* " trihy-
drol." Armstrong778 has added to this theory the conception of isomeric molecules,
of equal size, but different structure. Moreover, Tamman77* has prepared at least
four polymeric forms of ice :

" dihydrone " \o=O<^ with
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H v /OH
" hydronol" >O<

and so forth. Such extensions as these have been found to be necessary, in order to
explain the experimental data that have been accumulated in recent years, and must
now be regarded as essential parts of the theory of the constitution of water.

Even steam, so long considered as a uniform material that could be represented
accurately by the much-beloved and greatly over-worked formula H2O, has been shown
by the careful measurements of Bose776 to be a mixture of simple and polymerised
molecules, e.g.

H4O2 2 HaO

the proportion of the substance in the simpler form being reckoned at 91 per cent, in
the neighbourhood of the boiling point.]

Kohlrausch and Heydweiller607 and H . Ley508 have found that the
electrolytic dissociation of water is greatly increased on raising the
temperature . The " acidity," which is very feehle a t the ordinary
temperature, increases to such an extent tha t at 100° C. it is almost
equal in strength to tha t of phenol. This509 is clearly shown in the
following Table, in which t is the temperature, d the degree of dissocia-
t ion and K the affinity coefficient :

t
0°

10°
18°
34°
50°

d
0.35 • 10-7

0.56 • 10-7

0.80 • 10-7

1.47 • 10-7

2.48 • 10-7

K
0.12 • 10~14

0.31 • 10~14

0.64 • 10-14

2.20 • 10-14

6.20 • 10-14

The strength (K) of the water increases considerably in the interval
between 0° and 50°, and a t 100° has a value a t least a thousand times that
a t zero. Thift enormous increase in the strength at higher temperatures
iB explicable on the assumption tha t polymerisation occurs in the sense
of the H .P . theory.

Assuming tha t oxygen has a higher valency than 2 and that
•water can form polymerisation products, the constitution of water-
hexite and water-pentite may be represented graphically by :

\ /
6 H tO 5 H , 0

which may be abbreviated to H or H or to A and - .
Such compounds may then be represented in more complex ones as

follows :

9 H , 0 • 3 A1,O, • 12 SiO, • 4 H • 2 H.
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The bonds between the rings in this aluminosilicate are loosened by
the manner in which the cyclic water (or water of crystallisation) is
attached, and the position and mode of attachment of the water of
crystallisation weakens or destroys the bonds between the base and
the remainder of the molecule.

The Theory and the Facts

I . Hydro-aluminosilicates

The structural formulae shown below may be derived from the
hydro-aluminosilicates given on page 105.

A A A
I || I I II I I II I

( ~ | A l | S i | A l | _ ' ]"] Al [ Sil All j or ~ | Al | SiJ Al | ~

H;,(A1 • SAi • Al) • 4"H-H H°ia(Al • Si • Al) • 4 E - 2 H

A A / y , _ A A A -
Al | Si Al| or Al Si Al

i II i i II i
V V V V

HJ,(A1 • Si • Al) • 6 H

HJO(A1

The position of the various water-rings implies (in agreement
with theory) that these aluminosilicates are readily decomposed b y
acids.5 1 0 A further study of these compounds must show that the
easily separable w a t e r — t h e cyclic w a t e r — m u s t be attached with
varying degrees of strength.

I I . Hydro-ferrosulphates

0 . Kuntze 5 1 1 has studied the loss of water undergone b y a mineral
of the composition

6 Fe,O, • 18 SO, • 62 H , 0
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at different temperatures. If the results obtained by him are calculated
into formulae, they agree surprisingly well with the structural formula :

S I Fe I S Fe I S = ,

as may be seen from

40H2O
8 H , 0
2H2O
8H2O
4H2O
6 FeaO,

18 SO,

nil I mi l n
the following figures :

Calcd.
20.48%
4.07%
1.03%
4.09%
2.05%

27.30%
40.95%

Found
21.04% split off at

4-05% „ „
0-79% „ „
4,06% „ „
2-38% „ „

26.86%
39.01%
A12O, 0.27%
Insoluble 1.79.

105° C.
110°
130°
140°
red he

This shows tha t the water pentites are split off at 105°, the weakly
bound "wa te r of consti tut ion" of the SO3 side-chains a t 110°, the
more strongly bound " water of constitution " of the middle SO8-ring
at 130°, the remainder of the " water of constitution " of the SO3 side-
chains a t 140°, and the " water of constitution " of the iron-ring and
the remainder of the water of the middle S03-ring a t red heat.

I I I . The Water of Crystallisation in the Alums

In the light of the above theory of water of crystallisation, the
alums possess the following structural formula :

3 K2O • 12 H2O • 3 E2O, • 12 SO, • 10 H.

From this structural formula it follows t h a t :
1. Five-sixths of the water (the hexite water) must be bound more

loosely than the rest.
2. The bond between the rings on the one part , and between the

rings and the base on the other, must increase with the amount of
water split off.

These consequences of the theory agree with the facts, as Van
Cleef512 has shown that the gradual and steady loss of water molecules
which occurs in the alums when the heating is continued after five-
sixths of the total water have been removed, is very noticeable.
Recoura518 and Whitney5 1 4 have found tha t on heating chrome-alum
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at 110° to constant weight, a new alum with new properties is obtained.
This new compound is readily soluble in water, but , unlike the true
alums, is not precipitated by barium chloride, i.e. the new compounds
contain no SO4-ions ; the bond between the SO3 and Cr2O3 is strength-
ened by the loss of H .

Water-free chrome alum may clearly occur in two isomeric forms
as shown in the following structural formulae :

I I I I

[ S |Cr| S | I S |Cr | S |
- \ / y \ / - y y y

A. B.
Ortho compound Para compound.

I t is interesting to note that the free acids of this chrome alum
have been prepared by both Recoura and Whitney.

A glance at the structural formulae of the compounds A and B
shows that these substances behave very differently in both chemical
and physical properties. The basic or H-atoms in the ortho-compound
are more easily separated than those in the para-compound. As a
matter of fact, the ortho-compound (the green modification) has a
measurable electrical conductivity, whilst the yellowish brown or para-
compound shows no such conductivity.

The lowering of the freezing point of the green acid (A compound)
is 0.24°, that of the yellowish brown or B compound is 0.07°. Accord-
ing to Whitney the green modification can be converted into the
yellowish brown one which, in aqueous solution, has the appearance
of absinthe. I t gelatinises after a few days.

IV. The Water of Crystallisation of Chromo-Sulphuric Acids

According to the new theory of water of crystallisation enunciated
above, the two chromo-sulphuric acids studied by Recoura,* namely:
12 H2O • 6 Cr2O3 • 18 SO3 • 96 H2O (violet chromo-sulphuric acid) and
12 H2O • 6 Cr2O3 • 18 SO3 • 36 H2O (green chromo-sulphuric acid)
must have the following structural formulae :

ii 1 Y i I ii i i j n
< = / \ / \ / \ / \ / \ = > = / Y V Y Y V
<=\ S | Cr I S |Cr | S I > J S | Cr | SjCrJ S I

I' N i \ N i Xi! « I J1 J «
Violet Chromo-sulphuric acid. Green Chromo-sulphurio acid.

A. B.
* When chromic hydrate is dissolved in sulphuric acid the solution is at first green,

but after a -while changes to violet and deposits violet-blue, regular octohedra to which
is ordinarily assigned the formula O2(S04)315 H2O, the proportion of water being some-
what uncertain. In the corresponding salts, the green variety gradually changes to
violet at ordinary temperatures when in solution, but on boiling the violet changes
rapidly into the green variety. It is generally stated that the green variety does not
crystallise, and there is good reason to suppose that it is colloidal.—A. B. S.
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or

A glance at the structural formula* of the compoundn A, B tmd C
will show that the A compound must bo lens stable than B and C a* it
contains more water hexites. The Cr and S ringn of the ti and C
compounds must be more strongly bound than thoHo in compound A.

This consequence of the theory in confirmed by the dinrovery of
Recoura, that the addition of barium chloride to the violet Huhttion
produces an immediate precipitate, whilst the green solution, when
similarly treated, undergoes no apparent change.

The theory also explains the following behaviour of the green add :
In the air it appears to remain unchanged for Hcveral year**, hut st#
aqueous solution is very unntable and, on the addition of barium
chloride, only a weak precipitate forma oven after an hour. In timt.% t%
more labile bond is formed between the ringa of the acid by the
addition of water hexites.

If the nature of the separation of the water hexiteft in the A
compound is compared with that of the ferroBuIphuric acid, a definite
analogy is observed. Here, also, the water hexiten in the chronic* »nd
middle SO3-rings are more firmly bound than the water hexttes in the
side SO3-rings.

On heating to 90°, or more rapidly when boiled, the violet acid, or
A compound, forms a green solution the composition of whirh, an
Recoura's experiments have nhown, has nothing in common with the
solid green acid.

The fact that the colour of a compound can be changed by the
addition of water to its molecule, closely agreed with the view that »
change of colour may occur in a dilute aqueous solution on ucrcuunt of
the combination of water hexites or pentiteii.

Recoura has studied the chemical reaction* of the filiation in a
thermo-chemical manner. If increasing amounts of Hodium an* added
to the green solution, the heat evolved on the addition of an mmtmnl
of sodium equivalent to one-sixth of the nulphuric acid of the nulphitto
will be equal to the heat evolved whan sodium combines with an a*fidf

whereas all other proportions of sodium evolve much less heat.
From this it follows that on boiling a compound of tbti typn

S • Cr • S • Cr • S it is converted into the penta«compound § • Cr • H •
Cr • S with resulting separation of three moleculen of sulphuric* actd. On
treating the green sulphate B - Cr • § • Cr • S with BaClt a very i t a b b
compound of the tjrpe S • Cr • Cr • 8 is formed, as already noticed in
connection with other complexes, and according to Reeoura only
fifth of the penta-acid is precipitated.
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If the mixture of green pcnta-acid in allowed to Htand a long time,
tho penta- in converted into tho violet hexa-acid. Tho ponta-acid has
not yet been prepared.

Whitney han tented Itecoura's roHulte by modern phyaio-chemieal
method** nnd has fully confirmed them.

Attention may alno be directed, in thin connection, to the hydrates
of the cerium, praetfodymium and newlymium milphatoB studied
by K*i«*iigm

# For instance*t th concentrated nolution of cerium Hulphate
nt 25'* form* tho dutMlecihydrate Oa(S<)4)3 12 Hu<) ; between 30° and
40* ( \ the wUthydrate (Je8(SO4)aH HaO,ancl at temperatureH above 74°
the pinUihyilratt* (*<*j{SC>4)a 5 H3C),

Thit structural tormuhn ol thu^e acidHT according to tho H.P.
theory > are :

! i i I f i I i i i it I it I i

"^ s a? K ;<>} sP*" T | a \vv\ti J o | s I " H s | c o | a |cej s |

YYY

That tin* boiifi between this ring** and tho bane in weakened by tho
»dfliti'»!i «f water radictet*—hoxtte and pentitc-—m «hown by the

I. Avrurd'tng to an article in the "Paiiiorzeitung"81*, two-thirds
of the* ai'iil in u Hattirati^l solution of alurntnoHulphuric*. -acid (366 g.
atuminium i$ulphatn per litru) may bo noutriilmed with trinormal
cauicttr ttoda notation, a permanent precipitate being formiid. If the
original Mention in ditutad ton timen, only tm much bano in taken up as
will cfirri^jmnd to one*third of tho nulphuric mml.

Wrmn th'm at folbwn that in a concentrated uolutionall tho H-atoms
QI the* arid may hi? rctplaeed by a bant% but in a dilute solution only
half of the?*) ntom« ean bn no rapiaeed.

Thi* i*lriie!urijil formula of tho aluminonulphurio acid under con-
§idk*mtibft in ;

A / \ A
8 At S

W \
I 1 1

All 8
AA

1 i I
W\AA/

I 1

In a rrmrrntrated nolutbn, 24 OH-group* are replaced by 0R / , but
only 1*2 hythtmyh ara replaced in a dilute notation.

2. (HtteUon*17 hm found that by treating concentrated cerium
noti*tionj§ with concentrated phosphate nolutionn, salts are produced
such m

3 N»*0 • 6 Ce.O, • 8 P*0i * 24 H»0,

but with dilute solutions of thane substances free acids are produced.
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C. The H.P. Theory and the Dissociation Theory of Arrhenius

I t has been shown in the foregoing pages tha t the addition of
cyclic water affects the bond of the rings and the ions. On the addition
of water of crystallisation the bond between the rings is reduced and the
ionisation increased. This fact is of great value in formulating a new
theory of solutions. I t leads to the "Dissociation Theory" of Ar-
rhenius and gives it a new experimental basis.

According to Nernst518, it is always questionable whether a mole-
cule in solution adds water molecules or not, as the Raoult and van't
Hoff methods give no definite results in this respect. Yet in view of the
strong disdynamic action of water there can be no doubt that the
dissociation of a solution of a salt on increasing dilution is accompanied
by the addition of water.

Hence the fundamental law of van' t Hoff in regard to solutions—
viz. that in highly dilute solutions substances assume a condition
similar to gases619—appears in a new light. Van' t Hoff first suggested
that the osmotic pressure of a solution (e.g. sugar in water) is as great
as the pressure produced by an equal quantity of the dissolved sub-
stance if the latter were in the form of a gas occupying the same
space as the solution. Yet no one had ever explained why dissolved
substances should behave in this manner and no reason was known as
to how the osmotic pressure was created. The authors' view (that
an addition of water molecules to the molecules of the substance in
solution occurs) indicates the existence of a definite attractive force
between the molecules dissociated by the water and the water outside
the semi-permeable membrane, and tha t tha t attractive force is the
cause of the osmotic pressure.

Numerous other facts may be equally easily explained in the light
of this new theory ; amongst others are the formation of hydrates in
solutions,520 the presence of molecular aggregates in concentrated
solutions and their destruction on dilution, e.g. the dissociation of the
ether molecular aggregate (CH3 • 0 • CH3) n, the aggregate CH3 • CO •
NH 2 in aqueous solution and several thermo-chemical phenomena.

The view that hydrates are formed in aqueous solutions is held by
a number of authorities, some of whom have supported their opinion
by experimental evidence, as : A. Werner621, Abegg and Bodlander522,
Euler523, Hantzsch524, Lowry525, Tournier d'Albe526, Jones and his
associates627, V. Kohlschiitter528, Vaillant529, R. J . Caldwell630, H. E.
Armstrong and J . A. Watson631, E. H . Renni, A. J . Higgin and Wi F.
Cooke632 and others.

A. Werner533, as early as 1893, expressed his opinion tha t electro-
lytic dissociation is necessarily accompanied by the formation of a
compound with the solvent used. " According to the results shown
by our experiments," says Werner, " t h e existence of hydrates in
aqueous solution is not merely an inference from the hydrate theory ;
these hydrates form an essential condition of electrolytic dissociation.
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In an aqueous solution the ions are not metallic atoms, but
metallic atoms combined with six water molecules, the whole forming
definite radicles. This shows clearly why the electrical conductivity
and the dissociation of a salt are so closely related to the solvent/'

Abegg and Bodlander suggested that a hydration of the anions and
cathions occurs. The degree of hydration of the alkali-ions increases in
the following order: K, Na, Li, etc. Feebly dissociating solvents are
those with feeble affinity for ions, and vice versa.

Euler also adopted the idea of a hydration of ions taking place in
aqueous solutions, and attributed to nickel, copper and cobalt ions
the formulae :

[Ni(H,O) J++, [Cu(H2O)4]++ and [Co(H2O)6]++.

An acid in aqueous solution is, according to Hantzsch, a " hydronium-
salt." The ions of hydrochloric acid in aqueous solution are, according
to him :

HC1 + H2O = [H20, H]C1 = (H3O)+ + C1-.

This reaction is analogous to the formation of an ammonium salt from
an acid and ammonia :

HC1 + NH8 = NH8 • HC1 = (NH4)+ + C1-.

Lowry also regards the nature of electrolytic dissociation from
the point of view of a hydration theory.

Tournier d'Albe touched upon the problem of hydrated ions in his
work on the theory of electrons and expressed the opinion that each
molecule draws molecules of the solvent to itself and becomes hydrated.

According to the most recent results published by Jones and his
associates, the lowering of the freezing point of concentrated solutions
shows, beyond a doubt, tha t hydrates exist in solution. Vaillant has
definitely discovered the existence of hydrates in aqueous solution by
means of spectrometric investigations.

R. J . Caldwell has shown that the speed of inversion of raw sugar
by hydrochloric acid may be increased by the presence of various
chlorides. To explain this phenomenon Caldwell supposes the salt to
be hydrated in solution, a portion of the water thereby losing some
of its solvent power, and thus effects a " concentrated " action on the
sugar. To determine the " average hydration " of a given salt it is only
necessary to ascertain experimentally how much water may be added
to the salt solution in order to reduce the speed of reaction to its
original amount.

H . E. Armstrong and J . A. Watson investigated the action of salts
on the speed of hydrolysis of methyl acetate b y nitric and hydrochloric
acids. They found that in most cases the presence of a salt increased
the speed and attributed this to the hydration of the salt.

E . H . Rennie, A. J . Higgin and F . W. Cboke examined the effect of
various nitrates on the speed of solution of copper in nitric acid, and
found tha t the presence of sodium nitrate, and particularly lithium
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nitrate, caused a considerable increase in the rate of solution. Potas-
sium nitrate was without effect and calcium nitrate and rubidium
nitrate diminished the rate of solution. Beginning with the nitrate
possessing the greatest accelerative power the salts may be arranged
thus : Li, Na, K, Rb, Cs, which is the same order as Wymper found for
their action on the speed of inversion of cane sugar, and these authors
attributed it to the same cause, viz. the " concentrated action " which
these salts possess on account of their hydration. The same authorities
also conclude that the investigations mentioned form a further proof of
the combination of the solvent with the dissolved substance.

The experimental investigations of a number of other authorities
and the opinions expressed by them all point to the necessity of a
complete agreement between any theory of " water of crystallisation "
and any theory of " solution."

D. The H.P. Theory and the Constitution of Simple Acids

As the complex acids may be formed from simple ones, it must also
be possible to form cyclic compounds including those in which an acid
is not combined with other acids. A number of facts in support of
this application of the new theory of the simple acids may be men-
tioned :

1. Tammann534 prepared the following salts of a hexa-phosphoric
acid :

K2Ag4(PO3)eH2O,
K4Ag2(PO3)fl,
K2Na4(PO3)8,
K4Na2(PO3)6,
3[K2Sr2(PO3)6]4HaO,
Li2(NH4)4(PO3),8HaO,
Li2H4(PO8)e4H2O,
Ii2Na4(PO3)e6HaO.

And the following from a penta-phosphoric acid :

(NH4)K4(P03)5-6H t0,
(NH4)Na4(PO,)n
(NH4)Li4(PO3)8,
(NH4)K4(PO8)5.

The following compounds, also prepared by Tammann, are also of
interest, and are clearly related to a di-, penta-, hexa-phosphoric acid :

Mg6Na4(PO,)16,
CaeNa4(PO,)16,
M N ^ P O

From the theory of the constitution of complex acids formulated
by the authors of the present volume, it follows that the hydroxyls of
the hexa- or penta-radicles are partly acido- and partly baso-philic,
i.e. the water they contain is not all bound to the radicles with the same
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degree of force. This consequence of the theory also follows from the
physio-chemical investigations of the above acids by Tammann.

In the compounds
(a) K2Na4(PO8)«,

and
(b) Na2Na4(PO,).,

a positive current only removes one-third of the base.
By the prolonged action of AgNO3 on K6(PO3)6, Tammann was

able to replace two-thirds of the base by Ag.
The behaviour of the compound (NH4)5 (PO3)5 towards sodium and

potassium shows tha t one-fifth of the base in it behaves differently
from the remainder. The same is shown by the molecular conduc-
tivity of this ammonium salt and the conductivity of other salts
obtained from it, such as :

(NH4)(NH4)4(PO3)6,
(NH4)Na4(PO,)*,
(NH4)Li4(POa)*.

If the absolute speeds of the ions are calculated by Kohlrausch's
method (by the addition of the maximum values) the following maxima
are obtained :

(NH4)(NH4)4(P08)5 (NH4)Na4(PO,)5 (NH4)Li4(PO,)8
A co = 300 X oo = 230 X co = 210

The maximum values actually found are for the ammonium salt 125,
for the ammonium-sodium salt 96, and for the ammonium-lithium
salt 90.

These figures can be most easily understood by assuming t h a t
one-fifth of the base passes away in the form of cathions whilst the
remainder, with the acid, has the function of anions.

2. The hexitic structure of phosphoric acid in simple salts is
shown in the following compounds, prepared by Gliihmann686 :

2 BaO • 3 Na8O • 3 P2O6 • 11 H2O,
2 CaO • 3 Na2O • 3 P2O5 • 6 H2O,
2 CuO • 3 Na2O • 3 P2O5 • 12 H2O,
2 FeO • 3 Na2O • 3 P2O5 • 12 H2O,
2 MnO • 3 Na2O • 3 P2O8 • 12 H2O,
2 NiO -3 Na2O • 3 P2O6 • 24 HaO,
2 CoO • 3 Na2O • 3 P2O8 • 24 HaO,
2 MgO - 3 Na20 • 3 P2O5 • 12 H 2 0.

In these compounds two-fifths of the OH-groups clearly behave in
a manner different from the rest. Analogous compounds of niobic and
tantalic acid with a small proportion of base have been obtained by
Marignac636:

4HSO
Na,0

• 4 K , 0
• 3 K , 0

K2O
4 1 . 0

• 3 Nb*0,
• 3 Nb ,0 ,
•3Nb 2 O,
• 3 Ta.O*

•12 H A
• 9 H A
• 5 H A
• 16 H A



270 CONSEQUENCES OF T H E H.P. THEORY

4Na2O-3Ta2O5 • 24 H2O,
4Ag2O -3Ta2O5 • 3 H2O,
4BaO -3Ta2O5 • 6 H2O,
4MgO -3Ta2O5 • 9 H2O,
4HgO -3Ta2O5 • 5 H2O.

3. The composition of the following compounds prepared by
Hallopeau537 shows the presence of hexites and pentites in some simple

5 K2O • 5 (NH4)2O • 24 WO3 • 22 H2O,
3 (NH4)2O • 3 Na2O • 16 WO3 • 22 H2O,

4 (NH4)2O • Na2O • 12 WO3 • 14 H2O,
2 Na2O • 3 (NH4)2O • 12 WO3 • 15 H2O,
3 (NH4)2O • 3 Na2O • 12 WO3 • 22 H2O,

5KoO -12WO8-11H2O,
Na2O • 10 WO3 • 21 H2O, etc.

4. A number of oxygen-free salts have properties confirmatory of
a hexitic or pentitic structure. Thus, the formulae CsCl4I, RbCl4I,
KC14I, LiCl4I, etc., indicate the presence of pentite compounds. The
formulae KI 3 , CsBr3, CsClBr2, RbCl2I, etc., should probably be doubled
and are then characteristic of hexites. Bredig538 has discovered that
in the compound K I 3 or, more correctly, K 2 I 6 the group I 6 behaves
like an independent ion, and is reminiscent of Tammann's investiga-
tions on the hexa- and penta-acids.

I t is thus possible that free halogen acids, H 2 X 6 (X=C1, Br, I),
may exist. The great solubility of chlorine in highly concentrated
solutions of HC1 led Berthelot539 to the conclusion that , under such
conditions, the compound HC13 or H2C18 is formed in a manner
analogous to the production of K 2 I 6 by the solution of iodine in
potassium oxide. That a chemical compound is formed in this manner
has been conclusively shown by the work of Le Blanc and Noyes.

£. The H.P. Theory and the Carbon Compounds

I t may appear to be somewhat late to attempt to apply the H.P.
theory to the carbon compounds in general, although the classical
researches of Berzelius, Liebig, Kolbe and others540 were made by
men who sought for laws applicable to organic chemistry in those
which applied to inorganic compounds. Nevertheless, a few facts
may be pointed out which indicate that such an application of the
H.P. theory is not without value.

Just as the aluminosilicates are converted into kaolin and may be
produced from kaolin, so may the carbon compounds be converted
into carbonic acid or may be formed from it. For instance, it is well
known that plants take carbonic acid from the air and convert it into
oxalic acid and the various kinds of sugar ; from these the animal
fats and other complex organic compounds are formed. Oxalic acid
is also a common product of the oxidation of both simple and complex
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organic bodies. Thus, it is produced in varying amounts by suitably
treating various carbo-hydrates, fatty acids, oils and glycerin: all the
complex carbon compounds which can be oxidised by nitric acid,

Oxalic acid, like all inorganic acids, forms, according to Rosen-
heim541, complex acids with other inorganic acids, hexites or pen-
tites being produced under suitable conditions. A hexitic structure
of oxalic acid is also found in a series of other compounds as in the
cobalt oxalates mentioned on p. 256.

I t is also important to note that carbonic acid can also form
complexes with phosphoric acid, these complexes playing a large par t
in the formation of the bony framework of the animal organisms.
According to Hoppe-Seyler (vide Scheff's " H a n d b u c h d. Zahnheilk."
1909, 1, 362) the compound 10 CaO • CO2 • 3 P 2 O is contained in the
dentine and enamel of natural teeth. To this basic carbo-phosphoric
calcium salt the following structural formula may be assigned :

Ca3 Ca3

II
V

II
Ca8 Ca3

Thus, the chief constituent of dentine and of natural dental enamel
has a chemical constitution similar to the /3-complexes (p. 76), which
are, as a rule, more stable than the a-complexes. This view of the
structure of dentine and enamel makes it easier to understand the far
higher resistance of the latter to acids than is possessed by calcium
phosphate, and explains the strong combination of the carbonic acid
and lime in the dentine. Without some such structural formula these
properties are extremely puzzling.

When these facts, together with the figure 6 for the carbon
atoms in the general formulae for the sugars n(C6H1 2O6)—(n- 1)H2O
and the genetic relationship between oxalic acid and the sugars are
considered, the thought naturally arises tha t the transformation of
oxalic acid into sugar by plants may possibly be due to both oxalic acid
and the sugars possessing cyclic structures. In an analogous manner
it is possible to explain the constitution of the sugar-like product
obtained by Buttlerow542 from formaldehyde and calcium hydroxide.
This, according to Loew543, is a single compound with the formula
C6H12Oe; E. Fischer and F . Passmore544 regard it as a mixture of
various aldehydic or ketonic alcohols from which a-acrose may, in
all cases, be separated. This a-acrose is, according to E . Fischer,
closely related to the natural sugars.

A possible value of the H.P. theory may lie in its application to
the formation of sugars from carbonic acid, as the assimilation of
carbonic acid by plants is the chief reason for their existence as living
organisms. The smallest observation which will assist in revealing the
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secret methods by which plants effect this transformation is therefore
of great importance.

Even if the existence of a large number of hexites and pentites in
some carbon compounds may be considered doubtful, yet their presence
in certain carbon compounds is highly probable. The latter, which are
termed aromatic compounds, are well known to be different from those
compounds which are in the form of open chains.

Kekule5 4 5 was the first to regard the aromatic compounds as
derivatives of benzene. He conceived benzene as a closed ring of
carbon atoms, the structural formula he suggested being the well-known
hexagon which has been used so largely in the study of carbon com-
pounds. This was the first hexite to appear in chemical literature.

Not only the constitution of the direct derivatives of benzene, bu t
those of other substances more distantly related, such as napthaline,
anthracene, phenanthrene, fluorescine and many other hydrocarbons,
together with innumerable and important derivatives, have been
studied with most useful results by means of Kekute's theory and a
greater knowledge of them has thereby been obtained.

The characteristics of the organic (carbon) pentites were first
pointed out by V. Meyer546 in his remarkable researches on thiophenes.

I t is unnecessary to point out the great value of these beginnings
of the H.P . theory in the development of organic chemistry and
for industrial chemistry generally, for this is already well known. I t
is sufficient to state that Kekule's benzene theory was the scientific
foundation on which the methods of study and production of the most
wonderful colours, valuable remedies, deadly poisons, pleasant scents,
important anaesthetics, etc., have been based.

Hexite and Pentites devoid of oxygen

The H.P. theory indicates that carbon and silicon can form hexa-
and penta-radicles which contain no oxygen. In this connection the
researches of Manchot and Kieser722 are of interest. These investiga-
tors have shown experimentally the existence of ring-compounds of
silicon with chromium and aluminium, containing 6 Si-atoms. They
consider that the behaviour of the compound Cr2AlSi3 towards H F
and the consequent evolution of hydrogen shows tha t the molecular
weight of this substance must be at least doubled and that the 6 Si-
atoms of the compound (Cr2AlSi3)2 are unquestionably united to each
other. These investigators are thus the first to establish beyond all
doubt the existence of hexa-silicon ring-compounds, and their work
is an interesting confirmation of the H.P. theory.

I t is also interesting to observe that in those chromo-hexites which
are devoid of oxygen, one-third of the atoms behave differently from
the others (pp. 269 and 292).

The structure of these oxygen-free compounds may be made clear
by means of the following structural formula in which the Si-atoms are
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directly united to other Si-atoms and chromium atoms with other
chromium atoms, the Al-atoms being indicated by dots :

A A A A
or Cr Si Si Cr I

Al4Cr8Si12 Al4Cr8Si12

According to the H.P . theory, the molecular weight of this com-
pound is a t least twice as great as Manchot and Kieser concluded from
their experiments.

When reviewing the German edition of the present work, Manchot755

declared tha t the H.P . theory could not be extended beyond the chemis-
try of the silicates, but apparently did not have the above-
mentioned experiments in his mind when he wrote : " Tha t the com-
plete neglect of this portion of the chemistry of silicon may lead to
very erroneous conclusions in regard to the silicates, the reviewer756

has shown on a previous occasion."
Manchot here refers to his criticism t h a t PukalPs structural

formula for kaolin, which has a double bond between the two silicon
atoms (see page 111), is not in accordance with the behaviour of kaolin
towards hydrofluoric acid : substances with united silicon atoms must
evolve hydrogen when treated with H F , whereas kaolin does not .

I t is very surprising tha t this critic instead of considering whether
the H.P. theory of the constitution of aluminosilicates might not throw
light on his own investigations, should accuse the authors of " a
negligence which may lead to very erroneous conclusions." I t appears
that he has quite overlooked the support which his own investigations
lend to the very theory which he condemns !

F. The H.P. Theory and the Constitution of the Atoms
The Archid Hypothesis.

In recent years an ever-increasing number of people have main-
tained that the atoms do not completely fill the space they occupy, but
that they possess " par ts ." This view has long been held by those
engaged in spectrolytic investigations, many of whom hold that the
atoms slide over each other when emitting l i gh t ; some go so far as to
say that some spectrum phenomena indicate a decomposition of the
atoms. Some physicists even speak of the ' structure 'of the atoms6*7

and consider t ha t i t is by no means impossible to obtain further know-
ledge as to the internal structure of atoms, the special arrangement of
their parts and the variations in the forces of these parts.

Those who are interested in the ionisation theory also speak of the
" constituents " of the atoms, and, as the result of electrical investiga-
tions of gases, they consider tha t the negative electrons are really



274 CONSEQUENCES OF T H E H.R THEORY

constituents of what chemists have hitherto regarded as atoms and
that these can be separated by electrical dissociation or ionisation with
expenditure of different amounts of energy.

The hypothesis that the atoms contain " parts " has been particu-
larly confirmed by the radio-activity of some elements discovered by
H. Becquerel. According to Curie548, Becquerel549, Rutherford and
Soddy550, Re551 , Stark552 and others, radio-activity is most satis-
factorily explained by assuming atomic transmutations, i.e. the
conversion of one atom into another or into several others.

The most recent investigations with regard to the chemical nature
of the elementary atoms thus make the old hypothesis of the elements
(which is the basis of alchemy) very probable. Moreover, it can
scarcely be denied that Nature has produced her materials in accord-
ance with unitary laws. I t is, therefore, of interest to endeavour to
discover the mysterious formation of the atoms from the elements.

A Hypothesis of the Constitution of the Atoms

The smallest particles of an element may conveniently be termed
archids (apxti) \ the atoms may then be regarded as formed of archids
in a manner analogous to that in which molecules are produced by the
combination of a number of atoms. From five or six archid groups,
archid-pentites and archid-hexites are produced respectively. Two or
more archid-hexites or pentites may also combine directly or by the aid
of other archids. In this manner a-, /3- and y- " archid-complexes "
are formed in a manner similar to the atomic complexes.

The archidic radicles, like the atomic compounds, have archidic
side-chains, and these limit the reactability of the archid compounds,
viz. the atoms.

The combination of the archids occurs in accordance with archidic
valencies, as in the formation of archid-hexite or -pentite, or of
archidic radicles (hexite and pentite) and the addition and formation
of archids as side-chains. These archidic valencies differ from the
atomic valencies inasmuch as they cannot be determined by any
existing methods. By the addition of long archid chains to the radicles
or by the combination of archidic radicles with one another by means
of archids with the simultaneous addition of long archidic chains, the
archidic valencies are weakened and some must be set free, though
these weak or free valencies cannot, a t present, be definitely proved to
exist.

The liberation of archidic valencies is usually accompanied by the
evolution of electrical energy (radio-activity) and, after hundreds of
years, results in a decomposition of the atoms or a transformation of
them into one or more other atoms.

If the archids are represented by dots, the structure of the atoms
may be represented, according to the new hypothesis, as follows :
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The lines between the points indicate the archid valencies ; the
symbols m, m ' and m^ on the side-chains show the atomic valencies.
Thus, the atom A is monovalent, B is divalent and E is octovalent.

The Consequences of the Axchid Hypothesis and the Facts

(a) The Falencies of the Atoms.

According to the structural formulae, the valencies of each of the
atoms B, C and D must be of a similar kind, those of the atoms E, F ,
G and H, on the contrary, must be different. In 'atoms with side-chains
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like E the valencies m must have a nature different f rom the valencies
m / ; in atoms with side-chains like F there must b e three different
kinds of valencies, viz. m, m' and m" .

If, in atoms of the type F , the valency m is closed by t reatment
at a high temperature, m' a t a medium temperature, a n d n £ ' only a t a
lower temperature, these atoms would appear to h a v e <c variable "
valencies and to be mono-, tri- or penta-valent. To the various positions
of the side-chains in atoms of the F type may be due t h e possession of
electro-positive properties by the valencies m and m / and of electro-
negative properties by the m " valencies or vice versd. Atoms with
such side-chains can only unite with a definite n u m b e r of electro-
positive or electro-negative atoms or atomic groups.

From the structural formula, F it may also be seen that , if the
valencies m', m,. m' and m " are saturated and that o n e m " Hide-chain
is unsaturated, the atom will be capable of transformation into the tri- or
penta-valent form, according to the power of the unsa tura ted valency.

If the valencies m', m, m ' of the atom F are strong (i.e. if they are
only affected by treatment at a high temperature) whi ls t the valencies
m", m " are weak (i.e. only stable a t low temperatures) t h e atom may be
said to have three major valencies and two minor ones .

Atoms with side-chains such as H, in which par t of the valency is
only stable a t low temperatures, may, in the light of t h i s explanation,
possess four minor valencies and two major ones.

The minor valencies cease to exist at other than l o w temperature^
in concentrated solutions and in substances in the solid state, so tha t
they are usually overlooked. The authors have a l ready (p. 228) stated
that , according to Knoblauch and Nernst, spectrum analysis affords a
very delicate means of ascertaining the constancy or otherwise of the
constitution of a substance, as any change in the absorpt ion spectrum
of a dissolved substance indicates a change in the consti tut ion of the
latter.

Recently Hantzsch563 has shown, as the result of a series of experi-
mental investigations, tha t all changes in the spect rum effected by
dilution are due to chemical causes and that each change in the spectrum
indicates the progress of a chemical reaction. The delicacy of spectrum
analysis is so great that the minor valencies will probably be discovered
by its aid in many cases where they are, at present, unknown.

If, in atoms with four chief and two minor valencies (formula H) ,
only two or three of the major valencies m' are sa tu ra ted , such atoms
will have the power of saturating other m ' major valencies, whence
atoms in which three major valencies are sa tura ted must be more
active in reaction than those in which only two m a j o r valencies are
saturated. The former must be better able to pass i n t o the tetravalent
state than the latter, as the major valencies m' are n o t symmetrically
saturated.

These consequences of the archid hypothesis are i n agreement with
the known facts and experimental results.
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In addition to atoms of constant valency, such as those of hydrogen,
the alkali metals, alkaline earth metals, etc., there are atoms with
variable valency such as those of N, As, Sb, P, Fe, Mn, etc.

For instance, in nitrogen atoms the side-chains are so arranged
that the five resultant valencies are of unequal strength ; three are
stronger than the rest. The compound NH4C1, for example, is unstable
at high temperatures and is decomposed in accordance with this
difference of valency-strength into N H 8 + H C 1 .

The reasons for the conclusions drawn from the structural formulae
just described are also confirmed by a study of nitrogen, as the atomic
valencies of one and the same atom have different properties, some
being electro-positive and others electro-negative. J . v. Braun554 has
pointed out this property of nitrogen and, according to him, a penta-
valent nitrogen compound with several atoms or atomic groups is only
formed when the five radicles necessary are not of one and the same
chemical nature, but only when some possess electro-negative properties
(like atoms and atomic groups which can act like anions of acid, as
Cr, B r ' , I ' CN'3 NCV) and others have electro-positive properties (as
hydrogen, hydrocarbon residues and amido groups).

The correctness of this hypothesis is shown by the failure of all
attempts to produce compounds in which the above condition is not
satisfied, such as NC15, N(C2H5)5. In this connection a recently
discovered group of organic substances—the porphyrexides—is interest-
ing. These are tetravalent derivatives of nitrogen in which the nitrogen
shows a strong tendency to combine with hydrogen, and to pass into
the trivalent state. This tendency must necessarily be due to a
definite structure of the nitrogen atom.

Other atoms with variable valencies must also show an analogous
behaviour. Recently, carbon has been placed among those atoms
having a variable valency. The side-chains of some carbon atoms may
be Tegarded as occupying positions represented b y formulae E (octo*
valent) and H (hexavalent) the carbon being then considered as
possessing four major and two minor valencies.

If only two or three of the four side-chains are saturated, un,-
saturated compounds must be formed, as already explained, whence
those with three saturated valencies must have a stronger tendency
to be transformed into the tetravalent state t han those with two
valencies. Gomberg655 has obtained compounds with trivalent carbon,
and Nef566 has prepared others with divalent carbon. In compounds
in which only two valencies are in use, the carbon shows a much less
tendency to pass into the trivalent s tate t han in those in which three
carbon valencies are saturated. Thus, whilst triphenylmethyl
C(CeH5)3, which was first prepared by Gomberg, can only be isolated
with difficulty on account of its enormous power of reaction, compounds
containing divalent carbon may readily be produced. These latter are
powerful reagents, but are far less readily converted into compounds
in which the carbon has four valencies.
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The view that carbon may have more than four valencies does not
agree with van ' t Hoff's hypothesis that the affinities of carbon act as
though they were the lines connecting the centre of a regular tetra-
hedron with the four corners. According to this hypothesis, the
carbon atom has a maximum of four valencies and no minor valencies.
This is, however, in direct opposition to the proved existence of minor
valencies apart from the four major valencies.

The physical isomeric properties of the " a s y m m e t r i c " carbon
atom (i.e. the one to which four different atoms or atomic groups are
attached), such as optical isomerism, can be explained by means of the
new theory (p. 312 etsqq.).

Schafer's studies in connection with spectrum analysis557 have
provided new data respecting the minor valencies of carbon and some
other atoms. Thus, striking colour-changes frequently indicate the
presence of minor valencies, but they are best shown by certain
organo-metallic compounds, particularly the complex salts investigated
by Ley. The fact that many compounds of the heavy metals absorb
normally whilst others vary greatly in this respect shows, according to
Ley, t ha t the metal in the latter case must possess minor valencies as
well as the known major ones. The metal compounds of the amio acids
and ketone acid-esters are interesting in this connection.

Schafer thinks that a further proof of the existence of minor valen-
cies is to be found in the pantochromism discovered by Hantzsch558,
i.e. the power of certain colourless salts or faintly tinted acids to com-
bine with various colourless metals and form all kinds of colours.

Similarly, Schafer considers that the presence of minor valencies
is the cause of chromotropy, whereby many coloured compounds
(chiefly yellow and red) may be produced from indifferent substances
such as nitraniline, quinine and salts of polynitro-compounds.

The fact that water, alcohol, organic acids and other oxygen
compounds have a greater molecular weight a t lower temperatures
than when in the gaseous state may also be best explained by the
presence of minor valencies in the oxygen atoms.

A number of facts which seem to show tha t oxygen may have a
higher valency than 2 have already been mentioned on page 259.
Quite recently, observations have been made in connection with some
organic compounds which appear to indicate the existence of higher
valencies in oxygen. The most probable explanation is the presence of
minor or weaker valencies of the oxygen. Amongst others who have
written about the higher valency of oxygen—more particularly about
its " tetravalency "—are Collie and Tickle559, Baeyer and Villiger560,
Werner561, Kehrmann562, Gomberg563, Walden564, Walker566, Sackur566,
and Cohen567.

(b) Homologous Series of Atoms.

The monovalent pentites with the structural formula A (p. 275),
the divalent archid-hexite radicle J5, etc., can combine with n new
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archid-hexites or pentites, or m archid-hexites and m' archid-pentites
analogously to the atomic compounds, whereby a whole series of mono-
valent or divalent atoms are produced, as these new atoms only
contain one or two side-chains. In this manner homologous series *
may be formed which bear some resemblance to the homologous
series in organic chemistry.

As there is a limit to the possible number of archid-hexites and
-pentites, the weight of the atoms (atomic weight) of each homologous
series must approach a definite limit.

Such homologous series of atoms are actually known, e.g. the
halogen series, the alkali metals, the alkaline earth metals, etc. If
these are arranged according to their atomic weights, the following
series are obtained :

F = 18.90 Cl = 35.18 Br = 79.36 I = 125.90
Na = 22.88 K = 38.68 Hb = 84.80 Cs = 132.00
Mg = 24.18 Ca = 39.80 Sr = 86.94 Ba = 136.40

The differences between successive members of each series are :

16.28 44.18 46.54
15.80 46.12 47.20
15.62 47.14 49.46

The difference between consecutive atomic weights is constant,
like tha t between members of other homologous series ; in this case it
is either 16 or 1 6 x 3 .

(c) The Causes of Radio-activity and the work of the Alchemists.

The radio-activity of some elements with high atomic weights,
such as radium, uranium and thorium, is readily explicable in the light
of the new hypotheses regarding the structure of the atoms. Assum-
ing tha t these atoms have a structure analogous to tha t of the H-
atoms, previously mentioned, i.e. t ha t they are definitely y-archid-
complexes, their radio-activity may be readily explained as being due
to their peculiar constitution. The property these atoms possess of
radiating electrical energy is due to their s tructure.

From this i t follows tha t only atoms with high atomic weights can
be radio-active. This is actually the case.

The impossibility of increasing the radio-activity of the archid
combination by existing methods of t rea tment indicates tha t enormous
amounts of energy must be stored u p in these compounds. Soddy568

has published some interesting information on this point in a lecture

* When the members of a series of compounds are similar in constitution and
chemical properties, but with the physical properties undergoing a gradual and regular
variation as the molecular weight increases, the series is termed homologous, and the
several members are said to be homologues of one another. There are many homo-
logous series, especially among organic compounds.—A. B. S.
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on " The Present State of Radio-Activity," in which the following
words are particularly important :

" Radium evolves for every gram weight a hundred calories of heat
per hour, and since in a year only one thousandth part changes, it
follows that the total energy evolved in the complete disintegration
of a gram of radium must be enormous. I t is roughly about a million
times that given out by a similar weight of coal burning. If the thirty
milligrams of radium exhibited were all to disintegrate suddenly, the
effect produced would equal the explosion of about a hundredweight of
dynamite. Uranium in its complete disintegration produced radium,
and hence the amount of energy evolved must be as much greater than
in the case of radium as the whole is greater than the part. If we could
artificially accelerate the rate at which radium or uranium disinte-
grates, we should on the one hand have achieved transmutation of a
heavier element into lighter ones, and on the other hand have rendered
available for use a new supply of energy a million times more powerful
than any source at present known. The argument I have already
stated shows that if we succeed in artificially transmuting uranium
there is little doubt that the same means would be applicable to the
other elements. Hence the supply of energy would be inexhaustible.
But let us see what the old attempt of the alchemist involved. When
he was concerned with building up a heavy element like gold from a
lighter like silver, he was attempting a most profitless task. Frankly,
even if it could be done, it would be impossible for it to pay. The
energy absorbed would cost far more than the value of the gold
produced. The energy of some hundreds of tons of coal would have to
be put into an ounce of silver to turn it into gold. Energy possesses &
market value no less than gold, as all who have to pay electricity bills
realise. So we may dismiss this case. But where he was attempting to
produce gold out of a heavier element like lead, the enterprise, if i t
had succeeded at all, would have been successful beyond the dreams
of avarice. Not only would he have got the gold from lead, but also
a store of energy would have been released in the change of far more
intrinsic and commercial value than the gold. Not suspecting this,
perhaps it was providential for him that he failed, or he might have
realised the fate of the mythical chemist who discovered a new explo-
sive the secret of which never transpired because the chemist and his
laboratory disappearedsimultaneously with the discovery. Actually, the
alchemist in trying with his puny appliances to transmute lead into
gold was attempting a task no less hopeless than that of a man attempt-
ing to destroy a battleship with a percussion cap. Even if sufficiently
potent means are ever to hand to effect the transmutation of lead
into gold, it is important to bear in mind that the gold would be a
mere by-product, the energy rendered available would be the real
gold-mine."
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(d) Radio-activity as a Constitutional Property of the Atoms.

As radio-activity is due, according to the new hypothesis, to the
structure of the atoms, i t must also be quite independent of the
chemical combination of the radio-active atoms with atoms of other
kinds, as well as independent of the physical condition of the radio-
active material, and must be impossible to prepare radio-active atoms
artificially by either synthetical or analytical methods. The facts are
fully in agreement with this consequence of the theory.

(e) The Transmutation of the Atoms.

From the authors ' hypothesis it follows that it must be possible
to convert one element A into another element B or to decompose one
" element " into others.

This consequence of the theory has been proved by Sir William
Ramsay's discovery t h a t helium can be produced from radium and
radium from uranium.

S e c t i o n I V

The Extension of the H.P. Theory into a Stereo-chemical Theory,
and the Combination of the latter with the Modern Theory of
the Structure of Crystals

(a) Critical Examination of Existing Stereo-chemical Theories

T ^ T E I T H E R the H .P . theory in the form in which it is presented on
J J i pages 30-38 nor any existing theories dealing with structural
chemistry can be regarded as satisfactory, as they do not take into
account the fact t h a t t he atoms are divisible.*

The weakness of existing theories of structural chemistry has long
been known and van ' t Hoff509 was the first to suggest the importance of
representing molecules by spatial diagrams.

Le Bel570, quite independently, published a hypothesis concerning
the spatial s t ructure of atoms, but it received only scant attention at
the time ; those who took the most interest in it were the very men who
endeavoured to disprove it experimentally.

J . Wislicenus571 made both the above hypotheses the basis of a
new series of experimental investigations.

This theory of spatial structure, which also deals with asymmetric

* Although the word'* atom'' really means " indivisible'' its present use in chemistry
may be conveniently retained, the word " archid " (p. 274) being used to indicate
ih& smaller constituents.—A. B. S.
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carbon atoms, has been supported by numerous and important
results- I t is also a noteworthy fact that all optically active organic
substances, so far as their constitution is known, contain one or more
asymmetric carbon atoms.

Similar speculations have proved very fruitful in the investigations
on the sugars carried out by E . Fischer572.

The work of Ad. Baeyer573 on the isomerism of the hydrated
phthallic acids also deserves special attention in this connection.

In addition to these theories various cases of isomerism of the
nitrogen compounds have been examined in connection with their
spatial relationships. The investigations of Werner and Hantzsch574,
Goldschmidt575 and others are important in this respect.

E . v. Meyer576 considers that the deductions from observations
have been pushed as far as or even farther than is strictly legitimate.
As he rightly remarks,577 the greatest disadvantage of the existing
stereo-chemical theories * is tha t they are only applicable to special
cases and are not on a sufficiently broad basis. They form a convenient
means of explaining a number of cases of isomerism, bu t cannot be
applied to a general stereo-chemistry in the true sense of the words, to
show the relationship between crystaDine form and chemical com-
position, or to explain the various optical, thermal, electrical and other
physical properties of crystals. These latter have been the subject of
investigations by a number of mineralogists, including Schrauf578,
Fock579, Becke580 and others.

Schrauf considers tha t the atoms have definite axial positions in the
molecules and that these form the basis of crystalline form. Schrauf s
suggestions have not proved very fruitful and, according to Arzruni681,
who has criticised them, the principles and methods adopted by
Schrauf are erroneous for this purpose.

Fock sought for a relationship between crystalline form and
chemical composition in a combination of the results of modern stereo-
chemistry and general crystallography. According to him, it is a
positive fact that the affinities of the atoms do not merely have a
definite value, but operate in a definite direction. " Crystallography
teaches t ha t the existence of a crystal is due to its general properties
varying with the direction.

" T h e conception of direction is of different significance in the
formation of crystals and in the chaining of the atoms, and leads to
the thought that simple relationships may exist between the directions
of the crystals."

P . Groth582 states : " Crystals are usually characterised in their
physical relationship by their being anisotropic, i.e. tha t none of their
properties vary in intensity with the direction of the crystal in
accordance with definite laws."

The simplest and most natural relationship which may be ascer-

* For further information on stereo-chemistry see No. 577 in Appendix.
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tained from Fock's work is tha t the directions of the affinities in a
" crystal molecule " reach the same symmetry as t h a t of the crystal
itself.

By " crystal molecule " Fock understands one of the molecules in
the crystal, which produces an aggregate from the chemical molecules.
The difference between a chemical molecule—which may be in the
form of a gas or solution—and a crystal molecule—which is in a solid
state—is shown, according to this writer, by the following facts :

1. Fluid or dissolved substances are chemically act ive; crystalline
substances are never so.

2. Bases, acids and salts in a fluid state are electrolytes, but lose
this property on crystallisation.

3. During crystallisation many substances take up " water of
crystallisation."

4. Some crystals are optically active, b u t this property seldom
remains when they are dissolved.

If the existence of large, independent atomic complexes in the
crystalline state—crystal molecules—is assumed, the foregoing relation-
ships are, according to Fock, capable of a simple explanation.

As Fock, in his stereo-chemical theory, knew of no plausible
hypothesis by means of which the minimum molecular weight in the
solid state could be explained, he could not bring his ideas—correct
as they are—to a proper conclusion, and his stereo theory has therefore
proved to be no more fruitful than that of Schrauf.

Whether a polymerisation of gas-molecules occurs when a gas passes
into the fluid state, depends on the number of chemical molecules in a
single crystal molecule. P . Groth583 distinguishes between chemical
and crystal molecules and, according to him, there is a number of
facts which indicate tha t a crystal molecule is composed of a smaller or
larger number of chemical molecules. Crystals thus correspond to the
polymerised state as compared with the gaseous condition of single
chemical molecules. Groth calls attention to Voigt's experiments on
the elasticity of rock-salt, according to which the molecules of NaCl
have a slightly different action in different directions—a behaviour
which is incompatible with the view tha t the crystal molecule of rock-
salt consists of one atom of chlorine and one atom of sodium.

Other writers, as S. Hunt , consider t ha t calcite and quartz are
aggregates consisting of 584CaCO3 and 948SiO2 respectively. A. E .
Tutton considers tha t the molecular weight of the smallest crystals
(crystal molecules) is either identical with t h a t of the chemical molecule
or tha t the crystal molecule does not consist of more than 1 to 5
chemical molecules. M. Bullouin concludes tha t crystal molecules
may contain 4 to 5 chemical molecules. M. Herz757 is of the opinion
tha t the available experimental evidence is in favour of the existence
of substances with the same molecular weights in the solid as in the
gaseous state and of others which are polymerised.

Many at tempts have been made to determine the molecular weights
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of substances in the solid state by J . L. Vogt758, Doelter and Vucnik7**
All these endeavoured to determine the molecular weight of fused
silicates by the aid of van't Hoff's formula :

m 0.0198 T2

l = W ~

In this formula m represents the total number of grammes of silicate
dissolved in 100 g. of the solvent, M the molecular weight of the silicate,
T the absolute temperature, q the latent heat of fusion for 1 g. of the
solvent and t the depression of the melting point. This method still
leaves undetermined the question as to whether the crystal molecule
has the same molecular weight as the substance in a fused or dissolved
state.

Vogt sought to determine the molecular weights of diopsito,
olivine and anorthite in this manner and concluded tha t they con-
formed to the following formulae :

CaO • MgO • 2 SiO2 (Diopsite)
2 MgO-SiO* (Olivine)
CaO • A12O3 • 2 SiO* (Anorthite);

in other words, that there is no aggregation of molecules in these
substances. These determinations of molecular weights have been
determined in the same manner by Doelter and M. Vucnik7**, but
these investigators reached entirely different conclusions and were of
the opinion that the application of the van't Hoff formula to fused
silicates is not free from objection, on account of the few determinations
of q which have been made. The determinations of T are only reliable
between 20° and 30°. I t is not, therefore, surprising tha t Doelter and
Vucnik found that the results obtained by this method disagreed with
the formulae in eight cases out of nine.

Doelter has not expressed any doubt as to the solid silicates being
polymerised compounds, and he has, indeed, pointed out t h a t if the
van't Hoff formula is retained the results obtained from it agree much
more closely with multiple than with single formulae. According
to Doelter, an extensive polymerisation occurs when aluminous
silicates pass into the solid state, as is shown by the great hea t of
crystallisation.

Van't Hoff761 has expressed the opinion tha t the solid s ta te is not
characterised by the formation of a complex molecular structure, bu t
that in solid solutions the facts appear to show tha t the molecules are
of the simplest possible constitution and not greater than twice the
molecular weight ordinarily stated. This view is based on studies of
isomorphous mix-crystals which it is assumed are in the state of solid
solutions. Positive proof of the non-polymerisation of the molecules
in solid solutions has not yet been published ; on the contrary, many
facts are quite opposed to this view.

Becke584 has criticised Fock's theory in a manner which demands
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further investigation. According to him, in endeavouring to explain
what relationship exists between crystalline form and chemical com-
position, special attention must be paid to symmetry as this is the
most obvious factor common to both stereo-chemistry and crystallo-
graphy. In Fock's theory this is not the case.

Becke's585 a t tempt to explain stereo-chemically the cause of the
hemihedrism * of calcspar and magnesite and of the tetrahedrism f
of dolomite and ankerite is of special value. He started with the
Bravais-Sohncke theory of crystalline structure, but instead of
extensionless points he imagines symmetrical, corporeal molecules or
molecular groups as forming a kind of lattice-work. Nevertheless,
F . Becke has only been able to apply his partially developed ideas to
a few cases, and as he has suggested no hypothesis to explain the mini-
mum molecular weight in the solid state, his ideas do not admit of
general application. According to L. Brauns586, the method adopted
by Becke in attempting to ascertain the relative position of the atoms
in space may result in representing symmetry in the form of a stereo-
chemical formula.

(b) The Modern Theory of Crystalline Structure and the Possibility of
its Combination with. Structural Chemical Theories

The work of Fock and Becke in connection with the formulation of a
stereo-chemical theory would probably have been crowned with quite
different results if the leading structural chemical theories were in as
complete agreement with the available experimental material as is the
case with the H .P . theory, or if the existing stereo-chemical theories
had been placed on a broader basis. Hence it seemed worth while to
endeavour to convert the H.P . theory into a general stereo-chemical
theory and to combine it with the results of crystallography. This
would appear to be the best method of solving the problem as to the
relationship between crystalline form and chemical composition.

The fact tha t a series of physical properties of crystals shows a
definite arrangement in the smallest particles, has stimulated a number
of investigators such as Bravais587, Frankenheim588, and Sohncke589 to
at tempt to find the laws connecting the theoretical spatial relations of
observed crystalline forms to the corresponding symmetries.

If the limiting faces of crystals are conceived as lying in three
axes which meet in a point but are not in a single plane, the crystalline
forms of any substance may—as is well known—be expressed in terms
of the lengths of these axes and of the angles between them. It is
also supposed tha t the smallest particles of which crystals are com-
posed lie along the same axes in accordance with definite laws, thus

• Hemihedrism is the formation of half the number of faces possessed by the com-
plete forms of crystals of the same series.

t Tetrahedrism occurs when a crystal has only one quarter of the number of
faces possessed by the primary form.
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forming the various crystal forms. The generally accepted explanation
of crystalline structure originated in this manner.

If this theory of crystalline structure is to be combined with a
structural chemical theory, atoms or groups of a toms must, clearly,
be conceived in place of the formless points. These points then become
the centres of gravity of the various atoms or atomic groups. The
place in which these "points " are found is their average plane of
equilibrium, as the atoms and molecules are, as a result of their heat-
content, in a state of constant, oscillatory motion.

None of the ordinary structural chemical theories can be combined
in a simple manner with the general theory of crystalline structure.
This combination is possible, however, as soon as the H .P . theory is
extended into a stereo-chemical one.

(c) Stereo-hexites and Stereo-pentites, or a Stereo-chemical Theory

In a geometrical double pyramid of the form P :

c

the two bases of the pyramids are identical.
In this bi-pyramid P, CF is represented by C, AD by A and BE by B

the axes of which cut each other in 0 . The lines OA, O B and 0 0 are
represented by a, b and c and the angles COB, COD a n d BODlby a
P and y The axes CF, AD and BE are termed chemical axes,the
ratio a : b : c is termed the " chemical parameter ratio " and the ancles
a, p and y are termed the angles of the chemical axes.

In a given hexite, such as the compound 6 SiO2, t he atomic groups
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SiO2 may be arranged at each of the six corners of the double pyramid
P The valencies between the SiO2 molecules are partly in the direc-
tion of the diagonals of the hexagon, i.e. in the direction of the chemical
axes, and partly in the direction of the edges of the double pyramid.
It is clear that in a hexagon only a portion of the possible valencies
can be represented :

0

E

B D

If the atomic groups of a pentite radicle 5 SiO2 are supposed to be
distributed in space, this must be doubled and a double pyramid P

described in which the bases ABDE and A'B'D'E' do not coincide,
but are parallel to each other, though the distance between them is
infinitely smaU. At the corners of this pyramid (P'), which possess a
common chemical axis CF which cuts the other parallel chemical axes
AD, BE and AT)', t'W in the points O and O', the atomic groups ot
two pentites are found. . ,

The straight lines OA, O'A', and OB, O'B' are each respectively
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equal, and may be represented by a and 6. The straight line 0 0 is
equal to O'F and may be represented by c. The pentites thus have a
chemical parameter ratio a : b : c and the angles of their chemical axes
are analogous to those in the hexites a, /3 and y .

A compound of the composition 6A12O3- 12SiO2 may be repre-
sented diagrammatically by

or
C

A E

D

F

C

B

B

D

F

i.e. the atomic groups in a molecule consisting of several hexites may
be conceived as analogous to those of a hexite divided in space. The
following facts should be observed :

1. All the atomic groups (A12O3 and SiO2) marked C and F in the
compound in question are found on the axis CF, whereby each four
Al2O3-groups3 as shown by the structural formula, must lie near to
each other, two pairs of SiO2-groups, on the contrary, are further apa r t
from each other.

2. All the atomic groups (A12O3 and SiO2) marked A and D are on
the axis AD whereby the A12O3- and SiO2-groups are situated precisely
the same as those on the axis CF.

3. The atomic groups marked B and E are distributed along the
axis BE in an analogous manner as in 1 and 2.

4. Each six atomic groups—either SiO2 or A12O3—of t h e com-
pound are bound by valency forces to their position in space, as is
shown by the structural formula : special valency forces between the
A A

S i - a n d t h e A l - r a d i c l e s a r e a l s o i n o p e r a t i o n , a s m a y b e s e e n f r o m t h e

s t r u c t u r a l f o r m u l a . W i t h s u c h a n a r r a n g e m e n t i n s p a c e o f t h e h e x i t e

u n i t s , i t m u s t c l e a r l y o c c u r t h a t t h e d i s t a n c e s b e t w e e n t h e a t o m s o f

t h e t w o A l - h e x i t e s a n d o f t h e t w o S i - h e x i t e s i n t h e c o m p o u n d a r e

u n e q u a l . N e v e r t h e l e s s , t h e d i f f e r e n c e i n t h e d i s t a n c e s b e t w e e n t h e

a t o m s o r a t o m i c g r o u p s o f t h e v a r i o u s A l - a n d S i - h e x i t e s i s s o e x t r e m e l y

s m a l l t h a t t h e d i f f e r e n t A l - a n d S i - h e x i t e s i n t h e c o m p o i S i d m a y b e

r e g a r d e d a s f u l l y a n a l o g o u s .

5 . A s t u d y o f t h e a l u m i n o s i l i c a t e s a n d a l l i e d c h e m i c a l c o m p o u n d s

s h o w s t h a t s i d e - c h a i n s ( b a s i c , c o n s t i t u t i o n a l , w a t e r o f c r y s t a l l i s a t i o n ,

e t c . ) m a y b e a t t a c h e d i n t h e d i r e c t i o n o f t h e a x e s C I \ A D a n d B E .

6 . I f a t o m s o r a t o m i c g r o u p s o c c u r a t t h e p o i n t O ( F i g . P ) , i . e .
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in the point at which the three chemical axes cut each other, and are
combined by valency forces with two, or n, hexites or pentites, the
/3- and y-complexes are formed (pp. 76 and 241).

7. The chemical parameter ratio a:b:c and the size of the angles
a, /3 and y form the chemical constants and depend upon the size of the
valency forces between the atomic groups.

(d) The Hexite-Pentite Law

The valency forces between the hexite- and pentite-units and
the radicles themselves (the hexites and pentites) of various sub-
stances are very variable ; in many compounds they are so feeble
that the existence of the hexite-pentite law has naturally been over-
looked until the present.

It is highly probable that very many compounds (both simple and
complex) of widely different elements, such as carbon, silicon, alu-
minium, iron, chromium, manganese, the halogens, nitrogen, oxygen,
etc., exist in the form of hexites and pentites or in combinations of
these—as has already been shown in the present work. This implies
that this arrangement of the atoms is neither a mere coincidence nor a
property of only a few substances, but of matter generally, and on this
the hexite-pentite law is based and has proved to be of great value in
stereo-chemistry.

The hexite and pentite form is not characteristic of only a few
compounds (aluminosilicates, silico-molybdates, metal-ammonias, etc.)
but of matter generally. Each chemical compound in the solid state
is composed of hexites or pentites or combinations of them, the atoms
or atomic groups being arranged in space in the manner indicated.
In this manner major and minor valencies occur.

(e) The Combination of the Stereo-Hexite-Pentite Theory and the Modern
Theory of the Structure of Crystals

The stereo-hexite-pentite theory mentioned above, and for the
sake of brevity termed the " S.H.P. theory/' may easily be combined
with the theory of crystalline structure published by Bravais, Franken-
heim and Sohncke, by substituting the units of hexites and pentites
for the formless " points " in the latter theory.

Frankenheim690, in his theory of the structure of crystals, has
regarded these points as molecules from which the crystals form.
Sohncke691, in his theory of the atomic construction of matter, also
used the word " point" as meaning " molecule." Sohncke sought to
prove by & priori arguments that if the atomic construction of matter
is the cause of the structure of crystals, only the present known systems
of orystajif can exist, no others being possible.

The mhtiif and pentite units are not equidistant from each other,
as different affinities exist between them, especially if the substance
under consideration is composed of unite of different natures. The

XJ
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distances between the various units, and part icularly the differences
in these distances, are so extremely small t h a t they may be regarded as
equidistant. If it is assumed that all the " molecular lines " AD, B E
and CF, on which the hexite and pentite u n i t s are distributed, are in
parallel groups (i.e. all the AD lines are parallel to all the AB lines
and so onj a n i that the " molecular planes " ABDE and A 'B 'D 'E '
are parallel to each other, the so-called " n e t w o r k " and "regular
system of points/ ' i.e. the theory of crystalline structure, follows.692

Limits of space prevent a more detailed description of the generally
accepted theory o£ the structure of crystals ; this can be obtained
from the published literature on the subject . I t may, however, be
noted that this theory is generally accepted because it is in full agree-
ment with numerous properties of crystals- Thus it was found, as a
result of this theory,593 that altogether 14 k i n d s of parallelopipedonal
arrangements are geometrically possible and t h a t only seven classes of
crystals can exist which can be distinguished b y their symmetry. This
result is in agreement with experience. T h e seven different arrange-
ments in space of the molecules show the same symmetrical ratios
as the seven classes of crystals show in regard to cohesion.

I t may be inferred a priori that , as t h i s theory of crystalline
structure does not postulate any bonds (affinity forces) between the
units of the crystal, i.e. between the atoms o r atomic groups, and pays
no regard to the nature of these units, it c anno t explain many of t h e
constitutional properties of crystals. Thus, according to the " network
theory " all crystals which crystallise regularly must be optically
isotropic, yet such crystals are known which are optically diaxial, i.e.
anisotropic. This theory also fails to expla in other properties of
crystals which are probably of a constitutional nature, such as the
difference in behaviour of a crystal in two different positions such as
is shown by its solution and change of temperature under the action of
an electric current, and by the existence of two crystals built in
opposite ways and polarising circularly in opposite directions. Sohncke
endeavoured to explain this last property crystallographically by
means of new hypotheses.

As previously explained, it is possible to combine the stereo-hexite-
pentite theory with the modern theory of t h e structure of crystals. I t
is by no means improbable that the weaknesses in the modern theory
of the structure of crystals may be overcome b y its combination with
the S.H.P. theory. To ascertain this it is n o w necessary to see how
the facts agree with the S.H.P. theory.

( / ) The Stereo-HeriteJPentite Theory and the Facts
A. Di- and Poly-xnorphism and Hatty's Law

It follows from the theory that a given compound such as Q$CO*
may exist in either tl*e hexite or pentite form if it is in the solid state.
The minimum molecular weight of this substance f f e i in the solid
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state m a y therefore correspond to (CaCO3)6 or (CaCO3)10, or if both
hexite a n d pentite radicles exist in the same molecule, other compounds,
such as (CaCO3)16, (CaCO3)22, etc., are possible. The actual existence
of simple ac ids and salts in the form of hexites and pentites has been
shown i n a number of cases in the chapter on " The H.P. Theory and
the Constitution of Simple Acids " (p. 268). In the following formulae,
which m a y lead to a theoretical minimum of molecular weight, it will
be found t h a t simple salts may consist of hexites and pentites and
their combinations :

In th i s connection the composition of the following borates594 is
interesting :

Boronatrocalcite ]STaaO • 2 CaO • 5 B t 0 a • 12 H,0
Ascharite 6 MgO • 3 BtO, • 2 Ha0
Pandermite 2 CaO • 3 B8O, • 3 HaO
Colemanite 2 CaO • 3 Ba08 • 5 HaO
Franklandite Na2O • CaO • 3 B a0, • 7 H8O
Hydroboracite Mgo • CaO * 3 BaO3 • 6 Ha0
Larderellite 2 (NH4)*O • 8 B2O3 • 8HaO
Kaliborite K2O • 4MgO • 11 B 20, • 12HaO

The m i n i m u m molecular weight of some phosphates, arsenates and
vanadates m a y be found from the composition of the minerals of the
apatite g r o u p :595

f 9 CaO • 3 PaO5 • Call,
Apatite ^ 9 CaO • 3 PaO8 • CaCl,

l9CaO-3PaO« -Ca(Cl,Fl)8
Pyromorphite 9 PbO • 3 PaOfi • CaCla
Polyspharite 9 R"O • 3 Pa0* • CaCla (R"=Pb, Ca)
Mimetesite 9 PbO • 3 AsaO5 • PbCla
Kampylite 9 PbO • 3 R?O5 • PbCl, (Rr=P, As)
Vanadinite 9 PbO - 3 VaO6 • P b a t
Endlichite 9PbO-3R;O 5 • PbCl, (Rv=As, Vd)

Hexites a n d pentites may* also be formed from the molecules SiO2,
O ZrO2 , Fe 2 O 3 , A12O3 and from the atoms S, Se, P, C, etc. All

these substances , when in the form of hexitea or pentites, have,
nevertheless, the empirical formulae SiO2, TiO2, etc. Hence such
hexites a n d pentites must be distinguished from each other by means of
their crystal l ine form, hardness, specific gravity, behaviour towards
reagents, e t c . In a certain sense it may be stated that the substances
CaCO3, S i O 2 , TiO2 , stc. are di- or polymorphous ; in reality they form
chemically different substances.

This consequence of the theory may be fully and completely proved
by the f a c t s . Prom the large amount Df published information
respecting polymorphous substances5^ the following may be quoted :

Calcium carbonate (" CaCO8"): hexftgonal-rhombehedric as calcite
(cal<3spar),597 rhombic as aragonite.508

Strontium carbonate ("SpCOs ">: diqaorphoiis./1^
Silica (" S i O 2 *#); hexagonal-trnpezohedric-Wtratohedric as quartz,
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hexagonal as a-tridymite,601 rhombic as /3-tridymite. Von Lasaulx602

and Schuster603 have regarded /3-tridymite as triclinic; Mallard604, on
the contrary, has shown that j3-tridymite crystallises rhombically and
Arzruni605 and Groth808 agree with him. Silica also crystallises regularly
as ct-cristobalite807 and tetragonally as /3-cristobalite.608

Titanic oxide (" TiO2 " ) : tetragonal as rutile,609 tetragonal as anas-
tase,810 rhombic as brookite611 or arkansite and as edisonite.612 Haute-
feuiHe613 has prepared anastase artificially a t 860°, brookite between
860° and 1000° and rutile a t a higher temperature.

Sulphur ( " S " ) : rhombic,614 a-monoclinic,615 /3-monoclinic,616

y-monoclinic (?),617 hexagonal618 and as " black sulphur."619

Ferric Sulphide ( " F e S 2 " ) : regular pentagonal hemihedric as
pyrite,620 rhombic as marcasite.621

An interesting light is thrown by the S.HJP. theory on the cause of
the dimorphism of the compounds with the empirical formula FeS2 .
These sulphides may be compared with oxygen compounds from
which the oxygen has been removed. For instance, the following
compounds, with the ratio R : S = 1 : 2 are theoretically possible :

(a) l i R " O - 3 R 2 ' " O 3 - 1 5 S O ,
(6) 3R 2 " 'Os-12SO,
(c) 3R"O • 6 SO,

If the oxygen is struck out and F e " is substituted for R " and Fe '" for
R" ' , the following compounds will be produced :

(a) l J F e " - 3 F e 2
/ / / - 1 5 S = 7 . 5 F e S 2

(&) 3 F e 2 ' " - 1 2 S = 6 FeS2
(c) 3 F e " • 6S = 3 FeS2

In other words, three different compounds with the empirical formula
FeS2 are possible. In the first, one-fifth of the iron must be present
in the ferrous state, the remainder being ferric; in the second all the
iron is in the ferric state, and in the third compound the whole of the
iron is in the ferrous state.

According to Brown622, only one-fifth of the iron in pyrite is in the
ferrous state, whilst in marcasite it is all in this state, i.e. the structural
formula a is that of pyrites, and c is tha t of marcasite. The 6 form of
FeS2 is not, at present, known. Brown assigns to pyrite the following
improbable formula:

Fe

Fe Fe Fe

s s—s s s s—s s

Other metals whose compounds occur in " ous " and " ic " states—
such as cobalt, nickel, etc.—must form analogous compounds with the
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general formula RS2. In short, compounds with the general formula
RS2 must be di- or poly-morphous.

This treatment of the sulphides leads to new ideas as to their
constitution, and it would be interesting, did space permit, to calculate
the formulae from the analyses of such compounds and to study their
properties in the light of this theory.

The simple elements Se, P, As, C, Sn, Zn, Fe, Ir, Pd, Ag, etc., occur
in various forms, as do also the compounds: (NH4)2SiFl8, K2SnFl6,
ZnS, HgS, FeS2, Ag3SbS3, Fe2O3, Sb2O3, As2O3, NH4NO3 , KNO3,
LiNO3, A12O3 • SiO2, Na2O • AUO3 • 3 SiO2, Na2O • A12O3 • 4 SiO2,
K2O • A12O3 • 2 SiO2, CaO • A12O3 • 2 SiO2, etc.

According to the S.H.P. theory each chemical compound in the
solid state must have its own definite a :b : c ratio and its own a, (5 and
y angles; i.e. it must have its own crystalline form. According to this
theory it is improbable that a single substance can change its crystal-
line form. This agrees in a remarkable way with the law stated by
the well-known mineralogist Hauy823 in 1801, to the effect that " one
and the same substance, in a chemical sense, can occur in only one
form."

Berthollet624 opposed Hauy's view and suggested that the forms of
crystals are accidental and are independent of their chemical com-
position. In support of this he referred to the two minerals aragonite
and calcite, which have both the same chemical composition (CaCO3),
yet differ in crystalline form. Hauy next suggested that the difference
in the crystalline form of these two minerals might be due to the
presence of strontium in aragonite, though he failed to find strontium
in some aragonites, and was eventually obliged to abandon this
suggestion. In spite of opposition, Hauy refused to abandon his
" law " and maintained that the calcspar-aragonite problem must be
capable of some other explanation. Since 1821, however, Hauy's law
has been neglected on account of the discovery, in that year, by
Mitscherlich625 of two forms of sodium phosphate HjjNaPO^ • H2O.

Mitscherlich626 held that any substance—elementary or compound
—can occur in two different crystalline forms. This view, which was
based on the occurrence of two sodium phosphates with the formula
H2NaPO4*H2O and of various elements in several forms, is clearly
incorrect, as de facto these are chemically different compounds, all
of which possess the same empirical formula.

It was only towards the close of the nineteenth century that a
number of investigators concluded that Hauy's law is correct. Thus,
Geuther627 endeavoured to find the cause of the dimorphism of CaCO8

in the existence of a "di-carbonic acid " H4C2O6 and a "mono-carbonic
acid" H2CO8; he assigned to calcite and aragonite the following
structural formulae :

Calcite.



S94 CONSEQUENCES OF STEREO-HEXITE-PENTITE THEORY

<Xo><o>
Aragonite.

The credit for an explanation of di- or poly-morphism by means
of an assumption which agrees with the S.H.P. theory is due to
0. Lehmann628. This is based on numerous experiments. He concluded
that the chemical molecules within the physical molecule are combined
with each other—even though loosely; and that different modifications
of a polymeric substance are really different substances.

As the result of his experiments, Lehmann was led to a "re-
discovery" of Hauy's law which he stated in the following terms :

1. No substance has more than one crystalline form. If two
substances have different crystalline forms they are different substances
chemically, no matter whether they are atomic or molecular compounds.

2. No substance has more than one state of aggregation. The so-
called " three states " of aggregation of some substances really repre-
sent three chemically different substances.

£. Isomorphism in the light of the S.H.P. Theory
Substances which are chemically related and those having an

analogous constitution must clearly be related in their crystalline
form. Such a connection between the crystalline form and chemical
composition may be inferred from the S.H.P. theory, but its existence
was discovered as early as 1819 by Mitscherlich629. Whilst examining
phosphates and arsenates Mitscherlich observed that the salts of both
phosphoric and arsenic acids frequently have the same form; he
concluded that the chemical and crystalline forms are interdependent
and proposed the term " isomorphism " for this phenomenon.

From the S.H.P. theory it also follows that isomorphous compounds
have similar, but not absolutely identical chemical and geometrical
constants (a:b:c and a, /3, y). As the geometrical constants depend
on the valency forces between the units and these vary with different
units, the geometrical constants of analogously constituted substances
which contain somewhat different constituents must clearly show
certain differences. Hence, if the substances have not precisely the
same composition they cannot be regarded as of identical crystalline
form even though they are apparently quite isomorphous. Groth680

has shown that, with more accurate instruments, the angles of crystals
of isomorphous substances are found to be very nearly, but not abso-
lutely, equal to each other.

The isomorphism discovered by Mitscherlich was found to occur in
all mineral groups, and such minerals are therefore arranged into
groups of crystallographically related substances. Amongst the most
important of these are the widely distributed minerals of the felspar
group, which have a remarkable resemblance to each other in their
crystalline form and other physical characteristics. Schuster's681
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investigations have shown that in a large number of felspars (plagio-
clases) the optical properties show these substances to be capable of
arrangement in a definite series.

Under the name " tourmaline " are grouped a number of minerals
which, with the instruments available, appear to agree completely in
their crystalline form and are, therefore, regarded as isomorphous.
Mica, clintonite, etc., form similar groups. Chemists and mineralogists
have been very energetic in endeavouring to explain the isomorphism
of such minerals in terms of chemical structure, bu t so far they have
found no generally satisfactory solution to this problem. Thus,
Rammelsberg632, as early as 1850, pointed out a relationship between
the monoclinic orthoclase and the triclinic minerals albite, oligoclase,
labradorite and anorthite. According to him these minerals closely
resemble each other in their geometrical form and do not differ from
each other more than do other isomorphous substances- They also
show a great similarity in their physical properties, but chemically
they show such differences that " chemists consider tha t a separation
is essential." On another occasion Rammelsberg633 pointed out the
similarity of the tourmalines crystallographically, though, according
to him, they are quite unrelated chemically. I n his opinion, the
tourmalines consist of silicates of varying degrees of saturation which
are combined in different ways and yet are isomorphous, i.e. they are
of very similar form.

In order to explain the relationship between the crystalline form
and the chemical composition of minerals of the felspar group, Tscher-
mak assumed tha t the felspars were isomorphous mixtures of two
silicates—albite and anorthite—to which he gave the following formula:

Albite NaAlSiSiaO,
Anorthite . .

All triclinic felspars are, according to Tschermak, simply mixtures
of albite and anorthite in all imaginable proportions, so tha t a con-
tinuous series is possible. Although this felspar theory has proved of
great value for the systematic study of analyses of the felspars, it has
been powerfully opposed from several sides. As a matter of fact,
there is always some K, Mg, and ferrous and ferric iron in felspars which
do not occur in the mixtures ; i.e the felspars cannot contain these
substances if they are simply mixtures of albite and anorthite. After
prolonged discussion, extending over some years, Tschermak's theory
is now accepted by most mineralogists, particularly since Schuster634

has shown tha t the plagioclases may be made to form a series based on
their optical properties and tha t for each composition of the limiting
members there is a definite optical behaviour which is reminiscent of
either albite or anorthite.635

As the miscibility of albite and anorthite—which are not analogous
in their chemical composition—appears plausible from a chemical
point of view, attempts have been made in other directions to find
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structural formulae for the mixed members of the felspars—albite and
anorthite—so that they appear to have a chemical as well as a crystallo-
graphic relationship. For instance, Clarke636 has suggested the follow-
ing formulae :

^ ^ - C a - ^ ^
/[ffi,O.] ss Na3 / [SiOJ = Ca Ca = [SiO J \

AlHSUOs] s Al AlHSiO J s A l A l s [SOJ-7AI
\[Si sO8] 35 Al \ [ S i O J s Al Al 53 [ S i O j /

Albite. Anorthite.

Here he clearly assumes the possibility of an isomorphous replace-
ment of the tetravalent groups (SiO4) and (Si3O8). Groth637, on the
contrary, suggests the following formulae for the same substances :

- ^ 0 q . ^ O

^ \ 0 — A l / ° \ S i = 0 1 N Q — A I — 0 — A l = 0

I X o / lo > o

1 / 0 — N a I/O—Ca
S S O

 S l ^ o
Albite. Anorthite.

Attempts have also been made to explain the relationship between
the crystalline form and the chemical composition of the tourmalines
on the assumption that hypothetical members of the series exist.
Jannasch638 has given the following simple formula for the " isomor-
phous mixture series " :

Si Si

0 6 0 Ov / 0 0 0 0
I I I Al I I IAl

I
0

This does not agree with all the ratios of S iO 2 : B 2O 3 actually
found in tourmalines. Clarke639, on the contrary, assumes the following
hypothetical members for the tourmaline series which are analogously
constituted; these approach more closely to the actual facts :

I. II.
/S iO 4 ss R8 y S i 0 4 SE MgH

Alf-SiO4 = Al AlfSiO4 s MgH
\SiO4 = Al — BO, \S iO 4 = Al — BO,

I . I
Al — B0 s = NaH Al — BO, = NaH

/SiO 4 = Al — B0 2 /SiO4 = Al — BO,
Al^SiO4 = Al Al^-SiO4 = Al

\ S i O 4 a Al \S iO 4 = Al
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i n .
y SiO 4 =s MgH

Alf-SiO4 3= MgH
\SiO4 = Al —BO 2

Al — B0 3 = NaH

IV.
SiO4 33 MgH
SiO4 = MgH

4 = Al — BO2

Al — B 0 3 =

/SiO4 = Al — BO2
Al~-SiO4 3= MgH

\SiO4 s Al

y 4 = Al — B O ,
Alf-SiO4 s MgH

\ S i O 4 55 MgH

I t is interesting to see what is the genetic relationship between all
the members of the felspar groups, both crystallographically and
physically, in the light of the S.H.P. theory. The calculation of the
formulae of a large number of analyses of the felspar group (see
Appendix) shows tha t they may be regarded as salts of the following
acids :

i.e.

A.

B.

C.

D. (a)

D. (b) I Si I R | Si ( Si | E | Si
~ \ ,

=<(Si I R I Si I Si I R

A. 8 H,0 • 5 Al.O, • 22 SiO,
B. 7 H2O • 5 AlaO, • 24 SiO,
C. 9H,O-6Al,O,-20SiO i l
D. 12H,O'6A1,O, -24 SiO,

Two isomeric compounds D are shown; isomers of the other
hydrates are clearly possible.

As has already been shown, each of these types can produce a
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whole series of hydrates. Strictly speaking, the formulated felspars of
these different types are salts of various hydrates.

The hydrates here mentioned are, in a certain sense, the maximal
hydrates of the felspars of these types, with a maximum proportion of
" water of constitution " or of acid hydroxyls.

From this representation of the structure of the felspars the
following inferences—which are in agreement with previous experi-
ments—may be drawn :

1. There is a genetic relationship between the various members of
the series, both physically and chemically, i.e. there is a similarity in
their crystallographic, optical (see Schuster) and other physical
properties.

2. The proportion of potassium, magnesium and iron (the last
named in various states of oxidation) in some felspars is appreciable.

3. The maximum proportion of base + water of constitution in
some felspars is explicable ; e.g. the presence in salt 50 of the A type
of 6 MO • 2 H2O ; the presence of 7 MO • 5 H2O in No. 145 of type D
and of 9 MO • 3 H2O in No. 146 of the same type (see Appendix).

4. These structural formulae also provide an explanation how it is
tha t if the* content of base is divided as in formula a (C axis) a different
system will be produced than would occur if the base were in the
positions shown in b (i.e. nearer the A and B axes); i.e. the formation of
monoclinic and triclinic felspars may be readily understood. The
formula b is that relating to the triclinic felspars.

The general crystalline form of a large number of compounds, such
as those of type a, is explicable by means of their common kernel or
core.

Analogous relationships are also observable in the minerals of the
tourmaline group (see Appendix).

I t is interesting to note that Eetgers640 had previously suggested
tha t the isomorphism of the members of various silicate groups may be
completely explained by means of a large, common kernel or core.
" If we regard them as containing such a molecular cote, it is a t once
clear tha t the secondary atoms may be regarded as chemically analo-
gous. No matter whether the molecules which adhere to the large core
are small, like H2O, CaO or NH 3 , or whether they contain 6 or 7
molecules aq., the chief fact is tha t the common core reveals itself
clearly in the crystalline form."

These opinions on the constitutions of the felspars, tourmalines,
etc., were not without influence, for even simple compounds of which
the analyses lead to simple formulae have been regarded by many
writers as though they were mixtures, i.e. as composed of substances
mixed in capricious proportions and not combined in stoichiometrical
quantities. Others have regarded substances as " isomorphous
mixtures " even when they have shown them to be composed in
definite stoichiometrical proportions. As an instance of this the
" mix-crystals " of sulphurous salts investigated by Fock6 4 1 may be
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mentioned,particularly the ammonium salts (NH4)2O • S2O6 • 1 JH 2 O,
and the salts with the general formula R " O * S2O5 • \ H2O (where
B / ' = Z n , Cd, Fe, Ni, Co and Mn) which Fock has examined crystallo-
graphically. In spite of the fact that these " mix-crystals " contain
their various constituents in stoichiometrical proportions, Fock
regarded them as " isomorphous mixtures."

The following salts were obtained by Fock :

I .

II .
I I I .
IV.

1.
2
3.
4=
5.
6.
7.
8.

4
4
4
4
4
3

16
18

(NH4)2O •
(NH4)2O •
(NH4)2O •
(NH4)2O •
(NH4)2O •
(NH4)2O •
(NH4)2O •
(NH4)2O -

2
6
4

ZnO
FeO
NiO
CoO
MnO
CdO
FeO
ZnO

- 5
• 5
- 5
• 5
• 5
• 5
•22
•22

S2O5
s*o5

s ,o 5
S2O5
S2O5
S2O8
s 2 o e
S2O5

On re-calculating Fock's -

Compound

NH4 • Zn-Salt
(a) Tabular crystals

(b) Prismatic crystals .

(NH4) • Cd-Salt •

NH4 • Fe-Salt
(a) Crystal from the solution

1 FeO : 1 (NH4)2O .
(b) Crystal from the solution

1 FeO : 4 (NH4)2O .
NH4 • Ni-Salt .

NH4- Co-Salt .

NH4-Mn-Salt .

igures

(NH4),0per cent.

18.47
18.64
18.82
19.02
14.34
13.97

16.81
17.11
18.73
18.77
18.64
£8.73
18.69
18.73
18.41
18.79

the following

RO
per cent.

6.39
6.44
5.82
5.92

16.40
17.15

8.12
7.88
5.89
5.77
5.74
5.97
5.73
5.97
5.63
5.69

(NH«),SaO8•1* H,0
per cent.

79.19
79.93
80.71̂
81.57
61.50
59.89

72.09
73.36
80.32
80.51
79.94
80.34
80.15
80.34
78.95
80.58

Table

ItSaO,
'l*HaO
per cent.

19.90
20.07
18.12
18.43
38.36
40.11

27.43
26.64
19.90
19.49
18.86
19.66
18.86
19.66
19.23
19.42

is obtained :

Total

99.09
100.00
98.83

100.00
99.86

100.00

99.52
100.00
100.22
100.00
99.00

100. OO
99.01

100.00
98.18

100.00

Mol.-
ratio

4:1

9:2

3 :2

8:3

4:1

4 :1

4 :1

4: 1

The molecular ratios shown above differ slightly from Fock's ; he
obtained a series corresponding chiefly to 4 (NH 4 ) 2 0 • R"O • 5 S2O6.

According to him the geometrical ratios of these salts are :

Compound a:b: c
NH4
NH4
NH4
NH4
NH4
NH4

Zn Salt
Cd Salt
Fe Salt
NiSalt
Co Salt
Mn Salt

2.0597
2.1299
2.0564
2.0643
2.0594
2.1289

1.2042
1.2263
1.1907
1.2077
1.2045
1.2173

90° 52'
90° 49'
90°51'
90° 56'
90° 54'
90° 19'

These figures do not indicate " isomorphous mixtures/ ' bu t
definite chemical compounds in which may clearly be seen the charac-
teristic which is so often observed in pentites, viz. tha t one-fifth of
the units behave differently from the remainder.
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Rammelsberg642 has also shown that the components of " i so-
morphous mixtures " have a relatively simple relationship to each
other ; from this hfe concluded that they must be regarded as molecular
compounds with a simple and rational molecular ratio.

The influence of Tsehermak's theory of the constitution of some
felspars has been very great and some chemists and mineralogists have
even used it to explain the crystallographic relationship between the
members of a series of other complex silicates. In this way, the
minerals of the scapolite group with its end-members consisting of
mejonite Ca4Al6Si6025 and marialiteNa4Al3Si902 4Cl;6 4 3 the amphibole
group with actinolite (Mg. Fe)3CaSi40i2 and syntagmatite ( R " 3 R " V
Si3O12)644 as end metals, the clintonite, mica, orthochlorite and other
groups have been regarded as isomorphous or morphotropic645

mixtures. No one appears to have been troubled by the thought
tha t many of the so-called mix-crystals of this series are still un-
known.

Rammelsberg646 sharply protested against this generalisation of
Tschermak's theory with which he did not agree, but he was unable to
convince many people of the truth of his protest. I t is clear that , if the
Tschermak theory were correct, it would be of general application and
would not apply to merely a single group of minerals,6471 648 as is found
to be the case. The great difficulty in the way of accepting the theory
tha t these substances are isomorphous mixtures is to be found in some
facts which this theory cannot explain and which are in direct con-
tradiction to it. Thus, Retgers649 endeavoured to produce mix-
crystals from the salts K H 2 P 0 4 and NH 4H 2PO 4 , and according to this
theory he should have obtained an " unbroken series of mixtures."
As a matter of fact, he was only able to obtain " mixtures " containing
100 to 80 per cent, of potassium salt to 0 to 20 per cent, of the ammonium
salt, and 20 to 0 per cent, of the former to 80 to 100 per cent, of the
latter. He could not obtain any intermediate compound containing
75 to 25 per cent, of the potassium salt and 25 to 75 per cent, of the
ammonium salt. In endeavouring to prepare mix-crystals of KC103

and T1C1O3 the same investigator650 again failed to obtain a continuous
series. The crystals produced contained either 0 to 36-3 or 97-93 to 100
molecular per cemts of the first salt. Between these limits of 36-3
and 97-93 there was a gap of nearly 62 moleculaf per cents. H.
Schultze651 in preparing mix-crystals of PbMoO4 and PbCrO4 has
found tha t these only unite in certain definite proportions.

Negative results have also been obtained by several other investi-
gators such as Wyrouboff652 with (NH4)2S04 and (NH4)2Cr04 ,
Topsofc658 with BeS0 4 • 4 H2O and BeSeO4 • 4 H 2 O. No explanation
of these facts, which are in direct opposition to the theory of isomor-
phous mixed crystals, has yet been found. Yet these facts are not
merely explicable by, but are direct consequences of the H .P . theory
when the following are taken into consideration :

1. Tammann's chemical and physio-chemical investigations have
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shown that , in accordance with the H .P . theory, the OH-groups in the
hydrates

I
(a) (b) ;c)

3 H 2 0 • 3 P 2 O 5 5 H 2 0 • 5 P 2 O 5 5 H 2 0 • 8 P2O f i

b e h a v e d i f f e r e n t l y ; i n a J, in b i, a n d i n c f b e h a v e d i f f erent ly f r o m
t h e r e m a i n d e r ( see p p . 2 6 8 a n d 2 6 9 ) . F o r t h i s r e a s o n T a m m a n n w a s
o n l y a b l e t o o b t a i n f r o m t h e h y d r a t e a t h e s a l t s N a 2 O • 2 K 2 O • 3 P 2 O 6

a n d K 2 O • 2 N a 2 O • 3 P 2 O 5 , a n d c o u l d n o t p r e p a r e i N a 2 O • 2 £ K 2 O •
3 P 2 O 5 a n d 4 K 2 O • 2\ N a 2 O • 3 P 2 O 6 i n t h i s m a n n e r .

F u r t h e r , i n t h e s e a lka l i - sa l t s of t h e h y d r a t e a, o n l y J of t h e b a s e
c o n d u c t s p o s i t i v e e l e c t r i c i t y a n d K 4 ( P O 3 ) 6 p a s s e s off a s a n a n i o n .

I n t h e c o m p o u n d ( N H 4 ) 2 O • 4 ( N H 4 ) 2 O • 5 P 2 O 5 , i of t h e b a s e
b e h a v e s d i f f e r e n t l y f r o m t h e r e m a i n d e r (p. 2 6 9 ) b o t h c h e m i c a l l y a n d
p h y s i o - c h e m i c a l l y . T h u s , o n l y i of t h e ( N H 4 ) 2 O c a n b e r e p l a c e d b y a
b a s e , t h e c o m p o u n d s ( N H 4 ) 2 O • 4 R 2 O • 5 P 2 O 6 ( R ' = N a , L i ) b e i n g
f o r m e d ; o n l y £ of t h e b a s e a t o m s c o n d u c t e l e c t r i c i t y . F r o m t h e
c o m p o s i t i o n 3 R " O • 2 N a 2 O • 8 P 2 O 5 ( R " = M g , C a , M n ) i t m a y b e
s e e n t h a t i n t h e h y d r a t e c, $ of t h e b a s e b e h a v e d i f f e r e n t l y f rom t h e
r e s t .

2 . T h e m i n e r a l s of t h e e p i d o t e g r o u p h a v e t h e g e n e r a l f o r m u l a :

2 H 2 O • 8 CaO • 6 R 2 '"O 8 • 12 SiO a (R"' = Al , F e ) ,

a n d t h e s t r u c t u r a l f o r m u l a :
I! I I 1

—I S i ] R I R j Si

II I '

I n t h e R - h e x i t e s , J of t h e R - a t o m s m u s t c l ear ly b e h a v e d i f ferent ly
f r o m t h e o t h e r s . A s a m a t t e r of f a c t , t h e e n d - m e m b e r s of t h i s m i x e d
series (see Appendix) are :

II I I ii
= = / \ / ' \ / 9 \ / \ =

I Si Al Al | Si I

l
2 H2O • 8 CaO • 5 A12O8 • Fe2O8 • 12 SiO*

and

. A .
i i

2 H2O • 8 CaO • 4 Fe2O8 • 2 A12O8 • 12 SiO,

Members with 5.5 A12O3 • 0-5 Fe2O3 or 5 Fe2 O3 • A12O3 are unknown.
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These facts lead to the conclusion that , in many cases, the pro-
duction of a continuous series of mixtures without any gaps is chemi-
cally impossible. In this way the experimental results obtained by
Retgers, Schultze, Wyrouboff, Topsoe and others may not only be
explained, b u t can actually be predicted from the H.P . theory. For
instance, Schultze's experiments on the production of mix-crystals from
PbMo0 4 and PbCrO4 lead to the result shown in the following Table:

Constituents

PbMoO4 and

PbCrO4

PbMo04 and

PbCrO4

Mol.%

74

26

27

73

Mols.

12

4

6

16

Mol.%

66

34

10

90

Mols.

4

2

2

18

Mol. %

58

42

—

—

Mols.

3

2

—

Crystalline

J- tetragonal

I monoclinic

Colour

red

yellow

1.
2.
3.
4.
5.

16 PbO
6 PbO
5 PbO

22 PbO <
20 PbO -

• 12 Mo03 •
• 4MoO»-
• 3Mo0 8 -
• 6MoO,«
• 2Mo0 8-

4
2
2

16
18

CrOa
CrOa
CrOa
CrO,
CrOa

Schultze thus obtained two series of salts which may be distinguished
by their crystalline form and colour, viz :

I.

I I .

The difference in the crystalline form and the colour of the crystals
obtained from a mixture of PbMoO4 and PbCrO4 can be explained.
These properties are closely related to the chemical constitution of
these substances : the tetragonal form and red colour are character-
istic of hexites and pentites in molybdenum compounds in which this
metal is partly replaced by Cr, and the monoclinic form and yellow
colour are natural to chromium hexites and pentites in which par t of
the metal has been replaced by Mo. There is also another good reason
why Schultze could not obtain a continuous series of mixtures from
lead molybdate and chromate, viz. in Mo- and Cr-hexites and pentites
one portion of the atoms behaves differently from t o o t h e r s on substitu-
tion. This behaviour is clearly shown in the compounds obtained by
Schultze.

The present fashion for considering that " isomorphous mixtures "
are not chemical compounds is partly due to the influence of Ber-
thollet654, who, starting with the idea that chemical reactions depend
on the masses present, reached the conclusion tha t in a compound
consisting of two or more atoms the extent to which the reaction
proceeds will depend on the number of atoms available, provided tha t
no special conditions interfere with the mass-action.855 From this
conclusion, Berthollet argued tha t substances usually enter into
combination in variable quantities according to the conditions under
which the reaction occurs.

Proust opposed this view of Berthollet^ and the difference between
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them was eventually ended by the definite proof of the constancy of
the combinations. I t appeared, however, as if Nature had produced
both "pr iv i leged" (combined in stoichiometrical proportions) and
"unpr iv i leged" compounds (isomorphous mixtures which are not
combined in definite proportions and obey the mass-law of Berthollet).
This is not the case ; on the contrary, Nature has formed all definite
compounds—including the so-called "mixtures"—according to one
and the same law.

The following observations, made by John Hunter , with regard
to the harmony and obedience to definite laws which are always found
in Nature are well worth quoting here :

" How often we stumble against what we think are irregularities in
Nature ! How often we fancy that the chain is broken just because we
cannot see each link in the chain and because the incompleteness of
our knowledge prevents our seeing the symmetry of the whole ! When-
ever it is given to a man to see harmony where previously only discord
was apparent, or to find a relationship where formerly it was only
guessed a t but could not be proved, then, in my opinion, is it t he
urgent duty of such an one to show the harmony he sees in natural
phenomena. He should do this for many reasons, not the least
important of which is that the discovery of such harmony gives us all
courage to tread the path of Truth. The discovery of new harmony,
however small, lifts for a moment the shadow which ordinarily over-
hangs the Truth and hides it from our gaze."

These goldeii words of so great a scientist often recur to the minds
of the authors of the present volume, when they realise that , a t last,
it has been permitted to them to remove completely the artificial
division set up by Proust, more than a century ago, when he divided
matter into "combinations " and "dissolutions," the former including
definite chemical " compounds " and the latter molecular " combina-
tions " in which the proportions appeared to be so irregular as to be
the sport of chance, i.e. substances which do not appear to obey the
law of constant proportions.

Soon after Proust had set up this artificial division (i.e. his system-
atic classification of matter into compounds and " mixtures " ) , Ber-
thollet ppposed; it and asked the following pertinent questions :
" Wherein shalf^re £eek the reason wfiy the ' compounds ' are formed
by the uniting of their constituents in constant proportions, whilst in
c combinations' the ration are variable and apparently due to
chance ? Is tjie force which effects the union of a metal with sulphur
or oxygen different from that which forms more complex substances
out of these simpler compounds ? "

Prom the nature of these two questions it is clear tha t Berthollet
was fully convinced of the essential uni ty of the natura l law involved.
There is an old philosophical dictum natura nonfacit saltum, quoted b y
Darwin in introducing his Theory of Descent,in respect of the Harmony
which pervades the Cosmos, about which Newton wrote in so illumin-
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ating a manner, and regarded by Berthollet, in his classical " Essai de
statique chimie," as applying with equal truth to the world of a toms.
This idea was so firmly fixed in the mind of Berthollet that he did not
hesitate to oppose Proust's dualistic conception and to insist on the
unity of the force of chemical attraction. At the same time, it is only
fair to state that Proust himself recognised something of the truth, in
Berthollet's contention when he wrote : " I do not wish to press this
matter unduly lest I lose my way in a place which is not too brightly
illuminated by facts. The forces which produce both kinds of com-
pounds may or may not be the same, but it is at least true tha t t h e re-
sults are so different that they must not be grouped indiscriminately, even
though Nature itself has placed only an indefinite line between t h e m . "

Since it has been shown in innumerable cases that the law of
constant proportions—which Proust applied to only a limited number
of substances—is capable of indefinite extension since Dalton's
discovery of the law of multiple proportions, the statement of Ber-
thollet quoted above becomes increasingly important and efforts
should be made with increasing earnestness to establish the general
application of the Proust-Dalton law. Even if this cannot ye t be
accomplished because of the many substances, such as glass, colloids,
etc., which are regarded as solid solutions, it does not prove exceptions
to natural laws, for no such exceptions can exist ; it is merely the
incompleteness of chemical theory which prevents the natural laws
involved from being properly understood or defined so far as these
apparent exceptions are concerned.

I t is certainly surprising that none of the critics have pointed out
this advantage of the H.P. theory, and it is even more remarkable
that Allen and Shepherd should consider it a drawback of the theory.
Thus, they state in their review of the German edition of this work: 7 3 7

" An important fact in this connection has been . . . completely
overlooked. We are now in possession of many facts which show t h a t
it is never wise to assume that silicates are chemical compounds. 3?or
instance, to take a well-known example, the felspars are solid solutions
and any theory of structure to be complete must show the permanency
which is characteristic of the properties of true compounds as distinct
from the maxima and minima of mere groupings." These critics
further state tha t : u T h e authors never distinguish, and this is mos t
important, between purely chemical changes and changes of an
entirely physical nature."

The reply to these statements is that there is no need specially to
distinguish between chemical compounds and the so-called isomorphous
mixtures or solid solutions, as the distinction is perfectly clear ! I t
would also have been much better if the critics had quoted a t least a
few of the " many facts which show that i t is never wise to assume
that silicates are chemical compounds,3' so tha t the precise value of
this statement of theirs might be ascertained. As only the felspars are
mentioned, any criticism must, for the moment, be restricted to these.
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Now, on studying the structural formulae of the felspars (p. 297)
carefully, i t is easy to see that almost without exception they are
referable to one type. These formulae also show how various sub-
stances in other groups of siliceous compounds can be formed from
the felspars or vice versd ; they indicate the physical relationship of all
these compounds with reference to crystalline form, optical properties,
specific gravity, etc. On the other hand, the assumption that felspars
are " solid solutions " explains none of these things. How can Allen
a n d Shepherd explain in the light of their theory of solid solution the
properties of felspars which are described in paragraphs numbered 2,
3 and 4 on page 298 ? For what reasons should the felspars be treated
in a different manner from other silicates and not regarded as definite
chemical compounds ? Is the force which, in the case of certain
silicates, forms definite chemical compounds, different from that which
forms the so-called " solid solutions " from simple silicates ?

Many fights between chemical dualism and monism have occurred
in the past and the victory has always been completely in favour of
mooism. Sooner or later, the dualistic conception of the constitution
of compounds, which was published by Proust more than a century
since, will go the way of all other dualistic theories.

C. The Dependence of the Geometrical Constants on the Side-chains
I t has been repeatedly shown in previous pages (cf. p . 216) tha t

t h e addition of bases, " water of constitution" or " water of crystal-
l i sa t ion/ ' in the form of side-chains to hexites or pentites weakens the
bond between the units forming the hexites or pentites, whilst their
removal or splitting off strengthens the bonds. In other words, by
adding bases in the form of side-chains, part of the valencies in the
r ing or core is destroyed. According to the S.H.P. theory, this must
influence the geometrical constants a : b : c and a, /3 and y . Crystallo-
graphic experiments, previously made, are in agreement with this
consequence of the theory.

The influence of the " water of crystallisation " on the crystalline
form of a compound has long been recognised ; thus, the metallic sul-
pha tes with 5 H2O are known to differ in form from those with 7 H 2 O.
I n this connection a* series of uranium-acetates prepared by Rammels-
berg6 5 6 are interesting. These have the general formula :

r V ,

\ r
aq., orAc

r—'
' \ / i

r
r'" r̂ ( r = 4 R 0 )

A.
X
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3 RO • 6 UO8 • 9 (CH3CO)2O * aq. 3 RO • 6 U03 • 9 (CH3CO)2O • aq.
R = Mg, Zn, Ni, Co, Cd, Ca, Sr, (NH4)2, K2j Ag2.

Of the possible compounds of this series, Rammelsberg prepared
the following :

a :b : c
I. 3 MgO • 6 U03 • 9 (CH3CO)2O • 12 H rhombic 0.7468 :1 : 0.5082

3MnO •6UO3-9(CH3CO)2O-12H „ 0.7536:1:0.4957
II. 3 MgO •6UO3-9(CH3CO)2O- 7H „ 0.8946:1:0.9924

3ZnO -6UO3-9(CH3CO)2O- 7H „ 0.8749:1:0.9493
3JSTiO -6UO3-9(CH3CO)2O- 7H „ 0.8670:1:0.9500
3CoO -6UO3-9(CH3CO)2O- 7H „ 0.8756:1:0.9484

III. 3MnO -6UO3-9(CH3CO)2O- 6 & „ 0.6330:1:0.3942
3CdO -6UO3-9(CH3CO)2O- 6H „ 0.6289:1:0.3904

IV. 3CaO -6UO3-9(CH3CO)2O- 6H „ 0.9798:1:0.3865
3SrO -6UO3-9(CH3CO)2O- 6H „ 1:0.3887

V. 3(NH4)2O-6UO3-9(CH3CO)2O „ 1:0.4708
3 K2O -6 UO3 • 9 (CH8CO)2O „ 1 : 1.2830
3Ag2O -6UO3-9(CH3CO)2O „ 1:1:5385

The results of crystallographic investigations of these urano-
acetates are in remarkable agreement with the S.H.P. theory.

The theoretical possibility of two series (A and B) of these urano-
acetates is confirmed by the existence of two series of compounds
(III and IV) with 6 H and with a different a :b : c ratio.

If the series I and II are compared it will be seen that on the loss
of 5 H the c-axis is largely increased, being, in fact, almost doubled.

A specially interesting example of the change in the geometrical
constants efEected by adding or subtracting side-chains is found in the
humite series studied by Penfield and Howe, to which attention has
been drawn by P. Groth657, who assigns to them the following structural
formulae :

Prolektite [SiOJ Mg [Mg(F. OH)],
Chondrodite [SiOJ2Mg8[Mg(F. OH)]2
Humite [SiOJ3Mg6[Mg(P. OH)],
& j i [SiOjM[M(F OH)],

Prom the composition of these minerals it follows th&t each member
of the series differs from the previous one by SiO4Mg2. The addition
of this group always effects a definite change in the c-axis whilst the
parameter a : b Remains practically unchanged.

The geometrical constants of these compounds are :
Prolektite Monocl. prism. 1.0803 :1 : 3 x 0.6287 90° 0'
Chondrodite „ „ 1.0863 :1 : 5 x 0.6289 90° 0"
Humite Rhomb, bipyr. 1.0802 :1 : 7 X 0:6291
Clinohumite Monocl. prism. 1.0803 : 1 : 9 X 0.6288 90°°
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There is here a surprising regularity which may be expressed in the
form of a " law " : the c-axes of these minerals are in the ratio of
3 : 5 : 7 : 9 .

According to the S.H.P. theory, and assuming the fluorine to be
replaceable by OH, the formulae of these compounds are :

Prolektite 18 MgO • 6 SiOa • 6 H2O
Chondrodite 15 MgO • 6 SiO2 • 3 H2O
Humite 14 MgO • 6 SiO2 • 2 H2O
Clinohumite 13 MgO • 6 SiO2 • 1J H2O (approx.)

The structural formulae of these compounds will then be :
3° 1£° 1° i°
II II I!

3° 3 ° = / / s > = 3 ° 3 ° / N

3°=
Si •aq. Si -aq. Si

= 3 ° 3 ° =
Si

=3°
II II II
3° H° lc

Prolektite. Chondrodite. Humite. Clinohumite.
In the compounds of the above series, the addition to or separation of
MgO only occurs in the direction of the c-axis. I t is, therefore, clear
why only the c-axis undergoes a regular change, the ratio a: b re-
maining practically constant.

Of special interest are the topical 'parameters suggested by W.
Muthmann763 and F . Becke764 for comparing the chemical and crystallo-
graphic properties of substances. These topical parameters are a
combination of the crystallography parameter with the molecular
volume ; they are derived from the spatial relations of the substances
concerned and show the relative distances of the molecules from each
other.

W. Muthmann has determined the topical axial ratios of the
following salts, to which he assigns the formulae :

KH 2P0 4

(NH4)H2PO4

KH2As04

and considers that the OK- or ONH4-groups, the residual 0 atom and
the OH-groups are attached to the P atoms symmetrically in the chief
plane of symjmetry.

J . H. van ' t Hoff765 endeavoured to explain the data obtained by
W. Muthmann by means of the following structural formula :

K

0

HO—P—OH
II
0
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in which the vertical line represents the main axis c. The substitution
of N H 4 for K increases the length of this axis, whilst the substitution
of As for P effects changes in the dimension in every direction. This
formula of van ' t Hoff's does not permit the data obtained by Muth-
mann to be predicted* nor does it show any relationship between
analogous phenomena.

In accordance with the ELP. theory, Muthmann's formulae should
be multiplied by 6, so as to give:

A. (KH2PO4)6 = 3 K 2 O - 6 H 2 O - 3 P 2 O 5
B. (NH4H2PO4)« = 3 (MH4)20 • 6 H2O • 3 P2O6
C. (KH2As04)6 = 3 K2O • 6 H2O • 3 As2O5
D. (NH4H2As04)a = 3 (NH4)2O • 6 H2O • 3 As2O6

In each case the formula represents the minimum molecular weights.
The structural formulae of the salts should be as follows: B represent-
ing K or NH 4 , the bonds with dots indicate OK-groups and the bonds
without dots the OH-groups.

3 R20 • 6 H20 • 3 X205

This structural formula permits the following predictions to be
made : 1. The space between the molecules must increase or dimi-
nish in the same or almost the same proportion in all directions within
the crystal, if P as a whole is replaced in the ring by As or, conversely,
As by P , as the bond between the vertical and the horizontal axes is
influenced in the same manner. 2. The space between the molecules
can only change in the direction of a single axis, viz. the vertical or
main axis, if, in a phospho- or arseno-salt, potassium is replaced by
ammonium or vice versd, as these atoms are attached in the direction
of the vertical axis.

I t is remarkable how fully the investigations of Muthmann confirm
the consequences of the S.H.P. theory.

According to Muthmann the space between the molecules is
increased in all directions in the crystal in almost exact proportion, if
the phosphorus in the phospho-salts mentioned above is replaced by
arsenic. The increase is practically the same with ammonium and
potassium, but if the potassium atom in potassium phosphate or
arsenate is replaced by an ammonium atom, the centres of gravity of
the units composing the crystal become more widely separated solely in
the direction of the main axis.
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The Structural Formula of Benzene according to the S.H.P. Theory
From a study of the crystalline form of the benzene derivatiyes,

P. G-roth659 has discovered " laws " which are reminiscent of the humite,
phosphate and aisenate series previously described. The crystallo-
graphy investigation of a series of benzene derivatives has shown that
there a*re certain atoms and atomic groups which replace hydrogen in
"benzene and its derivatives whilst only slightly altering the crystalline
form, so that the form of the new substance may be compared with the
original one. The change is of such a nature that, e.g. in rhombic sub-
stances , the ratio of two parameters (a: b) remains almost constant (with
the small difference which all isomorphous bodies show, as is the case
with the humite series), whilst only the third axis—the c-axis—
"undergoes a notable change in value. The atomic groups OH and NO2
act in this manner. It is probable that the substitution of a hydrogen
atom by these groups in benzene and its derivatives OCCUTS in the
direction of the c-axis. An energetic reaction accompanies the substitu-
tion of a hydrogen atom in benzene and its derivatives by Cl, Br and
CH3 which systematically changes the crystalline system into a less
regular one. This may be due to substitution in the direction of the
a- or &-axis and not in th&t of the c-axis.

A large number of other examples might be given to show that the
addition of side-chains to (or their separation from) the molecule results
in a change in the geometrical constants of crystalline substances.

In connection with the foregoing arguments a few words respecting
the structure of benzene according to the S.H.P. theory are of
interest.

The structural formula of benzene * deduced from the S.H.P.
theory resembles the £C diagonal formula " of Claus660, viz. :

— C

— H

C —H
c

but one fact deserves prominence: according to the S.H.P. theory
the six hydrogen atoms in henzene do not all behave alike, J- of them
(on the c-axis) acting differently from the rest (on the a- and 8-axes).
This consequence of the S.H.P. theory agrees with Gxoth's discovery

* The reader who wishes to refresh his memory will find an excellent statement of
the ordinary theories of the constitution of benzene in " OTganio Chemistry," by W. H.
Perkin and E. Stanley Kipping, and in most text-books on organic chemistry.—A. B. S.
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that if the hydrogen atoms on the c-axis are substituted only these
are changed, whereas substitution of the hydrogen atoms in the a- and 6-
axes is accompanied by a notable change in the system of crystallisa-
tion. If, on the contrary, all the hydrogen atoms in benzene are
assumed to be alike, Groth's discovery becomes inexplicable.

There is a more direct proof that one-third of the hydrogen or
carbon in benzene behaves differently from the rest in chemical
reactions, viz. the results of the investigations of Stohmann661 and his
associates on the heat of combustion of the aromatic compounds and
their hydration products. These showed that the heat-values change
continually in the decomposition of di-hydro compounds, whilst the
increase in energy on the entrance of the first two hydrogen atoms in
the benzene ring is notably greater ; i.e. one-third of the carbons in
benzene behave differently from the rest.

That Kekule's formula for benzene needs modification is also clear
from the following : Ladenburg662 was the first to point out tha t
Kekule's formula

CH

CHC H ^ *X.CH

C H N ^ / C H

CH

implies the existence of at least four bi-substitution products.663 Of
these, three are the derivatives a t the points (1, 2), (1, 3) and (1, 4),
including the assumed symmetry of the positions (1, 3) and (1, 5).
There is also at least one series of derivatives in the position (1, 6),
as this position is notably different from the position (1, 2) on account
of the double bond between the carbon atoms in the position (1, 6).
Claus664 therefore suggested the following formula for benzene :

CH

CH;

CH

CH

CH

CH

He argued from this that there are two kinds of valencies in benzene,
viz. (a) those in compounds produced from the periphery of the
hexagon, and (b) those formed from the diagonals of the hexagon.
From this structural formula—which resembles tha t suggested for
benzene by the S.H.P. theory—the existence of only three di-
substitution products of benzene is explained, and this number is t ha t
actually found by experiment.

Another formula which represents the structural formula of benzene
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in a manner very similar to the S.H.P. theory is the centric formula
devised by Armstrong665 and v. Baeyer666:

H —C

H —C

which is really a modification of Claus' formula. Von Baeyer has also
proposed a centric formula with spatial representation.

Ladenburg's prism formula
H

A

H — C/—L-XC — H

H —C

H
was one of the first stereo-chemical formulae for benzene. Other stereo-
chemical formulae have been devised by R. Meyer668, Thomsen669,
Sachse670, Schmidt671, Vaubel672, Hermann673, Diamant674, etc.

It has frequently been pointed out in the foregoing pages that the
bond between the units of hexite and pentite radicles is weakened by
the addition of side-chains (see p. 216, etc). From this it follows
that benzene and its derivatives must be more stable than hydro-
benzene and the hydro-derivatives of benzene. This consequence of
the theory is confirmed by the facts. The hydro-derivatives of benzene
have been shown by the investigations of v. Baeyer to differ consider-
ably from those which are not hydrated. For instance, di- and tetra-
hydro-derivatives were shown to have a marked olefine character.
Thus, phthalic acid is completely resistant to potassium permanganate
solution, but the di-hydrophthalic acids are oxidised by it. The
benzene nucleus is not sensitive to hydrobromic acid and oxidising
agents, but this resistance does not exist in the hydro-benzenes.

The stability of benzene—which has been proved experimentally—
is in direct contradiction to Kekul6's formula.675

That a close relationship exists between compounds of the aliphatic



312 CONSEQUENCES OF STEREO-HEXITE-PENTITE THEORY

and aromatic series (cf. p . 270), as may be inferred from the S.H.P.
theory, has been proved by the work of Schiff676, Lossen and Zander677,
Horstmann678 and Briihl679. From this it must be seen tha t the
formation of hydro-derivatives of olefinic and aromatic compounds is
analogous.

D. The Optical Properties of Crystals and the S.H.P. Theory

The physical properties of crystals are well known680 to bear a
very close relationship to their morphological characters. Light,
heat and electricity operate in complete agreement in crystals, and
the crystal systems arrange themselves in the same manner. This may
be used as an argument in favour of grouping according to the optical,
thermic, magnetic and other properties of crystals. Hence, if the
optical properties of a crystal are known, it may be stated tha t each
geometrical plane of symmetry of a crystal is also a physical one and
that two crystallographic equivalent directions have also a physical
relationship.*

There are, however, exceptions to this rule : some crystals, for
instance, are regular and their physical properties indicate no isotropic
construction. In this connection the optical characters of crystals
are frequently curious. An interesting example of this is found in the
alum crystals: as substances which crystallise regularly they should be
optically isotropic, but Brewster681 showed in 1816 that the alums
have a double refraction. Biot682, who has still further studied these
characteristics of the alums, confirms this view. The double refraction
of the alums has also been studied by Reusch683, E . Mallard684, F .
Klocke685, Brauns686 and other observers. Several explanations have
been offered to account for their abnormal behaviour. The ordinary
theory of crystalline structure neither affords an explanation nor does
it give anything whereon one may be founded. Mallard687 endeavoured
to explain the anomaly crystallographically by assuming a special
structure of the alum crystals, and regarded them as consisting of
several individuals of lower symmetry than that of the whole crystal.
Although several mineralogists have expressed their sympathy with
this view, others, such as F . Klocke688, disagree with it. Klocke
considered that the optical anomalies of the alums are due to a " state
of tension/ ' but he regards the question as still open;

No less interesting is the cause of the rotation of the plane of
polarised light shown by some crystals; there is ample reason for re-
ferring this to the chemical constitution of the crystals. This hypo-

* Von Federow has recently prepared a Table, comprising no less than 10,000
substances, the crystals of which have been adequately measured by skilled crystallo-
graphers. By means of this Table, von Federow declares it is possible to identify any
substance included in it when the crystals have been properly measured. The Table
is not available for general use, but in the hands of Prof. Federow it has proved very
successful. A brief account of Federow's theory is given in Tutton's " Crystallography
and Practical Crystal Measurement" (Macmillan).—A. B. S.
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thesis is confirmed by the enantiomorphism of the circular polarising
substances.

[Enantiomorphous crystals are those which have the same relation to each other
as an object has to its mirror-image, as will be seen by holding the sketch of crystal I
before a mirror, when the darkened faces, a, 6, will appear as in the sketch in crystal II
viewed directly, and vice versd.]

I . H.
Enantiomorphous Crystals.

As early as 1848, Pasteur689, in studying optically active tartaric acid
and the optically inactive racemic acid, discovered this relationship
between crystalline form and optical activity. Groth also regards
optical activity as entirely due to the structure of the smallest particles
of circular polarising crystals. He considers tha t if this optical
property is characteristic of the crystal molecule itself, the solution
must be saturated in order to produce optical rotation; as, unless the
particles in solution have a complexity comparable to that of the
crystalline molecules, no separation of the substance in a crystalline
state can possibly occur. With many substances, however, this is no t
the case; for instance, solutions of sodium chlorate show no optical
rotation, bu t only those crystals whose forms are such t h a t they are
mirror-images of each other.

An apparently complete proof of this view is found in the interesting
observation of Reusch690 on the production of circular polarisation in
mica plates. According to Reusch, if a large number (12-36) of
uniform thin plates of bi-axial mica are laid one above another so t h a t
the plane of the (vertical) optical axis of each plate is turned to the
right through an angle of 120° with respect to the plate below it, this
combination of plates turns the plane of polarisation of a vertical
beam of light to the right, the combination behaving, in a polarisation
apparatus, in a manner similar to a plate of dextro-rotatory quartz cut
vertically to the axis. If the mica plates are turned through an angle
of 120° in the opposite direction, the combination is laevo-rotatory.

Pasteur's discovery respecting the crystalline forms of optically
active tartaric acid and the inactive racemic acid, the fact that some
substances only show circular polarisation effects when in the solid
state, and the property of the mica sheets discovered by Reusch, all
show tha t there is undoubtedly a relationship existing between optical
activity and the structure of crystals, though it has not yet been
proved tha t optical activity is entirely produced by the peculiar struc-
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ture of such crystals. The fact, pointed out by Groth, that some
substances only rotate the plane of polarisation when in the solid
form, is not a complete proof, as on entering into solution equivalent
amounts of laevo- and dextro-rotatory substances may be formed and
so make the solution inactive. As a matter of fact, Groth has found
that a solution of NaC103 in which laevo- and dextro-rotatory crystals
of this substance are dissolved, can deposit both laevo- and dextro-
rotatory crystals.

If the optical activity is entirely conditioned by the peculiar crystal-
line form of some substances, enantiomorphous crystals, such as the
regular tetrahedric or trapezoidal hemihedric substances, should
necessarily have the power of circular polarisation. This is not the
case. Tor instance, L. Wulff691 has shown that lead, barium and
strontium nitrates, in spite of the regular tetrahedric form of their
crystals, i.e. their enantiomorphous constitution, have no effect on
the plane of polarisation either in the solid or dissolved state. A
further series of substances whose crystalline form is tha t of the
trapezoidal hemihedric substances did not show any optical activity
when examined by Wulff. This fact implies that the cause of the
property of circular polarisation must be dependent on the chemical
constitution of the crystal nuclei, quite apart from the physical
structure of the crystal; optically active substances must not only be
enantiomorphous, but must have a definite chemical structure. For
instance, lead, barium and strontium nitrates are truly enantiomor-
phous, but they do not possess the structure of optically active sub-
stances and they are, therefore, optically inactive. Hence it is neces-
sary to enquire what chemical structure is essential to render enantio-
morphous substances optically active.

I t is probable that the optical anomalies of some regularly crystal-
lisable substances are of a constitutional nature, and if the chemical
factors, such as those which cause the optical abnormalities of the
alums, could be discovered, it is not improbable tha t these factors
would be the causes of circular polarisation.

The following facts show that chemical structure has an undoubted
influence on the optical properties of crystals :

Mallard, in his studies of the zeolites, has observed tha t , on pro-
longed heating, these slowly change their optical properties in con-
sequence of the steady loss of their water of crystallisation, i.e. by
changes in the side-chains, until finally the crystal has the properties
of the anhydrous substance. This condition continues if a re-
absorption of water is prevented, as by embedding in Canada balsam;
but if the temperature reached has not been excessive and the crystal
is allowed to cool in moist air it will regain its water almost completely,
and, simultaneously with this, its optical properties. I n this way
Mallard has found a direct proof for the dependence of the optical
characters on the chemical constitution.

In the case of circularising substances, it is noteworthy tha t Le
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Bel692 and van ' t Hoff693 discovered, almost simultaneously, the fact
that all organic compounds which rotate the plane of polarisation of
light contain asymmetric carbon atoms, i.e. carbon atoms in which
each of the four valencies is saturated with a different group of atoms.
As it has been observed tha t all organic substances which are optically
active contain one or more asymmetric carbon atoms, it appears
probable that the source of optical anomalies and of circular polarisa-
tion may be due to this asymmetry or to an asymmetrical substitution
of the side-chains or of the hexite and pentite in some substances.
From this it follows tha t a potash alum of the structural formula

IIII f iiii
/ \ / \ / \ s >

S Al S

3 K2O • 12 H20 • 3 A12O, • 12 SO, • 10 Bt

will have a normal optical behaviour, i.e. it must be isotropic. If,
however, part of the potassium is replaced by sodium, lithium or a
similar metal, or if part of the aluminium is replaced by Fe" ' , Or'' ',
Mn'", etc., or if par t of the sulphur is replaced asymmetrically by
selenium, the crystalline form remaining unchanged, i.e. regular, these
substances will be optically anisotropic.

In an analogous manner the source of circular polarisation may be
considered as due to the chemical structure of enantiomorphous
substances.

I t is not surprising tha t Brauns894 has shown experimentally that ,
as a matter of fact, the pure alums are optically isotropic, but the
mixed ones are double refracting, i.e. anisotropic. According to
Brauns, all crystals of pure potash-alumina-alum and ammonia-
alumina-alum are optically isotropic, bu t those crystals which are
produced from solutions of the mixed substances are optically different
and show a double refraction. Crystals obtained from a solution
containing equal weights of ammonia- and potash-alum show, according
to Brauns, a very strong double refraction, are full of iri^gular cracks,
and, on removing them from the solution, they fall to pieces. On
representing the structure of such an alum by

<+==

i HU

the NH4-groups being marked -f and the potassium atoms • its
asymmetric structure is clear and the abnormal optical behaviour
of this alum, the irregular cracks in it, and the falling to pieces of the
crystals on removing them from the solution are rendered explicable.
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I t is noteworthy that Brauns has observed faint circular polarisa-
tion phenomena, in consequence of which it , is highly probable that
such asymmetric substitution is the cause of the optical activity of a
number of enantiomorphous substances. As a matter of fact, the
micas from which Reusch built his optically active compounds are
silicates in which both the side-chains and the aluminium hexites and
pentites are composed of different constituents which are often
asymmetrically arranged in the molecule (see " Micas " in Appendix).

Some substances, such as quartz, are optically active and, without
exception, possess enantiomorphous crystalline forms. Their structural
formulae, as derived from ultimate analyses and other studies, must be
asymmetric if this theory of circular polarisation is correct and of
general application.

The Bravais-Frankenheim theory of crystalline structure does not
indicate the enantiomorphous forms. Sohncke sought for the source
of optical rotation of some crystals and of the appearance of these in
enantiomorphous forms in an inner structure of the same, which is
similar to Reusch's mica arrangement. The theory of crystalline
structure may be enlarged in this direction. The optically active
crystals consist, according to him, of step-like lamellae which are
optically bi-axial and do not show double refraction in the axis of
rotation, bu t show circular polarisation effects.

The S J3 .P . theory may also be enlarged in the same sense. The
units may be so arranged that a series of double pyramids (see P and
P ' , pp . 286 and 287) P, P ' , P " , P ' " . . . with the surfaces ABDE,
A'B'D'E ' , A " B " D " E " . . . are produced. These double pyramids
P , P ' , P " . . . have&xesAD,A / D / ,A ' / D / / . . . BE, B 'E ' , B " E " . . .
and are so placed that each of their axes in the base forms an angle of
120° in the direction of the movement of the hands of a clock, or
vice versa with the corresponding axes of the next base, i.e. AD with
A'D' , A ' D ' with A"D", A " D " with A ' " D ' " . I n the first case dextro-,
and in the second laevo-rotatory crystals are produced, provided that
the crystals are also chemically asymmetric.

The S.H.P. theory thus provides a single explanation for the cause
of circular polarisation in both organic and inorganic compounds.

E. The Dependence of the Geometrical Constants on the Temperature

The bonds between the nuclei of the radicles (i.e. the hexites and
pentites) and between the radicles and the side-chains are loosened by
the addition of bases, water of constitution and of crystallisation and
on raising the temperature. Hence, on altering the temperature the
geometric constants must be influenced, as they have a close relation-
ship to the valency-forces. The consequence of the theory is also
confirmed by the facts.

Mitscherlich695, G. Rose698, F . de Filippi697, Frankenheim698 and
others have shown that when aTagonite is heated to a suitable
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temperature i t is converted into calcspar. Hauy699 has also observed
tha t on heating aragonite to a dull red heat it falls to powder, and
Haidinger700 represented this process as a conversion of aragonite
into calcspar. G. Rose701 has shown tha t calcite and also aragonite are
formed from warm solutions of CaCO3 and tha t , a t higher temperatures,
only calcite is formed. C. Klein702 has made the interesting observa-
tion that a plate cut from aragonite in a direction vertical to the
principal axis becomes optically monoaxial and has a negative double
refraction when heated, i.e. the plate assumes the characteristic
properties of calcspar when warmed.

The changes of the crystalline forms of substances on raising their
temperature has been observed in numerous cases by O. Lehmann703,
who has examined two groups of polymerised substances, of which:

1. The members of one group are converted, with absorption of
heat, into another modification; on cooling, the original form (en-
antiotropic modification) is reproduced and heat is evolved.

2. The members of the other group are stable and labile modifica-
tions which differ from the enantiotropic substances and are not
converted into other forms on alteration of the temperature.

P. Molecular Volumes and the S.H.P. Theory

I t follows from the S.H.P. theory t ha t the molecular volumes of
analogously constituted substances cannot be identical, as the affinities
between the various nuclei must differ from each other.

An interesting confirmation of this consequence of the theory is
found in the results of investigations of the molecular volumes of a
series of alums by 0 . Petterson704, which are shown in the following
Table :

Sulphate Alums

KeH°24(S-Al-S.)
(NH4)JHg4(S'Al-S) •
Rb°BH24(S-Al-S)
Csfl°H24(S-Al-£)

K§H$4(S-(&-£)
(NH4)SH° (S-&-S) •
RbgH°4(S-<S-S)
T1SH§4(£&£)

10
10
10
10

10
10
10
10

H
ft
ft
ft

A.
H

ft

Mol.
Vols.

541.6
552.2
551.0
669.2

542.2
553.6
554.6
554.2

Selenate Alums

K°6H°4(Se-Ai-§e)
(NH4)?HS4$e-Al-Se) •
RbSHJ4(§e-Al-̂ e)
Cs°iHS4(Se-Al-§e)

KJHS4(§e-AJ-̂ e)
(NH4)JHg4(|e-Al-Se) •
RbgH^e^Al-Se)
TlJH^e-Al-Se)

10 &
10 &
io ft
10 &

10 &
10 ft
10 ft
10 ft

Mol.
Vols.

568.0
578.6
576.2
595.6

571.0
577.4
576.8
576.6

Differ,
between

Vols.

26.4
26.4
25.2
26.4

28.8
23.8
22.2
22.4

From this Table it may be seen t h a t not only are the molecular
volumes of different alums not identical, bu t tha t there is a striking
regularity in the difference in the molecular volumes caused by the
substitution of selenium for sulphur.



S u m m a r y and Conclusions

IN the foregoing pages an attempt has been made to obtain a glance at
the structure of the silicon compounds. After a critical examination

of existing theories which have been proposed for the representation of
the structure of the aluminosilica,tes a.nd the silicates generally, i t has
"been found that the conception of the alurninosilicates as complex
acids or salts of complex acids agrees best with the facets. The
reactions of the aluminosilicates can only be understood if both
alumina and silica are regarded as playing similar roles in the silicates,
i.e. the roles of acids. A number of properties appear, however, to
contradict the theory of the aluminosilicates a,s complex compounds,
and this conception does not enable any systematic arrangement to
be made of all the aluminosilicates in spite of the undoubted genetic
relationship between them.

I t is very surprising that scarcely any of the critics of the German
edition of this work have paid any attention to the main thesis tha t
the silicates, or more correctly the aluminosilicates, should be classed
with the complex acids. Yet it is stated quite definitely on page 30 :
" I t is, however, not improbable that these objections (i.e. to the sixth
hypothesis) are only apparent, and tha t they would be completely
overcome if the manner in winch the atoms in the anhydrides of the
aluminosilicates are bound to each other were known. By the use of a
suitable hypothesis for the structure of these anhydrides a confirmation
of this statement may be found. The authors of this present volume
have actually formulated such a hypothesis, and its nature and the
conclusions to be drawn from it form t i e subject-matter of the following
pages."

On page 62 it is stated tha t : "The conclusion has already (see pp.
22 and 26) been reached that, of all the theories devised for showing
the constitution of the aluminosilicates, the one which agrees best
with the facts is that which assumes th&t these compounds are complex
acids and the corresponding salts.' '

On page 63 it is stated tha t : "The conception of the alumino-
silicates as complex acids thus agrees excellently with the experi-
mental results."

On pages 79-102 it is shown that the molybdenum and tungsten
complexes, i.e. the complex acids and their salts, are par excellence true
analogues of the aluminosilic&tes and agree perfectly with structural
formula* which are fully analogous to those used for the alumino-
silicates.
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The foregoing quotations, and the present work as a whole, show
clearly tha t , quite apart from the hexite-pentite theory, the view that
aluminosilicates are complex acids and salts is the foundation on which
a knowledge of the constitution of these substances must be based.
Yet this fact, as already remarked, does not appear to have been
noticed by a single critic. Thus, in a review by J . J . P.7 6 6 it is stated
t h a t : "The conception of hexite and pentite radicles (ring-compounds
with 5 or 6 Al- or Si-atoms and a number of O-atoms) is the foundation
of a systematic study of the silicates."

Stremme767 commences with the view tha t the hexite-pentite
theory is the sole foundation of the present volume, and then reaches
the remarkable conclusion tha t the chief difficulty in mineral chemistry
—the explanation of the extraordinarily great variations in the com-
position, of the silicates—becomes "playfully easy / ' " i t is only
necessary to introduce new hexite and pentite groups into existing
combinations." He then stated tha t : " I n not a single case is it shown
that even one silicate must necessarily contain a hexite or pentite
group."

In reply to this criticism, which completely overlooks the complex
nature of the aluminosilicates, it may be well to remark tha t the H.P.
structural formulae of the aluminosilicates have been devised in
accordance with definite rules, and in no case have " new hexites or
pentites " been introduced in a haphazard manner. The proof that
the aluminosilicates have the constitution indicated by the H.P.
theory (i.e. tha t they contain hexites or pentites of silicon and
aluminium which are arranged in accordance with definite laws) has
been published in the customary scientific manner, as everyone who will
read it impartially must admit. The theoretically possible formulae
were first set down, and the consequences deducible from them were
then compared with the available experimental evidence. Stremme
terms this " not proved," and his contention might be sound if the
experimental evidence did not agree with the logical conclusions from
the theory. As a mat ter of fact, the agreement is remarkably close.
If Stremme or any other critic can find a better method of testing a
theory than the one adopted in the present volume, he would render
an inestimable service to mankind if he would publish it.

The method adopted by this critic to show the " worthlessness "
of the H.P. theory could be easily used to upset the most firmly-
established theories. For example, on what foundations are the atomic
theory, the benzene theory and the theory of dissociation based ?
Surely they have been accepted as the result of entirely analogous
methods of argument to those used in the present volume !

C. H. Desch736 has overlooked the fact tha t the main foundation of
this exposition of the constitution of aluminosilicates is the fact of
their complex nature, inasmuch as he states t ha t " the felspars, the
hardening of cements, the hydration of zeolites . . . are dealt with
exclusively from a structural chemical point of view."
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A further criticism of Desch's views will be found on reference to
the Name Index.

Allen and Shepherd737 also appear to have completely overlooked
the fact tha t the complex nature of the aluminosilicates is the essential
basis of the constitution attributed to them by the authors of the H.P.
theory, and it appears strange to them that the structure of the complex
compounds of tungsten, vanadium and molybdenum should also be
described in the present volume. I t is, nevertheless, very remarkable
tha t Allen and Shepherd have overlooked this fact, or even that they
could overlook it, as they specifically refer to " an excellent review of
previous theories of the structure of silicates and a proof of their
insufficiency " contained in the present work. Yet in this review it
is clearly shown that the starting point of any theory of alumino-
silicates must be based on their complex nature. I t is the neglect of
this which leads Allen and Shepherd to oppose the application of
the new theory to Portland cements. If they had only seen that the
aluminosilicates are complex acids or the corresponding salts, they
must have realised the a priori probability of the existence of highly
basic calcium aluminosilicates, i.e. they must have reached a concep-
tion of the constitution of Portland cements which agrees with the one
herein published. If a theory shows the possible existence of these
substances, and all their properties agree with the structural formulae
which are based on the theory, there is no reason to doubt the correct-
ness of the constitutions thus formulated.

Manchot775, alone of all the critics, refers to the complex nature of
the aluminosilicates. From his s ta tement—"It is in any case worth
consideration whether it can be proved that among the silicates as in
other branches of chemistry the number 6 plays so special a p a r t " —
it follows that he considers that the new theory cannot in any way be
regarded as properly supported by facts. This critic should, however,
state, a t the earliest opportunity, how large must be the mass of facts
in support of a theory before he would consider that theory established.
If his atti tude in his own researches may be regarded as satisfactory
to himself, he will doubtless be interested to refer to an investigation he
made ipt 1905 into the constitution of silicides and published in the
"Annalen der Chemie," 1905, $4$, 356-363. In this instance this
investigator did not hesitate to state that these compounds form
hexites, notwithstanding that he had only a single fact upon which to
rely for his conclusion, viz. the behaviour of these substances towards
hydrofluoric acid. Yet when he comes to review the German edition
of the present work, he considers that the innumerable facts and the
whole mass of available experimental evidence are not sufficient to'
establish the hexite formation of the silicates ! The number and
importance of these facts and the manner in which this critic uses his
own experimental results in criticising the constitutional formulae of
the silicates—quietly passing over in silence those which may happen to
agree with the theory he is criticising—is highly significant (see p . 273).
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The H.P. theory is the first one enabling structural formulae to be
devised in agreement with the conception of the aluminosilicates as
complex compounds, which is free from the drawbacks of the
earlier theories, is capable of being used in the systematic arrange-
ment of all the silicates and also enables a series of properties
of the aluminosilicates to be predicted a 'priori, which have, so
far as they have been investigated experimentally, been fully con-
firmed.

Thus the structural formulae of the silicates devised by means of
the H.P. theory have led to the remarkable prediction tha t all the
aluminium and silicon atoms in the aluminosilicates will not behave
exactly alike when examined chemically and physio-chemically, and
that atoms occupying certain positions in the molecule will behave
differently from the rest. This consequence of the theory is fully
confirmed by the available experimental material, and particularly
by the work of Thugutt, Silber and others.

The agreement between the minimum molecular weights which
may be inferred from the H.P. theory and those found experimentally
is also important, particularly as regards the results obtained by
Thugutt on a series of aluminosilicates such as orthoclase, nepheline,
and the sodalites.

Considerable importance also attaches to that consequence of the
H.P. theory which states that chemical compounds may contain
various kinds of combined water—" water of constitution " and
" water of crystallisation "—the first being acid-water and the second
basic-water, and to the agreement of this consequence with the
facts ascertained experimentally—such as Clarke's studies of the
zeolites.

The H.P. theory is not only applicable to the representation of the
structure of the aluminosilicates, but to the complex acids generally.
According to the investigations of Gibbs, Blomstrand, Pechard,
Parmentier, Kehrmann, Friedheim and others, complex acids are
produced by the union of one acid with another, e.g. of molybdic
acid with vanadic, phosphoric, antimonic or arsenic acid; and of
aluminic acid with phosphoric, vanadic, molybdic, sulphtiric or
tungstic acid. By means of the H.P. theory the structure of all the
various complex acids and their salts can be shown on a priori grounds.
This theory also shows that a genetic relationship must exist between
the various complex acids of the same class, e.g. between all the
aluminosilicates, all the aluminophosphates, all the aluminosulphates,
and between all the salts of the complex acids of the same class. As a
matter of fact, such a relationship does exist, as may be seen on
examination of the available experimental results.

I t is specially important to observe the fact tha t the addition of a
basic or other side-chain weakens the bonds of the nucleus, and tha t
the most stable types of the complex acids are those in which the ratio
of the acid-forming atoms is 1 : 1 ; thus, the most stable aluminosilicates
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are those with a ratio of A12O3 : S i O 2 = l : 2 ; the most stable vanado-
tungstates are those in which V 2 0 s : W O 3 = 1 : 2.

The H .P . theory is also of value in ascertaining the constitution of
several aluminosilicates of great technical importance, such as clays>
ultramarines, Portland cements, slag cements, porcelain cements, etc.
The clays are of great technical value because they are a raw material
used in the production of pottery, cement, ultramarines, etc., and
they are also of great theoretical importance because they constitute
some of the various aluminosilicic acids whose existence may be inferred
from the H.P. theory. The behaviour of clays towards strong acids
(the so-called " rational analysis " ) , the cause of the plasticity of clays
and the changes which occur on burning may all be explained by
means of the H.P. theory. Innumerable investigations have been
made in order to ascertain the constitution of the ultramarines. The
H.P . theory supplies a hypothesis from which the structure of the
whole of the theoretically possible substances of the ultramarine class
may be derived ; a large number of these compounds are already
known to exist. On the other hand, no ultramarines have yet been
found which, according to the theory, are theoretically impossible
(such as those in which A12O3 : S i O 2 = l : 6). The ultramarine theory,
based on the more general H.P. theory, is in entire agreement with the
experimental results of the valuable work of Hoffmann, Heumann,
Philipp, Szilasi, Gmelin and others. The experimental work of
Guckelberger on the minimum molecular weight of some ultra-
marines is in remarkable agreement with the H.P . theory and is fully
confirmatory of the theoretical inferences from it.

Innumerable attempts have also been made to ascertain the
structure of Portland, slag, porcelain and other silicate cements and
especially to explain the reactions which occur during the hardening
of these cements. These and other problems find a clear and simple
solution when once the structure of the silicates has been ascertained
by means of a suitable theory. As a matter of fact, the H .P .
theory has led to conceptions of the structure of cements which
not only agree with experimental observations, but also permit
of very full prognostications in regard to the possibility of solving
the great problem of the use of cement in sea-water and coastal
masonry.

The new H.P. theory has proved to be of special value in ascertain-
ing the structure of the porcelain (dental) cements, i.e. those compounds
which are both theoretically and practically important on account of
their extended use in dentistry.

The poisonous action of some of these cements has been studied,,
and the H .P . theory shows which portion of these cements has a toxic
action and it indicates how their poisonous nature may be destroyed
and the cements rendered quite harmless. To solve this obviously
physiological chemical problem it is necessary to study the toxines
generally in order to ascertain the nature of their actions and the
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causes of the poisoning. Ehrlich's theory of the toxines on the one
hand and the H.P . theory on the other combine to solve the problem
of the poisonous nature of many porcelain cements and show clearly
which of the available cements are toxic, or a t least risky, and which
are harmless.

The aluminosilicates, generally speaking, cannot be satisfactorily
studied because of their great resistance to reagents, f &w of the ordinary
methods of investigation being available. Yet, by means of the H.P .
theory, it is possible to produce a theory of such general application
that, with the aid of modern methods of investigation, the constitution
of all the silicates may be ascertained. For instance, the results of
physical and chemical researches on the silico-molybdates by
W. Asch are in complete agreement with the H .P . theory. This
agreement between the facts and theory is very striking in the
case of the alums and chromo-sulphuric acids which have been
specially studied in a chemico-physical manner by Recoura and
Whitney.

There can be no doubt that Nature has formed all substances
according to monistic laws. Hence the probability of the H.P. theory
being extended so as to make it applicable as a general chemical
theory.

An attempt thus to enlarge the scope of the H .P . theory, though
made on only a small scale, has led to a new theory of acids, new views
on the constitution of solutions and new views of the structure of
carbon compounds.

The H.P. theory itself does not take cognisance of the fact that
atoms exist in space; consequently it required extension and com-
bination with the modern theory of the structure of crystals in order
to convert it into a general stereo-chemical theory. This has been accom-
plished to the extent tha t , by means of the " hexite-pentite law "
(p. 289), the stereo-hexite-pentite theory (abbreviated to " S . H . P . "
theory) is capable of development into a general theory of chemical
compounds. The S.H.P. theory has proved to be of great value ; it
helps to explain many puzzling properties of crystals, confirms Hauy's
law of relationship between crystalline form and chemical composition
permits the prediction 6i isomers of chemically allied substances
(Mitscherlich) and solves the problem of the structure of the so-
called isomorphous mixtures. Thus, the H .P . theory may be compared
to a bridge between the realms of organic and inorganic chemistry,
and the S.H.P. theory to an indivisible bond between chemistry and
the allied sciences of physics and crystallography.

The S.H.P. theory appears to be particularly valuable when
it is compared with existing theories of the constitution of
chemical compounds. I t is then seen tha t many modern theories
are, in a sense, only portions of the new theory and m^y be inferred
from it.

In a review of the German edition of the present work by Stremme767
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the following remark occurs : " In short, an attempt is made to
develop a Chemistry of Silicon corresponding to that of Carbon such
as has so frequently been attempted by others." As a matter of fact,
the view that Nature forms substances in accordance with monistic
laws, permits many applications of the results of the study of organic
compounds (including their structural formulae) to inorganic substances.
The critic must therefore ascertain what beneficial results (if any) have
resulted from the present investigation and whether previous investiga-
tions are completely analogous to it. He is compelled to deny the
analogy if he compares the results of this investigation with previous
ones. In order to show this more clearly, two investigations of the
relationship between the compounds of silicon and carbon, both of
great importance to a study of the structure of silicates, may here be
critically examined, viz. that of A. Safafcik768 and that of W. Ver-
nadsky769.

A. Safafik has endeavoured to find a complete analogy between
silicates and organic compounds and has assumed that the silicates are
open or closed ring-compounds such as are found in the aliphatic and
aromatic compounds of carbon. This analogy between silicon and
carbon, the former being a constituent of the inorganic crust of the
earth and the latter the foundation of all organic nature, " thus
assumes a new and deeper significance." In addition to this

analogy there is, according to Safaftk, a difference between the
compounds of silicon and carbon inasmuch as in the silicates silicon
is bound to silicon through oxygen and the polyvalent metals, whilst
in the organic compounds there is a direct bond between carbon and
carbon.

A glance at Safarik's formula shows a t once that it differs greatly
from those derived from the H.P. theory. The necessary explanatory
support is lacking for Safaf ik's theory of the silicates, and for this
reason it cannot be applied to the silicates as a whole. An important
disadvantage of his structural formula is due to the fact t ha t
it is not based on any natural law and that it contains a dualism,
the origin of which may be found in the present dualistic con-
ception of organic chemistry, viz. the division of organic compounds
into an aliphatic and an aromatic series. The result is t ha t
this theory, notwithstanding its derivation from organic chemistry,
has not led Safafik very far. The poor result which he has obtained
in applying organic theories to inorganic compounds caused Safafik to
make the following remarks : " The most natural means of bringing
inorganic chemistry into unison with the fundamental theories of the
present time is that which has led to such remarkably successful
results in organic chemistry ; each single element must be examined
in such a manner as has been the case with carbon or, as Erlenmeyer
so pregnantly observed, we must have as many chemistries as there
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are elements. To attempt this work would be to commence a task of
incredible magnitude."

From these words it is clear how little satisfaction Safa£ik obtained
from his researches, and the authors of the present volume are equally
unable to accept the view that the problems of the structure of chemical
compounds can ever be solved by simply studying the elements in a
systematic manner. They incline more to the opinion that if the
present conception of the structure of organic compounds cannot be
applied to inorganic substances, then this very inapplicability is the
best proof that the generally accepted theory of organic structures is
not so devoid of objection that it cannot, with advantage, be modified.
The possibility or otherwise of applying a theory which appears to be
satisfactory for one element to others is one of the best tests of the
value of such a theory.

W. Vernadsky has also endeavoured to devise structural formulae
for silicates which bear some resemblance to those of organic chemistry.
He assumed the existence of two radicles in aluminosilicates : one
with an open or chlorite ring and the other with a closed or cyclic
chain (mica ring). The constitution of these rings is shown by the
following formulae :

OH OH

Al Al

0 0 0 0

Si O=Si S i=O

0 0 0 0
\ / \ /
Al Al

OH OH
Chlorite Ring. Mica Ring.

According to Vernadsky these rings remain unaltered in most
chemical reactions, this property being highly characteristic of the
aluminosilicates. The compounds with a mica ring are, according
to' this investigator, much more strongly characterised than minerals
with a chlorite ring.

As the durability of the rings is characteristic of cyclic chemical
compounds, and experience in organic chemistry shows that this
durability is exceptionally high in heterocyclic compounds, Vernadsky
considered that it might be assumed that minerals containing
mica contain heterocyclic rings, i.e. rings composed of several
elements.

Vernadsky has had no specially satisfactory results from this
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theory because, as he himself admits, it is necessary to limit the applica-
tion of the theory to the simplest and best known compounds, and
because he persistently adheres to an entirely unnecessary dualism,
inasmuch as he divides silicates into two groups: one containing those
which are undoubtedly chemical compounds and the other comprising
the so-called physical combinations. Vernadsky's theory is thus
inapplicable as a general theory of silicates and also as a monistic
chemical theory of general application.

This short statement with regard to important attempts to apply
the theories current in organic chemistry to the elucidation of in-
organic structures must suffice to show that there is no parallel
between such an application of existing theories and the H.P. theory
developed in the present volume. Hence, before the H.P. theory can be
discarded or regarded as of no importance, those who criticise it must
disprove the statements made and must show that a still larger number
of facts can be fairly used in support of a new theory which, so far as
those concerned with the writing and translation of the present volume
are aware, has not yet been published. The ineffectiveness of all the
noteworthy existing theories has, it is believed, been conclusively
shown in the foregoing pages.

The H.P. theory leads—by quite different means from those hitherto
used—to the " benzene-ring theory " which has proved so advantage-
ous in studying the constitution and properties of carbon compounds.
I t is scarcely necessary to state that Werner's co-ordination law is, in
some respects, a part of the S.H.P. theory. If a = i = c = l and
a = y 8 = y = 9 0 ° , this produces Werner's octohedron, to the corners of
which are attached the molecules of various metal ammonias and
allied substances. I t is a strong confirmation of the S.H.P. theory
tha t Werner's co-ordination law has solved a number of puzzling
problems in connection with the metal ammonias and allied substances,
tha t its inferences have been fully confirmed by experiment, and that
Werner's theory has proved of value in the development of a system-
atic arrangement of the compounds concerned.

Arrhenius' "Dissociation Hypothesis," van't HofE's <cTheory of
Solutions," and the Kinetic Theory of Gases are all, in a certain
sense, capable of being regarded as consequences of the S.H.P.
theory.

I t is particularly important to note that , by the combination of the
S.H.P. theory with the modern theory of the structure of crystals, a
great step towards the object of all investigation has been made, and
some approach has been effected to the time when it will be possible
to show the true relationship between crystalline form and chemical
composition. This object will, clearly, be attained as soon as it is
possible to ascertain the exact relationship between the geometrical
constants (a: b: c and a, /3 and y) and the chemical constants, and to
predict both from the structural formula.

De Bois-Reymond705 has no doubt that these problems will be
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solved as soon as structural chemistry and crystallography unite, and
he has written the following : " We see, in imagination, Structural
Chemistry reaching out her hand to Crystallography ; we see the
atoms with their measured valencies filling spaces of definite
shapes, and forming the tools employed in building crystals."
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Materialienpr., Stockholm 1897. 298, Richardson, Baumaterialienk, 1903, Heft 11,
150 ; Tonind.-Ztg. 1903, Nr. 58. For further information on the use of the microscope in
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microscopical crystallographic methods with the aid of aniline dyes as selective staining
agents. He concluded that clinker is probably a conglomerate of dicalcium silicate and
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des Pays-Bas 1886, 59 ; Erdmenger, Chem.-Ztg. 1893, 982; Rebbufat, Tonind.-Ztg.
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A P P E N D I X

C A L C U L A T I O N OF FORMULAE F R O M T H E RESULTS

OF LEMBERG'S E X P E R I M E N T S *

A . Production of a series of Sodalites with the general formula
m Na20 • (6 A12O3 • 12 Si02) • m' Salt • n H20

or the formula
Na12(& • Al • M • Si) • m'2 • nH«O

(a) The folio-wing compound
(6 Na20 • 6 A12O3 - 12 SiO2) • 4 NaCl • 4 H20

=Na12(Si • Al - Al - Si) • 4 NaCl • 4 H2O
is the final product of the action of a 20 per cent, solution of caustic soda
saturated with sodium chloride on the following silicates:

6 H2O • 6 A12O3 • 12 SiO2 • 6 H2O (Kaolin from Karlsbad)
== H12(Si • Al • jQ • &) • 6 H2O

6 Na2O • 6 A12O3 • 12 SiO2 (Elaolite from Brevig)
= Na12(& • Al • Al • Si)

6 Na2O • 6 A12O3 • 18 SiO2 - 12 H2O (Brevicite from Brevig)
= Naia(& • Al • Si • Al • &) • 12 H2O

3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Fassthal)
== Na6(gi • Al • Si) • 6 H2O

3 K2O • 3 A12O3 • 12 SiO2 (Leucite froni Vesuvius)
= Ke(^i • Al • Si)

3 K2O • 3 A12O3 • 18 SiO2 (Orthoclase from Striegau)

the reagent and silicate being treated at various temperatures (100°, 180 fco
190° C.) for various periods ranging from 74 hours to six months.

Theory.
3]Na2O
3A12O3
6SiO2
2]STaCl
2H2O

CaO

18.51
30.45
35.82
11.64
3.58
—

4
19.02
31.63
35.14
10.71
2.61
0.30

4f
18.65
31.81
36.32
11.22
0.94
0.63

H
1&.35
31.61
36.66
11.32

1.14
—

4c
19.04
30.70
36.02
10.22
3.60
0.14

4d
18.53
30.84
36.42
10.22
3.13
0.49

4a
18.57
30.73
36.78
10.23
3.25
0.25

100.00 99.41 99.57 100.08 99.72 99.63 99.81

* l Zeitschr. d. Deutsch. gaol. Gesellech. 1S76-85.2 Cf. pages 60, 61 and 140 of this volume.a CL Lemberg, L c. 1883, p. 582.
340
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(b) After two months' action, at 100°, of 15 and 12 per cent, solutions of
caustic potash saturated with potassium chloride on the silicates *

3 K2O • 3 A12O3 • 12 SiO2 (Leucite from Vesuvius) = K6(Si • M • Si)

/ SK

= K6I Al—Si I3 K20 • 3 A12O3 • 18 SiO2 (Orthoclase from Striegau):
N S Y

LEMBEEG obtained the sodalite

(6 K2O • 6 A12O3 • 12 SiO2) • 2 KC1 • 8 H2O
= K12(Si • Al • Al • Si) • 2 KC1 • 8 H2O.

Theory. 6c 6a
3K2O 25.77 24.72 23.84
3A12O3 27.96 27.47 27.10
6SiO2 32.89 32.31 32.26

KC1 6.80 7.34 7.00
4H2O 6.58 7.80 8.22

CaO — 0.30 —

100.00 99.94 99.42
(c) The silicates f

6 H2O • 6 A12O3 • 12 SiO2 • 6 H2O (Kaolin from Karlsbad)
= H32(Si • Al • Al • Si) 6 H2O

6 Na2O • 6 A12O3 • 18 SiO2 • 12 H2O (Brevicite from Brevig)

= Na12(& • i l • Si • Al • Si) 12 Ha O

3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Fassthal)
= Na6(& • Al • &) 6 H2O

3 K2O • 3 A12O3 • 12 SiO2 (Leucite from Vesuvius)
= Ke(Sl • Al • Si)

3 Na2O • 3 A12O3 • 18 SiO2 (Albite from Viesch)

•3 K2O • 3 A12O3 • 18 SiO2 (Orthoclase from Striegau)

• Lemberg, 1. c. 1883, p. 587.
t Lemberg, I. o. 1883, pp. 579, (580.
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If a 20 per cent, solution of caustic soda, saturated with sodium sulphate,
is used at various temperatures (100°, 180-190°) for different periods (74
hours to six months) only the following sodalite is formed :

(6 Na2O • 6 A12O3 • 12 SiO2) • 2 Na2SO4 • 6 H2O
= Na12(Si • Al - Al • Si) • 2 Na2SO4 • 6 H2O.

3
3
6
M
3

Theory.
Na2O
A12O3
SiO2

H2O
CaO

17.75
29.20
34.35
13.55
5.15
—

3
17.96
30.00
34.31
11.82
5.70
0.35

3f
17.75
30.24
34.03
13.22
5.02
—

3a
17.72
29.44
14.78
12.65
5.35
—

3b
17.77
29.55
34.29
11.80
5.89
0.40

38
17.39
29.66
35.14
12.63
4.90
—

3c
17.11
29.01
35.27
11.21
6.25
0.20

3d
18.53
30.04
34.74
9.33
5.88
0.20

100.00 100.14 100.26 99.94 99.70 99.72 99.05 98.72

(d) Three to five grammes of the following silicates : *

6 H2O • 6 A12O3 • 12 SiO2 • 6 H2O (Kaolin from Karlsbad)
= H12(Si • A • AL • Si) • 6 H2O

6 Na2O • 6 A12O3 • 12 SiO2 (Elaolite from Brevig)
= Na12(Si • Al • Al - Si)

3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Tassthal)
= Na6(Sl • A • Si) • 6 H2O

3 K2O • 3 A12O3 • 12 SiO2 (Leucite from Vesuvius)
= K6(Si • A • Si)

3 Na2O • 3 A12O3 • 18 SiO2 (Albite from Viesch)

.Sk

were mixed with 40 g. of the sodium silicate Na2O • SiO2 • 8 H20, which
had been melted in its own water of crystallisation and the mixture heated
at 200° for 100 hours in a digester. The excess of sodium silicate was then
washed out with cold water. An analysis of the residue corresponded to the
compound

(6 Na2O • 6 A12O3 • 12 SiO2) • 2 ]STa2Si03 • 8 H2O
= ISTa12(Si • Al • Al • Si) • 2 Na^iO*, • 8 H2O.

4
3
7
4

Theory.
Na2O
A12O3
SiO2
H2O
CaO

23.71
29.27
40.15
6.87
— ,

3
22.61
29.31
40.30
6.68
—

3c
23.30
28.69
39.43
6.88
0.90

3e
23.34
29.16
40.15

6.38
—

3f
21.03
29.60
40.52
7.49
—

3g
21.70
29.25
40.84

6.94
—

100.00 98.90 99.20 99.03 98.64 99.73

* Lemberg, L c. 1885, pp. 961, 962.
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(e) The silicates

6 H20 • 6 Al2Oa • 12 SiO2 • 6 H20 (Kaolin from Karlsbad)
= H12(Si • Al • Al • Si) • 6 H2O

3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Fassthal)
= Na6 • (Si • M • Si) • 6 H2O

3 K2O • 3 A12O3 • 12 SiO2 (Leucite from Vesuvius)
= K6(Si • Al • Si)

were treated with a 15-20 per cent, solution of caustic soda saturated with
sodium carbonate at various temperatures (100°, 180-190°) and for different
periods ranging from 74 hours to six months.* Analyses of the products gave
the following formula:

3 (6 Na2O • 6 A12O3 • 12 SiO2) • 4 Na2CO3 • 30 H2O
= {Na12(Si • Al • Al • Si)}s " 4 Na2CO3 • 30 H2O.

Theory.
9Na2O
9A12O2

18 SiO2
2 Na2OC3

15H2O
CaO

18.38
30.22
35.55

6.96
8.89
—

5
18.23
30.84
34.82

7.13
8.68
0.30

5b
17.17
29.18
35.50

6.96
9.40
0.10

5c
18.13
29.47
35.27

6.58
9.18
0.40

100.00 100.00 98.84 99.03

B. A Series of Changes in Aluminosilicates based on Lemberg's
Experiments.

(a) The action of caustic soda solution of various concentrations (30 per
cent, and 56 per cent.) at 100° for various periods ranging from 72 hours to
14 days on the following silicates :

(1) 3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Fassthal)
= Nae(Si • Al • Si) • 6 H2Of

(2) 6 Na2O • 6 A12O8 • 12 SiO2 (Elaolite from Brevig)
= Na12(S! • Al • Al • Si)}

(3) 6 H20 • 6 A12O3 • 12 SiO2 • 6 H2O (Kaolin from Karlsbad)
= H12(Sl • Al • & • Si) • 6 H2O§

gave the following results :
Prom Compound 1 was obtained the substance :

6 Na2O • 6 A12O3 • 12 SiO2 • 15 H2O = Na12(Si • Al • Al - Si) • 15 H2O
from Compound 2 the substance :

8 ]STa2O • 6 A12O3 • 12 SiO2 • 7 H2O = Na16(^i • Al • Al • Si) • 7 H2O

* Lemberg, L c. 1883, pp. 583-4.
t Lemberg, 1. c. 1883, p. 579, Expt. 2.
j Lemberg, I. c. 1885, pp. 960-1, Expts. 2c. and 2d.
§ Lemberg, I. c. 1883, p. 579, Expt. 1; I.e. 1885, p. 960, Expt. 2b.
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and from Compound 3 the silicates :

6 Na2O • 6 A12O3 - 12 SiO2 • 15 H20 = Na12(Si • Al • Al • Si) • 15 H2O
8 Na2O • 6 A12O3 • 12 SiO2 • 7 H2O = Na16(Si • Al • Al • Si) • 7 H20

Theory.
6Na2O
6 A12O3

12 SiO2
15H2O

18.84
31.01
36.47
13.68

100.00

Theory.
8Na2O
6A12O3

12 SiO2
7H2O

CaO

25.38
31.32
36.85
6.45
—

1
18.30
31.13
36.52
14.59

100.54

2b
26.05
31.42
36.25
6.87
—

2
18.87
31.35
36.28
13.39

99.89

2c
25.29
31.05
36.63
5.71
1.08

2d
24.99
31.16
36.12
6.36
1.02

100.00 100.59 99.76 99.65

(b) On treating the silicates :

(1) 6 Na2O • 6 A12O3 • 12 SiO2 (Elaolite from Brevig)
= Na12(Sl • Al • Al • Si)*

(2) 3 Na2O • 3 A12O3 • 12 SiO2 • 6 H2O (Analcime from Fassthal)
= Na^s! • Al • Si) • 6 H2O f

(3) 3 K2O • 3 A12O3 • 18 SiO2 (Orthoclase from Striegau)

t

in the, state of a molten glass with aqueous solutions of sodium silicate,
Na2O • 22Si02 aq. of suitable concentration, at various temperatures
(100°, 200-210°) for various periods (78 hours to five months) the following
substance

(3 Na2O • 3 A12O3 < 15 SiO2 • 7J H2O)2

Na, Al̂ -si [-15H2O

was produced from Compounds 1 and 2, and the compound
3 Na2O • 3 A12O3 • 12 SiO2 > 6 H2O = Na6(Sl • Al • Si) • 6 H2O

from the silicate 3.
* Lemberg, I c. 1883, p. 608, Expts. 35 and 36.
f Lemberg, I. c. 1885, pp. 992-3, Expts. 42 and 43.
t Lemberg, I c» 1885, pp. 993-4, Expt. 47.
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3
3

15

Theory.
Na2O
A12O3
Si62
H 2 0

12.18
20.04
58.94
8.84
—

100.00

35
12.80
20.95
57.10
8.68
0.47

100.00

Theory.
3Na2O
3A12O3

12 SiO2
6H 2O

14.09
23.20
54.54
8.17

36
12.64
20.64
57.67
8.79
0.30

100.04

47
14.01
22.80
54.36
8.53

42
12.90
20.54
57.78
8.78
—

100.00

43
12.27
19.35
59.35

9.03
—

100.00

100.00 99.70
(c) The silicate

3 Na2O • 3 A12O3 • 15 SiO2 • 7J H2O *
formed from the analcime from Fassthal, after a three weeks' treatment with
potassium chloride solution at 100° and a further treatment for 100 hours
at 200°, gave the compound

(3 K2O • 3 A12O3 • 15 SiO2 • 1* H2O)2

•3H2Of

Theory,
3 K2O 18.62
3A12O3 20.19

15 SiO2 59.40
l i H2O 1.79

2

4 2 a

1 9 . 0 5

2 0 . 7 9

5 8 . 9 2

1.24

43a
18.64
20.25
59.90
1.21

100.00 100.00 100.00
(d) The behaviours towards acids of the following silicates :

(1) 0,5 Na2O
Berufjord)

2,5 CaO 3 A12O3 18 SiO2 • 17 H2O (Stilbite from

NaCa2,5

(2) 0,5 Naa0 • 2,5 CaO • 3 A12O3

= NaCa

Si

r-S
X S i

18 SiO2 • H2O (Desmine from Farsern)

Si
/ - 20 H20 §

2>5 .

( 3 ) 0 , 5 K 2 0 • 2 N a 2 O • 2 , 5 C a O • 5 A 1 2 O 3 • 1 8 _ S i O 2 • J > 8 H a O ( S e e -

b a c h i t e f r o m R i c h m o n d ) = K N a 5 C a 2 , 5 ( S i - A l • g i • A l • & ) - 2 8 H 2 0 | |

• L e m b e r g , I. c . 1 8 8 5 , p . 9 9 2 , E x p t s . 4 2 a n d 4 3 .

t L e m b e r g j L c . 1 8 8 5 , p p . 9 9 2 - 3 , E x p t s . 4 2 a a n d 4 3 a .
t L e m b e r g , L c. 1 8 8 5 , p p . 9 8 7 - 8 .
§ L e m b e r g , L c. 1 8 8 5 , p p . 9 8 9 , 9 9 0 , 9 9 3 .
|J L e m b e r g , I. c . 1 8 8 5 , p p . 9 7 2 , 9 7 7 - 8 .
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(4) 0.5 K2O • 2.5 Na2O • 2 CaO • 5 A12O3 • 18 SiO2 • 28 H2O (Hersche-
lite from Acireale)= KNa5Ca2(Si • M • Si • Al • Si) 28 H2O,* and their
derivatives are shown in the following Tables I, II, I I I and IV, in which

V = Lemberg's Experiment Number.
S = The silicates used.
A = The salt solutions employed.
Z = The duration of the experiments.
T = The Temperature.
P = The Products obtained.

Table I

V.

39 a
39 b
39 c
39 d
39 g
39 h
39 k
89 e
89 1
39 1
39 t

S.

0.5Na2O*2.5CaO-3Al,O,l
•18 SiO2-17 H,0 1

3 K,0'3 AJSO,*18 SiOj'13 HaO
3 Na,0'3 A12O3'18 SiOa*16 H2O
3 Naa0'3 A18O,*18 SiOa'16 H2O
3 Na,O*3 A12O8'18 SiO,*16 H2O
3 Naa0'3 A12O,-18 S1O2'16 H2O
3 Naa0'3 AljOj-18 SiOa*16 H2O
3 Naa0*3 AlaO,*18 SiOa*8 H2O
3 Nat0*3 AJaOa*18 SiO2*8 HaO
3 Nat0'3 AJ,O8'18 SiOa'8 HaO
3K2O"3 A12O,*18 SiO,HaO

A,

KCi solution
NaCl „
NaCl ..

(Na2O* SiO2+NaCl) ..
(Borai+NaCI) ..
(Borax+NaCl) ..

(Na2HPO4+NaCl) ..
Ka ..
KCI ..
KCI .,

Naa ,.

z.

1.5 Mths.
14 Days
1355 Hrs.

75 Hrs.
78 Hrs.
78 Hrs.
74 Hrs.
75 Hrs.
78 Hrs.
79 Hrs.
6 Days

T.

100*
100*

210-220°
195-205°
200-210°
200-210°

220°
200°

210-215°
210°
100°

P.

3 K»O'3 A1,O,*18 SiOa*18 HaO
3 Naa0'3 AljkOj'18 SiOa16 HaO
3 Naa0*3 A12O,'18 SiO2*8 HaO
3 Naa0*3 Alad-18 SiO2'8 HaO
3 Naa0'3 A1»O,18 SiOa'8 HaO
3 Na20'3 A1»O,'18 SiO2'8 HaO
3 Na,O*3 AlaOa18 SiO2'8 HaO
3 KaO'3 AIa(Vl8 SiO2HaO
3 KaO*3 AIaO,*18 SiOa'HaO
SKaO-SAljO.'lSSiOj'H^

3 NaaO-3 Ala0a"18 SiOa'8 HaO

Analyses

0.5
2.5
3
18
17

Theory.
Na2O
CaO
A12O3
SiO2
H2O
K2O

1.66
7.53

16.26
58.09
16.46
—

39
1.40
7.43

16.48
57.97
16.20
0.52

3
3

18
13

Theory.
K2O
A12O3
SiO2
H2O

14.82
16.09
56.78
12.31

39a
14.30
16.34
57.21
12.85

100.00 100.70

100.00 100.00

3
3

18
16

Theory.
Na2O
A12O3
SiO2
H20
CaO

10.00
16.45
58.07
15.48

—
100.00

39b
8.89

16.72
58.14
15.47
0.78

100.00

Lemberg, I. c. 1885, pp. 976, 979.
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Theory. 39c 39d 39g 39h 39k 39f
3Na2O 10.84 10.61 10.94 11.27 11.07 10.74 10.81
3A12O3 17.84 17.56 17.99 17.74 17.56 18.21 17.71

18 SiO2 62.94 62.56 62.54 62.22 62.68 62.32 62.87
8H2O 8.38 9.27 8.53 8.77 8.69 8.73 8.61

347

3
3

18

100.00 100.00 100.00 100.00 100.00 100.00 100.00

Theory.
Na2O
A12O3
Si62
H2O

16.73
18.10
64.09

1.08

39e
16.66
18.15
64.27
0.92

39i
16.87
18.00
63.89

1.24

391
16.63
18.72
63.41

1.24
100.00 100.00 100.00 100.00

The experiments shown in Table I indicate a replacement of the mono-
and di-valent elements and a variation of the water in compounds of the
type

Si'

Table I I

V.

40 a
40 b
40 c
40 d
40 f
40 e
40 e
44
44 a
45
45 a

s.

0.5 Naa0*2.5 CaO-3 AlaO,-18 SiOa*20 H2O
3 K20'3 AMV18 SiOa'13 H2O

3Na2O'3Al2O2'18Si(V16H2O
3 Na2O*3 AlaO»'18 SIOa'16 H2O
3Na2O-3AltO8'18SiO2-16H2O
3Na2O'3Al2O,'18SiO2'8H,O
3 Na,0 '3 AlaOa'18 SiOj'8 H,0

0.5NafO-2.5CaO'3Al2O*-18SKV20HaO
3 Naa0'3 A12O,'15 SiO2-7i H2O

0.5 Na2O'2.5 CaO*3 A)aOa*18 SiO2'20 H20
3 NâO -3 A12O«12 SiO2'6 H2O

A.

KClsoL
Naa ,.
Nad ..

(NaaO*2SiO,+NaCl) „
(Borax+NaCl) „

Ka ..
KCl „

20%Na2CO, ..
KQ ,.

25%Naa0*8i02 ..
KCl „

Z.

1 Month
14 Days

1029 Hrs.
74Hrs.

186 Hrs.
79Hi8.
79 His.

15 Mnths.
100 Hrs.
2 Mnths.
3 Weeks

T.

100°
100°

210-220°
220°

210-220°
210°

210-220°
100°
200'
100°
100°

P.

3KaO'3AlaO818SiOa-13H,O
3 Na2O*3 AIaO,18 SiO8*16 H»O
3 Naj6'3 Ala0a*18 SiO,*8 H2O
SNajOSAljOa-lSSiOt-SHaO
8 Na2O'S AljO,*18 SiOa*8 HaO
3 K20'3 A12O8'18 SiO2-HaO
3 K,O'3 AW18 SiOi*HaO
3 Na20'3 AlaO,'15 SiOa'7* H20
3 K20'3 AlaO,'15 StO2*H H2O
3 Na20'3 A18O,-12 SiO2'6 H2O
3 K2O-3 Ala0,-12 SiOt'HjO

0.5
2.5
3

18
20

Analyses
Theory.

Na2O
CaO
A12O3
SiO2
H2O
K2O

1.60
7.31

15.96
56.36
18.77
—

100.00

40
0.91
7.60

16.18
56.62
18.63
0.24

100.18
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Theory.
3KSO

2 S
18 SiO2
13HSO

14.82
16.09
56.78
12.31

40a
14.42
15.83
56.81
12.94

3 2
3A12O3

18SiO2
16H2O

Theory.
,0 10.00

16.45
58.07
15.48

100.00 100.00

Theory.
3 Na2O 10.84
3 A12O3 17.84

18 SiO2 €2.94
8HjO 8.38

40c
10.63
17.62
62.48
9.27

11.12
17.83
62.08

8.97

40f
11.46
17.73
61.87
8.94

100.00 100.00 100.00 100.00

Theory. 40e 40g
3K2O 16.73 17.18 17.11
3Ala08 18.10 18.51 18.39

16SiO2 64.09 62.77 62.95
H * ° 1.08 1.54 1.55

Theory.
3Na2O
3A12O3

15 SiO2
* H O

12.18
20.04
58.94
8.84

100.00 100.00 100.00

Theory.
3K aO
3 A1A

15 SiO2
l | H O

18.62
20.19
59.40
1.79

44a
18.19
20.21
60.90
0.70

Theory.

100.00 100.00

Theory.
3K2O
3A12O3

12 SiO2
H20

21.26
23.09
54.30
1.35

3Na2O
3 A12O3 -

12 SiO2
6H2O

45a
20.78
22.54
55.53

1.15

14.09
23.20
54.54
8.17

100.00 100.00

40b
9.74

16.35
57.09
16.82

100.00 100.00

44
11.84
19.79
59.93

8.44

100.00 100.00

45
13.72
22.14
55.26
8.88

100.00 100.00

From the results shown in Table I I it will be seen that there occur:
1. A substitution of the mono- and di-valent elements of compounds

of the type

»ad & substitution of mono-valent elements in compounds of tlie types

c f ^ / ® \
B 6 Al^-Si I and R6 (Si • Al • Si)
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2. A conversion, of the compounds of the type

349

into those of the types

R,

• / /Sis
R, Al^-Si and R,(Si - i l • Si)

3. A change in the water-content is observable in some cases.

V.

26 a
i 26b
26c
26 d
26 f
26 e
26 e

s.

* -18 SiOs'28 H,O * * }
0.5 KaO*2NâO*2.5 Ca.0'5 Al|Oi \

•18 SiO,"28 HSO J
5 KaO-5 A]aO, *18 SiO,*24 H,0
5 KaO-5 Al»0,*18 SiO,*24 H*O
5 K*O*5 AI2O»*18 SiOj'24 H»O

5 Nfa,O-5 Al»0,*18 SiOj'10 E»O
5 Na,0*5 Al*0»*18 SiOj'10 H»O

Theory.
0.5 K2O 1.94

2 I^a20 5.09
2.5 CaO 5.78

5 A12O3 21.04
18 SiO2 44.54
28 H2O 21.61

100.00

Theory.
5 JSTa2O 12.98
5 A12O3 21.44

18 SiO2 45.23
27 H2O 20.35

100.00

5
5

18

(Ŝ KjCO,

(15%Naa-

26
2.00
4.92
5.89

21.66
44.30
21.23

100.00

26c
12.89
21.27
45.44
20.40

100.00

Table III.

A. Z. T.

XQ Solution! 2 Mths. 100a

-M5%KQ) „ i 7OHrs. 200-210*
2faa „ ! 2OD&yg ! 100s

f-5%:N&aCO,).. j l&O Hra 200-210*
f-5/i Na,CO0 « l&O Hra 200-210'

KC1 .. ! 10O Hrs. 200-2153

KG „ ! lOOHrs. ; 210'

Analyses

Theory.
5 K20 18.87
5 A12O8 20.48

18SiO2 43.35
24 H20 17.30

100.00

rheory.
5 Na,0 14.91
5A12O8 24.52

18 SiO2 51.92
10 H20 8.65

100.00

Theory. 2$e 26g
3£oO
A12O3
SiO2
H2O

22.62 21.86 21.64
24.54 25.87 25.31
51.97 51.70 52.49
0.87 0.57 0.56

t
i •

p.

4CV2S8i0fc1«H*
: 5 K,O'S AMViS SiO, 14 H,O
52STa*O-5JLljd'lS SiO»"2T H»O

J»Cj*18 SlOw'10 HjO
; 5E.0'5AM'28SiO^H >̂""

26a
18.85
20.43
43.75
16.96
99.99

26d
14.98
24.68
51.59
8.75

100.00

J,O,'18SiOaH,0

26b
18.65
20.49
44.21
16.65

100.00

26f
14.98
24.33
52.05

8.64
100.00

100.00 100.00 100.00
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Table IV

V. S.
~ . 0.5 KtO-2.5 Na»0"2 CaO5 AISO, t2< V "18 SiOs28 HaO I
... h I 0.5 KjO-2.5 Na.0'2 Ca.0'5 A]*O, )2' b "18 SiOa'28 H5O )"
27 c 5 K,0-5 A1»OS'18 SiOs'24 HSO27 d ! 5KajO'5 A1SO3'18SiO,*27 HaO27 e; 52aarf>-5AlaO,-18SK>a-10H«O
271 i 5K̂ )-5Al,Oa18SiO»-H.O

A.

KCI Solution
(15/J KCl+8% KaC03) ..

2sTaCl „
(15;:NaCl-t-5%NasCOs) ,.KCI „

NaCl ,.

Z.

lMth.
150 Hrs.
18 Days
170 Hrs.
75BJ3.
10 Days

T.

1009

210-220°
100°

210-220°
200-210°

100J

P.

5 K2O-5 AIiO»*18 SiOj'24 HaO
5 K2O"5 AljOa'18 SiOs*16 H2O

5 ISTa3O-5 A12O8-18 SiO2'27 HaO5 Na30'5 A12O8-18 SiO2*10 H2O5 K2O-5 A12OS'18 SiOa-HaO5 Na20'5 Al2Oa*18 SiOa-10 H2a

Analyses
Theory.

0.5 K.0
2.5 Na2O

2CaO
5A12O3

18 SiO2
28 H2O

1.94
6.40
4.55

21.03
44.49
21.59

100.00

Theory.
5K2O
5A12O3

18 SiO2
16H2O

20.02
21.72
45.99
12.27

100.00

Theory.
5Na2O
5A12O3

18 SiO2
10H2O

14.91
24.52
51.92
8.65

27
1.27
6.76
5.05

21.27
44.12
21.57

100.04

27b
19.55
21.96
46.34
12.15

100.00

27d
14.97
24.52
51.96
8.55

27f
14.86
24.44
52.16
8.54

Theory.
5K2O
5A12O3

18 SiO2
24H2O

18.87
20.48
43.35
17.30

100.00

Theory.
5Na2O
5A12O3

18 SiO2
27H2O

12.88
21.44
45.33
20.35

100.00

Theory.
5K2O
5 A12O3

18 SiO2
H2O

22.62
24.54
51.97
0.87

27a
18.67
20.41
44.08
16.84

100.00

27c
12.50
21.28
45.68
20.54

100.00

27e
21.57
25.20
52.74
0.49

100.00 100.00 100.00 100.00 100.00

From the results given in Tables III and IV there is clearly a substitution
of the mono- and di-valent elements in the type

R lo (Si • AT • Si • 3d • Si)

and in one case (Table IV, No. 27d) a change in the water-content,

(e) The formation of compounds of the type *

5.5 R20 • 6 A12O3 • 16 SiO2 = Rn(Si • Al • Si • Al • Si).

On treating two molecules of K2O • SiO2 with one molecule of H2O • K2O
• A12OS LEMBEBG obtained the substance

0.5 Na2O -5K 2 O«6 A12O3 • 16 SiO2 = NaK10 "(Si - Al • Si • Al - Si) f

* Lemberg, I c. 1876, pp. 574-5.
t Expt. 1, I. c. p. 574.
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On treating this silicate for a further period of 7 or 18 days at the ordinary
temperature with variable quantities of solutions of sodium chloride,
potassium chloride, etc.,* LEMBERG obtained compounds whose analyses
corresponded to the general formula

5.5 R2O • 6 A12O3 • 16 SiO2 = Rn(Si • Al • Si • Al • Si)

Na2O
2Na2O

2.5 Na2O
3Na2O

3.5 Na2O
5Na2O

1.5 K 2 0
2 K 2 0

2.5 K 2 0
3K2O

1.5 K 2 0
2K2O

2.25 K 2 0

Theory.
0.5Na2O 1.;

• 4.5 K2O •
• 3.5 K2O-
• 3 K2O •
• 2.5 K2O-
• 2 K2O •
• 0.5 K2O-
• 4 MgO •
• 3.5 MgO-
• 3 MgO •
• 2.5 MgO -
• 4 CaO •
• 3.5 CaO •
• 3.25 CaO •

1
50 1.83

5K2O 22.67 22.75
6 A12O3 29.52 29.38
16SiO2 46.31 46.04

100.<30 100.00

Theory.
2Na2O
3.5 K2O
6A12O3
16SiO2

2.51

6A1

6.12
16.25
30.22
47.41

100.00

Theory.

STa2O 7
2O 14
0O0 30

I6S1O2 47

6 A12O3 • 16 SiO2
6 A12O3 • 16 SiO2
6 A12O3 • 16 SiO2
6Al2O3-16SiO2
6 A12O3 • 16 SiO2
6 A12O3 • 16 SiO2
6 A12O3 • 16 SiO2
6Al2O3-16SiO2
6Al2O3-16SiO2
6Al2O3-16SiO2
6Al2O3-16SiO2
6Al2O3-16SiO2
6Al2O3-16SiO2

(Expt. 2b)
(Expts. la, lg, 2a,
(Expts, lb, If, 2d)
(Expts. 1c, le)
(Expt. Id)
(Expt: 2)
(Expt. 4b)
(Expts. 4a, 4c)
(Expt. 4d)
(Expt. 4)
(Expts. 3a, 3b5 3c)
(Expt. 3d)
(Expt. 3).

Theory.
Na2O 3.02

4.5 K20 20.56
6A1oO, 29.75
16 SiO2 46.67

la lg
6.41 6.67

16.00 15.40
29.99 29.88
47.60 48.05

100.00 100.00

lb
.72 7.54 7
.04 14.12 14

2c)

2b
2.55

21.21
30.60
45.64

100.00 100.00

2a 2c
5.98 5.91

16.37 16.79
30.40 30.30
47.25 47.00

100.00 100.00

If 2d
.52 7.54
.03 14.71

.46 29.74 30.00 30.00

.78 48.60 48.45 47.75

100.00 100.00 100.00 100.00

* In the oases mentioned the salt solutions were of & definite cancentration. The
salts were: NaCl-, KC1-, MgCla-, CaCla-, (NaCl-fKC1)-, (Mgd,+KCl)-, (CaCl,+KCl).



LEMBERG'S EXPERIMENTS

3
2.5
6

16

5
0.5
6
16

2
3.5
6
16

2
3.5
6
16

Theory.
Xa2O
K2O
A1.O,
SiO2

9.33
11.79
30.71
48.17

100.00

Theory.
Xa2O
K2O
A12O3
SiO2

16.07
2.43

31.73
49.77

100.00

Theory.
K2O
MgO
A12O3
SiO2

9.89
7.36

32.22
50.53

100.00

lc
8.97

11.89
30.12
49.02

• 100.00

2
15.60
3.21

31.20
49.99

100.00

4a
10.03
6.97

31.72
51.28

100.00

le
8.78

12.10
30.13
48.99

100.00

4c
10.01
7.03

31.60
51.36

100.00

Theory.
3 K2O
2.5 MgO
6 A12O3
16 SiO2

Theory.
1.5 K2O
4 CaO
6 A12O3
16 SiO2

Theory.
K2O
CaO
A12O3
SiO2

9.61
10.02
31.29
49.08

7.28
11.57
31.60
49.55

100.00

3d
8.81

10.10
31.03
50.06

14.43
5.12

31.32
49.13

100.00

3a
7.75

11.07
30.91
50.27

100.00

Theory.
3.5 Na2O 10.97
2 K20 9.57
6 A12O3 30.96
16 SiO2 48.50

100.00

Theory.
1.5 K20 7.52
4 MgO 8.54
6 A12O3 32.68
16 SiO2 51.26

100.00

Theory.
2.5 K2O 12.19
3 MgO 6.23
6 AL2O3 31.76
16 SiO2 49.82

100.00

4
13.72
4.94

31.80
49.19

99.65

3b 3c
6.42 7.32

12.14 10.99
31.20 31.00
50.24 50.79

100.00 100.10

Theory.
2.25 K2O 10.76
3.25 CaO 9.26

6A12O3 31.13
16SiO2 48.85

Id
11.19

8.95
30.29
49.57

100.00

4b
7.94
8.33

32.29
51.44

100.00

4d
11.59
6.37

-31.69
50.35

100.00

3
10.87

S0.&4
49.28(3

100.00 100.00 100.00 99A6



THE TOPAZ GROUP 353

The Topaz Group

The following analyses of the Topazes conform to compounds of the type

Al • Si - Al = 6 A12OS • 6 SiO2

and to the following formulae :

(a)
(b)
(c)
(d)
(e)

Fl8,
Fl,,
Fl

]0,
M1

Theory
I

XII
XXII

Theory
XXIV
XXV

Theory
IV
V
VI

XIV
XV
XVI

x v n i
XIX
XXI

Theory
III
X
XI
XX

SiO,

33.97
34.24
34.36
34.01

33.62
33.73
33.15

33.25
33.35
33.23
33.38
33.72
33.57
3S.64
33*68
33.19
33.24

32.93
S3.53
32.28
£3.27
33.5©

AI.0,

57.74
57.45
57.74
58.38

57.14
57.39
57.01

56.55
56.53
56.20
56.32
56.10
56.30
56.24
56.36
56.72
57.02

55.97
56.54
55.86
56.76
56.1$

PI

14.34
14.99
15.02
15.06

15.97
16.12
16.04

17.56
17.69
17.37
17.26
17.20
17.00
17.12
17.11
17.09
17.64

19.12
18.62
18.28
18.54
18.30

Total Source

(a) Si6Al12026M8.

106.05
107.37
107.12
107.45

_
Schneckenstein

Finho
Brazil

(b) SisAlu0 t5.3EV
106.73
107.24
106.20

Brazil
Pikes Peak

(c) SisA^O^Fljo.

107.36 —
107.57
106.80
106.96
107.02
106.87
107.00
107.15
107.00
108.73

Altenherg
Altenherg
Altenberg

Finbo
Finbo
Finbo
Miask
Miask

Tasmania

(d) ffi-AlapM.^llir

108.02
108.69
106.42
108.67
106.14

Schneckenstein
Zionwald

Schlaggenwald
Adun-T&ehilon

Aualyst \

Berzeliua1 *
BerzeJius* J
Beraelius3 j

|
Rammelsberg* j
Hillebrand* j

Klemm*
Klemm7

Klemm*
Elcxnm*
Klemm1 •
Klemm11

Klemm11

Klemm18

Sommeriand1*

Rarnmefebeig11

Bfimmelsbeig1*
Rammelsljerg17

* References to the literature are green on p. 4S8 & ««?.
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T h e Epidotcs

Tho following analyses of the Epidotes conform to compound** of the typi'

Si • Ai • Al • Si = 6 AIaO8 • 12 Ri()a

or to the general formula :

4 H 2 0 - 1 6 C a O - 2 ( 6 1 ^ 0
"(a) 4 H 2 ( )

(b) 4 H 2 0
(c) 4 H » 0
(d) 4 H 2 0
(e) 4 H 2 O
(f) 4 H 2 O
(g) 4 H 2 0
(h) 4 H t O
(i) 4 H 2 O

10 CaO • 2
10 CaO - 2 .25
10 C a O - 2.5
10 C a O - 2 . 7 5
10 CaO • 3
10 CaO - 3 . 2 5
10 C a O - 3.5..
10 C a O - 3 . 7 5
10 CaO - 4

(12 1 ^ 0 ,
• l 0 A I 2 O 3

• 9 . 7 5 A! 2O 3

• 9.25 A! aO 3

•S .75 A I 2 ( V
- H. . r»Ai 8 (v
-K.25 Alao!,
• H Al t(>3

8 3

24Si<)8 .
24Si( ) 8 .
24Si(>8.
LMSi<)8.

r

- 2 4 S i ( ) r

- 2 4 S i O r

- 24HiOs.

810, A13O,

(a) 4 H 2 O - 16 CaO 10

Theory
III

XVI
XVII
XX
XXI
XXII
XLIV

38.44
39.18
38.42
38.43
37.00
38.08
38.28
37.92

27.21
26.52
20.02
26.18
27.30
27.74
27.53
27.0U

ti.M
8,21
8.72
8,77
8.1)0
8.27
8.W*

23.00
23.H0
2:i.«()
24.13
23. W)
23.03
22.87
22.81

1 . it*

2.20
2.W
2MJ
2.33
2.0 4
2.41
2.02

; Z Apt mi

OCheory
XIV
XV

XXXIV

Theory
XIII
XLI

Theory
LIII
LDC

Theory
VIII
IX

XXXII
XXXVII

(b) 4 H t O • 16 CaO - 2.25 F«- tO, - D.75 A!,C)a

138.28 2(5.43 9.r»7 123.81 ; 1.01
137.00 26.35 $1,71 j 23.77 I 2.02
J38.13 20.42 D.74 {23.30 12.02
137.87 J24.72 1 9.00 123.10 12.82

24 SiC>r

0.30

• HH HI
\ mm

(c) 4 H t 0 - 16 CaO 9 . 5 A l t O ,
38.13
38.99
38.84

25 M 110.130
25.75 ! 0.W 237fl

(d) 4 H / )
38.00
37.47
38.20

24.(H)

24J2

11.60
10,60

2.41 1

10 CM) * 2.15
23.U2 1 HI* I

2,24 !
2,10

j
jCMU
j 1WI.30

24 8 i O r

(e) 4 H 2 O - 1 0 C a O A ! t O , • 24
37.84
38.60
30.00
30.26
37.32

24,12 12.61
nm 12.34
24M j 12.40
24.75 J11,07
22.85 11.00

24 17
23.54
23.63
22.13

1 m

inn

a IncL 0.54 51nO • 0.77 MgO.
6 Xaol. 0,07 MnO.
• Far j&tmntm mm p. iM>

c, hinl 0 13
4 kid . 0 77
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SIO, Ala0, FeaO3 CaO HaO FeO Total Source Analyst

4H 2O
Theory

IV
VI

Theory
V

XXX
LVIII

37.70
38.37
37.83

23.37
22.09
23.43

13.60
13.77
13.31

16 CaO

23.45! 1.8SI
22.90 2.11
23.47 2.06

3.25 F e 2 O 3 8.75 A 1 . O , • 24 S i O 2

(g) 4 H 2 O • 16 CaO
37.65
37.83
36.71
37.04

22.61
22.63
22.61
22.99

14.60
14.02
14.47

23.36
23.27
23.67
24.09

1.88
2.05
1.92
2.16

0.48

3.5

0.93
0.62

100.00
99.24

100.58

F e 2 O 3 - 8
100.00
100.73
100.00
100.47

—
Sulzbachtal
Sulzbachtal

—
v. Drasche19

Ludwig20

.5 A1 2O 3 • 2 4 S i O 2 .

Sulzbachtal
"Bourg d'Osians"

Hereroland

Ludwig21

Laspeyres22

Wulf23

4H2O
Theory 137.40

VII 37.11
21.86
21.90

15,59
16,00

16 CaO • 3.75 F e 2 O 3 • 8 .25 A1 2 O 3 • 2 4 SiO
23.28 1.87 100.00 —
23.19 2.03 100.23 Sulzbachtal

Theory
XXIII
XXVIII
XXIX

XXXVII
XL

37.65
37.56
37.35
38.76
37.59

(i) 4 H 2 O • 16 CaO • 4 F e 2 O 3 • 8 A1 2 O 3

100.00
24 SiO9

37.27; 21.11| 16.56! 23.19
20.64 16.50
20.78 16.49
22.02 15.67
20.36 16.35
20.73 16.57

22.32
22.70
22.54

1.87
2.06
2.09
2.35

23.71 2.00
22.64j2.ll

0.49MnO
0.29 MgO

0.44 MgO
0.41 MgO

100.12
99.91
99.93

101.67
100.05

Traversella
"Bourg d'Osians"
"Bourg d'Osians"

Arendal
Arendal

Rammelsberg24

Scheerer25

Scheerer28

Stockar-Escher27

Rammelsberg 2 8

Scheerer29

T h e Grani te G r o u p

A number of Granites examined by K. H. Schneer may be expressed by
the general formula :

18 RO • 6 R2O3 • 18 SiO2 and 16 RO • 6 R2O3 - 16 SiO2

as may be ascertained from the following Table :

NO.

Theory

Theory
2

Theory
3

Theory
4

Theory
6

Theory
6

Theory
7

OaO

33.25
33.59
32.12
32.36
32.12
31.51
33.52
33.55
34.22
34.01
32.46
31.98
32.06
32.73

FeO

1.22
1.17
1.82
1.91
2.43
2.88
1.25
1.68
1.25
1.71
3.85
4.46
2.74
2.54

%
MnO

-

0.60
0.48
—

0.61
0.28

0.54

;o.57
—

A1,O,

6.92
7.44
6.88
7.35
6.88
7.07

12.39
11.99
13.36
13.29
16.37
16.29
13.72
13.73

Fe,O,

21.72
20.94
21.59
21.58
21.59
22.51
13.88
14.79
12.57
13.01
8.56
8.73

14.60
14.03

SiO,

36.89
36.56
36.68
36.33
36.68
35.97
37.73
37.53
37.96
37.52
38.76
37.96
36.89
37.18

_
0.31
0.48
0.30
0.25
0.62
0.48
0.64
0.53

0.22

—

Molecules

CaO

17.5

17

17

17.25

17.5

16.25

15

FeO

0.5

0.75

1

0.5

0.5

1.75

1

MnO

—_.

0.25

0.25

—

A1.O.

2

2

2

3.5

3.76

4.5

3.75

Fea0a

4

4

4

2.5

2.25

1.5

2.25

SiO.^O

18

18

18

18

18

18

16

~__

0.5

0.5

1

1
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T h e

The following anuljWH of the

(a) Si • Al • SS • Al • Si = C AlaO3 • 15 SiO t,
(b) Si • Al • Si • Al - Si = 0 A!tO8 • 10 SiO t,

(a) MenoliteH of the* type?

§1 • Al • Si • Al - Si « 0 Al A , - 15 SiOf,

1 9 MO • 2 (6 A12O8 • 15 SiO2) • 36 H2O

11 MO • 2 (6 A12O8 • 15 SiO2) • 26 HaO

10 MO • 2 (6 A12O8 • 16 SiO2) 30 H2O

11 MO • 2 (6 A12O8 • 16 SiO2) 40 H2O

12 MO • 2 (6 A12O8 • 16 SiO2) 24 H2O

Bourcc
= 3 Na2O - 6 CaO Antrimolita i

Eisenach

(b) Mc*Holit4»H of the*
Si -Al • Si - Al • Si -= 6 Al A • 16 8iO t

12M0^4Naa0-8Ca0

| Amtlrtt

Bandy C«v<\ N.8. ] Month

Caranja Inte

Harringtaniti* ; Th«>nam*n

(c) MfHolitcH of t)i
&i - Al - Si • A\ • k « 6 Al tO, - 17 Si() t

9 MO • 2 (6 A12O8 • 17 SiO2) • 32 H2O

11 MO • 2 (6 A12O8 • 17 SiO2) • 30H2O

9MO»2NaaO-7CaO

llM0*4Na10-7Ca0

Source

Iceland

Ieeland

Kucha & c*

(d) MeiKilitim of the ty\m
Sri - A\ - b'i • A\ • ili * 6 A l / ) , • IB SiO t

Source

10
11
12
13

12 MO- 2(6 A12O8 • 18 SiO2) • 30H2O Nimk*rkireh<r*n

Tirol ]F«ch*AOf*hJ«*n
Antrimoliiel' \
Bengunft \ \

Sky©
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jMCesolites

JVIesolites conform to the following types :

( o ) Si • Al • Si • Al • Si = 6 A12O3

( d ) Si • Al • Si • Al • Si == 6 A12O3

o r t he general formula

xrx MO • 2 (6 A12O3 • 15 SiO2) • n H 2 0.

357

17 SiO2,
18 SiO2.

Theory
VII

Theory
II

o r t h e general formula
rxx MO • 2 (6 A12O3 • 1G SiO2) • n H 20.

o r t h e general formula
xxx M O • 2 (6 R2O3 • 17 SiO2) n H , O .

o r t h e general formula
M O - 2 ( 6 A l 2 0 8 - 1 8 S i 0 2 ) nH a O.

SiO,

42.92
43.47
43.50
43.83

AltOt

29.18
30.26
29.57
29.04

CaO

8.01
7.50
8.12
7.84

Naa0

4.43
4.10*
7.49
7.80

HaO

15.46
15.32
11.31
11.75

MffO

0.19 FeO

Total

100.00
100.94
100.00
100.26

Theory
XXXII
Theory

XXXIX
Theory

XI

SIO,

44.98
45.39
42.58
42.70
44.95
44.84

A1,O,

28.68
28.09
27.14
27.50
28.65
28.48

CaO

7.87
7.55
7.45
7.61

11.21
10.68

NaaO

5.81
5.28
6.87
7.00
5.80
5.56

HaO

12.66
12.71
15.96
14.71
10.11
10.28

MgO

0.49 K2O

—

Total

100.00
99.51

100.00
99.52

100.00
99.84

Theory
XXVI
Theory
XXIII

810,

46.83
46.58
45.90
45.78

A1.O,

28.10
27.57
27.54
27.53

CaO

9.00
9.10
8.82
9.00

Na,0

2.84
3.64
5.58
5.03

H,0

13.83
13.17
12.15
12.30

MgO

0.08

0.31 K*O

Total

100.00
100.14
100.00
100.13

Theory
I
V

VIII
IX

XIII
XIV

810.

46.76
46.65
46.04
47.07
45.98
46.70
46.72

AliO,

26.49
27.40
27.00
26.28
26.18
26.62
26.70

CaO

9.70
9.26
9.61
9.88

10.78
9.08
8.90

Na,0

5.37
4.91
5.20
4.89
4.54
5.39
5.40

H,0

11.68
12.00
12.36
12.24
13.00
12.83
12.92

MgO

—

—
—
—

Total

100.00
100.22
100.21
100.31
100.48
100.63
100.64

• Determined by Thomson as K,O.
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

12MO2(6Al203-18 SiO2)-30H2O

>

14MO2(6 Al2Oa-18SiO2)-44H2O

12MO=4Na2O-8CaO

141V[O = 3Na20-llCa0

Source

Skye
Naalsjo
Naalsjo
Naalsjo
Naalsjo
Stromo*

Berufjord
Iceland
Iceland
Iceland
Iceland

Port George, N.S.
Port George, N.S.

Cape Blomidon
Atacama, Chili

Fritz Island, Pa.

Analyst

Heddle
Berzelius

Heddle
Fuchs and Gehlen

Durscher
E. E. Schmid

S. v. Waltershausen
Fuchs and Gehlen
Fuchs and Gehlen

E. E. Schmid
Lemberg

How
How

Marsh
Darapsky

Sadtler

The

The following analyses of the minerals of the

A. R • Si • R
B. R • Si • Si • R
C. ft • Si • ft
D. ft • Si • Si • &
E. Si • R • Si • ft

= 5 R 2 ( V 6SiO2,
= 5 R2O3 • 12 SiO2,
= 6R 2 O 3 - 6SiO2,
= 6 R2O3 • 12 SiO2,

• Si = 6 R2O3 • 16 SiO2,
P. Si • R • Si • & • Si = 6 R2O3 • 18 SiO2. •

A. Compounds of the type

S • S i - R = 5R 2 O 3 -6S iO 2

Somce Analyst
12MO-2 (5 Ala08-6Si02)-12H20

I3MO-2 (5 Al2O8-6 SiO2)-9 H2O

= 8FeO-4MgO

10FeO-2.5 MgO-0.5MnO

St. Marcel

Leeds, Canada

Kobell

Hunt

B. Compounds of the type

R • Si • Si • E = 5 R2O3 • 12 SiO2

3 13MO-2(5 Ala03-12 SiO2)-llH2OJ 13MO = 9.25 FeO-3.75 MgO

Source

St. Marcel

Analyst

Damotir
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Theory
XV

XVII
XVIII
XIX
XX
XXI

XXII
XXIV
XXV

XXVII
XXVIII
XXIX
XXX

XXXI
XXXVI

Theory
XXXIII

SiO,

46.76
46.26
46.80
46.80
47.00
47.50
47.40
46.41
46.78
47.46
47.13
45.96
46.66
46.71
45.89
46.74

43.39
43.29

A15O,

26.49
26.48
26.50
26.46
26.13
26.10
27.05
26.24
25.66
25.35
26.52
26.69
26.48
26.68
27.55
25.99

24.59
25.02

CaO

9.70
10.00
9.87
9.08
9.35
9.15
9.16
9.68

10.06
10.04
10.36
9.48
9.63
9.55
9.13
9.11

12.37
12.15

NaaO

5.37
4.98
5.40
5.14
5.47
4.57
4.69
4.46
4.79
4.87
4.50
5.09
4.83
5.68
5.09
5.23

3.73
3.40

H,0

11.68
13.04
12.30
12.28
12.25
12.80
12.69
13.76
12.31
12.41
12.59
12.78
12.25
11.42
12.79
12.41

15.92
16.01

MgO

0.06
0.01

0.48 K20

—

Total

100.00
100.76
100.87
99.76

100.20
100.12
101.05
100.97
99.60

100.13
101.12
100.00
99.85

100.04
100.93
99.48

100.00
99.87

Clintonite Group*

Clintonite group conform to the following types :

G. Sir-R = 7.5 R2O3 • 6 SiO2,

H. R, • & • t, • Si • R = 8 R2O3 • 12 SiO2,

= 9R 2 O 3 - 6SiO2JJ. S i A t
X

K. R • & • R • & • R = 9 R2O3 • 12 SiO2.

or the general formula

m MO • 2 (5 R2O3 • 6 SiO2) • n H2O.

| SIO, | AIaO, | Fe»O,

Theory
IX

Theory
XXXI

26.74
25.75
26.12
26.30

37.89
37.50
36.99
37.10

—

PeO

21.40
21.00
26.11
25.92

MnO | MgO

1.28
0.93

5.94
6.20
3.62
3.66

OaO

—

HaO

8.03
7.80
5.88
6.10

Total

100.00
98.26

100.00
100.01

or the general formula

m MO • 2 (5 R2O8 • 12.SiO2) • n H2O.

Theory
XI

SiO,

26.23
25.50

41*0,

37.27
38.13

Fe*O,
—

FeO

24.27
23.58

MnO

-

M?O

5.11
5.19

CaO

—

H,0

7.22
6.90

Total

100.00
99.30

* Known in Germany as the Sprodgliminer or "brittle micas."
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C. Compound

R • Si • R = il

4

5

6

7

8

9

10

11

12

13

14

15

16

10 MO

11 MO

11 MO

11 MO

12 MO

12 MO

12 MO

12MO-

12MO-

13MO-

13MO-

13MO-

15MO-

2(6R2O3-

2(6R2O3-

2(6 R2O3 -

2(6A12O3

2(6 A12O3

2(6A12O3

2(6 A12O3-

2(6A12O3-

2(6 A12O8-

2(6A12O3-

2(6A12O3-

2(6 A12O3*

2(6 A12O3-

6 SiO2) •

6 SiO2) •

6 SiO2) •

•6SiO2)-

• 6 SiO2)

•6SiO2)-

6 SiO2) •

6 SiO2) •

6 SiO2) •

6 SiO2) •

6 SiO2) •

6 SiO3) •

6 SiO2) •

10H2O

10H2O

10H2O

12H2O

10H2O

10H2O

12H2O

12H2<

12H2O

12H2O

12H2O

11H2O

10MO=7FeO-3MgO
-12 R2O3=8.75 A12O3 • 3.25 Fe2O,

11 MO=5 MgO • 5.5 FeO • 0.5 CaO
• 12 R2O3=11.25 A12O3 • 0.75 Fe2O3

11 MO=4.75 MgO • 0.25 MnO • 5.5 FeO
• 0.5 CaO • 12 R2O3 = 11.5 A12O3 • 0.5 Fe2C)3

llMO=HFeO

12MO=12FeO

12MO = 11.5FeO-0.5H2O

12 MO = 10.5 FeO • 1.5 MgO

12 MO=7.75 FeO - 4.25 MgO

12 MO=9.75 FeO - 2.25 MgO

13 MO = 11.75 FeO • 0.75 MgO • 0.25 Mn(»
-0.25 CaO

13MO = 11.75FeO- 0.75 MgO -0.25 MnO
• 0.25 CaO

13 MO=7.5 FeO • 0.5 MnO • 5 MgO

= 12FeO-3MgO

D. Compound

R • Si • Si - R - I I

17

18

10 MO-2(6 R2O8-12 SiO2)-8 H2O

19 MO-2(6 A12O8-12 SiO2)-14 H2O

10 MO=6 FeO • 3 MnO • 0.5 MgO
• 0.5 CaO • 12 R2O3 = 11 A12O3 • 1 Fe2O3

19 MO=15.5 FeO • 3.5 MnO

Lii

tin

E. Cornpourifli

Si • M - Si • Al- SI = 6 A

19 13MO-2(6Al2O3-16SiO2)-12H2O 13 MO = 12.5 FeO • 0.5 MgO
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or the general formula

m M O - 2 ( 6 R t O 8 - 6 S i 0 2 ) n HoO.

AnfUyit J

H e r m a n n

S u i d a

I l o d d i o

Ddemn

K r d m a n n

S m i t h

Bernard

D a m o u r

A. iSipdcz

L . B in i th

L . S m i t h

Hudd lu

K o b t U

T h e o r y
X X V I

T h o o r y
X

T h o o r y
x x i

T h o o r y
V I I I

T h e o r y
X X I V

T h o o r y
X X V I I I

T h e o r y
x n i

T h o o r y
V I

T h o o r y
I V

T h e o r y
X X I X

T h o o r y
X X X

T h o o r y
X X

T h o o r y
x x v n

24.52
24.54

25.79
2G.03

25 .91
25 .36

24.39
24 .10

25.04
24 .96

24.41
24 .10

24 .59
24.90

24 .93
24 .40

24.39
24 .90

23.47
23.04

23.47
23.20

24.53
24.47

23 .03
23 .01

Al3Oa

30.39
30.72

41.11
42.33

42.21
41.74

41.47
40.71

43.59
43.83

41.50
39.80

41.78
40.36

42.38
42.80

41.46
40.99

39.90
39.52

39.90
40.21

41.70
41.34

39.15
40.26

F e A

17.71
17.28

4.29
4.09

2,87
3.90
—
—

—

—

—
—

—

.

0.55

—

—.
0.38

FcO

17.17
17.30

14.19
14.32

14.05
13.93

20.83
27.10

30,77
31.21

27.69
27.55

25.45
20.17

19.33
19.17

23.78
24.28

27.58
28.06

27.58
27.25

18.40
18.52

27.64
27.40

MnO

—

—

0.64
0.92

—
,

—

0.30
—
—

. —

—

0.58
0.52

0.58
—

1.21
0.91

—

MgO

4.08
3.75

7.16
7.30

6.84
6.82

—

—

( K a 0 ~ { - N a a 0 )

2.05
2.54

5.88
6.17

3.05
3.33

0.98
0.80

0.98
0.95

6.81
6.80

3.84
3.97

CaO

—

1.00
0.35

1.00
0.90

—

—

—

—

—

—
—

0.46
0.45

0.46
0.83

—

0.30

—

H.0

6.13
6.38

6.46
6.56

6.48
6.57

7.31
7.24

—

6.40
6.50

6.13
6.23

7.48
6.90

7.32
7.82

7.03
7.08

7.03
6.97

7.35
6.98

6.34
6.34

Total

100.00
99.97

100.00
100.98

100.00
100.14

100.00
99.15

100.00
100.00

100.00
98.25

100.00
100.23

100.00
99.44

100,00
101.87

100.00
100.36

100.00
99.41

100.00
99.70

100.00
100.98

or the* general formula

m MO • 2 (6 R,O, - 12 SiOt) • n H2O.

Thoory
XVIII

Thoory
XXXII

w o , | AI«O3

40 .52 31 .58
40 .55 3 0 . 8 0

33.04
33.20

28.59
29.00

4,50
3.82

11.99
12.40
26.07
25.93

MuO
5.99
6.51
5.81
6.00

MgO

0.57
0.45

0.24

CaO

0.79
1.29

H,0

4.00
4.12
5.89
5.60

Total

100.00
100.00
100.00
99.97

o r t h e g e n e r a l f o r rnu l a

m M O • 2 (6 E / J 3 - 10 S i O t ) • n H 2 O .

BIO, »e,O

T h e o r y
X I I

44 . HI
44 .79

28.60
29.71

FeO

21.03
20.75

MnO

—

MffO

0.46
0.62

CaO

—

H,0

5.04
4.93

Total

100.00
100.80
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F. Compounds of the type
Si • R • Si • R • Si = 6 R2O3 • 18 SiO2

Source Analyst
20

21

17 MO-2(6 A12O3-18 SiO2)-16 H2O

17 MO-2(6 A12O8-18 SiO2)-16 H2O

17 MO = 11.5 FeO-5.5 MnO

17 MO = 11.5 FeO-5.5 MnO

Ottre

Ottre

Damour

Daxnour

G. C o m p o u n d s of t h e t y p e

/ R
S i f - R = 7.5 R 2 O 3 • 6 S i O 2

Source Analyst

22 29MO-2(7.5R2O3-6SiO2)
•12BLO

29 MO=19.75 MgO-8.25 CaO-1 FeO
•15 R 2 O 3 = 14.5 Al2O30.5 Fe2O3

Manzoni SipOcz

H . ComiDOunds of t h e t y p e

R • Si • R • Si • R = 8 R 2 O 3 • 12 S i O 2

Source Analyst

23

24

12MO'2(8R2O8-12SiO2)
•12H2O

24MO-2(8AlaOs-12SiO2)
•14H2O

= 10FeO-2MgO
= 1 1 Al2CV5Fe20a

24 MO=24 FeO

Natic, Rh.
Island

Natic, Rh.
Island

Hermann

Whitney

J . C o m p o u n d s of t h e t y p e

§£-t, = 9 R 2 O 8 • 6 S i O 2

Source Analyst

25

26

30MO-2(9R2O8-6SiOo)
•6H2O

30MO-2(9R2O8-6SiO2)
•6H2O

30 MO=21.5 MgO-8.5 CaO
•18 B2O8=17.5 Al2O8-0.5 Fe2O8

30 MO=21.5 MgO-8.5 CaO
•181^03=17.5 Al2O3-0.5 Fe2O3

Ural

TJral

G. Wagner

0 . Schieffer-
decker

K . Compounds of t h e t y p e

Si • & • Si • & = 9 E 2 O 3 • 12 S i O a

Source Analyst

27

28

29

20 MO-2(9 A18O8-12 SiO2)
•24H2O

22MO-2(9Al2O3-12SiO2)
•16H2O

25 MO-2(9 AI«O3-12 SiO2)
•20 H , 0

20 MO = 15.5 FeO-3.5 MgO
•0.5 MnO • 0.5 CaO

2 2 M O = 2 1 F e O - l M g O

19.5FeO-5.5MgO

Kaisersberg

Hetzsohen

Kossoibrod

v. Foullon

Schroder

Bonsdorff
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or the general formula

m MO • 2 (6 R2O3 - 18 SiO2) • n H2O.

363

SiO, Al.Os Fe,O, FeO MnO MgO CaO HaO Total

T h e o r y
X I V

T h e o r y
X V

4 4 . 1 6
4 3 . 5 2

4 4 . 1 6
4 3 . 3 4

2 5 . 0 4
2 3 . 8 9

2 5 . 0 4
2 4 . 6 3

1 6 . 9 3
1 6 . 8 1

1 6 . 9 3
1 6 . 7 2

7 . 9 8
8 . 0 3

7 . 9 8
8 . 1 8

5 . 8 9
5 . 6 3

5 . 6 3
5 . 6 6

o r t h e g e n e r a l f o r m u l a

m M O • 2 ( 7 . 5 R 2 O 3 • 6 S i O 2 ) • n H 2 O .

1 0 0 . 0 0
9 7 . 8 8

1 0 0 . 0 0
9 8 . 5 3

SiO, AJ,O8 Fe,O, FeO MnO MgO CaO H , 0 Total

1 8 . 9 5
1 8 . 7 5

3 8 . 9 4
3 9 . 1 0

2 . 1 0
3 . 2 4

1 . 8 9
1 . 6 2 —

2 0 . 8 0
2 0 . 4 6

1 2 . 1 6
1 2 . 1 4

5 . 1 6
5 . 3 5

T h e o r y
I I *

o r t h e g e n e r a l f o r m u l a

m M O • 2 ( 8 R 2 O 3 • 1 2 S i O 2 ) • n H 2 O .

o r t h e g e n e r a l f o r m u l a

m M O • 2 ( 9 R 2 O 3 • 6 wSiO 2 ) • n H 2 O .

1 0 0 . 0 0
1 0 0 . 6 6

T h e o r y
X X X I V

T h e o r y
X X X I I I

SiO,

3 2 . 8 9
3 2 . 6 8

2 8 . 5 1
2 8 . 2 7

A1,O,

2 5 . 6 3
2 6 . 3 8

3 2 . 3 0
3 2 . 1 6

Fe,O,

1 8 . 2 8
1 8 . 9 5

FeO

1 6 . 4 5
1 6 . 1 7

3 4 . 2 0
3 3 . 7 2

MnO

—

MgO

1 . 8 2
1 . 3 2

0 . 1 3

CaO H , 0

4 . 9 3
4 . 5 0

4 . 9 9
5 . 0 0

Total

1 0 0 . 0 0
1 0 0 . 0 0

1 0 0 . 0 0
9 9 . 2 8

T h e o r y

T h e o r y

V l U t

SiO,

1 7 . 8 7
1 7 . 4 2

1 7 . 8 7
1 7 . 7 0

A1,O,

4 4 . 3 0
4 4 . 1 8

4 4 . 3 0
4 3 . 6 0

Fe,O,

1 . 9 9
3 . 6 3

1 . 9 9
2 . 9 0

FeO

—

MnO

—

MgO | CaO

2 1 . 3 5
2 0 . 6 1

2 1 . 3 5
2 0 . 9 0

1 1 . 8 1
1 1 . 9 5

1 1 . 8 1
1 1 . 5 0

H , 0

2 . 6 8
2 . 6 1

2 . 6 8
2 . 5 0

Total

1 0 0 . 0 0
1 0 0 . 3 0

1 0 0 . 0 0
9 9 . 1 0

o r t h e g e n e r a l f o r m u l a

m M O - 2 ( 9 R 2 O 3 • 1 2 S i O 2 ) • n H 2 O .

T h e o r y
I I

T h e o r y
I

T h e o r y
X X I I

SiO,

2 8 . 6 4
2 8 . 4 8

2 8 . 1 5
2 8 . 0 4

2 7 . 3 8
2 7 . 4 8

3 6 . 5 2
3 6 . 8 6

3 5 . 8 9
3 6 . 1 9

3 4 . 9 1
3 5 . 5 7

Fe,O,

z

z

—

* B r a n d i s i t e

FeO

2 2 . 2 0
2 1 . 8 8

2 9 . 5 5
2 9 . 7 9

2 6 . 6 9
2 7 . 0 5

MnO

0 . 7 1
0 . 9 7

—

0 . 3 0

MgO

2 . 7 8
2 . 8 0

0 . 7 8
1 . 2 5

4 . 1 8
4 . 2 9

CaO

0 . 5 6
0 . 5 9

0 . 2 0

—

f X a n t h o p h y l E t e

H , O

8 . 5 9
8.Q9

5 . 6 3
5 . 8 8

6 . 8 4
6 . 9 5

Total

1 0 0 . 0 0
1 0 0 . 3 6

1 0 0 . 0 0
1 0 0 . 3 5

1 0 0 . 0 0
1 0 1 . 6 4
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The

The following analyses of the minerals of the

A. Si • & • Si = 3 R 2 0 3 • 10 SiO2,
B. Si • & - Si = 3 R a 0 3 • 12 SiO2,

C. R^-Si = 3 R 2 0 3 • 15 SiO2,

A
R^D.

E. E
Si

= 3 R 20 3 • 18 SiO2)

= 5 R 2 0 3 - 6SiO2l

A. Mica of the type

1 20 M O - 2 ( 3 R 2 O 3

6 H 2 O
• 10 SiO2) 2 0 M O = 1 6 . 5 MgO

• 6 B 2 0 3 = 4 . 5 A l 2 O 3

S i

• 3 . 5 K 2

• 1 . 5 F e
0

>i = 3 R ^

B i o t i t e

0 3 - 1 0 S i O 2

Sourc*

Chester,
Mass .

B. Mica of the type

Source
6 MO • 2 (3 R 2 O 3 • 12 SiO2)

28 MO • 2 (3 R 2 O 3 • 12 SiO2)
• 6 H 2 O

3 2 M O - 2 ( 3 A J 2 O 3 - 1 2 S i O 2 )
• 2 I . O

2 8 M O = 2 3 M g O - 2 F e O - 3 K 2 0
• 6 B 2 0 3 = 5 . 5 A12O3 - 0.5 F e 2 O 3

32 MO = 26.5 MgO • 2.5 K 2 O - 3 N a 2 O

R o s c o e -
l ite

B i o t i t e

/Si
^Si

Si

Colorado

Moravicza

E d w a r d s ,
BT.S.

C . M i c a o f t h e t y p e

• 1 5 S i O 2

80UIC€
15 MO • 2 (3 R,O8 • 15 SiO2)

•20H2O
15MO=15MgO

• 6E20a=3.5Fe2O3-2.5 A12O3
Biotite Vermont

D . M i c a o f t h e t y p e

>3 • 1 8 S i O 2

Source

39 MO ^ ( S R j O a - l S S i O a )( 2

• 6 H 2 O

47 MO 18SiO 2 )

3 9 M O = 3 2 M g O - 7 K 2 O
• 6 R 2 O a = 3 A . i 2 0 3 - 3 F e 2 0 8

47 MO = 3 FeO • 17 MnO • 21 MgO
•3 CaO - 3 K 2 0

B i o t i t e Herschenberg

Pajoberg
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Mica Group

Mica group conform to the following types :

F. S)-

H. R-
J. Si •
K.S}-
L. Si-
M. Si •
N. R-
0. Si-
or the
mMO

R • R • &
Si S-Sl

= 5R2O3

= 5R2O3
= 6 R«03

Si

R
R

R-R
R-R
R-^i
It-Si
Ol " XV
R • Si • R • Si • R • Si = 9 R2O3

general formula
• 2 (3 R2O3 • 10 SiO2) • n H20.

Si

R

= 6 R2O3

= 6 R2O3

= 6 R2O3

= 6 R2O3

= 9 R2O3

12 SiO2,
18 SiO2,
6 SiO2,

10 SiO2J

12 SiO2,
16 SiO2)

18 SiO2)

12 SiO2,
20 SiO2.

Analyst
Pisani

| SiO,
Theory
CLXX

39.95
39.55

A12O,
15.28
15.95

FeaOa
7.99
7.80

FeO CaO
—

MgO
21.97
22.25

K20 | NajO
10.95
10.35

H2O
3.86
4.10

Total
100.00
100.00

or the general formula
m MO • 2 (3 R2O3 • 12 SiO2) • n H2O.

Analyst
Genth

Rumpf

Crawe

| sto*
Theory-

Theory
XLIV
Theory

CLI

57.43
56.74
40.73
40.16
40.35
40.36

AlaOa
20.34
19.62
15.87
15.79
17.15
16.45

FeaO,
6.00V2O87.78V2O8

2.26
2.53
—

FeO
4.31
3.844.07
4.12
—

CaO
—

——
—

MgO
3.19
2.63

26.03
26.15
29.70
29.55

KaO
7.50
8.11
7.98
7.64
6.58
7.23

Na,0
1.23
0.94

0.37
5.21
4.94

H,0

3.06
3.58
1.01
0.95

Total
100.00
99.66

100.00
100.34
100.00
99.48

Or the general formula

m MO • 2 (3 R2O3 • 15 SiO2) • n H2O.

Analyst
Thomson Theory

CLXXII

SiOa

50.34
49.08

AlaO,
7.13
7.28

Te2Oa

15.67
16.12

FeO CaO MgO
16.79
16.96̂

KaO
—

Na*O
—

HaO
10.07
10.28

Total
100.00
99.72

or the general formula

m MO • 2 (3 R2O3 • 18 SiO2) • n H2O.

Analyst
Bromeis

IgelstrOm

Theory
XXIII
Theory

CX

SiO,
43.27
42.89
38.63
38.50

A1,O,
6.13
6.09

10.94
11.00

Fe2O,
9.62

10.59
——
—

FeO

—
3.86
3.78

CaO

—
3.00
3.20

MgrO
25.64
25.09
15.01
15.01

K2O
13.18
13.15
5.04
5.51

NaaO
.*—

0.36
21.58MnO
21.40MnO

H,0
2.16
2.30
1.94
1.60

Total
100.00
100.47
100.00
100.00
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E. Micas of the type

R • Si • R = 5 R20« • 6 SiO.

Source

6.5 MO • 2 (5 A12O3 • 6 SiO2)
• 6 H 2 O

6.5 MO=4.5 CaO • 1.5 FeO • 0.5 MgO Margarite Peekskill

F. Micas of the type

Si * R • R • Si = 5 R2O3 • 12 SiO2

9

10

11

12

13

14

15

16

17

3 MO • 2 (5 A12O3 • 12 SiO2). q tr n
5 MO • 2 (5 A12O3 • 12 SiO2)

- 9 H2O
6 MO • 2 (5 A12O8 • 12 SiO2)

-8H2O
6 MO • 2 (5 R2O3 * 12 SiO2)

•11H2O
7MO-2(5A12O3- 12SiO2)

• 7 H8O
20 MO • 2 (5 R2O3 -12 SiO2)

—
22 MO • 2 (5 R2O8 • 12 SiO2)

• 48 H2O
23 MO-2 (5 R2O3 • 12 SiO2)

• 50 H2O
24MO-2(5R2O3-12SiO2)

• 44 HaO

3 MO = 1 FeO • 0.5 MgO • 1.5 K2O

5 MO=1 MgO • 1.5 K2O • 2.5 £Ta2O

6 MO=2 MgO • 3.5 K2O • 0r5 Na2O

6 MO = 1 MgO • 0.5 CaO • 3.5 K2O
• lNa2O • 10 R2O3=9.5 A12O3 • 0.5Fe2O8

7 MO=4 FeO • 0.5 MgO • 2 K2O
. 0.5 JSTa2O

20 MO=9.5 FeO • 6.5 MgO • 1.5 CaO
• 2.5Na2O • 10R2O3=6 A12O3 • 4Fe2O8

22 MO=21 MgO • 1 FeO
• 10 R2O8=8 A12O8 • 2 Fe2O3

23 MO=22 MgO • 1 FeO
• 10 R2O3 = 8 A12O3 • 2 Fe2O3

24 MO=23 MgO • 0.5 FeO • 0.5 NiO
• 10 R2O3 = 8.5 A12O3 • 1.5 Fe203

Pinitoid

Muscovite

Pinitoid

»

Biotite

,,

„

Source

Weinheirn.

Friebenreuth

XJnionville,
Pensylv.

Gleichinger
Fels

Chemnitz

Adamello

"Westchester

Westchester

Culsagee
Mine

Si • ST

G. M i c a s o f t h e t y p e

- S f = 5 R 2 O 3 • 1 8 S i O 2

18

19

20

21

22

23

24

4 MO

7 MO

8 MO

25 MO

34 MO

40 MO

50 MO

• 2 (5 Al2Oj
- 20 H2O
•2(5R2O3
•6H2O
• 2 (5 R2O3
•12H2O
• 2 (5 R2O8
•4HaO

• 2 (5 R2O8
•12H2O
• 2 (5 RaO8
•2H2O

•2(5Ala08
•34H,O

,-18SiO2)

•18SiO2)

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

•18SiO2)

• 18 SiO2)

4 MO = 1 FeO • 0.5 MgO - 2 K2O
• 0.5 Na2O

7 MO=1 MnO • 1 MgO • 5K2O
• 10 R2O8=9.5 A12O8 • 0.5 Fe2O3

8MO=5.5MgO • 0.5 CaO • 2 K2O
• 10 R2O8=8.5 A12O8 • 1.5 Fe2O3

25MO=12.5FeO-5CaO0.5MgO-4.5K2O
• 2.$Na2O

• 10 R2O8=7 Fe2O8 • 3 A12O8
34 MO=25 MgO • 4 FeO • 5K2O
• 10 R2O3=8.5 A12O8 • 1.5 Fe2O8
40 MO=11.5 FeO • 23 MgO • 5 K2O

-0.5Na2O
•10R2Oa=8Al2O8-2FetO8
50MO=41.5MgO-8.5FeO

Hygro-
philite

Muscovite

Gongylite

Biotite

9*

"

Source

Rheinpfalz

Heidelberg

YU-Kitka-
jarvi

Brevik

Karosulik

Tschebarkul

Milbury
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o r the general formula

xn MO • 2 (5 R2O3 • 6 SiO2) • n H20.

367

Analyst

Chatard Theory
XVIII

SiOa

32.32
32.73

Alt03

45.78
46.58

FeaO,

—

FeO

4.84
5.12

CaO

11.32
11.04

MgO

0.90
1.00

KaO Na*O

—

H*O

4.84
4.49

Total

100.00
100.96

o r the general formula

xxx MO • 2 (5 R2O3 • 12 SiO2) • n H2O.

Analyst |

Cohen

•v. Ammon

Chatard

Hilger

Knop

Baltzer

Konig

K0nig

Chatard

1
Theory

III
Theory

IV
Theory

0
Theory

V
Theory

Theory
LIII

Theory
CXXXVIII

Theory
CXL

Theory
CXXXII

Si0a |

50.44
50.82
48.68
49.08
47.30
46.60
45.92
45.24
46.26
47.77
36.41
36.43
33.22
33.35
32.52
33.03
33.24
34.00

Ala03 |

35.72
35.93
34.49
34.75
33.50
32.39
30.90
29.96
32.76
32.65
15.47
14.40
18.81
17.78
18.43
17.38
20.01
20.36

—

—

2.54
2.55
3.16
—

16.19
16.71
7.38
7.32
7.23
7.41
5.54
4.91

FeO |

2.53
2.92
—

—

0.32P2O5

9.25
8.94

17.30
17.40
1.66
2.11
1.63
1.44
0.82
0.42

CaO |

—

—

0.89
1.44
—

2.12
1.66
—

—

MgO |

0.70
0.41
1.33
0.85
2.63
2.01
1.27
1.15
0.64
0.49
6.57
6.87

19.01
19.26
19.87
20.16
21.23
21.71

KaO

4.93
4.13
4.78
5.40

10.81
10.39
10.17
10.13
6.04
5.86
5.94
5.54

=

0.86NiO
0.57NiO

Na*O

0.08
5.24
5.30
1.02
0.54
1.98
2.15
0.99
1.50

0.03

—

—

HSO |

5.67
5.68
5.48
5.35
4.73
4.81
6.32
6.24
4.06
4.19

—
19.92
19.87
on Q*>
20.90
18.30
18.50

Total

100.00
99.99

100.00
100.73
100.00
99.28

100.00
99.79

100.00
101.00
100.00
99.04

100.00
99.69

100.32
100.00
100.47

o r the general formula

m MO • 2 (5 E2O3 • 18 SiO2). n H20.

Schwager

Knop

Thoreld

Mailer

Kobell

Zellner

Crossley

Theory
II

theory

Theory
I

Theory
XCIX

Theory
DLXXVII
Theory

c x x
Theory
CLXXI

56.08
56.64
55.41
56.37
55.11
55.22
39.59
39.38
41.21
41.00
38.72
38.49
35.62
35.74

26.49
26.68
24.86
24.22
22.12
21.80

5.60
6.65

16.55
16.88
14.63
14.43
16.82
16.42

2.05
2.09
6.12
4.80

20.53
19.89

4.58
4.50
5.73
5.44

1.87
1.68

1.82MnO
2.5 MnO

0.32MnO
16.50
16.43

5.49
5.05

14.85
14.75
10.09
10.02

0.72
0.77
5.13
5.47
—
—
—
—•
—
—

0.22
0.52
0.29
1.03
0.83
5.62
5.90
0.73
0.56

19.08
18.86
16.50
16.35
27.38
27.44

4.88
5.33

12.06
12.61
4.80
4.46
7.75
7.86
8.97
8.76
8.42
8.12

0.80
0.64

0.03

0.45
2.84
2.81

0.50
0.53

9.36
9.13
2.77
2.41
5.51
5.77
1.33
1.39
4.12
4.30
0.65
0.89

10.09
10.30

100.00
100.73
100.00
101.06
100.00

99.49
100.00
100.44
100.00

99.35
100.00

99.00
100.00

99.92
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H. Micas o
& • Si • ft = 6 R2'

25

26

27

1M0-

2 MO-

6 MO-

2(6A12O3

2(6 A12O3

2 (6 R2O3

• 6 SiO2)

• 6 SiO2

• 6 SiO2)

•2H2O

•5H2O

•7H2O

1 MO = 0.25MgO • 0.25 K2O
• 0.25 Na2O • 0.25 H2O

2MO = 1.75 K2O-0.25

6MO=5CaO-lNa2O
•12 R2O8= 11.75 A12O3

H2O

•0.25Fe2O3

Lesleyite

»

Margarita

J. Micas o
Si • R • E • Si = 6 R2(

28 4 MO • 2(6 A12O3 • 10 SiO2) • 10 H2O

29 4 MO • 2 (6 A12O8 • 10 SiO2). 10 H2O

30 4 MO • 2 (6 A12O3 • 10 SiO2) • 10 H2O

31 4 MO • 2 (6 A12O3 • 10 SiO2) • 10 H2O

4 MO=0.5 CaO • 0.5 MgO -1K2O
•2Na2O

4 MO=0.5 CaO • 0.5 MgO • 1K2O
.2Na2O

4MO=0.5CaO -0.5MgO- 1K>O
•2Na2O

4 MO=0.5 CaO • 0.5 MgO • 1K2O
• 2 Na2O

Muscovite

Si •
K. Micas <

R • Si = 6 R2'

32

33

34

35

36

37

38

39

40

41

42

4 MO

4 MO

>>

4 MO

»

4 MO

5 MO

•2(6R2O3-

• 2 (6 A12O3

>•>

• 2 (6 A12O3 •

ft

• 2 (6 A12O3 •

• 2(6 Al2O3 •

12 SiO2)

12 SiO2)

12 SiO2)

tt

»

tt

12 SiO2)

12 SiO2) •

•8H2O

»

9H2O

ft

»

>»

ft

tt

• 10 H2O

8H2O

4MO=4KOO
12 R2O3=9.5 Al2O3-2.5Fe2O3

4 MO = 0.5 CaO • 0.5MgO-3Na2O

4MO = lK2O-3Na2O

4MO = 3.5K2O-0.5Na2O

4 MO=3.5 K2O • 0.5 Na2O

4MO=3.5K2O-0.5Na2O

4 MO=0.5 K2O • 3.5 Na2O

4MO=0.5K2O-3.5Na2O

4MO=0.5MgO-3K2O-0.5Na2O

4MO=4K2O

5 MO=0.5 MgO-0.5CaO-0.5FeO
•3K2O-0.5Na2O

Micarelle

Paragonite

Muscovite

if

Paragonite

Muscovite

»f
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of the general formula
m MO • 2 (6 R2O3 • 6 SiO2) • n H2O.

Analyst

Genth

Sharpless

Smith

Theory
XI

Theory
V

Theory
IX

SiO2

35.42
35.68
32.69
33.59
29.65
30.22

A12OS

60.19
60.29
55.56
55.41
49.39
49.67

Fe2O8

0.72

z
1.65
1.33

FeO

—

—

CaO

—

—

11.55
11.57

MgO

0.51
0.29
—

Trace

K2O | Na2O

0.76
0.41
7.46
7.43

z

1.13
0.96

2.55
2.31

H,0

1.99
1.78
4.29
4.30
5.19
5.12

Total

100.00
100.13
100.00
100.73
100.00
100.22

or the general formula
m MO • 2 (6 R2O3 • 10 SiO2) • n H2O.

Analyst

Smith & Brush

i> >»

99 99

i> »

Theory
CII

Theory
c m

Theory
CIV

Theory
CV

SiO2

41.82
40.29
41.82
39.64
41.82
40.21
41.82
40.96

AI2O,

42.65
43.00
42.65
42.40
42.65
41.40
42.65
41.40

Fe3Oa

1.30

1.60

1.30

1.30

FeO

-

—

—

CaO

0.98
1.01
0.98
1.00
0.98
1.11
0.98
1.11

MgO

0.69
0.62
0.69
0.70
0.69
0.70
0.69
0.70

KaO

3.27
3.94
3.27
3.94
3.27
3.25
3.27
3.25

NaaO

4.32
5.16
4.32
5.16
4.32
4.26
4.32
4.26

HaO

6.27
5.00
6.27
5.08
6.27
6.23
6.27
6.23

Total

100.00
100.32
100.00
99.52

100.00
99.21

100.00
99.21

or the general formula
m MO • 2 (6 R2O3 • 12 SiO2) n H2O.

Analyst

Massalin

Rammelsberg

Lemberg

Genth

K&nig

Sauer

Cossa

KOnig

Delesse

Blau

Theory

Theory
II

Theory
IV

Theory
XCVII
Theory

XCVIII
Theory
XVIII
Theory
VII

Theory
VIII

Theory
XC

Theory
XLVIII
Theory

LXXXI

SlOa

45.21
45.00
47.34
46.81
46.65
46.17
45.21
45.86
45.21
45.73
45.21
45.71
46.61
46.67
46.61
46.68
45.69
45.62
44.72
45.22
44.93
45.57

Al2Os
30.42
30.00
40.24
40.06
39.64
40.29
38.42
37.61
38.42
37.10
38.42
38.64
39.61
39.02
39.61
39.88
38.75
35.93'
38.01
37.85
38.19
36.72

Fe2O,

12.56
12.60

Trace

0.59

1.30

.

2.01

1.06

2.93 =

Trace

0.95

FeO

-

—

—

—

—

1.87A12O3

—

1.12
1.28

CaO

z
0.92
1.26

0.31
—

—

—

0.87
0.21

MgO

11.81
12.40
0.66
0.65

0.55

0.34

0.63
0.34

__
0.62
0.38

K,0

—

Trace
3.04
3.09

10.32
10.40
10.32
10.50
10.32
9.53
1.52
1.36
1.52
0.84
8.92
9.40

11.68
11.20
8.80
8.81

NaaO

—

6.11
6.40
6.01
5.53
0.97
0.80
0.97
0.88
0.97
0.90
7.02
6.37
7.02
6.91
0.98
0.71
.—

0.96
0.62

H,0

z
4.73
4.82
4.66
4.92
5.08
4.74
5.08
4.48
5.08
5.17
5.24
4.91
5.24
5.08
5.13
4.93
5.95
5.25
4.49
5.05

Total

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.90
100.00
100.33
100.00
100.00
100.00
100.34
100.00
100.45
100.00
99.86

100.00
99.52

100.00
99.93

2 B
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43

44

45

5 MO - 2(6 AltO3 • 12 SiO2) • 8 H2O

7 MO - 2(6 A12O3 • 12 SiO5) • 12 H2O

5MO=G.5MgO-0.5CaO-0.5FeO
•3K£0-0.5Na2O

5MO==4K20-lMg0
12R2OS=11 Al203-lFe203

7MO=0.5CaO-2.5 Mg0-3.5K2O
•0.5 - "

Muscovite East Indies

Horrajflberg

Maryland

Si • t • Si • E,

L. Micas of the type

Si = 6 R,O,-16 SiO2

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

4 MO - 2(6 A12O3 • 16 SiO2)
•8H2O

5MO-2(6Al2O8-16SiO,)
• 8 H2O

5MO-2(6R2O8-16SiO2)
• 9HjO

6MO-2(6R2O8-16SiO2)
•10HaO

6MO-2(6AJ8O3- 16SiO2)
«22H2O

6MO-2(6AJ2O316SiO2)
-22H2O

7MO-2(6AJ8O3-16SiO2)

7MO-2(6AJtO3-16SiO2)
• 20 H20

8MO-2(6AJ2O3- 16SiO2)
• 20 H2O

12 MO • 2(6 A^Oa • 16 SiOt)
-6HjO

26 MO - 2(6 RjO3 • 16 SiO2)
•3HtO

27MO-2(6R2O316SiO2)
•40H2O

29MO-2(6RsO316SiO1)
•60H2O

30 MO - 2(6 Rs03 • 16 SiOt)
•6H2O

30MO-2(6Al.O,-16SiOa)
• 28 H2O

-32K,O*
32M0-2(6Rs03-16Si0t)

•64H2O
34MO-2(6R2O316SiOt)

•60K2O
35 MO • 2(6 A12O, * 16 SiOa)

-34H2O

4 MO=0.5 FeO • 3 K2O • 0.5 Ua2O

5 MO= 1.5 FeO • 1 CaO • 0.5 Li2O
• 2K2O

5MO=1 MgO • 2 K2O • 2 Na«O
12 R2O3 = 10 A12O3 - 2 Fe2O3

6MO=0.5MgO- 5.5 K2O
12 R2O3= 1 Fe2O3 • 11 A12O8

6 MO = 1.5 FeO • 0.5 CaO • 1 MgO
•3K20

6MO=1.5FeO • LIMnO- 0.5 CaO
•0.5MgO- 2.5 K2O

7 MO = 0.5 FeO • 2.5 MgO • 4 K2O

7 MO = 1.5 FeO • 0.5 CaO • 2 MgO

8MO = 2FeO- lCaO-0.5MgO
•0.25K2O- lNa2O

12MO=1 CaO • 3.5 MgO - 4.5 K2O
3Na2O

26MO = 0.5CaO- 18.5MgO • 7K2O
12R203=8Al203-4Fe203

27 MO = 1 FeO • 0.5 CaO • 25.5 MgO
12 R2O3=8.5 AJ2O3 • 3.5 Fe2O8

29 MO = 1.5 FeO • 27.5 MgO
12R2O3=9Al2O3-3Fe2O3

30 MO = 11 FeO • 12.5 MgO • 5 Ka0
• 1.5 Na4O • 12 R2O8= 10 A12O3 - 2 Fe2O3

30 MO=21.5 FeO -8.5 MgO

32 MO =31.5 MgO - 0.5 FeO
12 R2O3=10 A12O8 • 2 Fe2O3

32 MO =31.5 MgO • 0.5 FeO
12 R2O3=10 A12O8 • 2 Fe2Os

34MO=33.5MgO-0.5FeO
12 R2O3=10 A12OS • 2 Fe2O8

35 MO = 21.5 FeO • 1 CaO • 11.5 MgO
•1K2O

Killinite

Muscovite

,,

Eillinite

Muscovite

Hygro-
philite

Paragonite

Biotite

st

Sooice

Branchville

Killiney
Hill

Oravicza

Striegau

Killiaey
HiU

Grube Him-
melsfurst

Fenestrell©

Zilleithal

West-
chester

Renchthal

Monroe

Calsagee
Mine

w

Riode
Janeiro
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Analyst
Sipdcz

Igelstrom

Chatard

Th&ory
LXXXII
Theory

LXXIII
Theory
XCIII

SiO,
44.93
45.71
43.88
43.41
42.75
42.21

AW.
38.19
36.57
34.18
35.17
36.35
34.55

Pe,O,

1.19
4.87

,4.62

i 1.03

FeO

1.12
1.07

—

2.03Cr2O3

CaO
0.87
0.46

—
0.83
0.47

0.62

f 1.22
11.40
2.96
3.13

i sso
| 9.22
| 11.46
1 10.90

I 9.16

i0.96
0.7O

! _

,0.92
iO.82

: Erf)
4.49
4 S3

:4.39
; 4.50
6.42

!6.77

Total

lOO.cn>
10067
100.00
100-00
100.00

.100,17

o r th.e general formula

m MO • 2 (6 E2O3 • 16 • n H2O.

AjiaJrst |

Dewey

Mallet

Kjerulf

Hiepe

Lefcmnt

Blythe

Scheerer

TCiiiing

I*as]>eyres

Coeaa

Varrea-
trapp

Brush

Chatard

Pisani

Cooke

Chatard

ELonig

C.v.Hauex

Theory
VII

Theory
III

Theory
XXIV
Theory

XIX
Theory

I
Theory

II
Theory

XV
Theory

IV
Theory

I
Theory

IX
Theory
XLVI

Theory
c x x x v n

Theory
c x x x r s
Theory

VI
Theory

CLXIV
Theory

CTTfXTTTT
Theory
CXXXI
Theoryf»Y Y YV/.A. A W-
Theory
c x x v

aio, | AijO,

2.79
3.47
2.53
2.&9

a0.88
50.&8
8.99
9.27
8.03
9.O8
7.98
7.93
0.Q5
7.84
8.36
8.60
7.28
8.42
7.3*

47.95
39.54
39.85
37.O
37.1
34.25
34.4
36.7
37.6
34.6
34.9
37.4
37.5
33.6
33.7
33.5
33.9
32.4
32.3

3.65J
2.36
3.49
3.24
7.03
6.69
8.62
8.69
0.62
O.50
0.59
1.04
1.91
9.98
0.81
2.82

30.14
32.06
30.17
3103
16.81
16.07
16.72
17.57
16.37
16.63
19.52
18.7
22.1
21.8
19.8
1 ft 7
X. JJ. *
17.8817.5
17.8
17.38
20.7
20.4

Fe,O, |

0.79

—
8.47
8.48
4.08
2.S9

—
.77MnO
.26MnO

2.91

—

—

—
13.17
13.21
10.80
10.54
8.56
8.00
6.12
6.48
___
—
6.23
5.95
5.59
5.61
5.60
5.42

—

0.99
0.42
2.95
3.27
—
—

—
2.70
2.27
2.69
2.33
0.94
1.12
2.72
2.76
3.54
3.26

—

—
1.39
1.26
1.93
2.11

15.23
15.28
27.96
28.44
0.70
0.58
0.63
0.50
0.63
G.50

26.17
26.25

CaO

0.17
1.53
1.45

—

—
0.7O
0.68
0.7O
0.72

0.05
0.71
0.84
1.38
1.15
1.38
1.07
0.58
0.42
0.54
0.56
___

—

—
—

—

0.95
0.85

MffO

0.723kInO

—
1.06
1.19
0.52
0.42
1.00
1.08
0.50
0.46
2.61
2.02
2.02
2.37
1.47
1.72
3-45
3.42

15.24
15.&0
19.65
19.65
19.02
19.30
9.57
9.72
6.14
6.24

24.55
25.13
22.08
22.48
23.45
23.43
7.77
7.75

K.0 !
7.76 i
7.68 ;
5.14
4.94
4.9S i
4.52 |

13.20
13.91
7.05
6.72
5.83
6.06
9.80
9.48
4.73
4.08
5.79
5.67

10.43
10.44
13.55
13.68

—
0.43

—

S.93
—
—
—

—
—

0.35 2710
1.59
2.02

KHO

0.86
0.44 i

0.42 Li,O
0.46 Li,Oi

3.29 ;
2.72 |

i
— -

;
— i

1
— 1

i
1.72 TiO,

1.56 5

1.32
1.53
1.36
4.58
4.08
—
—

—

—
1.77
1-9S
—
—
—

—
—
—

H,O Total

3.S5 100.00
4.07 100.16
3.94 100.00
3.67 99.92
4.29 100.00
4.19 98,67
4.59 100.00
4.77 9995
9.90 loaoo

lO.OO: 190,4$
9.m loo.oo

10.00 99.80
4.69> 100.00
4.40 99.52
9.07; 100.00
8.83 101.62
8.87 100.00
9.02; 102.68
2.60i 100.00
2.41 100.41
l.ll! 100.00
1.17} 100.00

13.8SI 100.00
13.76:100.87
l».27i 100.00
is.osl m.ii
2.07| 1O0.0O
2.S3; 101.12
9.10! 100.00
Z.tT 100.76

11.33] 100.00
11.09! 1CN>.06
K>.1S} 100.00
WMy 100.t2
1S.8S 100.00
WA1\ 1W.18
10.35, 100.00
10.33 100.00



372 T H E MICA GROUP

M. Micas of the type
Si • R • Si • R • Si = 6 R2O3 • 18 SiO2

1
65

66

67

68

69

70

71

72

73

5MO-2(6R203-18Si02)
•3H2O

6MO-2(6Al2O3-18SiO2)
•18H2O

6MO-2(6Al2O3-18SiO2)
•19H2O

7MO-2(6Al2O3-18SiO2)
• 10H2O

26MO-2(6R2O3-18SiO2)
•4H2O

29MO-2(6R2O3-18SiO2)

36MO-2(6R2O3-18SiO2)
•86H2O

37 MO • 2(6 A12O3 • 18 SiO2)
• 12 H2O

39MO-2(6R2O3-18SiO2)
-2H2O

5 MO=0.5 CaO-4.5 K2O
12 R2O3=9.5 Al2O3-2 Fe2O3-0.5 Mn2O3
6 MO=2 FeO • 1.5 MgO • 2 K2O

• 0.5 Na2O
6MO = 1.5FeO-lMgO-3K2O

•0.5Na2O
7 MO = 0.5 FeO • 3.5 MgO • 3 K2O

26 MO = 12 FeO -5.5 CaO- 5 K2O
•3.5 Na2O; 12 R2O3=9.5 Al2O3-2.5Fe2O3
29 MO = 23.5 MgO • 4.5 K2O • 1 Na2O

12 R2O3=8.5 A12O3 • 3.5 Fe2O8
36 MO = 35.5 MgO • 0.5 FeO

12 R2O3=9.5 A12O3 • 2.5 Fe2O8
37 MO = 15.5 FeO • 2 MnO • 19.5 MgO

39 MO = 33 MgO • 1 CaO • 5 K2O
12 R2O3=9 A12O3 • 3 Fe2O3

Micarelle

Killinite

>>

Muscovite

Biotite

Source
—

Killiney
Hill

Dalkey

Tamsweg

Brevik

Laacher
See

Magnet

Preflburg

Vesuvius

!NT. Micas of the type
R • Si • R • Si • k = 9 R2O3 • 12 SiO2

74

75

76

12 MO

29 MO

29 MO

• 2(9 A12O3

• 12 H2O
- 2(9 R2O3
- 10 H2O
• 2(9R2O3
• 10 H2O

• 12 SiO2)

• 12 SiO2)

12 SiO2)

12MO =

29MO =
•5Na2O
29MO =
• 5Na2O

2 FeO-0.5 MnO-9.5 CaO

1.5FeO-21MgO-1.5K20
; 18R2O3 = 17.5Al2O3-0.5Fe2O3
1.5FeO-21MgO-1.5K2O
; 18 R2O3= 17.5 Al2O3-0.5 Fe2O3

Margarite

Willcoxite

i9

Source

Tokowaja

Shooting
Creek

Cullakenee
Mine

O. Micas of the type
Si • R • Si • R • Si • R • Si = 9 R2O3 • 20 SiOa

77

78

79

80

81

82

83

4MO-2(9R2O3-20SiO2)
•24H2O

6MO-2(9R2O8-20SiO2)
-18H2O

7 MO • 2(9 A12O3 • 20 SiO2)
• 15H2O

8 MO • 2(9 R2O3 • 20 SiO2)
-16H2O

9MO-2(9R2O3-20SiO2)
•16H2O

9 MO • 2(9 R2O3 • 20 SiO2)
•16H2O

9 MO • 2(9 R2O8 • 20 SiO2)
•12H2O

4 MO=0.5 FeO • 0.5 MgO • 2.5 K2O
• 0.5 CaO; 18 R2O3=17.5 Al2O30.5Fe2O3
6MO=5.5K2O-0.5H2O

18 R2O3 = 17 A12O3 • 1 Fe2O3
7 MO=2.5 CaO • 3 MgO • 1.5 K2O

8MO = lMgO-7K2O
18R2O3=16AI203-2Fe203

9 MO = 1 CaO • 2 MgO • 4 K2O • 2 Na2O
18 R2O8=15.5 A12O3 • 2.5 Fe203

9 MO = 1 CaO • 2MgO • 4K2O • 2Na2O
18 R2O3=15.5 A12O3 • 2.5 Fe2O3

9 MO=3 MgO • 5 K2O • 1 Na2O
18R2O3=17Al2O3-lFeJgO8

Hygro-
philite

Lesleyite

Muscovite

Source

Nil St.
Vincent
—

Dobrawa

Mt.Leinster
Carlow

Botriphinie

Vanlup

St. Etienne
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or the general formula.
m MO • 2 (6 R2O3 • 18 SiO2) • n H2O.

Analyst

Ficinus

Galbraith

»

Kobell

Muller

Bromeis

KSnig

C.v.Hauer

Bromeis

Theory
II

Theory
IV

Theory
V

Theory
XXXIII
Theory

C
Theory
XXII
Theory

CXXXV
Theory
XLV
Theory

LIV

SiO2

53.56
54.60
52.28
50.45
51.59
50.11
53.71
52.52
36.82
36.08
43.27
43.02
33.06
33.28
38.26
38.13
39.71
39.75

A12O8

24.03
23.60
29.63
30.13
29.23
29.37
30.43
30.88
4.32
4.99

17.37
16.85
14.84
14.88
21.82
21.60
16.88
15.99

Fe2O8

7.93
8.60
—

—

25.92
25.98
11.22
11.63
6.12
6.36

8.82
8.29

FeO

1.96Mn2O3
1.60Mn2O3

3.48
3.53
2.58
2.23
0.89
0.80

14.73
14.28

—

0.55
0.57

19.77
19.92

—

CaO

0.69
0.80
—

0.34
—

5.25
5.43

z
—

1.02
0.87

MgO

z
1.45
1.09
0.95
1.03
3.48
3.82
—

18.83
19.11
21.74
21.52
13.81
13.76
24.26
24.49

KaO

10.49
11.20
4.55
4.81
6.73
6.71
7.02
6.38
8.02
7.96
8.07
8.60

2.51 MnO
2.61 MnO

8.64
8.78

NaaO

—

0.75
0.95
0.74
0.60

3.69
3.68
1.24
1.15

—

—

HaO

1.34
1.20
7.84
7.58
8.18
8.03
4.47
4.60
1.22
1.31

23.69
23.90
3.83
3.98
0.67
0.75

Total

100.00
101.60
100.00
98.54

100.00
98.42

100.00
99.00

100.00
99.71

100.00
100.36
100.00
100.51
100.00
100.00
100.00
98.92

or the general formula
m MO • 2 (9 B,2O3 • 12 SiO2) • n H2O.

Analyst

Jewrechow

Kflnig

tp

Theory
XV

Theory

Theory
II

SiOj

34.26
34.02
29.48
28.96
29.48
29.50

AltO.

43.68
43.33
36.56
37.49
36.56
37.56

Fea0a

—

1.64
1.26
1.64
1.40

FeO

3.42
3.02
2.22
2.46
2.22
2.42

CaO

12.67
13.11

—

-

MgO

0.84 MnO
1.05 MnO

17.20
17.35
17.20
17.20

K,0

—

2.88
2.46
2.88
2.42

Na,0

—

6.34
6.73
6.34
6.24

H,0

5.13
5.34
3.68
4.00
3.68
3.32

Total

100.00
99.87

100.00
100.69
100.00
100.02

or the general formula
m MO • 2 (9 R2O3 • 20 SiO2) • n H2O.

Analyst

Renard

Roepper

BOricky

Haughton

Heddle

»»

Delesse

Theory
III

Theory
VIII
Theory
XXX

Theory
Lvin
Theory

LI
Theory
LIV

Theory
XLVII

SIO,

47.33
47.02
46.66
47.02
48.91
48.74
44.96
44.64
45.24
45.10
45.24
45.43
46.67
46.23

A1,O,

35.19
34.82
33.71
33.27
37.42
37.96
30.57
30.18
29.80
29.90
29.80
29.65
33.71
&3.03

Fe,O,

1.58
2.57
3.11
2.84
—

5.99
6.35
7.54
7.87
7.54
8.33
3.12
3.48

FeO

1.41
0.68
—

—

0.03 MnO

0.02 MnO

z

CaO

0.55
0.20

2.85
2.63

1.06
0.62
1.06
0.79

z

MffO

0.79
0.52

___
2.44
2.41
0.75
0.72
1.51
0.72
1.51
1.70
1.94
2.10

K,0

4.63
4.60

10.05
9.97
2.87
3.07

12.33
12.40
7.09
7.84
7.09
6.94
9.14
8.87

Na,0

0.18

—

2.34
2.56
2.34
2.27
1.21
1.45

H,0

8.52
8.35
6.47
6.71
5.51
5.45
5.40
5.32
5.43
5.51
5.43
5.29
4.21
4.12

Total

100.00
98.94

100.00
99.79

100.00
100.26
100.00
99.61

100.00
100.15
100.00
100.42
100.00
99.28
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Source
84

85

86

10MO-

14 MO

14 MO

2(9R2O3-
4H2O
2(9A12O8
11H2O
2(9A12O8
11H2O

20 SiO2)

20SiO2)

• 20 SiO)2

10 MO=4 K2O • 3.5 Na2O • 2.5 MgO
18 R2O3=17.5 A12O8 • 0.5 Fe2O3

14MO = 1.5FeO • 2BaO • 0.5 CaO
• 4 MgO • 4.5 K2O • 1.5 Na2O

14 MO = 1.5 FeO • 2 BaO • 0.5 CaO
•4MgO-4.5K2O-1.5Na2O

Muscovite Zillertal

Pfitschtal

N e w Formulae for the

The following analyses of the minerals

A. Si • R • Si = 3 R203 • 10 SiO*

B. Si • R • Si = 3 R2O3 • 12 SiO2,

/ S i
C. R^-Si = 3 R2O3 • 15 SiO2,

X S i

D. R • Si • Si • R = 5 R2O3 • 12 SiO2,

E. Si • R • Si • R • SAi = 5 R2O3 • 18 SiO2,

A. Scapolites of the type

S i - ^ - S i = 3R2O3- 10SiO2

1

2

3

4

5

6

7

8

9

10

6 MO • 2(3 R2O8 • 10 SiO2)
•6H2O

9MO-2(3Al2O8-10SiO2)
•2H2O

9MO-2(3Al2O8-10SiO2)
•0.5H2O

9MO-2(3AlaO8-10SiO2)
•4H2O

llMO-2(3Ala08-10Si02)
•2.5H2O

12MO-8(3R2O8-10SiO2)
• 40 H2O • 4 CaCOa

23 MO • 8(3 AlaOs • 10 SiO2)
• 2 HoO * 3 CaCO«

22MO*8(3Al2O8-10SiO2)
•26H2O-4CaCO8)

36 MO • 8(3 A12O8 • 10 SiO2)
•12H2O-lCaCO8

30MO-8(3Al2O8-10SiO2)
•2H2O1 CaSO4

6MO=3MgO-2.5K2O-0.5H2O
6 R2OS=5.75 A12O3 • 0.25 Fe2O8

9 MO=4.25 CaO • 4.25 Na2O • 0.5 H2O

9 MO=5.75 CaO • 2.75 Na2O
•0.25MgO-0.25K2O

9 MO=6 CaO • 2.25 Na2O • 0.25 K2O
•0.5H2O

HMO=7.75CaO • 1.5Na2O
• 0.25 K2O-1.5 MgO
12MO = 10K2O-2MgO

• 24 B2O8=23 A12O8 • 1 Fe2O8
23 MO=12 CaO • 10 Na2O • 1K2O

22MO=12MgO10K2O
• 24 RaO8=23 A12O8 • 1 Fe2O8

36 MO=22 CaO • 9 Na2O • 2 K2O
•3 MgO

30MO=20CaO-10Na2O

Source

Algerite
Franklin N. J.
St. Lawrence

Co., N.S.
Arendal

Arendal

Malsjo

Algerite
Franklin N. J.

Gulsjo

Algerite
Franklin N.J.

Malsjo

Kupfermine

Analyst

Crossley

Bammels-
berg

Wolff

Damour

G. v. Rath

Hunt

Hermann

Crossley

G. v. Rath

Lacroix
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Analyst

Sclaafhautl

berg
I^&xnmels-

berg

Theory
XXXVI
Theory-

XL
Theory

XLI

SiO,

47.72
47.05
43.39
43.09
43.39
42.90

AJ,O8

35.49
34.90
33.19
32.79
33.19
32.40

FeaO,

1.59
1.50

5.51 BaO
5.91 BaO
5.51 BaO
5.82 BaO

FeO

—

1.95
1.85
1.95
2.40

CaO

—

0.56
0.23
0.56
0.80

MgO

1.98
1.95
2.88
2.90
2.88
2.87

KtO

7.47
7.96
7.28
7.61
7.28
7.47

Na»O

4.32
4.07
1.68
1.42
1.68
1.73

H,0

1.43
1.45
3 56
4.26
3 56
3.02

Total

100.00
98.88

100 CO
100.35
100 00
99.41

S c a p o l i t e G r o u p

o f this group conform to the following formulae :

3B\ Si • R . S i • Si • R • Si

Gr» E» • Si • S i

H . Si • R - S i

J . Si

K . Si

R • S i

• R • S i

R

• R - S i

• R • Si

• Si • R • Si

= 5R2O3-22SiO2 ,

= 6 R2O3 • 12 SiO2,

= 6 R2O3 • 16 SiO2,

= 6 R2O3 • 18 SiO2,

= 6 R2O3 • 22 SiO2,

L . Si - R • S i • E • Si • R • Si = 9 R2O3 • 20 SiO2.

o r tlie general formulae

(a) m MO • 2 (3 R2O3 • 10 SiO2) • n H20,

(b) m MO - 8 (3 R2O3 • 10 SiO2) • n H2O • p CaCO3 (or p CaSO4).

| SiOa

Theory
LXXXIa
TheoTy
XCII

Theory
XXX

Theory
XXXYI

Theory
XLII

Theory
LXXX
Theory
XLV

Theory
LXXXI
Theory
XLI

Theory
CXV

52.21
52.O0
50.88
50.73
51.14
50.91
50.17
50.30
48.63
47.24
50.81
49.82
53.52
52.94
50.03
49-96
49.68
49.36
52.41
52.62

AJ,O,

25.52
25.42
25.95
25.40
26.07
25.81
25.58
25.08
24.81
24.69
24.84
24.91
27.29
27.64
24.45
24.41
25.33
25.33
26.72
26.42

Fe,o,

1.74
1.54

—

0.75

—

Trace
1.69
1.85

1.68
1.48
——

Trace

FeO

—

—

—

—

—

—
-

0.30

—

—

MgO

5.22
5.39

—
0.43
0.58

—
2.43
2.18
0.85
1.15

0.25 MnO
5.00
5.18
1.24
1.05

CaO |

—
10.09
10.24
13.75
13.34
14.05
14.08
17.59
16.84
2.37
2.20
9.36
9.10

—
12.75
12.47
12.84
13.11

KaO

10.22
10.38

—
—
1.00
0.85
0.98
1.01
0.95
0.85
9.95

10.21
1.05
0.54
9.80
9.97
1.95
1.51

0.45

Na»0

—
11.17
11.09
7.26
7.09
5.83
5.98
3.77
3.55

Trace
6.91
6.89
—
—
5.77
5.81
6.77
6.62

H,0
5.09
5.27
1.91
1.96
0.38
0.41
3.39
3.25
1.82
1.72
—
7.57
0.40
0.66
4.87
5.06
2.24
2.42
0.39
0.43

NaCl |caCO»

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

0.87 SO8
0.79 SOa

—
—
—
—
—
—
—
—
—
—
—
—
—

4.17
4.21
1.04
1.35
—
—

CO, | a j Total

—
—
—
—
—
—
—
—
—
1.86
1.74
1.47
1.50
—
—
—
—
—
—

—
—
—
0.09
—
—
—
—
—
—
—
—
—
—
—
—
—

100.00
100.00
100.00
99.60

100.00
99.74

100.00
99.70

100.00
98.07

100.00
99.45

100.00
99.72

10000
100.27
100.00

— 100.00
0.101100.54
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B. Scapolites of the type

- R - S i = 3R 2 O 3 -12SiO 2

11

12

13

9 MO

9 MO

15 MO

• 2(3 A12O3

• 2(3 A12O3
• 1H2O
• 4(3 A1O3 •
* 3NaCl

• 12 SiO

• 12 SiO

12SiO2

1)

1)

9 MO=4.25 CaO • 4.25 Na2O • 0.5 K2O

9 MO=4.25 CaO • 1.75 K>0 • 1.5Na2O
•lMgO-0.5H2O"

15 MO=9 CaO • 5.5Na2O • 0.5 K2O

Source
Mizzonite

Dipyre from
Pouzac

St.Lawrence
Co., N.S.

Analyst
Rath

H. Schulz

Lemberg

C. Scapolites of the type

Si = 3 R2O3 • 15 SiO2
XSi

Source Analyst
14

15

8MO-2(3Al2O3-15SiO2)

10MO-2(3Al2O3-15SiO2)
•4H2O

8 MO =4.5Na2O • 2.5 CaO • 0.5 MgO
•0.5K2O

10MO=:5.5MgO- 3K2O- 0.75FeO
• 0.25 Na2O • 0.5 CaO

Marialite,
Pianura

Couseranite,
Pouzac

G. v. Bath

Pisani

D. Scapolites of the type

R • Si • Si • KT= 5 R2O3 * 12 SiO2

16

17

18

19

20

21

22

23

24

10 MO - 2(5 A12O8 • 12 SiO2)

10 MO - 2(5 A12O8 • 12 SiO2)
•2H2O

11 MO -2(5A1,OB- 12 SiO2)
•2H2O

11 MO • 2(5 Al2Oa.-12 SiO2)
• 17 H2O

12M0-2(5Al2Oa*12SiO2)

14MO-2(5Al2O812SiO2)

15MO«2(5Al2O3-12SiO2)

15 MO • 2(5 A12O3 • 12 SiO2)

18MO-2(5Al2O3-12SiO2)
•14H2O

10 MO = 10 CaO

10MO = 9CaO-lNa2O

HMO = 10CaO-0.5K2O
•0.5Na2O

HMO=4MgO-3CaO
•3K20-lNa20

12 MO = 12 CaO

14 MO = 12 CaO • 1.5Na2O
. 0.5 K2O

15MO = 13CaO-2Na2O

15MO = 13CaO-lMgO
•0.5K2O*0.5Na2O

18 MO = 15.5 CaO • 2.5 MgO
• 10B2O3=8.5 A12O8 • 1.5 Fe2O8

Source

Stansvik

ClayCo.,N.C.

Pargas

Wilsonite
Bathurst, Canada

Stansvik

Ersbyite, Pargas

Baikalsee

Mejonite from
Vesuvius

Atheriastite,
Arendal

Analyst

Lagus
Olckorifin
Berkley

Wolff

Selkmann

Lagus
Olckonen.

N. Norden-
ski6ld

Hermann

G. v. Rath

Berlin
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o r the general formulae

(a ) m MO • 2 (3 R2O3 • 12 SiO2) • n H20,
Cb) m M O - 4 ( 3 R2O3 • 12SiO2) • n N a d .

Theory
XVI

Theory
XXIII
Theory
XCIV

SiO2

55.38
54.70
55.08
53.97
55.69
55.04

AlaO,

23.52
23.80
23.41
23.68
23.67
23.62

Fe3O3

—
—
—
—
—
—

FeO
—
—
—
—
—
—

MgO

0.22
1.53
1.40
—
—

CaO

9.15
8.77
9.10
8.76
9.75
9.38

1.82
2.14
6.29
6.43
0.91
0.73

NajO

10.13
9.83
3.56
3.55
6.59
6.29

H.O

0.13
1.03
0.98

0.28

Nad

3.39
3.69

CaCO, CO, a j Total
|100.00

— ; 99̂ 59
!1AA AA
j 1W.UU

— j 98.77— 1100.00
— 99.03

o r the general formula

m MO • 2 (3 R2O3 • 15 SiO2) • n H2O.

Theory
XVIII
Theory
XXV

SiO,

62.11
62.72
58.37
58,33

AIaO,

21.12
21.82
19.85
20.20

FeaO8

—

FeO

1.75
1.90

MgO

0.69
0.31
7.14
7.20

CaO

4.83
4.62
0.90
0.99

K,0

1.62
1.15
9.15
8.82

Na,0

9.63
9.37
0.50
0.76

H»O

2.34
2.35

Nad

—

CaCO,

—

CO,

—

a

—

Total

100.00
100.00
100.00
100.55

o r the general formula

m MO • 2 (5 R2O3 • 12 SiO2) • n H2O.

Theory
L X V H I
Theory

ILXXVIII
Theory

LIX
Theory
CXIII

Theory
LXIX
Theory
LVII

Theory
LXXVa
Theory
XIII

Theory
XXXVIII

SiO,

47.68
47.60
47.03
47.54
45.95
45.10
41.88
41.26
45.98
45.60
44.02
44.26
43.48
43.35
43.56
42.55
38.23
38.00

AIaO,

33.77
33.50
33.31
34.03
32.55
32.76
29.66
30.31
32.56
32.60
31.17
30.37
30.80
30.52
30.85
30.89
23.02
24.10

Fe,0.

—

—

—

—

—

—

0.95

0.41
6.37
560

FeO

—

—

—

—

—
—
—

—

—

-*-

MSO

—

—

—
4.66
4.20

—

0.15

—
1.21
0.83
2.65
2.80

CaO

18.55
17.20
16.46
17.23
17.87
17.84
4.89
5.34

21.46
23.40
20.54
20.17
21.98
21.59
22.02
21.41
23.04
22.64

K,0

—

—
1.50
0.68
8.20
7.43

—
1.43
1.15
—
—

1.42
0.93
—
—

Na,0

—
2.02
1.82
0.99
0.76
1.80
1.97
—
—

2.84
2.75
3.74
3.74
0.94
1.25
—
—

H,0

—
1.18
1.02
1.14
1.04
8.91
8.83
—
—
—
—
—
—
—
—

6.69
6.95

Nad

—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
——

CaCO,

—

—
—
—
—
—
—
—
—
—
—
—
—
—
—

CO,

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

a

—

—
—-
—
—
—
—
—
—
—
—
—
—
—
—
—

Total

100.00
98.30

100.00
101.64
100.00
$8.18

loo.od
99.34

100.00
101.60
100.00
98.85

100.00
100.15
100.00
98.46

100.00
100.09
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E. Scapolites of the type
Si • R • & • R • Si = 5 R2O3 • 18 SiO2

Source Analyst
25

26

27

28

14 MO - 2(5 R2O8 • 18 SiO2)

14MO-2(5R2O8-18SiO2)
-14H2O

32MO-2(5Al2Os-18SiO2)
-10H2O

8 MO • 2(5 R2O8 • 18 SiO2)
•10H2O-3CaCO8)

14 MO=9 CaO • 4.5 Na2O • 0.5 K2O

14 MO=6 CaO • 3 K2O • 3 MgO-1 Na2O
. 1 FeO ; 10 R2O3=9 A12O8 • 1 Fe2O8

32MO=31CaO-lMgO

8 MO=3.5 K2O • 2.5 CaO • 2 MgO
10 R2O8=9.5 A12O3 • 0.5 Fe2O3

MalsjO

Tiree

Storgard

Bolton,
Mass.

SipCcz

F. Heddle

Norden-
skiold

Gk v. Rath

F. Scapolites of the type
Si • S • Si • & • R • Si = 5 R2O3 • 22 SiO2

Source Analyst
29

30

12 MO • 2(5 R2O8 • 22 SiO2)
• 10 H2O

15MO-2(5Al2O8-22SiO2)

12 MO=6.5 Na2O • 5 CaO • 0.5 MgO
10R2O3=9Al2O3-lFe2O8

15 MO = 3 MgO • 6 CaO • 6 Na2O

Coquimbo

Bamle

Jannetaz

Vogt

G. Scapolites of the type
R • Si • SAi • ft = 0 R2O3 • 12 SiO2

31

32

HMO-2(6Al2O8-12SiO2)

HMO-2(6Al2O3-12SiO2)
•2H2O

HMO=llCaO

HMO = llCaO

Source

Helsingfors

Pargas

Analyet

Wilk

Norden-
skittld

H. Scapolites of the type
Si • R • Si • R • Si = 6 R2O3 • 16 SiO2

33

34

35

36

37

38

39

9MO-2(6R2Oa-16SiO2)
•2H80 ':.-

10 MO • 2(6 A12O8 -16 SiO2)
• 12 BC2O

13MO-2(6R2O8-16SiO2)

13 MO • 2(6 A12O8 -16 SiO2)
*1H2O

14MO-2(6Al2O3«16SiO2)
• 21H2O

17 MO • 2(6 A12O8 • 16 SiO2)
• 1H2O

18MO-2(6R2O3-16SiO2)
•3H2O

9 MO=6 CaO • 3 Na2O • 12 R2O8
= 11.5Al2O8-0.5Fe2O8

10 MO=4.5 MgO • 4 K2O • 1 CaO

13 MO=10.5 CaO • 1.5 Na2O-0.5 K2O
•0.5H2O; 12R2O8=11.5Al2O8-0.5Fe2O8
13MO=llCaO-2Na2O

14MO=5CaO -4MgO • 4KaO
• 1 Na2O

17MO=14.5 CaO • 2Na2O • 0.5 K2O

18 MO=15.5 CaO • 1.5 Na2O • 1 MgO
12R2O8=11 A12O8 • lFe2O8

Source
Petteby

Bathurst,
Canada

Diana,Lewis
Co.,N.S.
Ersby

Bathurst,
Canada

Laacher See

Bolton,
Mass.

Analygt
Hartwall

Hunt

Hermann

Hartwall
Herdberg

Hunt

Rath

G. v. Rath
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or the general formulae
(a) m MO • 2 (5 R2O3 • 18 SiO2)
(b) m MO • 2 (5 R2O3 • 18 SiO2)

n H2O,
n H2O. p CaCO3.

Theory
XLIII
Theory
XXIX
Theory

LV
Theory
CVI

SiO3

53.86
52.48
49.52
48.92
42.06
41.25
50.97
49.99

A1,O.

25.44
25.56
21.05
22.10
19.86
20.36
22.87
23.01

Fe»O, |

—

3.67
3.16
—

1.89
1.64

FeO

0.39
1.65
1.51
—

—

Mgo| CaO

z
2.75
2.77
0.78
0.54
1.89
1.73

12.57
12.44
7.70
7.75

33.80
33.58
3.30
3.35

K,0

1.17
0.79
6.47
6.06

7.76
7.09

NâO

6.96
6.52
1.42
1.28

0.35

HaO

0.61
5.77
5.69
3.50
3.32
4.25
4.23

NaCl

0.58 SO3

0.54 MnO

—

CaCO,

—

7.07
7.80

CO,

0.14

—

—

ci

0.27
—

—

Total

100.0C
99.78

100.0C
99.7$

100.0C
99.0£

100.0C
99.K

or the general formula

m M O - 2

Theory
LXXVII

Theory
XXXIX

(5R2O3-22

SIO,

57.38
57.40
58.82
59.66

AltO,

19.95
19.60
22.73
22.65

SiO2)

FeaO,

3.48
3.40

• n H2O.

FeO | MgO

—
0.43
0.40
2.67
2.60

CaO

6.09
6.20
7.49
7.32

K,0

Trace

Na*0

8.76
8.80
8.29
8.13

H,0

3.91
3.41

NaCl CaCO,

—

CO,

— —

Total

100.00
99.21

100.00
100.36

or the general formula
m MO • 2 (6 R2O3 - 12 SiO2) • n H2O.

Theory
LXX
Theory

LIII

SiOa

43.90
43.63
43.43
43.83

AlaO,

37.32
36.93
36.91
35.43

Fe,O, FeO

—

MgO

—

CaO

18.78
18.37
18.57
18.96

KaO

—

Na,0

-—

HaO

1.09
1.03

NaCl

—

CaCO,

—

CO,

—

Cl | Total

100.00
98.93

100.00
99.25

or the general formula
m MO • 2 (6 R2O3 • 16 SiO2) • n H2O.

Theory
LXVII
Theory
CXII

Theory
LXXXVI

Theory
LXV

Theory
CXI

Theory

Theory
CV

SIO,

51.46
51.34
47.97
47.60
49.10
47.94
49.20
48.87
43.64
43.55
46.32
45.13
45.09
44.40

A1,O,

31.44
32.27
30.58
31.20
30.00
30.02
31.37
31.05
27.82
27.94
29.53
29.83
26.35
25.52

Fe,O,

2.15
1.91

z
2.05
2.00

___

0.20

z
3.76
3.79

FeO

-

—

0.26 MnO

—

-

—

MgO

z
4.50
4.19

—

3.63
3.81

0.13
0.94
1.01

CaO

9.01
9.33
1.40
0.95

15.04
14.41
15.79
15.94
6.36
6.50

19.59
18.98
20.39
20.18

KaO

—

9.39
9.30
1.20
0.73
—

8.55
8.37
1.14
1.40

0.51

Na,0

4.98
5.12
0.77
0.88
2.38
2.20
3.18
3.25
1.41
1.45
2.99
2.73
2.18
2.09

Hao

0.96
LOO
5,39
5.43
0.22
0.31
0.46
0.61
8.59
8.61
0.43
0.41
1.29
1.24

NaCl
—

—

—

—

CaCO,

—

—-

—
—

—

cofl

—

—

—

-

a
—

—

-

Total

100.00
100.9̂ 7
100.00
99.55

100.00
98.47

100.0C
99.62

100.0C
100.43
100.0C
98.01

100M
98.74
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J. Seapolites of the type

Si • R • Si • R • Si = 6 R2O3 • 18 SiO2

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

2MO-2(6Al2O3-18SiO2)
•6H2O

3M0-2(6Al2O3-18Si02)
•2H2O

14MO-2(6Al2O3-18SiO2)
•1H2O

14MO-2(6Al2O3-18SiO2)
•4H2O

14MO-2(6Al2O3-18Si02)
•4H2O

15 MO • 2(6 A12O3 • 18 SiO2)
•2H2O

17MO-2(6Al2O3-18SiO2)
•2H2O

18MO-2(6R2O3-18Si02)
•2H2O

18 MO • 2(6 A12O3 • 18 SiO2)
• 4H..0

18 MO • 2(6 A12O3 • 18 SiO2)
• 13 H2O

19 MO • 2(6 Alo03 • 18 SiO2)
•4H2O~

19MO-2(6Al2O3-18SiO2)
•7H2O

20MO-2(6R2O3-18SiO2)

20MO-2(6RoO3-18SiO2)
• 1 H2O"

22MO-2(6R2O3-18SiO2)
•2H2O

llMO-2(6R2O8-18SiO2)
• 3 Na2CO3

12MO-2(6Al2O8-18SiQ2)
•6NaCl

15MO-2(6Al2O8-18SiO2)
-2H2O-lNaCl

2MO = 1.5Na2O-0.5H2O

3 MO = 1 CaO • 1 Na2O • 0.5 MgO
• 0.5 K2O

14MO = 10 CaO • 2.5 Na2O • 0.5 FeO
• 0.5 K2O • 0.5 MgO

14 MO = 8 CaO • 3.5 MgO - 2 Na2O
• 0.5 K2O

14 MO = 8.5 CaO - 2.5 MgO • 2Na2O
• 0.5 MnO • 0.5 K2O

15MO = llCaO-4Na2O

17MO = 12 CaO • 3 Na2O -1.5 MgO
• 0.5 K2O

18 MO = 13.5CaO • 3.5 Na2O • 1 MgO
12R2O8=11.5Al2O3-0.5Fe2O3

18 MO = 14 CaO • 3.5 Na2O • 0.5 MgO

18MO = 15.5CaO-2.5Na2O

19 MO = 14.5 CaO • 2.5 Na2O •
• 1.5 MgO • 0.5 K2O

19MO = 11 CaO • 4MgO • 2Na2O
•2K2O

20MO = 14CaO-6Na2O
12 R2O3=11.5 A12O3 • 0.5 Fe2O8

20 MO = 14 CaO • 5.5Na2O • 0.5 K2O
12 R2O8=11.5 A12O8 • 0.5 Fe2O8

22 MO = 18 CaO • 2Na2O • 1.5 MgO
•0.5 K2O ; 12R2O3=11A12O3- 1 Fe2Oa
11 MO = 10 CaO • 0.5 MgO • 0.5 K2O
12 R2Oa=11.25 A12O3 • 0.75 Fe2O8
12 MO = 12 CaO

15 MO = 12 CaO • 2.5 Na2O • 0.5 K2O

Source

St. Lawrence
Co., N.S.
Bolton,

Mass.
Boxborough

Glaukolite
Baikalsee

Obernzell
bei Passau
Bolton,

Mass.
Hirvensalo

Drothem

Bolton,
Mass.

Bucks
Co., Pa.

Perth,
Canada

Bolton,
Mass.

Arendal

Bolton,
Mass.

Hesselkulla

Obernzell
bei Passau

Ersby

Analyst

Rammels-
berg

Hermann

Becke

Berge-
mann

Giwar-
towsky
Fuchs

WolfE

Berg

Thomson

Leeds

Hunt

Wurtz

G. v. Rath

Hermann

Fuchs

Lemberg
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"fclxe general formulae

0 * 0 x n 3VE0 • 2 (6 R 20 3 • 18 SiO2) • n H20,

T h e o r y
X C I I I

T h e o r y
c m

T h e o r y
C V I I I

T h e o r y
X . : K : : X I I
T h e o r y

I - X Z X I I I
T h e o r y

X I
T h e o r y

C
T h e o r y

L I I
T h e o r y
XHLTSTII
T h e o r y
X C I X
T h e o r y

X - X X X Y
T h e o r y

O X
T h e o r y

O I
T h e o r y

T h e o r y
C I V

T h e o r y
X-

T h e o r y
I I I

T h e o r y
ILIXIIII

SiO2 |
60.10
59.29
52.56
51.68
51.19
50.53
51.25
50.58
50.96
50.49
50.42
49.30
49.26
48.79
48.41
48.15
48.25
46.35
46.54
46.30
47.68
47.47
46.97
46.30
47.29
1:7.67
46.93
46.82
45.79
45.57
49.40
49.49
49.01
49.42
49.62
49.30

A12O3|
34.05
34.78
29.79
29.30
29.00
29.31
29.03
27.60
28.88
28.12
28.57
27.90
27.92
28.16
26.29
25.38
27.34
26.34
26.37
26.48
27.02
27.51
26.62
26.20
25.66
25.75
25.48
26.12
23.79
23.65
26.25
26.06
27.78
27.50
28.12
26.99

0 3 - 18SiO2) •pNa2CO3(orp

—
—
—
—

—
—

0.86Mn2O3

0.40 FeO
—
—

0.32
1.79
1.48

0.32

• —

—

—
1.75
2.26
1.74
1.39
3.39
3.38
2.74
2.65

—

—

FeO |
—
—
—
—

0.85
0.49

0.10
0.84MnO
0.60MnO

—
—
—
—
—
—
—
—
—
—

—

—

—

—

—

0.25MnO

—

—

MgO

0.07
0.49
0.78
0.47
0.46
3.32
3.72
2.36
2.68
—
—
1.37
1.29
0.90
0.84
0.45
0.54

—
1.32
1.20
3.48
3.63

—

0.26
1.27
1.23
0.46
0.36

—

—

CaO

0.11
13.63
13.51
13.27
13.37
10.63
10.27
11.23
11.31
14.38
14.42
15.33
15.02
16.94
16.63
17.51
17.00
18.71
18.64
17.93
17.59
13.39
12.88
17.16
17.31
17.03
17.23
21.37
20.81
12.81
12.89
15.25
15.25
15.44
15.59

K2o|

—
1.14
0.94
1.11
1.23
1.11
1.27
1.10
1.00

—
1.07
0.54

0.12

0.32

—
1.04
1.40
4.08
4.30

—
1.02
0.97
1.00
0.63
1.07
0.80

1.08
0.69

Nad).

NâO

2.59
2.31
1.51
1.46
3.68
3.91
2.94
2.97
2.93
3.10
5.79
5.46
4.24
4.52
4.86
4.91
4.85
4.71
3.34
3.64
3.42
3.05
2.70
2.88
8.14
7.76
7.41
6.88
2.63
2.46
4.25
4.50
—
—
3.56
3.48

H20

3.26
3.31
0.88
0.82
0.43
0.54
1.72
1.73
1.70
1.79
0.84
0.90
0.81
0.74
0.81
0.85
1.60
1.60
5.04
5.04
1.59
1.48
2.76
2.80

—
0.39
0.33
0.76
0.78
—
—
—
—

0.83
0.66

NaCl |
_
—

0.15MnO

—

—

—

—

—

—
—

0 qq Resi-
due

—

—

—

—
—
—
—
—
—
—
7.96
7.83
1.35
1.35

CaCO,COj| Cl Total
1 i

—

—

—

—

—

—

—

—

—

_

]

— 100.00
0.20: 100.07
— 100.00
— 1 99.80
— ; 100.00
0.21 100.05
— 100.00
— 99.11
— 100.00
— i 99.49
— .' 100.00
— ; 97.98
— • 100.00

— — | 99.38

—
— ! 100.00
— 98.36

— — ' 100.00
— — j 98.17

—

—

—

—
— I
—
—
—

I
1
—

— 13.02
— 13.00
— 1 —
—
—
—

—
—
—

— 100.00
— j 100.08
— i100.00
— I 99.70
— 1100.00

—
—
—

—
—

98.99
100.00
100.75
100.00
100.00
100.00
98.51

— 100.00
— 100.00
— 1100.0Q
— ! 100.00
— 1100.00
—
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K. Scapolites of the type

Si • R • Si • Si • R • Si = 6 R2O3 • 22 SiO2

58

59

60

61

62

63

64

65

66

14MO-2(6R 2 O 3 -22SiO 2 )
• 12 H2O

18 MO • 2 (6 A12O3 • 22 SiO2)
•4H 2 O

20MO-2(6Al 2O 3 -22SiO 2 )

20 MO • 2 (6 A12O3 • 22 SiO.)
•4H 2 O

14MO-2(6Al 2O 3-22SiO 2)
• 2 KaCl

14MO-2(6Al 2O 3-22SiO 2)
-4H2O-3CaCO3

15MO-2(6Al2O3-22SiO2)
•2H 2 O-2NaCl

15MO-2(6AlaO3-22SiO2)
•2H 2 O-2NaCl

15 MO • 2 (6 A12O3 • 22 SiO2)
«4NaCl

14MO=7.5 CaO • 4K2O • 2.5MgO
12 R2O3= 11.5 A12O3 • 0.5 Fe2O3

18 MO = 9 CaO • 7 Nao0 • 1 K 2 0
• 1 MgO

20 MO = 10 Na2O • 9 CaO • 1 K2O

20 MO=7.5 Na2O • 7 CaO • 3.5 MgO
• 1K2O • 1H2O

14 MO = 10 CaO • 3 Na2O • 1 K2O

14 MO = 8.5 CaO • 0.5 K2O • 5 Na2O

15 MO = 8.5 CaO • 6.5 Na2O

15 MO = 9 CaO • 4 Na20 • 2 K 2 0

15 MO=9.5 CaO • 4.5 Na2O • 1K2O

Source

Bolton, Mass.

St. Lawrence
Co., N.S.
Monzoni

Dipyre,Br©no

Steinhag

French Creek,
Pa.

Pargas

St. Lawrence
Co., KT.Y.

Analyst

G. v. Rath

>>

Kiepen-
heuer

Salomon

Wittstein

Genth

Rammels-
berg

>>

>»

L. Scapolites of the type

- I l - S i = 9 R2O3 • 20 SiO2

Source Analyst
67

68

69

70

16MO-2(9Al2O8-20SiO2)
• 18 H2O

24MO-2(9Al 2O 8-20SiO 2)

26 MO • 2 (9 R2O3 • 20 SiO2)
•6H 2O

22MO-2(9Al 2O 3-20SiO 2)
• 4 CaCO8

16 MO=9 CaO • 4 Na2O • 1.5 MgO
•1.5K2O

24 MO=20.5 CaO • 2.5 Na2O • 1 FeO

= 21CaO-5K2O
18 R2O3=15 A12O8 • 3 Fe2O3

22 MO=19.5 CaO • 2.5 Na2O

Saleix, Ari^ge

Vesuvius

Bolton, Mass.

Vesuvius

Grandeau

Gmelin

Muir

Gmelin
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o r the general formulae

m MO • 2 (6 R2O3 • 22 SiO2) • n H 2 O 3

C*>) mMC

'JLlaeory
CVla

Theory
X.Z&XXIX

theory

Theory
VIII

Theory
VI

Theory
TuKKKLY

Theory
XXI

Theory
XXII

Theory
XCI

> • 2 (6 R20

SiO, | AJ,O3

52.75
52.20
52.72
52.25
51.95
52.19
52.71
52.74
54.76
54.87
52.08
52.30
54.04
53.32
53.43
53.32
52.93
52.90

23.42
24.03
24.44
23.97
24.08
23.54
24.44
23.98
25.39
25.32
24.15
23.68
24.91
24.67
24.60
24.08
24.38
24.95

3 • 22 SiO2

Te*Oa

1.60
1.71
—

Trace
—
—
—
O.40
—
—
—

0.58
—
—
—
—
—
—

FeO
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—

MgO
2.00
1.80
0.80
0.78

—
2.79
2.77
—
—
—
0.05
—
—
—
—
—
—

CauO
8.39
8.06

1O.06
9.86
9.92
9.61
7.83
7.43

11.62
11.63
12.70
12.36
9.69
9.84

1O.13
9.60

1O.59
1O.54

' P -

K»0
7.51
7.40
1.88
1.73
1.85
2.11
1.88
1.86
1.95
1.50
0.93
0.77

—
3.78
3.93
1.87
1.53

NaCl

Na,O

0.37
8.67
8.70

12.20
12.65
9.28
9.00
3.86
3.86
6.11
6.29
9.46
9.12
6.23
6.31
8.03
8.10

(orp

H*O

4.33
4.43
1.43
1.20

1.07
1.18

—
1.42
1.50
0.73
0.73
0.72
0.71

• CaCOs).

Nad

2.42
2.15

—

—

—

CaCO,j CO,
i
1
i
i

— _
— 2.61

—

—
,

2.63

H

—

1.4S
1.73
1.43
1.71
2.83
2.33

; lOO.OO
1 ioo!oo
1 1 AA (¥i1 lvv>UU
j 98.49
lUU.vfU
100.10100.00
99.36

100.00
99.33

100.00
100.16
100.31*
89.41

100.32»
99.66

101.&3*
100.35

o r the general formulae

( a ) rn MO • 2 (9 E2O3 • 20 SiO*) - n H 2 0 ,
("b) mMO • 2 (9 R2O3 • 20 SiO2) • n CaC03 .

Theory
XXYII
Theory

X
Theory
x c v r i i
Theory

IX

SiGa | A1.»O» I^O,

43.54
44.08
42.78
43.80
38.94
37.81
40.80
40.80

33.50
32.85
32.72
32.85
24.83
25.10
31.21
30.60

—

—
7.78
7.89
^_

TeO

—
1.28
1.07

.
—

MgO

1.09
1.18

—

—

—

CaO

9.14
9.17

20.46
20.64
19.07
18.34
22.37
22.10

K«O

2.56
2.68

—
7.63
7.30

—

4.49
4.43
2.76
2.57

—
2.63
2.40

5.88
6.20

—
1.75
1.50

—

XaCI

—

—

—
—
—

—

—
—
—
—
—

—

—
—
—

2.99
3.10

C3 Total

— lioo.eo
—

—

100.59
100.00
100.93

— j100.00
—
—
—

97.94
100.00
10G.OC

* The excess above 100.00 in the Theory-Total in Nos. 64, 65 aad &6 is due to
equivalent oi the chlorine "being included in the figures in the NaaO ootam.—A-B. S.
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The

The following analyses of the minerals

A. Si • R • ST = 3 R2O3 • 10 SiO2)

B. Si • R • Si = 3 R2O3 • 12 SiO2,

/Si
C. R ^ S i = 3 R2O3 • 15 SiO2)

X S i

D.
Si

= 3R ,O, • 18SiO5

E. R • Si • R = 5 R2O3 • 6 SiO2,
F. Si • R • R • gi = 5 R2O3 • 12 SiO2,

A. Orthochlorites of the type

1

2

3

4

5

22 MO

31 MO

32 MO

34 MO

43 MO

•2(3A12O3-
• 16 H2O
• 2 (3 R2O3 •
• 26 H2O
2(3R2O3-
24H2O
•2(3A12O3-
• 26 H2O
•2(3R2O3-
•8H2O

10 SiO2)

10 SiO2)

10 SiO2)

10 SiO2)

10SiO2)

S i - ]a • Si = 3 R2

|

22 MO = 12.5 FeO • 7 MgO • 1 CaO
• 0.5 MnO -.0.5 K-2O • 0.5 Na2O

31 MO=27 MgO • 3.5 FeO • 0.5 CaO ;
6R203=5Al203-lFe203

32MO=30MgO-2FeO;
6 R2O3=5.5 A12O3 • 0.5 Fe2O3

34MO=31MgO-3FeO

43 MO =40.5 MgO • 2.5 FeO;
6 R203=5 ALO3 • 1 Cr203

Ortho-
chlorite

Delessite

Orthochlorite
(Clinochlorite)
Orthochlorite

O3 • 10 SiO2

Source
Bishops Hill

St. Cyrus,
Scotland

Kupferberg

Zillertal

Webster,
N.C.

B. Orthochlorites of the types

Si • R • S"i = 3 R2O3 • 12 SiO2

6

7

8

9

10

11

12

1
25 MO

33 MO

33 MO

36 MO

38 MO

38 MO

39 MO

• 2 (3 Bo03 •
•22H2O
•2(3B2O3-
• 28 H2O
•2(3R2O3-
• 28 H2O
•2(3A12O3

•24H2O
•2(3R2O3-
• 28 H2O
•2(3R2O3-
• 38 H2O
• 2 (3 R2O3 •
• 30 H2O

12SiO2)

12SiO2)

12SiO2)

• 12 SiO2)

12SiO2)

12SiO2)

12SiO2)

25 MO = 25 MgO
6R2O3=5 A12O3- 1 Fe2O3

33 MO = 19MgO-6FeO-7CaO-lK2O
6 R2O8=5.5 A12O3 • 0.5 Fe2O3

33 MO=31 MgO • 1 FeO • 1 CaO
6 R2O3=5.5 A12O8 • 0.5 Cr2O3

36MO=31.5MgO- 1.5FeO1.5K2O
•lNa2O-0.5Li2O
38MO=37MgO-lFeO

6R203 = 4.5Al203'1.5Cr203
38 MO=38 MgO

6 R2O3=5.5 A12O3 • 0.5 Fe2O3
39 MO=39 MgO

6 R2O3=4.5 Al2O3-0.5 Fe2O3- 1 Cr2O3

Lennilite

Orthochlorite
(Pennine)

Orthochlorito

Source

Petham,
Mass.
Corry-

charmaig
Bissersk

Tilly Foster
Mine, N.Y.
Itkul Sea

Calumet
Falls, Can.
Texas, Pa.
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Orthochlorite Group

of the orthochlorite group conform to the following types :

S85

G.
H.
J .
K.
31
M.
N.
0 .
P .

Si • R • Si • R •
Si • R • Si • Si •
& • Si • R
Si • R • R • §T
*-. A. A A.

01 • jtv • xv * oiSi • R • Si • it •
Si • R • Si • R •
R • Si • & • Si •
R • Si • R • Si •

Si
R - S i

Si
Si
R
R

= 5 R2O3

= 5 R2O3

= 6R2O3

= 6 R2O3

= 6 R2O3

= 6 R2O3

= 6 R2O3

= 8 R203

= 9 R203

• 18 SiO2,
• 22 SiO2,
• 6SiO2,
•10SiO2,
•12SiO2,
• 16 SiO2,
• 18 SiO2,
•12SiO2,
• 12 SiO2.

or the general formula

m MO • 2 (3 R2O3 • 10 SiO2) • n H 20.

Analyst

Hedd]e

Kobell

Briiel

Genth

Theory
LXIX

Theory
V

Theory
HI

Theory
x x n i
Theory
CLX

SiO3

34.89
35.41
32.45
32.69
33.17
33.49
32.12
31.47
31.53
31.45

Al,0,

17.79
18.08
13.79
13.44
15.51
15.37
16.38
16.67
13.40
13.08

3^0,

0.48
4.33
4.40
2.23
2.30

—

Cr«0,

z

z

0.5S

3.99
4.16

FeO

26.16
26.47
6.81
6.62
3.98
4.25
5.78
5.97
4.74
4.88

MnO

1.03
0.61

z

0.11
—

CaO

1.34
1.01
0.76
0.86
—

0.17

M*O |X,O
8.14
8.77

29.20
28.77
33.17
32.94
33.19
32.56
42.56
43.10

1.37
0.98

z

—

0.06

Na,0

0.90
0.52

z

•

o.i6 mo

H»O

8.38
8.03

12.66
13.25
11.94
11.50
12.53
12.43
3.78
3.29

Total

100.00
100.36
100.00
100.03
100.00
100.40
100.00
99.21

100.00
100.35

or the general formula

m MO • 2 (3 R2O3 • 12 SiO2) • n H2O.

Analyst

Gooch

Heddle

Hartwall

Schlaepfer

Hermann

Hunt

Smith und
Brush

Theory
i n

Theory
LXII

Theory
CXI

Theory
c x x v n
Theory
cx rn

Theory
CXVIH
Theory
CXLIV

SiOa

41.07
41.27
33.78
34.31
36.83
37.00
35.38
36.18
34.42
34.64
33.61
33.28
34.03
33.26

AJaO,

14.55
15.19
13.16
13.64
14.36
14.20
15.04
14.34
10.97
10.50
13.09
13.30
10.84
10.69

Fe»O,

4.56
4.14
1.88
0.36

0.28
—

1.87
1.92
1.89
1.96

Cr,O,

—

—

1.94
1.00

z
5.46
5.50

z
3.60
4.78

PeO

—

10.13
10.31
1.84
1.50
2.65
2.88
1.72
2.00
—

z

MnO

—

0.23

z

—

CaO

—

9.19
8.97
1.43
1.50

0.38 Li*O
0.42 Li20

—

MsO

28.53
28.25
17.83
18.14
30.69
31.50
30.95
31.26
35.38
35.47
35.47
35.50
36.87
35.93

K,0

z
2.20
1.36

3.46
3.09

—

Na,0

z

0.13
—

1.52
1.99
—

—

0.35

H,0 1 Total

11.09
11.32
11.83
12.41
12.91
13.00
10.62
10.31
12,05
12.03
15.96
16.00
12.77
12.64

100.0G
100.17
100.00
99.76

100.00
99.70

100.00
100.75
100.00
100.14
100.00
100.00
100.00
99.61

2 c
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13

14

15

16

17

18

19

20

21

22

23

24

25

26

39 MO • 2 (3 R2O3 • 12 SiO2)
• 30 H2O

39 MO • 2 (3 R2O3 • 12 SiO2)
•32H2O

39MO-2(3R2Oa-12Si02)
• 32H2O

39 MO • 2 (3 R2O3 • 12 SiO2)
• 32H2O

39 MO • 2 (3 R2O5 • 12 SiO2)
• 32H2O

39 MO • 2 (3 R,O3 • 12 SiO2)
•32H26

39MO-2(3R2O3-12SiO2)
•32H2O

40 MO • 2 (3 A12O3 • 12 SiO2)
• 30H2O

40MO-2(3A12<V 12SiO2)
• 30H2O

40 MO • 2 (3 A12O3 • 12 SiO2)
• 30 H20

40MO-2(3A1203- 12SiO2)
•30H20

40 MO • 2 (3 R2Oa • 12 SiO,)
• 30H2O

45 MO • 2 (3 A12O3 • 12 SiO2)
• 30 H20

45 MO • 2 (3 R2O3 • 12 Si02)
• 30H2O

39MO=39MgO
6 R2O3=4.5 Al2O3-0.5Fe2O3- lCr2O3
39MO=37MgQ-2FeO

6 E203=5.5 A12O3 -0.5 Fe2O3
39MO=37MgO-2FeO

6 E203=5.5 A12O3 - 0.5 Fe2O3
39MO = 37MgO-2FeO

6 E203=5.5 A12O3 • 0.5 Fe2O3
39MO=37MgO-2FeO

6E203=5.5Al203-0.5Fe203
39 MO =37 MgO-2 FeO

6 E203=5.5 A12O3 - 0.5 Fe2O3
39MO=37MgO-2FeO

6 E203=5.5 A12O3 • 0.5 Fe2O3
40MO=37MgO-3FeO

11 )9 9>

If >? 9)

yy 19 yi

40MO=38.5MgO-1.5MnO
6 E203=5.5 A12O3 - 0.5 Fe203

43 MO =25.5 MgO • 17.5 FeO

45HO=36MgO-7i1eO-l MnO-Oa20
6 E203=5 A12O3 -1 Fe2O3

Orthochlorite

9>

9f

y>

y*

91

91

91

91

91

91

91

Diabaatite

Orthochloiite

Source

Texas, Pa.

Zillertal

,,

Î aQfeld

2©rrnatt

*i

Bianeathal

2©rmatt

ii

Pojsberg

Landes-
freude

Sealpay

C. Orthochlorites of the type

fSi

27

28

29

30

31

32

33

32 MO • 2 (3 AlaO3

32 MO • 2 (3 R2O3

» if

39 MO • 2 (3 A12O3

48 MO • 2 (3 A12O3

53MO-2(3A1203

ii it

• 15 SiO2)

15 SiO2)

• 15SiO2)

• 15 SiO2)

• 15S1O,)

it

•42H20

54H2O

91

•20H20

•38H20

•36H20

19

32MO = 29MgO-3F*0

32MO=32MgO

32MO=32MgO

39MO = 32MgO- 7 FeO

48MO=44MgO

53M0=47MgO- 6 FeO

t* It 91

Orbhochlorite

„

91

ti

91

91

91

Source
North

Burgess, Can.
Culsagee

Mine NC19

Traversella

Beautyhill

Zexmatt

19
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Analyst

Smith and
Brush

Rurnpf

Ludwig

Telek

Schlaepfer

v. Pellenberg

v. Hamm

Marignac

7*

9f

Wartha

Hamberg

Liebe

Heddle

Theory
CXLV
Theory
XXIV
Theory
XXV
Theory

XXI
Theory
XLVII
Theory
XLIV
Theory
XLVI
Theory
XLVHI
Theory

XXXVIII
Theory
XXXIX
Theory
XLIII
Theory

LXXXVHI
Theory

It
Theory

LXI

SiO2

34.03
33.30
33.60
34.24

33.83
—

33.44
—

34.06
—

33.12
—

33.71
33.58
33.95

33.36
33.58
33.40

32.51
33.73
33.71
29.56
29.37
30.40
30.41

AI2OS

10.84
10.50
13.10
12,64

12.95

13.72

11.75

13.25

12.55
14.27
13.46

13.24
14.27
13.41

14.55
13.14
13.80
12.57
12.00
10.77
11.58

Fe,O,

1.89
1.60
1.83
1.64

2.25

3.40

1.92

1.52

2.74

—

—

—
1.87
1.64

—
3.38
2.34

CriO,

3.60
4.67
—
—

z

—

0.69

0.60

—

0.24

0.20
—
0.15

—

—

—

—

FeO

—
3.36
3.35

3.02

3.26

2.78

4.69

3.40
5.04
6.12

5.93
5.04
5.73

4.96
2.53
2.28

25.86
25.63
10.60
10.71

MnO | CaO

—

—
—

—

—

—

—

—

—

—

—

—

—
1.50
1.19

—

0.30
—

—

—

—

0.66

—

—
—
—

—

—

0.33

MgO

36.871 —
36.08
34.57
34.86

34.94

32.99

33.90

34.04

34.70
34.52
33.71

34.21
34.52
34.57

34.01
36.08
35.88
20.94
21.01
30.40
30.63

0.35 Alk

—
—

—

0.39

—

—

—

—

—

—

—

—

0.01

H»O

— 12.77
— j 13.25

—
—

—

2.45

—

—

—

—

—

—

—

—
1.52
1.31

13.48
14.44

13.11

12.71

13.08

12.87

12.27
12.59
12.52

12.80
12.59
12.74

14.07
12.65
13.11
11.08
11.27
11.43
11.74

Total

100.00
99.75

100.00
101.15

100.10

99.52

101.02

100.09

100.03
100.00
100.00

99.74
100-00
100.00

100.10
100.00
100.75
100.00
99.28

100.00
99.92

or the general formula

m MO • 2 (3 E2O3 • 15 SiO2) • n H2O.

Analyst

Hunt

Chatard

Clarke &
Schneider
Marignac

Heddle

Max
Donnell

JxLerz

Theory
CXX

Theory
CLVIII
Theory
CLIX

Theory
LIV

Theory
LXV

Theory
XL

Theory
XLI

SiO»

39.61
39.30
38.12
38.29
38.12
38.13
39.51
39.81
35.11
34.73
33.51
33.64

33.26

A12O8

13.47
14.25
10.80
11.41
10.80
11.22
13.44
12.56
11.94
12.44
11.39
10.64

11.69

Fe*O,

—

3.38
1.95
3.38
2.28
—

—

—

—

Cr2O,

—

—

—

z

z

—

FeO

4.75
4.41

0.32

0.18
11.06
11.10
2.81
2.6S
8.01
8.83

7.20

MnO

25.53
25.73

0.25<Ni, Co)O

0.48 MO

1.38
1.17

—

—

c&o
—

—

.
1.09
1.60

—

—

MsO

27.12
26.40
27.12
27.39
28.09
28.41
34.33
34.10
35.00
34.95

35.18

—

—

—

—

—

—

N&.0

—

—

—

—

—

—

H,0

16.64
16.93
20.58
21.25
20.58
20.47
7.90
7.79

13.34
13.10
12.09
12.40

12.18

Total

100.00
100.62
100.00
99.87

100.00
100.15
100.00
99.67

100.00
99.82

100.00
100.46

99.51
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D. Orthochlorites of the type

A
ft^-Sli = 3 R2O3 • 18 SiO2

34

35

36

37

38

39

40

46MO-

48MO-

50MO-

50 MO-

59 MO-

63 MO-

»

2 (3 A12O8

2 (3 A12O8

2(3A12O3

2 (3 A12O8

2 (3 A12O3

2(3A12O8

»

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

•22H2O

•24H2O

•26H2O

•46H2O

•64H2O

•44H2O

46 MO=39 MgO •7 FeO

48MO=35MgO-6FeO-3CaO
•3 Na2O • 1K2O

50 MO=40 MgO • 10 FeO

50 MO=42 MgO

59 MO=32.5 MgO-

63 MO=53 MgO

•8 FeO

26.5FeO

10 FeO

»

Orthochlorite

Biabantite

Orthochlorite

»

Source

Traversella

Hillswick

Traversella

North ElmB-
ley, Can.
H5lletal

Zermatt

E. Orthochlorites of the type

R • Si • R = 5 R2O3 • 6 SiO2

Source
41 24 MO • 2 (5 AlaO8 • 6 SiO2 - 20 H2O 24MO=16.5MgO • 7.5FeO Orthochlorite Chester,

Mass.

F. Orthochlorites of the type

Si • R • R • Si = 5 R2O3 • 12 SiO2

Source
42 12 MO-2(5 R2O8-12 SiO2) 12 MO = 8MgO-2.5CaO-lMnO0.5K2O

•28H2O
43 22 MO-2(5 Al2O8-12SiO2)

•24H2O
44 29 MO-2(5 R2O3-12 SiO2)

•38H2O
45 33 MO-2(5 R2O8-12 SiO2)

-32HaO
46 34 MO-2(5 R2O8-12 SiO2)

•34 H2O
47 36 MO-2(5 Ala08-12Si02)

•36 H2O
48 38 MO-2(5 Al2O8-12SiO2)

•32H2O
49 40 MO-2(5 R2O8-12 SiO2)

•32H2O50 40 MO-2(5 R2O8-12 SiO2)•32H2O

10 R2O8=6.5 A12O8 • 3.5 Fe2O8

22 MO=21 MgO • 0.5 CaO • 0.5 FeO

29MO = 29FeO
10R2O8=9Al2O8-lFe2O8

33MO=17.5MgO-ll FeO • 4.5 CaO
10 R2O3=7 A12O8 • 3 Fe2O8

34 MO=20.5 MgO • 12.5 FeO • 1 CaO
10 R2O8= 8,5 A12O8 • 1.5 Fe2O8

36 MO=33 FeO • 3 MgO

38MO=35MgO-3FeO
40 MO=40 MgO

10 R2O3=8.5 A12O8 • 1.5 Fe2O3

40 MO=40 MgO
O = 8.5Al2O8- L5Fe2O8

Hullite

Orthochlorite

Chamosite

Ghloropite

Delessite

Chamosite

Orthochlorite

Kinkell

Markirch

Schmiedefeld

Chloropitschiefer
von KOditz

Friedrichsroda

Chrustenic

Newlin, Pa.

Alatal

Achmatowsk
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or the general formula

in MO • 2 (3 R2O3 • 18 SiO2) • n H20.

Analyst.

Marignac

Heddle

Marignac

Hunt

Liebe

Schweizer

Theory
LV

Theory
LXXVII I
Theory

Lin
Theory
CXIX
Theory

V
Theory
XXXVI
Theory

XXXVII

SiO,

41.28
41.34
39.39
39.81
38.84
38.45
36.88
36.70
30.29
29.85
33.73
33.82

33.07

MO,

11.70
11.42
11.16
11.43
11.01
11.75
10.45
10.96
8.58
9.07
9.56
9.32

9.69

Fe«o,

z

z
—

_

Cr,0,

z
—

z
—

_

FeO
9.63

10.09
7.88
7.97

12.94
12.82
9.84
9.36

26.75
26.60
11.24
11.30

11.36

MnO

—

0.26
—

—

—

—

_

CaO

—

3.06
2.80
—

z

MffO
29.82
29.67
25.53
25.65
28.76
28.19
28.69
28.19
18.23
17.92
33.10
33.04

32.34

K»O

—

1.71
1.20
—

—

_

Na,0

—

3.39
3.15
—

—

—

_

H,0
7.57
7.66
7.88
7.91
8.45
8.49

14.14
14.31
16.15
15.81
12.37
11.50

12.58

Total

100.00
100.18
100.00
100.18
100.00
99.70

100.00
99.52

100.00
99.25

100.00
98.98

99.04

or the general formula

m MO • 5 (5 R2O3 • 6 SiO2) • n H2O.

Analyst

Pisani Theory
CXXIV

SiO,

21.81
21.40

Alt0,

30.91
32.30

Fe,O,

z

Cr,Os

z

FeO

16.36
15.80

MnO

z

CaO

—

MsO

20.00
19.90

K,0

—
—

Na,o| H,0

— 10.91
10.90

Total

100.00
100.30

or the general formula

xn MO • 2 (5 R2O3 n H2O.

Analyst

Heddle

Delesse

Loretz

Pafahl

Boricky

Leeds

Marignac

Theory
n

Theory
I

Theory
i n

Theory
IV

Theory
IV

Theory
VI

Theory
CXXXVTI

Theory
L

Theory
XCI

8iOa

38,45
38.59
37.94
38.39
27.22
27.00
29.07
29.06
29.18
28.79
25.69
25.60
30.96
30.62
30.49
30.01
30.49
30.27

Al,Oa

17.71
17.34
26.87
26.54
17.35
17.00
14.41
14.04
17.57
16.74
18.20
18.72
21.92
21.73
18.36
19.11
18.36
19.85

Fe,oa

14.95
15.97

—
3.02
4.O0
9.69
9.27
4.86
4.83

z

0.42
5.08
4.81
5.08
4.42

Cr,O,

—

—
—
—

—

—
—

—

z

—

FeO JMnO

—
0.94
0.59

39.47
39.00
15.99
15.96
18.24
18.30
42.40
42.31
4.64
5.01
—

—

1.90
1.56

—

—
—
—
—
—
—

—
—

—

CaO
3.74
3.94
0.74
0.67

—
5.08
5.02
1.13
0.98
—

—
—
—

—
—

MtrO

8.54
8.65

22.13
22.16

—
14.13
13.95
16.61
16.62
2.14
2.13

30.09
29.69
33.88
33.15
33.88
33.13

1.25
0.67
—
—
—
—
—
—
—
—

—
0.11 Lî O

—

—
——•

Na.0

—
—
—
—
—
—
—
—
—
—
—

—
0.14

—
—

H.0

13.46
13.48
11.38
11.65
12.94
13.00
11.63
11.64
12.41
12-25
11.57
11.24
12.39
12.26
12.19
12.52
12.19
12.54

Total

100.00
100.20
100.00
100.00
100.00
100.00
100.00
98.94

100.00
100.21
100.00
100.00
100.00
99.98

100.00
99.60

100.00
100.25
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51

52

53

54

55

56

57

58

59

60

61

62

63

40 MO - 2(5 A12O8 • 12 SiO2)
• 32 H2O

40 MO • 2(5 A12O8 • 12 SiO2)
• 34 H2O

40 MO • 2(5 R2O3 • 12 SiO2)
• 34 H2O

40MO-2(5Al2O8-12SiO2)
• 40 H2O

40 MO • 2(5 A12O3 • 12 SiO2)
• 40 H2O

41MO-2(5R2O8-12SiO2)
• 34 H2O

41 MO • 2(5 A12O8 • 12 SiO2)
• 46 H2O

42MO-2(5Al2O3-12SiO2)
• 32 H2O

42 MO - 2(5 A12O3 * 12 SiO2)
• 34 H2O

42 MO • 2(5 A12O8 • 12 SiO2)
• 46 H2O

46 MO • 2(5 A12O8 -12 SiO2)
• 28 H2O

46 MO • 2(5 A12O8 • 12 SiO2)
• 38 H2O

47MO-2(5R2O3-12SiO2)
• 36 H2O

40 MO=23.5 MgO • 16.5 FeO

40MO=22MgO-18FeO

40MO = 38MgO-2FeO
10R2O3=9Al2O3-lFe2O8
40MO=38MgO-2FeO

»> »> >>

41MO=37MgO-4FeO
10 R2O8=9.5 A12O8 • 0.5 Fe2O3
41 MO=34 FeO • 5 MgO -1 CaO

•1K2O
42MO=38MgO -4 FeO

42MO=41.5MgO -0.5 FeO

42MO=21MgO-20FeO
• 1 Na2O

46 MO=24 MgO • 22 FeO

46 MO=33 MgO • 12 FeO • 1 CaO

47MO = 33.5MgO-12.5FeO-lMnO
10 R2O3=9.5 A12O8 • 0.5 Fe2O3

Orthochlorite

»

»

„

Metachlorite

Orthochlorite

>»

99

>»

Source

Gumuch, Dagh.

Sept-Lacs

Borostyankd

Alatal

99

Montafun

Buchenberge
bei Elbingerode
Culsagee Mine,

N.C.
Amity, KY.

Foundry Bun,
Georget,D.C.
St. Gotthard

Zillertal

Loch Laggan

G. Orthochlorites of the type

Si • E • & • E • Si = 5 R2O3 • 18 SiO2

64

65

66

67

68

69

70

71

72

42MO-2(5R2O8-18SiO2)
•36H2O

44MO-2(5 R2O8-18 SiO2)
•34H2O

44MO-2(5R.O3-18SiO2)
• 40 H2O

44MO-2(5 R2O3-18 SiO3)
• 58 H2O

53MO-2(5R2O3-18SiO2)
•48H2O

54 MO • 2(5 A12O3 • 18 SiO2)
• 48 H2O

56MO-2(5R2O3-18SiO2)
•54H2O

57 MO-2(5 R2O8-18 SiO2)
• 48 H2O

57MO-2(5R208-18Si02)
- 48 H2O

42 MO=42 MgO
10 R2O8=7.5 A12O8 • 2.5 Fe2O8

44MO=37.5MgO -3.5 FeO • 3 CaO
10 R2O8=7.5 A12O8 • 2.5 Fe2O8

44 MO = 28.5 MgO • 14 FeO • 1.5 CaO
10 R2O8=7.5 A12O8 • 2.5 Fe2O8

44 MO = 37.5 MgO • 3.5 FeO • 3 CaO
10 R2O8=7.5 A12O3 • 2.5 Fe2O3

53 MO=53 MgO
10 R2O3=7 A12O3 • 3 Fe2O8

54MO=53MgO-lFeO

56 MO=33 MgO • 18 FeO • 2 CaO -1 MnO
•1.5Na2O-0.5K2O;10R2O3=9Al2O3-lFe2O8

57 MO =57 MgO
10 R2O3=7 A12O3 • 2.5 Cr2O8 • 0.5 Fe2O8

57 MO = 57 MgO
10 R2O3=7 A12O3 • 2.5 Cr2O8 • 0.5 Fe2O8

Lennilite

Berlauite

Euralite

Berlauite

Ortho-
chlorite

Delessite

Ortho-
chlorite

9f

Source

Lenni

Berlaubach
bei Budweis
Kiperjarvi

Berlaubach
bei Budweis

Snartun

Ploben

Elie, Fife-
shire

Texas, Pa.

>> 99
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Analyst

L. Smith

Marignac

Szilasi

Jannasch

t>
Wartha

List

Genth

Sipocz

Clarke

Varren-
trapp

Tscher-
mak

Heddle

Theory
CXIV
Theory

LX
Theory
XVI

Theory
LI

Theory
LII

Theory
XXXII
Theory

I
Theory
CLVI
Theory
CXXV
Theory
CLI

Theory
XXXIII
Theory
XXXI
Theory
LXXV

SiO*
27.88
27.20
27.44
27.14
30.04
30.45
29.73
29.31

29.59
29.57
29.44
23.65
23.78
29.73
29.48
30.20
30.28
25.57
25.45
26.14
25.37
26.69
26.30
26.42
26.25

AlaOs
19.75
18.62
19.44
19.19
19.15
18.96
21.06
21.31

Feaoa

—
—
—

3.34
3.70
—

0.07

Cr,Os

—
—
—
—
—
—
—

24.82(Al2O3+FeO)
19.91
20.98
16.76
16.43
21.06
22.22
21.40
22.13
18.11
17.88
18.52
18.50
18.91
19.80
17.79
19.22

1.64
2.00
—
—
—

0.70

—

—

—

—
1.47
1.67

—

—
—
—

—

—

—

—
—
—

FeO

23.01
23.21
24.70
24.76
3.00
2.21
2.97
3.24

—
5.91
5.60

40.22
40.37
5.94
5.30
0.76
1.08

25.57
24.98
28.76
28.79
16.02
15.10
16.52
16.44

MnO

—

—

—

—

—

—

—

0.17

—

—

—

—
1.30
1.02

CaO

—

—

—

—

—

—
0.93
0.74
—
—

—

—

—
1.04
1.00
—
—

MgO | K,O
18.21
17.64
16.77
16.78
31.71
32.20
31.37
31.28

31.46
30.41
30.31
3.28
3.10

31.38
30.99
34.81
34.45
14.92
15.04
17.43
17.09
24.47
24.40
24.59
24.35

—

—

—

—

—

—
1.55
1.38
—

Na,0

—

—

—

0.43

0.30

—

0.08
—

0.11(NiCo)O

—

—

—

—
—
—

—
1.09
0.67

—

—
—
—

11.15:
10.61'
11.65
11.50;
12.76
12.79'
14.87
14.58

14.73
12.56
12.29
13.61
13.76
11.89
11.63
12.83

Total

100.00
97.28

100.00
99.37

100.00
100.31
100.00
100.22

100.90
100.00
100.62
100.00
99.64

100.00
100.60
100.00

12.61j 100.55
14.70
14.43
9.15
8.96

12.87
12.40
11.91
11.67

100.00
98.45

100.00
98.71

100.00
99.00

100.00
100.62

or the general formula

m MO • 2 (5 R2O3 • 18 SiO2) • n H2O.

Analyst |

Gooch

Schrauf

Wilk

Schrauf

Rammels-
berg

v. Drasche

Heddle

Genth

Dieff en-
bach

1
Theory

II
Theory

II
Theory

Theory
I

Theory
LXXIX
Theory

XII
Theory

IX
Theory
CXLII
Theory
CXLVI

SiO*

38.21
38.03
36.88
37.25
34.41
33.68
34.35
34.38
34.07
34.88
34.64
34.63
30.22
30.69
33.34
33.20
33.34
33.04

A12O,

13.53
12.93
13.05
13.75
12.18
12.15
12.16
12.69
11.27
12.48
16.35
17.13
12.84
12.83
11.02
11.11
11.02
11.09

7.08
7.02
6.83
6.86
6.37
6.80
6.36
6.33
7.57
5.81

—
2.24
1.63
1.24
1.43
1.24
1.33

Cr,O,

—

—

—

—

—
—
—

—
5.88
6.85
5.88
5.91

PeO

0.50
4.31
4.02

16.06
15.66
4.00
3.71

—
1.14
1.61

18.14
18.32

—

—

Mno|

—
—
—
—
—
—
—
—
—
—
—
0.99
1.00
—
—

—

CaO

—
2.86
2.81
1.34
1.34
2.67
2.59
—
—
—
—
1.56
1.59
—
—
—
—

MgO

29.72
29.64
25.62
25.77
18.16
17.92
23.85
23.79
33.45
34.02
34.00
33.38
18.46
18.60
35.19
35.54
35.19
34.30

K,0
—
—
—
—
—
—
—
—
—
—
—
—

0.65
0.57

0.38 Alk
—

0.38 Alk

Na*0
—
—
—
—
—
—
—
—
—
—
—
—

1.30
1.11
—

—

H,0

11.46
11.68
10.45
9.82

11.48
11.4S
16.61
16.79
13.64
13.68
13.87
13.93
13.60
13.77
13.33
12.95
13.33
12.81

Total

100.00
99.80

100.00
100.28
100.00
99.04

100.00
100.28
100.00
100.87
100.00
100.68
100.00
100.11
100.00
101.46
100.00
98.86
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73

74

75

76

77

78

79

58 MO • 2(5 A12O3 • 18 SiO2)
•48H2O

60MO-2(5R2O3-18SiO2)
-48HaO

61 MO • 2(5 RaO3 • 18 SiOa)
•48HaO

61MO-2(5Al2O3-18SiO2)
•44H2O

63 MO • 2(5 B2O8 • 18 SiO2)
•52H2O

63MO-2(5R2O3-18SiO2)
•52H2O

65 MO • 2(5 A12O3 • 18 SiO2)
•44H2O

58MO=56MgO-2FeO

60 MO=54 MgO • 5 FeO • 1 OaO
10R2O3=9AI2O3-lFe2O3

61MO=60MgO-lFeO
10R2O3=5Al2O3-5Cr2O3
61MO=55MgO-6FeO

63 MO=60 MgO • 2 FeO • 1 CaO
10 R2O8=8.5 A12O3 • 1.5 Cr2Oa

63 MO=60 MgO • 2 FeO • 1 CaO
10 R2O3=8.5 Ala03 • 1.5 Cr2Oa

65 MO=58 MgO • 5 FeO • 1 CaO
•0.5KaO-0.5NaaO

Ortho-
clilorite

99

>9
»

y,

99

Source

Zdjar-Berg

Hillswick

GreenValley
Cal.

Zillertal

Texas, Pa.

9) 9>

Tilly Foster
Mine, N.Y.

H. Orthochlorites of the type

Si • R • Si • Si • B • Si = 5 R2O3 • 22 SiOa

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

42 MO • 2(5 R2O8 • 22 SiO2)
•36H2O

46MO-2(5Fe2O3-22SiO2)
•50HaO

61MO-2(5RaO3-22SiOa)
•48HaO

52MO-2(5R2O3-22SiO2)
• 52 H2O

60 MO • 2(5 R2O3 • 22 SiO2)
•24H2O

60MO-2(5R2O8-22SiO2)
•44H2O

60 MO • 2(6 RaO8 • 22 SiO2)
•44H2O

69MO-2(5RaO3-22SiOa)
•62H2O

72MO-2(5Al2O3-22SiO2)
• 56 H2O

72MO-2(5Al2O8-22Si0«)
•56HaO

72MO-2(5Al2Oa-22SiOa)
•56HaO

73MO-2(5Al2O3-22SiO2)
•54H2O

74MO-2(5R2O8-22SiO2)
- 64 H2O

75 MO • 2(5 R2O8 • 22 SiO2)
•58H2O

79MO-2(5Al2O8-22SiO2)
• 50 H2O

42MO = 33MgO • 8FeO • 1 CaO
10R2O3=6.5 A12O8 • 3.5 Fe2O8

46 MO=46 FeO

51 MO=48.5 MgO • 2.5 FeO
10R2O8=9Al2O3-lFe2O3

52MO=44MgO-5CaO-2.5FeO0.5 NiO
10RaO3=8AlaO3-2Cr2O3

60 MO=51 MgO-3 K2O-3 FeO-3 Na2O
10 R2O3=8.5 A12O3 • 1.5 Fe2O3
60 MO = 32 MgO-27 FeO • 1 CaO

10 R2O3=8.5 A12O3 • 1.5Fe2O3
60 MO = 32 MgO • 27 FeO • 1 CaO
10 R2O8=8.5 A12O8 • 1.5 Fe2O8
69 MO=41.5 MgO • 27.5 FeO

10R2O3=8Al2O3-2Fe2O3
72MO=47MgO-25FeO

»» >9 >>

» 99 »

73MO=66MgO-7FeO

74 MO=66 MgO - 6 CaO • 2 FeO
10R2O3=6Al2O3-4Cr2O3
75MO=73MgO-2FeO

10RaO8=9Al2O8-lFe2O3
79 MO=46.5 MgO • 32.5 FeO

Epichlorite

Cron-
stedtite

Lennilite

Ortho-
chlorite

9*

Diabantite

99

»

Ortho-
chlorite

Diabantite

Source

Harz

PHbram

Klremze

Texas, Pa.

Taberg

Fannington
Hills

Trillochtal

Landes-
freud©
t9

Grafenwart

Zermatt

XJnst

Zermatt

Reinsdorf



THE ORTHOCHLORITE GROUP 898

Analyst

K.v.
Hauer

Heddle

Melville

Kobell

Pearse

Pearse

Breiden-
baugh

Theory
XIV

Theory
LXVIII
Theory
CLXII
Theory
XXII

Theory
CXLVII
Theory

CXLVIII
Theory

CXXVI

Sid

33.60
33.51
32.35
32.55
31.92
31.74
32.71
32.68
31.71
31.31
31.71
31.86
31.83
32.33

A1,O5

15.87
15.42
13.76
13.95
7.54
6.74

15.44
14.57
12.73
12.84
12.73
13.75
15.03
14.56

Fe,o.

—
—
2.39
0.97
—
—
—
—
—
—
—
—
—
—

Cr,O»

—
—
—
—

11.25
11.39
—
—
3.33
2.98
3.33
2.15
—
—

FeO

2.24
2.58
5.39
5.28
1.06
1.23
6.54
5.97
2.11
2.46
2.11
2.31
5.30
5.29

MnO

—

0.16

,—

0.28
—
—
—
—
—
—

CaO

—
0.83
0.79

0.18

—
1.12
0.82
1.12
1.27
0.82
1.04

M*O | K»O |Na,0
34.85
34.41
32.34
32.78
35.46
35.18
33.32
33.11
35.23
35.02
35.23
34.90
34.19
33.74

0.48

0.49 NiO

1.02Resid.

0.45 MO

0.22 NiO
0.69
0.87

0.06

0.46
0.54

H,0

13.44
1^21
12.94
IZ.ll
12.77
13.04
11.99
12.10
13.75
13.20
13.75
13.98
11.68
12.02

Total

100.00
99.13

100.00
100.19
100.00
99.99

100.00
99.73

100.00
99.08

100.00
100.44
100.00
100.39

or the general formula

m MO • 2 (5 R2O3 n H20.

Analyst

Harnmels-
berg
Field

Schrauf

Garret

Paltauf

Hawes

Liebe

»

Piccard

Heddle

v. Fellen-
berg
Liebe

Theory
I

Theory
IX

Theory
I

Theory
CXLHI
Theory

LXXXVI
Theory
VIII

Theory
IX

Theory
VI

Theory
III

Theory
IV

Theory
v n

Theory
XLII

Theory
LXIV

Theory
XLV

Theory
I

SiO,

40.85
40.88
31.24
31.72
39.38
38.88
37.77
37.66
38.24
38.04
33.76
33.24
33.76
33.68
31.61
31.25
31.63
31.69
31.63
31.38
31.63
31.56
33.94
33.54
32.46
32.31
33.73
33.97
30.14
30.27

AI,Ot

10.26
10.96

—
—

13.70
13.45
11.68
11.82
12.56
12.62
11.08
11.07
11.08
10.84
9.77

10.03
12.22
12.22
12.22
11.89
12.22
12.08
13.12
13.39
7.52
7.50

11.73
11.66
11.64
11.16

Fe,O,

8.66
9.72

18.93
18.51
2.39
3.22

—
3.48
2.53
3.07
2.26
3.07
2.86
3.83
3.47

—

—

:—

—

—
2.04
2.49

—

Cr,O,

—
—
—

—
4.35
3.60

—

—

—

•—

—
7.49
7.89

—

FeO

8.91
8.96

39.19
39.46
2.68
2.55
2.57
2.50
3.13
2.93

24.86
25.11
24.86
24.33
23.70
23.52
21.56
2L26
21.56
22.72
21.56
21.61
6.49
6.62
1.77
2.08
1.84
1.81

26.70
26.94

MnO

—

—

—

—

0.51F1

0.41

0.38
—
—

—
—
—

—
—
—

—

• —
—
—

CaO
0.87
0.68

—

0.45
4.01
4.11

0.48
0.72
1.11
0.72
0.73

—
—
—

—

—
—
—
4.13
3.83

—
—
—

MgO

20.43
20.00

—
28.95
28.57
25.17
24.98
29.55
29.45
16.37
16.51
16.37
16.52
19.83
19.73
22.52
22.05
22.52
22.91
22.52
22.44
33.94
33.56
32.46
32.15
37.32
37.60
21.24
21.22

K,0

—

—
1.06NiO
0.67N1O

4.09
4.17

—

—

—
—

—
—
—
—
—

—

—
—
—
—

Na«O

—

—

—

—
2.69
2.73

0.25

0.33
—
—
—
—
—.
—
—
—
—
—
—
—
—
—
—
—

Total

10.0^100.00
10.18100.38
10.64
11.02
12.90
12.75
13.39
13.58
6.26
6.25

10.14
9.91

10.14
10.02
11.21
11.37
12.07
12.47
12.07
10.91
12.07
11.78
12.51
12,38
14.17
14.26
13.04
13.57
10.28
10.20

100.00
100.71
100.00
99.87

100.00
98.92

100.00
99.71

100.00
99.87

100.00
99.69

100.00
99.37

100.06
99.69

100.00
99.81

100.00
99.47

100.00
99.49

100.00
100.01
100.00
101.10
100.00
99.79
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J. Orthochlorites of the type

R • Si • E = 6 R2O3 • 6 SiO2

Source
95 18 MO -2(6FeoO3- 6 SiO2)

• 22 H,O
18 MO = 18 FeO Cron-

stedtite
Kuttenberg

K. Orthochlorites of the type

Si • R • R • Si = 6 R2O3 • 10 SiO2

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

16MO-2(6R2O3-10SiO2)
• 28 H2O

16MO-2(6R2O3-10SiO2)
• 30 H2O

20MO-2(6R2O3-10SiO2)
•24H2O

23 MO • 2(6 R2O3 • 10 SiO2)
•26H2O

23MO-2(6R2O3-10SiO2)
• 26 H2O

26MO-2(6R2O3-10SiO2)
• 30 H2O

26 MO • 2(6 R203 • 10 SiO2)
•30H2O

26MO-2(6R2O3-10SiO2)
• 30 H2O

26MO-2(6R2O3-10SiO2)
• 30 H2O

27MO-2(6Fe2O3-10SiO2)
•24H2O

27MO-2(6R2O8-10SiO2)
•30H2O

28MO-2(6R2O3-10SiO2)
• 32 H2O

29 MO • 2(6 Fe2O3 • 10 SiO2)
•32H2O

29MO-2(6Fe2O3-10SiO2)
• 32 H2O

30MO-2(6R2O3- 10SiO2)
• 28 H2O

30 MO • 2(6A12O3 • 10 SiO2)
• 32 H2O

30MO-2(6R2O3-10SiO2)
• 32 H2O

30 MO • 2(6 Fe2O3 • 10 SiO2)
• 38 H2O

34MO-2(6R2O3-10SiO2)
• 32 H2O

36MO-2(6R2O3- 10SiO2)
• 28 H2O

16MO=16MgO
12 R2O3=9.5 A12O3 - 2.5 Fe2O3

16 MO = 16 MgO
12 R2O3=8 A12O3 • 4 Fe203

20 MO = 18 FeO-1.5 MgO-0.5 CaO
12 R2O3=8.5 A12O3 • 3.5 Fe2O3

23MO = 17MgO • 5FeO • 1 K2O
12 R2O3=11 A12O3 • 1 Fe2O3

23 MO = 17 MgO • 5JFeO • 1K2O
12R2O3=llAl2O3-lFe2O8
26MO=24FeO-2MgO

12R203=8Al203-4Fe203
26 MO = 24 FeO-2 MgO

12 R2O3=8 A12O3 • 4 Fe2O3
26MO = 23.5FeO-2MgO-0.5Na2O

12 R2O3=8 A12O8 4Fe2O3
26 MO=23.5 FeO • 2 MgO • 0.5 Na2O

12R203=8Al203-4Fe203
27MO = 19FeO • 7MgO • 1 MnO

27 MO = 23.5 FeO -2.5MgO-lMnO
12R2O3=8Al2O3-4Fe2O3

28 MO = 28 FeO
12 R2O3=9.5 A12O3 • 2.5 Fe2O3

29 MO = 20 FeO • 7 MgO - 2 MnO

>> y> t> t?

30 MO = 23 MgO • 6 FeO • 1 MnO
12R2O8=10.5Al2O3- 1.5Fe,O,

30 MO=27.5 FeO • 1 MgO
• 1 Na2O • 0.5 MnO

30 MO=21.5 FeO • 8.5 MgO
12R2O3=llAl2O3-lFe2O8

30 MO=23 FeO • 6 MgO • 1 MnO

34MO=22MgO-12FeO
12R203=llAl203-lFe203

36 MO = 15.5 MgO • 16 FeO • 0.5 MnO
12R2O3=10.5Al2O3- 1.5Fe,O,

Ortho-
chlorite

>>

Aphro-
siderite

Ortho-
chlorite

it

Thuringite

Cron-
stedtite

Thuringite

Cron-
stedtite

»

Klementite

Daplmite

Ortho-
chlorite

Cron-
stedtite

Ortho-
chlorite

tt

Source

Unionville

Kftnigshain

Unionville

Harper's
Ferry

Schmiede-
feld

Harper's
Ferry

Pfibram

Hot
Springs
Zirmsee

Pfibrana

>>

Vielsalm

Penzance

Dullen

Pribram

Washing-
ton, D.C.
Steeles

Mount, N.C.
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o r the general formula

MO • 2 (6 R2O3 • 6 SiO2) • n H20.

395

Analyst

Hosam Theory
VI

SiO2

16.62
17.34

A1.0,

—

Fe2O8

44.32
43.05

cr2os

—

FeO Mno
29.921 —
30.27J0.16

CaO MgO

z

K*0

-

NajO j HSO Total

— i 9.14100.00
— ! 9.18100.00

o x the general formula

m M O - 2 ( 6 R2O3 • 10 SiO2) • n H20.

Analyst

Konig

"Woitschach

Gintl

y>

Keyser

Smith

Ludwig

Smith

Gintl

Steinmann

Kobell

Klement

R.v.Zeynek

v. Giirnbel

Janowsky

Clarke and
Schneider

Genth

Theory
CXXXIV

Theory
CXXXIII

Theory
V

Theory
CXXXVIII

Theory
CXXXIX

Theory
VI

Theory
III

Theory
VII

Theory
VIII

Theory
V

Theory
IX

Theory
V

Theory
I

Theory
II

Theory
I

Theory
I

Theory
V

Theory
IV

Theory
CL

Theory
CLXI

SiO2

32.32
32.80
31.29
31.35
27.01
27.06
29.38
29.89
29.38
29.90
23.98
23.21
23.98
23.55
24.01
23.58
24.01
23.52
22.76
22.21
23.77
23.70
23.25
22.65
21.59
22.45
21.59
22.45
27.04
27.13
23.46
23.62
24.26
23.56
20.78
21.30
24.99
25.40
24.78
24.90

A12O3

26.10
26.07
21.27
21.58
19.52
19.56
27.47
30.87
27.47
27.59
16.31
15.59
16.31
15.63
16.32
16.85
16.32
16.08

—
—

16.17
16.54
18.77
18.92

—

—
24.13
24.70
23.92
22.26
22.69
22.35

—

23.36
22.80
22.12
21.77

Fe2O, | Cr2O,

10.77
9.80

16.67
14.17
12.60
11.71
3.92
—
3.92
3.12

12.79
13.89
12.79
13.79
12.80
14.33
12.80

—
36.43
37.49
12.68
12.13
7.75
8.12

34.55

—
—
—

—

—
—
—
—
—

—

—

—
—
—

—
—
—
—

58.85 (Pe2O3+FeO)
34.55
35.35
5.41
5.84

—
3.23
4.25

33.26
32.34
3.33
2.86
4.96
4.60

—

—

—

—
—

—

—

FeO |MnO

—
—
—

29.17
28.91
8.81
9.17
8.81
9.17

34.53
34.51
34.53
34.20
33.85
33.20
33.85
32.18
25.96
25.28
33.29
33.14
39.06
38.49
25.91

—
25.91
27.11
9.73
9.72

38.70
38.97
31.30
30.43
28.70
29.23
17.99
17.77
23.79
24.21

—
—
—
—
—

—
—
—
—
—
—
—

0.09

—
1.35
1.20
1.41
1.16
—
—
2.55
2.89
2.55
2.89
1.69
1.98
0.67
0.98

—
1.23
1.25

0.25
1.14
1.15

CaO

—

—
0.63
0.38

—
—
—
—
0.36
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—

0.29

0.23
—

—
—
—
—

MgO

17.25
17.70
16.68
16.67
1.35
1.18

16.64
17.53
16.64
17.10
1.60
1.26
1.60
1.47
1.60
1.52
1.60
1.68
5.31
5.23
1.98
1.85
—
—
5.04
5.08
5.04
5.08

20.73
20.52
0.78
1.09
6.87
6.75
4.15
4.51

18.33
19.09
12.81
12.78

K»O

—

—

—
2.32
2.41
2.32
2.33

0.08

—

—
—
—
—
—
—

Na,0 ! H.0 Total

— jl3.561O0.0O
13.75 100.12
14.09 100.00

— 14.45 98̂ 22
9.72100.00
9.73: 98.53

— 11.46100.G0
0.83 |ll.60;102.30

11.461100.00
0.58 jll.5U01.30
— 10.79llOO.00
0.41

—
0.62
0.46
0.62
—
—
—
—

10.59) 99.97
10.791100.00
10.57, 99.21
10.80! 100.00
10.45jlOO.48
10.80il00.00
10.48i —
8.19!l00.00
8.271 99.68

10.70)100.00
0.32 (K.0,Na20) 10.90] 99.74

—
—
—
—
—
—
—
—
—
0.28
—

O.lOAlk
—

—

—
—

—
—
—

11.17100.00
10.78; 98.96
1O.3710O.OO

— 10.70; 99.97
—
—
—
—
1.21
1.10
— •
—
—

—
—
—
—

10.37100.OO
10.701103.58
11.36100.00
11.35101.24
11.26J100.00
11.16; 99.75
11.65:100.00
11.49J 99.16
ll.S8jlO0.0O
11.901100.53
12.00100.00
12.21il00.38
10.40il00.00
10.59100.00
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116

117

118

119

36 MO • 2 (6 R2O3 •
•32H2O

36MO-2(6R2O3-
• 32 H2O

37 MO • 2 (6 R2O3 •
•34H2O

38 MO • 2 (6 AloO3
• 32 H2O "

10 SiO2)

10 SiO2)

10 SiOa)

• 10 SiOa)

36 MO=22 MgO
12 R2O3=11.5A12O

36MO=22MgO
12R2O3=11.5A12O3

37MO=25MgO
12R2O8=11.5A12O3

38 MO=28 MgO

•14 FeO
3 • 0.5 Fe2O3
• 14 FeO
• 0.5 FeaO3
•12 FeO
• 0.5 Fe2O3
10 FeO

Orthochlorite

Source

Lude

yy

Cheater,
Mass.

L. Orthochlorites of the type

Si • R • E • Si = 6 RaO3 • 12 SiOa

Source
120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

18 MO • 2 (6 R2O3 • 12 SiO2)
•28HaO

24 MO- 2(6RaO8- 12 SiO2;
•26HaO

25 MO • 2 (6 R2O3 • 12 SiOa)
•24HaO

25 MO • 2 (6 RaO3 • 12 SiO2)
• 30 HaO

26MO-2(6R2O8-12SiO2)
•40HaO

28 MO • 2 (6 RaO3 • 12 SiO2

•22H2O
29 MO • 2 (6 RaO3 • 12 SiO3)

• 34 H2O
30 MO • 2 (6 R2O3 • 12 SiOa)

• 28 HaO
30 MO • 2 (6 R2O8 • 12 SiO2)

•30HaO
30MO-2(6AlaO8-12SiO2)

• 32 HaO
35 MO • 2 (6 A12O3 • 12 SiO2)

•24HaO
36MO-2(6R2O8-12SiOa)

•30HaO
36 MO • 2 (6 A12O3 • 12 SiOa)

•40HaO
38MO'2(6RaO3-12SiO2)

•32HaO
38 MO • 2 (6 RaO3 • 12 SiOa)

-32HaO
38MO-2(6R2Oa-12SiOa)

•34H2O
38MO-2(6R2O3-12Si0a)

•34HaO
38MO-2(6R2Oa-12SiO2)

• 34 HaO

18 MO = 15 MgO • 2.5 KaO • 0.5Na2O
12RaO8=9Al2O3-3Fe2O8

24MO=18.5 FeO • 5MnO • 0.5 CaO
12 R2O3=8.5 AIaO8 - 3.5 Fe2O3

25 MO = 10 FeO • 10.5 MgO • 3.5 CaO
•lNaa0; 12R20a==8Ala03-4Fe20a

25 MO=22 MgO • 2.5 FeO - 0.5 CaO
12 R2O8=7 Ala08 • 5 Fe2Oa

26 MO=22 FeO • 2 MgO - 2 CaO
12 RaO8= 11.5 A12O8 • 0.5 Fe2O3

28MO=6.5MgO- 20 FeO • 1K2O
-0.5 MnO; 12RaO8=9 Ala03-3Fea08

29 MO = 18.5 MgO-10 FeO-0.5 CaO
12 R2Oa=9.5 Ala03 • 2.5 Fe2O8

30MO = 17.5FeO • ll.5MgO0.5KjO
0.5 Na2O; 12R2O8=7.5 Al2O3-4.5FeaOa

30MO = 9FeO-18.5 MgO-1 CaO-1 NaaO
•05 K2O; 12 R2Oa=7 A12O8 • 5 FeaO8

30 MO = 20 FeO • 10 MgO

35 MO=33-5 FeO • 1.5 MgO

36 MO=29.5 FeO • 6.5 MgO
12 RaO8= 10 Al,Oa • 2 Fe2Oa

36MO=30FeO-6MgO

38 MO = 16 MgO-22 FeO
12 RaO8=ll Ala08 • 1 Fe2O8

38 MO = 16 MgO-22 FeO
12 RaO3 = 11A12O3 • 1 Fe2O3

38 MO = 34 MgO-4 FeO
12R2Oa=llAl2O8-lFe2O3

38MO=34MgO-4FeO
12 R2Oa=ll Ala08 • 1 Fe2O3

38 MO=31 FeO • 6.5 MgO • 0.5 CaO
12 RaO3 = 10 A12O3 • 2 FeaOa

Ortho-
chlorite
Strigo-

vite
Chloro-

pite
Deles-

site
Ortho-
chlorite

Delassite

Chloro-
pite

Ortho-
chlorite
Aphro-
siderite

Chamo-
site

Ortfa®-
chlorite

Meta-
chlorite

Culsagee Mine,
N.C.

Striegau

Weidesgrun

La Greve
bei Mielin

Striegau

Waldsassen

Planitz bei
Zwickau

Schwarzen-
bach

Lippertsgrtin

Taazopatak

Weilburg

Striegau

WindgaUea
Mutters-

hausen
Balduinstein

Unionville,
Pa.

Buchenberge
b. Elbingerode



Heddle

Pasani
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Theory
LXXIII
Theory
LXXIV
Theory
c x x r n
Theory-
CXXI

24.40
23.92
24.40
24.66
24.35
23.84
24.79
24.00

23.86
22.98
23.86
23.19
23.80
25.22
25.29
25.90

1.62
1.11
1.62
0.64
1.62
2.81

20.50
19.54
20.50
20.58
17.53
17.06
14.88
14.80!

MnO

0.28

0.29

2.45

0.40

17.90
17.26
17.90
17.79
20.29
19.83
23.14
22.70

11.721 100.00
11.7SJ 99.32
11.72J1O0.0O
12.12; 99.67
12.41) 100.00
11.90; 100.66
11.90< 100.00
11.901 99.30

OT the general formula

m MO • 2 (6 R2O3 • 12 SiO2) • a H20.

Analyst;

Chatard

Websky

Loietz

Deiesse

Traufoe

v. GQmbel

Deiesse

Lorefcz

19

K. v» Elauer

Sandberger

Rammelsbexg

C. Schmidt

Erlenmeyer

tt

Cha-taid

^ejrnek

Theory
CLVII
Theory

I
Theory

n
Theory

r
Theory

X
Theory

IV
Theory

III
Theory

I
Theory

III
Theory
XVII

Theory
I

Theory
IV

Theory
n

3?he©ry
VI

Theory
VH

Theory
oxxxv
Theory

CXXXV3
Theory

II

BiO,|

34.32
34.22
28.53
28.43
30.46
30.56
31.43
31.07
27.75
27.12
27.99
27.50
29.33
29.45
27.55
27.10
28.44
29.10
28.35
28.02
25.86
26.45
25.24
24.78
24.90
25.23
26.07
25.72
26.07
25.99
28.68
29.43
28.68
29.59
24.36
24.29

AlaO,

21.81
21.53
17.17
16.60
17.26
16.57
15.58
15.47
22.61
22.40
19.41
18.15
19.74
18.25
14.63
14.64
14.10
14.31
24.10
23.84
21.98
21.25
17.88
18.69
21.16
19.97
20.32
20.69
20.32
—

22.35
22.08
22-35
22.18
17.25
17.85

*'e,0,

11.41
12.41
11.09
11.43
13.54
13.02
17.46
17.54
—
—
9.33

10.80
8.14
8.17

13.77
14.80
15.80
14.87

—

—
5.61
6.45

—
2.90
4.01
2.90
4.13
3.13
1.47
3.13
1.33
5.41
4.64

CriO,

—

—
1.54
2.13

—

—

—
—
—

—

—

—

—

—

—

—

—

—

FeO

0.12 (t
26.39
26.21
15.24
15.51
3.93
4.07

30.52
30.19
27.99
28.02
14.67
15.12
24.12
23.85
12.80
13.27
28.35
28.60
43.32
44.24
37.24
36.17
37.35
37.51
28.69
27.79
28.69
27.60
5.75
5.64
5.75
5.77

37.75
37.85

Mno

l,Co)o
6.99
7.25

—

—

—
0.69
0.6O

—

—

—

—

—

Ti&ce

—

—

—
—
—

CaO

—

0.55
0.37
4.16
4.14
0.60
0.46
2.15
2.23

—
0.57
0.45

—
1.10
1.00

—

—

—

—

—

—
0.47
0.57

J£«O
14.26
14.46

0.36
8.89
8.97

19.21
19.14
1.54
1.54
5.05
5.13

15.07
15.32
8.80
8.78

14.64
15.08
7.87
8.09
1.08
1.06
4.56
4.52
4.14
4.39

11.59
11.70
11.59
11.93
27.90
28.46
27.90
28.54
4.40
4.26

5.58
5.70

0.36

1.83
1.66

0.90
0.52
0.92
0.60

—

—

—

—

—

0.09

ff»«o| EfcO
0.74
0.51

H
1.31
L18

0.44

0.59
0.56
1.22
1.09

—

—

—

O.30

11.98
11.85
9.28
9.31
9.14

;&0S
11.79
11.55
13.89
13.45
7 71
7.50

12.48
12.57
9.64
9.69

10.98
10.77
11.33
11.45
7.76
7.74
9.47
9.09

12.45
12.90
10.43
10.05
10.43
10.13
12.19
12.40
12.19
12.40
10.36
10.19

Total

100.00
100.80
Iftfl DO
99.96

100.00
99lsa

100.00
99̂ 30

100.00
99.06

100.00
99.80

100.00
99.33

100-00
99.94

1€0.00
100.09
100.00
100.00
100.00
100.74
100.00
90.70

loom
100.00
10C.OO
99.96

100.00
—

100.00
99.42

100.00
99.81
100.00
1O0.04
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138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

39MO-2(6Al2O3-12SiO2)
•30H2O

39 MO • 2 (6 Ro03 • 12 SiO2)
• 34 HoO

39MO-2(6R2O3-12SiO2)
•36H2O

39 MO • 2 (6 Fe2O3 • 12 SiO2)
•36H2O

40MO-2(6R,O3-12SiO2)
•36H26

41MO-2(6R2O3-12SiO2)
• 40 H2O

41 MO • 2 (6 R2O3 • 12 SiO2)
• 40 H2O

41MO-2(6R2O3-12SiO2)
• 40 H2O

42MO-2(6Al2O3-12SiO2)
• 36 H2O

42MO-2(6R2O3-12SiO2)
<38H2O

43 MO • 2 (6 R2O3 -12 SiO2)
, -34H2O

43MO-2(6R2O3-12SiO2)
• 34 H2O

43MO-2(6Al2O3-12SiO2)
• 36 H2O

43 MO • 2(6 A12O3-12 SiO2)
• 36 H2O

43MO-2(6R2O3-12SiO2)
•38H2O

43 MO • 2 (6 R2O3 • 12 SiO2)
•40H2O

44MO-2(6R2O3-12SiO2)
• 30 H2O

44 MO - 2 (6 A12O3 • 12 SiO2)
• 34 H2O

46 MO • 2 (6 A12O3 • 12 SiO2)
. 24 H2O

48MO-2(6R2O3-12SiOa)
•38H2O

51MO-2(6Al2O3-12SiO2)
•32H2O

39MO=25FeO-14MgO

39 MO = 25 MgO • 12 FeO • 1 K2O

39 MO = 19 MgO-20 FeO
12 R2O3=10.5 A12O3 • 1.5 Fe2O3

39 MO = 31.5 FeO • 6.5 MgO • 1 MnO

40MO = 19MgO-21FeO
12R203=llAl203-lFe203

41MO=37MgO-4FeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

41MO=37MgO-4FeO
12 R2O3 = 11.5 A12O3 • 0.5 Fe2O3

41MO = 37MgO-4FeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

42 MO'=21 FeO • 19 MgO • 1 K2O
•0.5 MnO-0.5 CaO

42 MO = 26 MgO • 16 FeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

43MO=25MgO-18FeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

43 MO = 32 MgO • 10.5 FeO • 0.5 MnO
12R2O3=llAl2O3-lFe2O3

43 MO = 32MgO • 11 FeO

»» >» )*

43 MO =22 MgO • 20 FeO • 1 CaO
12 R2O3= 11.5 A12O3 • 0.5 Fe2O3

43 MO = 19.5 MgO • 22 FeO • 1 CaO
•0.5MnO;12R2O3=11.5Al2O3-0.5Fe2O3

44 MO = 22 MgO-22 FeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

44MO=40MgO-4FeO

46 MO = 20.5 MgO • 25.5 FeO

48 MO = 33 MgO • 14 FeO • 0.5 MnO
•0.5CaO; 12R2O8=11.5 Al2O3-0.5Fe2O3
51 MO = 31 MgO-16 FeO-2 CaO-1 K2O

• 0.5 MnO • 0.5 Na2O

Ortho-
chlorite

»

Cronsted-
tite

Ortho-
chlorite

9*

„

,,

ff

>9

»>

»>

"

Source

Grabener
Wiesen

Fuschertal

Zillerthal

Pfibram

Zillertal

Culsagee Mine,
N.C.

„

Ben Derag

Aacherkoppe

St. Gotthard

Portsoy

Zillertal

}9

Massa-
schluoht

Girdleness

Zillertal

Grochau

Guistberg

Fethaland

Craig an
Lochan

M. Orthoolilorites of the type

Si • R • Si • ̂  • Si = 6 R2O3 • 16 SiO2

Source
159

160

32MO-2(6R2O3-16SiO2)
• 36 H2O

41MO-2(6R2O8-16SiO2)
•52HaO

32MO=30MgO-2FeO
12 R2O3 = 6.5 A12O3 • 1 Fe2O3-4.5Cr2O8

41 MO = 29.5 MgO • 10 FeO • 1.5 CaO
12 R2O3= 11.5 A12O3 • 0.5 Fe2O3

Ortho-
chlorite

Delessite

Norrbotten

Dumbuek
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Analyst

K. v.
Hauer

Vuylsteke

Klement

Damour

Klement

Genth

Chatard

Heddle

Jacobs

Rannhels-
berg

Heddle

Kobell

99

Fellen-
berg

Heddle

Egger

Bock

Igelstrom

Heddle

Theory
XVIII
Theory
XIX

Theory
XXIX
Theory

III
Theory
XXX

Theory
CLIII

Theory
CLIV

Theory
CLV

Theory
LXXI
Theory

VIII
Theory
XXXIV
Theory
LXXVI
Theory
XXVI
Theory
XXVII
Theory
XXXV
Theory

LXXVII
Theory

XXVIII
Theory

IX
Theory

LXXXIH
Theory
LXX

Theory
LXXII

SiO2

25.82
26.08
26.75
27.03
25.72
25.84
21.89
21.39
25.52
25.84
27.79
27.56
27.79
27.28
27.79
27.17
25.11
24.72
25.86
25.53
25.71
25.12
26.59
26.71
26.74
26.51
26.74
27.32
25.03
24.85
24.53
24.77
25.28
26.02
27.88
28.20
25.03
25.00
24.96
24.30
24.39
24.29

AJjO,

21.93
20.27
19.89
20.07
19.13
19.58

—
19.89
19.58
22.64
22.75
22.64
22.11
22.64
22.35
21.34
21.57
21.07
20.49
20.95
22.26
20.72
20.42
22.72
21.81
22.72
20.69
20.39
20.70
19.97
20.16
20.59
20,16
23.70
24.56
21.28
20.60
20.33
20.86
20.73
21.15

Fe2o3

—
4.46
4.72
4.29
4.42

29.06
29.08
2.84
2.13
1.55
2.56
1.55
2.50
1.55
2.71

0.62
1.43
1.68
1.43
1.09
2.95
3.47

—

—
1.39
1.00
1.36
1.38
1.42
1.07

—

—
1.39
3.57

0.10

Cr2Oa

—

—

—

—

—

—

—

—

—

0.08
P A

—

—

—

—

—

—

—

—

—

—

FeO

32.26
32.91
16.06
16.47
25.72
25.99
34.33
33.52
26.80
28.05
5.56
5.43
5.56
5.43
5.56
5.43

26.35
26.16
20.68
20.85
23.14
23.11
13.96
13.99
14.71
15.00
14.71
15.23
25.03
25.00
27.04
27.38
27.80
28.08
5.58
5.27

31.92
32.00
7.48
6.72
9.51
8.74

MnO

—

—

—
1.07
1.01

—

—

—

—
0.62
0.47

0.15 TiO2

—
0.83
0.73

—

0.47

—
0.60
0.61
-,
—

—
—
—
0.61
0.55
0.59
0.80

CaO

—

—

—

—

—

—

—

—
0.40
0.45

0.06

—

—

—

—
0.97
0.60
0.95
0.90

0.44

—

—
0.49
0.50
1.96
1.66

Mgo

10.03
10.00
18.57
18.90
13.58
13.57
3.93
4.02

13.46
13.57
28.56
28.47
28.56
28.38
28.56
27.73
13.25
12.86
18.68
18.60
17.85
17.41
23.64
23.90
23.77
22.83
23.77
24.89
15.29
15.31
13.28
13.34
15.45
15.50
30.99
30.94
14.25
14.30
22.88
22.20
21.00
21.03

—
1.74
1.22

—

—

—
—

Na,o

—
1.15
0.72

—

—

—

0.30(Mn,Ni,Co)0

0.41 (Mn, Ni, Co)O

0.26 (Mn, Ni, Co)0
1.63
1.73

0.07

—

—

—

—

0.05

0.09

—

—

—

—

0.45 TiO2

—

—

—
—
—

—
1.59
1.29

—
—
—

—
—
—

—
0.52
0.56

H»O

9.96
10.06
11.38
11.78
11.56
11.34
9.81
9.76

11.49
11.34
13.90
13.80
13.90
14.50
13.90
14.36
11.30
10r89
12.28
12.26
10.92
10.70
11.31
11.17
12.06
12.00
12.06
12.00
11.90
12.05
12.27
12.05
9.48
9.65

11.85
12.15
7.52
7.60

11.86
11.55
9.77

10.08

Total

100.00
99.32

100.00
100.91
100.00
100.74
100.00
98.78

100.00
100.51
100.00
100.87
100.00
100.57
100.00
100.00
100.00
99.52

100.00
99.86

100.00
99.69

100.00
100.39
100.00
98.15

100.00
100.60
100.00
99.96

100.00
100.59
100.00
100.92
100.00
101.12
100.00
99.50

100.00
100.25
100.00
99.70

or the general formula

m MO • 2 (6 B2O3 • 16 SiO2) • n H2O.

Analyst

Sanderson

Heddle

Theory
LXXXVH

Theory
VII

SiOs

35.42
34.49
31.52
32.01

Al,O,
12.23
12.40
19.25
18.87

FeaO,

2.95
3.14
1.31
1.18

CraOa

12.64
13.46

FeO

2.66
3.28

11.82
12.09

MnO

Trace

CaO

1.37
1.39

MfifO
22.14
21.83
19.36
19.64

KaO

—

Na,0

—

HaO

11.96
11.85
15.37
15.46

Total

100.00
100.45
100.00
100.64
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161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

48MO-2(6Al4O8-16SiO2)
•32H2O

48MO-2(6R2Os-16SiO2)
•4OH2O

48 MO • 2 (6 R2O5 • 16 SiO2)
•40H2O

49MO-2(6R2O8-16SiO2)
•46H2O

51 MO • 2 (6 R2O8 • 16 SiO2)
•40H2O

51MO-2(6R2O8-16SiO2)
«40H2O

52 MO - 2 (6 A12O3 -16 SiO2)
•44H2O

53 MO - 2 (6 Al2Oa • 16 SiO2)
«46H2O

53MO-2(6R203-16SiO2)
- 46 H2O

55MO-2(6R203-16SiO2)
-50H2O

55 MO - 2 (6 R203 • 16 SiO2)
•40H2O

55MO-2(6R203-16SiO2)
-48H2O

56MO-2(6R203-16SiO2)
-42H2O

56 HO - 2 (6 A12O3 • 16 SiO2)
- 44 H2O

56 MO - 2 (6 A12O3 • 16 SiO2)
- 44 H2O

56 MO-2 (6 A12O8« 16 SiO2)
•44H2O

58MO-2(6Al2O8-16Si02)
- 40 H2O

58MO-2(6E203-16SiO2)
•42H2O

61MO-2(6Al2O3-16Si02)
-52H2O

48MO=43MgO-5FeO

48 MO = 48 MgO
12 R2O3 = 10 Al2O3-L5F©2O8̂ .«5Cr2Os

48MO = 48MgO
12 B203=10 A12<V1.5 Fe2O8-0.<5 Cr2O8

49MO=47]MgO-2FeO
12B2O8=11.5 A12O3- 0.5Te2O8
51 MO=26 MgO • 21 FeO • 4 MnO
12 R2O, = 9.5 A12O, • 2.5Fe2O8

51 MO=26 MgO * 21 FeO - 4 MnO
12 R2O8 = 9.5 A12O8 • 2.5 FeaO8

52MO=23MgO-29FeO

53MO = 46MgO-7FeO

53 MO=52.5 MgO • 0.5 FeO
12 E2Oa=ll A12O8 • 1 Pe,08

55MO=51 MgO -2FeO -2Na2O
12 R2OS=11 Al2O8-0.5Fe2O8-0.5Cr2O8

55 MO=52 MgO - 2 FeO • 1 CaO
12 R2O8= 11 Al2O8-0.5Fe2O8-0.5 Cr2O3

55MO=53MgO-2FeO
12 R2O8=9 A12O8 • 2 Fe2O8 -1 Cr2O8

56MO = 53MgO-3PeO
12E2O8=10Al2O3-2Cr2O8
56 MO=54 MgO-2 FeO

56MO = 54MgO- 2PeO

1> 9> if

58MO = 29MgO-29FeO

58 MO=58 MgO
12B203=llAl20a-lFe203

61 MO=54 MgO • 3.5 FeO • 2 CaO
•1.5 K2O

Oitho-
chlorite

99

f9

99

99

»>

99

91

91

91

91

91

71

91

91

91

yy

9J

91

Source

Bro8so

Westehester,
Pa.
19

Zoutpanaberge

Dannemora

11

St. Christophe

Blair Athol

Aclirnatowflk

Westchester,
Pa

Itkul Sea

SchiBchiinsker
Berge

91

91

Glacier d'Ar-
gwiti6res

Flu3 Ir©mol

Texas, Pa.

If. Orthochlorites of the type

$ • ft - Si • R - Si = 6 R2O3 - 18 SiO2

180

181

182

18 MO

£3 MO

36 MO

*2(6R2O3
•42H2O
•2(6R2O8
•34H2O
• 2 (6 A12O3

• 26 HjO

• 18 SiO2)

• 18 SiO2)

• 18 SiO2)

18 MO=10.5 MgO - 4.5 CaO • 3 FeO
12 R2O8=7 Fe2O8 - 5 AJ2O8

23MO=21,5PeO
12B203=9Fe20
36 MO = 20 MgO

• 1.51^,0
8 • 3 AlaO8
• 16 FeO

Hullite

Melano-
lite
Epi-

phanite

Source

Cammoney
Hill

Mlk-Row
Quarry, Ma«

Wermland
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Analyst

Damour

Graw

>>

Yvan Riesen

Erdmann

99

Marignac

Heddle

Ortmann

Schlaepfer

Neminar

Clarke and
Schneider
Hermann

Herzog N.v
Leuchtenberg

9t

Lagorio

Brun

Hermann

Pearse

Theory
LVI

Theory
CXXVIII

Theory
CXXIX
Theory

CXV
Theory
LXXX
Theory
LXXXI
Theory

LIX
Theory
LXVI
Theory
XCIV

Theory
CXXXII
Theory
c x x x
Theory
CXXXI
Theory
CXII

Theory
XCVIII
Theory
XCIX
Theory

C
Theory
XLIX
Theory

CX
Theory
CXL

SiO»

33.10
33.67
32.56
31.34
32.56
31.78
31.86
32.38
28.05
27.83
28.05
27.89
27.65
26.88
30.40
30.30
31.15
31.31
29.96
30.11
30.98
31.08
29.83
29.87
30.31
30.58
30.77
30.60
30.77
30.33
30.77
30.61
27.00
26.60
30.68
30.80
28.47
28.62

AI»O,

21.10
20.37
17.30
17.47

—
19.47
18.79
14.15
14.23
14.15
14.30
17.63
17.52
19.38
19.40
18.19
18.34
17.52
18.31
18.11
18.85
14.26
14.48
16.09
15.94
19.62
19.63
19.62
19.85
19.62
19.52
17.21
18.02
17.87
17.27
18.15
18.37

Fe,O,

—
4.07
3.85

22.71
1.33
0.80
5.84
5.34
5.84
5.96
—
—

—'
2.59
2.10
1.25
1.16
1.29
1.55
4.97
5.52

—

—

—

0.30

—
2.55
1.37

—

Cr,O,

—
1.29
1.69

—
—
—
—
—
—
—
—
—
—
—
—
—
1.18
1.55
1.23
1.09
2.36
1.56
4.81
4.99

—

—
—
—

—

—

0.37N1O

FeO
6.21
6.37

—

2.39
2.39

22.09
22.53
22.09
21.21
30.07
29.76
7.98
8.23
0.58
0.77
2.25
2.11
2.32
2.33
2.24
1.93
3.40
3.32
2.31
2.02
2.31
2.43
2.31
2.53

29.36
29.67

—
3.73
3.73

MnO

—

—

—
4.15
3.21
4.15
5.43

—

0.37

—

0.31 LitO

—

—

—

—

—

—

—

—
1.66
1.45

CaO

—

—

—

—

0.43

—

—

—

—
0.90
0.81

—

—

—

0.11

—

—

—

—

MgO

29.64
29.49
32.56
33.44
32.56
33.64
31.21
31.64
15.19
15.42
15.19
14.42
13.25
13.84
29.13
29.10
34.05
34.25
31.85
31.89
33.56
33.50
32.93
33.06
33.45
33.45
34.61
34.41
34.61
34.64
34.61
34.20
16.31
15.85
36.96
37.08
32.02
32.13

KaO

—

—

—

0.36

0.17
—
—

—

0.06
,

0.37

—

0.17N1O

—

—

—

—

—

—
2*09
1.97

Na,0

—

—

—
—
0.27

0.23
—
—

—

0.17
1.94
1.99

—

—

—

—

—

—

—

—

—

H,0
9.95

10.10
12.22
12.60
12.22
12.60
13.74
14.15
10.53
10.19
10.53
10.30
11.40
11.33
13.11
13.07
13.44
13.33
14.05
14.14
11.61
11.53
13.41
13.60
11.94
12.05
12.69
12.76
12.69
12.73
12.69
12.53
10.13
9.98

12.04
12.30
13.88
14.02

Total

100.00
100.00
100.00
100.39
100.00
100.73
100.00
100.15
100.00
99.38

100.00
100.34
100.00
99.33

100.00
100.47
100.00
100.33
100.00
101.94
100.00
100.74
100.00
100.19
100.00
100.33
100.00
99.42

100.00
100.09
100.00
99.69

100.00
100.12
100.00
98.82

100.00
100.00

or the general formula

xn MO • 2 (6 R208 • 18 SiO2) • n H2O.

Analyst

Hardmann

Wurtz

Igeletrom

Theory

Theory
n

Theory

sio>

39.75
39.44
35.07
35.24
37.22
37.10

AJaOa | FejOa
9.39

10.35
4.97
4.48

21.09
21.13

20.61
20.72
23.38
23.13

—

CraO» j FeO

—

z
—

3.98
3.70

25.14
25.09
19.85
20.00

MnO

Trace
—

Trace

CaO

4.64
4.48
—

MgO

7.73
7.47
—

13.78
14.03

—

—

——

NaiO
—

1.51
1.85
—

H,0

13.90
13.62
9.93

10.21
8.06
7.83

Total

100.00
99.78

100.00
100.00
100.00
100.09

2 D
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183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

44MO-2(6Ro03- 18SiO2)
• 42 H26

48MO-2(6R2O3-18SiOo)
• 48 H2O

48MO-2(6R2O3-18SiO2)
• 60 H2O

49 MO • 2 (6 R2O3 • 18 SiO2)
• 56 H2O

49MO-2(6R2O3-18SiOo)
•44H2O

52MO-2(6R203-18Si02)
• 52 H2O

54MO-2(6R2O3-18SiO2)
• 30 H2O

54MO-2(6R2O3-18SiO2)
• 30 H2O

57MO-2(6AUO3-18SiO2)
• 46 H2O

58MO-2(6R2O3-18SiO2)
• 42 H2O

58MOt2(6Ro08-18Si08)
• 46 H2O

58 MO -2(6R2O3-18SiO2)
• 46 H2O

58MO-2(6R2O3-18SiO2)
• 46 H2O

58MO-2(eR2O3-lSSiO2)
• 46 H2O

59MO-2(6R2O3-18SiO2)
•48H2O

59MO-2(6R2O3-18SiO2)
• 48 H2O

60MO-2(6R2O3-18SiO2)
• 48 H2O

62M0-2(6R2O3-18Si02)
• 52 H2O

62M0-2(6AL>O3-18Si02)
• 46 H2O

62 MO • 2 (6 R2O3 • 18 SiO2)
•48H2O

62MO-2(6R2O3-18SiO2)
•48H2O

63 MO • 2 (6 A12O3 • 18 SiO2)
• 48 H2O

64M0-2(6Al2O8-18Si02)
• 48 H2O

64M0-2(6Al2O3-18Si0a)
• 48 H2O

44 MO = 44 FeO
12R2O3=10Al2O3-2Fe2O3

48 MO =30 MgO • 17 FeO • 1 MnO
12 R2O3= 10 A12O3 • 2 Fe2O3

48 MO = 34-5 MgO -11.5 FeO • 2 CaO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

49 MO = 32.5 MgO • 15 FeO • 1.5 CaO
12 R2O3 = 10.5 A12O3 • 1.5 Fe2O3

49MO=48MgO-lFeO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3
52 MO = 50 MgO • 1 CaO • 1 FeO

12R2O3=llAl2O3-lFe2O3
54MO=53MgO-lCaO

12 R2O3=10.5 A12O3 • 1.5 Fe2O3
54MO = 53MgO-lCaO

12R2O3=10.5 A12O3- 1.5Fe2O3
57MO=53MgO-4FeO

58MO = 50MgO-8CaO
12R2O3=10.5 A12O3- 1.5Fe2O3

58 MO=58 MgO
12R203=8.5Al2O3-1.5Fe2O3-2Cr2O3

58 MO=58 MgO
12 R2O3 = 8.5 A12O3-1.5 Fe2O3-2 Cr2O3

58 MO =58 MgO
12 R2O3 = 8.5 A12O3 -1.5Fe2O3-2 Cr2O3

58 MO = 58 MgO
12 R2O3=8.5 A12O3-1.5 Fe2O3-2 Cr2O3

59 MO = 59 MgO
12R2O8=10Al2O3-2Fe2O3

59 MO = 59 MgO
12R2O3=10Al2O8-2Fe2O3

60 MO = 55 MgO • 4 FeO • 1 CaO
12 R2O3=11.5 A12O3 • 0.5 Fe2O3

62 MO = 54 MgO-2 FeO-4 CaO-1 K2O
• 1 Na2O ; 12 R2O3=9 Al2O3-3 Cr2O3

62 MO = 61.5 MgO • 0.5 FeO

62 MO =62 MgO
12R2O3=9Al2O3-3Fe2O3

62 MO = 62 MgO
12R2O3 = 9Al2O3-3Fe2O3

63 MO = 53 MgO • 8 FeO • 2 CaO

64 MO = 60 MgO-4 FeO

»» »» »»

Chamo-
site

Ortho-
chlorite
Deles-
site

Ortho-
chlorite

t9

*9

J»

yf

fy

f9

ff

t>

>»

f9

y9

»>

»>

Source

Schmiedefeld

Cape Wrath

Bowling Quarry,
Dumbarton
Long Craig,
Dumbarton

Ckyn

Markich

S chis chims ker
Berge

»

»>

Ufal6jsk

>>

»»

Bilimbajew8k

Texas, Pa.

Willimantic,
Conn.

Kariaet,
Greenland

Unst

Mauleon

Achmatowsk

Kariaet,
Greenland

Achmatowsk
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Analyst

Loretz

Heddle

»»

>»

Gintl

van
Weryecke
Komonen

Hermann

Clarke and
Schneider

Herzog von
Leuchtenberg

N. v. Zinn

Hermann

Burton

Hammer-
schlag
Heddle

Delesse

Struve

Janowsky

Kobell

Varrentrapp

Theory
IV

Theory
LXVII I
Theory

VI
Theory
VIII

Theory
XIII

Theory
II

Theory
xcv

Theory
XCVI
Theory
XCVII
Theory

CI
Theory

CII
Theory

c m
Theory

CIV
Theory

CVI
Theory
CXLI
Theory
CXLIX
Theory
CXVI
Theory
LXIII
Theory
LVIII
Theory
XCII

Theory
XCIII

Theory
CXVII
Theory

LXXXIX
Theory

XC

SiOj

29.08
29.00
31.49
31.03
31.70
32.00
31.11
30.93
34.85
35.31
33.21
32.84
35.12
34.99
35.12
34.23
32.62
32.35
32.36
32.27
32.14
33.12
32.14
32.35
32.14
33.31
32.14
32.50
32.13
31.82
32.13
31.86
31.76
30.34
30.19
29.89
31.99
32.10
31.29
31.64
31.29
31.52
30.62
30.32
31.14
31.14
31.14
30.38

A12O8

13.79
13.00
14.87
14.85
17.22
17.33
15.43
15.32
18.93
18.28
17.23
17.34
17.40
17.15
17.40
16.31
18.49
18.00
16.05
16.05
12.90
13.56
12.90
13.29
12.90
12.60
12.90
13.20
15.15
15.10
15.15
15.80
16.95
16.86
12.83
12.93
18.13
18.50
13.30
13.54
13.30
13.96
17.34
17.90
17.64
17.14
17.64
16.97

FeaOj

4.33
6.00
4.67
5.73
1.17
1.19
3.46
3.16
1.29
1.26
2.46
3.29
3.90
3.39
3.90
3.33
—

3.59
4.26
3.57
2.29
3.57
2.00
3.57
2.30
3.57
2.30
4.76
4.06
4.76
4.77
1.19
1.86
—

z
6.95
5.83
6.95
6.12
—

—

—

Cra0a

4.53
4.19
4.53
4.19
4.53
4.04
4.53
4.00

0.90
—

—

6.38
5.97

z
—

—

—

—

FeO

42.62
42.00
17.85
17.42
12.16
12.45
15.55
15.31
1.16
0.83
1.11
1.04
—

—

4.35
4.37

0.28

—

—

0.25 NiO
—

4.23
4.53
2.01
1.96
1.18
0.60
—

—

8.16
7.71
4.16
3.85
4.16
4.37

MnO

—

1.03
1.00
—

0.38
—

—

—

—

—

—

z
—

z

z
—

z
—

0.53
—

CaO

0.36
1.64
1.57
1.21
1.38

0.86
0.75
0.90
1.42
0.90
1.75
—

6.71
6.21
—

—

—

0.30
0.82
0.61
3.13
3.54

0.05

0.05
1.59
1.28
—

—

MgO

—

17.49
17.42
20.25
20.42
18.73
18.65
30.97
31.61
30.74
30.48
33.92
34.49
33.92
35.36
32.02
32.29
29.96
29.75
34.54
35.77
34.54
35.04
34.54
35.62
34.54
35.60
35.10
35.24
35.10
34.30
32.35
31.82
30.19
29.93
36.44
36.70
35.93
36.20
35.93
35.68
30.04
29.88
34.60
34.40
34.60
33.97

z

—

—

—

—

—

—

1.32
1.16
—

—

NaaO

—

—

—

—

—

—

—

—

—

—

0.37
0.87
0.97
—

—

O.85(Resd.)
|

0.85(Rosd.)Ii

10.18
10.00
12.60
12.48
15.86
15.45
14.51
14.69
12.78
13.26
14.39
14.44
8.75
8.56
8.75
8.68

12.52
12.50
11.33
11.47
12.32
12.65
12.32
12.62
12.32
12.62
12.32
12.60
12.86
12.75
12.86
12.72
12.70
12.70
13.08
13.27
12.26
12.10
12.53
12.74
12.53
12.67
12.25
12.28
12.46
12.20
12.46
12.63

Total

100.00
100.00
100.00
100.29
100.00
100.41
100.00
99.82

100.00
100.55
100.00
100.18
100.00
100.00
100.00
99.66

100.00
99.51

100.00
100.29
100.00
101.58
100.00
99.49

100.00
100.49
100.00
100.30
100.00
100.12
100.00
99.75

100.00
99.09

100.00
99.62

100.00
100.00
100.00
100.00
100.00
100.00
100.04
99.37

100.00
10041
100.00
98.32
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0. Orthochlorites of the type
R • Si • R • Si • R = 8 R203 • 12 SiO*

Source

207

208

40 MO • 2(8 Fe2O8

41 MO • 2(8 A12O8

12 SiO2) • 44 H2O

12 SiO2) - 40 H2O

40 MO = 40 FeO

41MO=31FeO-10MgO

Cronstedtite

Thuringite

Cornwall

Lake Superior

P. Orthochlorites of t h e t y p o

R • Si • R • & • & = 9 R 2 O 3 • 12 S i O 2

209

210

211

212

213

214

16MO-2(9AlaO3-
•34H2O

28MO-2(9R2O8-
• 30 HaO

30MO-2(9RaO8-
- 42 H2O

33 MO • 2(9 R2O8 •
•36HaO

37MO-2(9A12O8-
•34H2O

40MO-2(9FeaO8-
• 46 HaO

12SiO2)

12 SiO2)

12 SiO2)

12SiO2)

12 SiO2)

12SiO2)

16 MO = 14 MgO • 1 CaO • 1 FeO

28MO=25FeO •3 MgO
18 R2O3= 15 A12O8 • 3 Fe2O8

30 MO = 28 FeO •
18R2O8=7-5Fe2O8-

33MO=31FeO
18R2O8 = 12A12O8

37 MO = 24 MgO-

2 MgO
10.5A1208

2 MgO
• 6 Fe2O8

13 FeO

40 MO=40 FeO

Rumpfite

Aphro8iderite

Thuringite

„

Orthochlorite

Cronstedtite

Source

St. Michael

Weilburg

Schmiedefeld

Chester, Maae

Cornwall

N e w F o r m u l a e f o r

The following analyses of the minera l s

A. R • & • R = 5 R 2 O 3 • 6 S i O t ,

J?. R • & • R • Si • R = 8 R 2 O 8 • 12 S i O t ,

A. Tourmal ines of t h e t y p e

8ource

4RO

4RO

5 MO

5 MO

5 MO

5 MO

6 MO

( 2 8
9HaO
4(5R2O8
4H2O
4(5R2O8
5H2O

( 2 8
5H2O
4(5RaO8
10H2O
4(5 R2O8
7HaO

6MO
•8HaO

6SiOa)

6SiOa)

•6SiOa)

•6SiOa)

6SiO8)

•6SiO2)

•6SiOa)

6SiO8)

4MO=0.5MnO • 1.5LiaOlNaaO0.5KaO
• 0.5 HaO; 20 R2O8=16 Ala08 • 4 B2O,
4 MO=0.5 CaO • 2 LiaO • 1.5 Na2O

20 RaO8=15.5 A12O8 • 4.5 B2O8

5 MO=1 MnO-0.5 GaO-1.5 Li2O1.5 NaaO
-0.5 K2O; 20 RaO,=15.5 A12O8 • 4.5 BaO8

5 MO=1 MhO-0.5 CaO-1.5 MgO • 1 Li»O
• 1 Na2O; 20 RaO8= 16 AlaO8 • 4 BaOa

5 MO=1.5 FeO-0.5 MgO-1 Li2O • 1.5 MnO
-1.5 KTa2O; 20 RaO8=15 Al4O8-5 B2O,

5 MO=0.5 MnO-0.5 CaO-2 LiaO -1 Naa0
• 1 KaO; 20 R2O8=15.5 AlaO8 • 4.5 B a 0 8

6 MO = 1.5 FeO-1.5 MnO0.5 CaO-0.5 Li2O
• 2 NaaO; 20 R2O8=15 A12O8 • 5 BaO3

6 MO=1 FeO -1 MnO • 0.5 CaO • 2 Li20
1.5 Na2O ; 20 R2O8=14.5 Al2O8-5.5 BaO8

* See references on p. 441

Elba

Rumford

Paris

Sohaitauka

Elba

Schtitten-
hofen
Brazil

Baxxunelsberg

Riggs

RarnmelsbeTg

Soharker

Jannaach
and Calb

Rigga
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or the general formula
m MO • 2 (8 R2O3 • 12 SiO2) * n H2O.

Analyst

Flight

Penfield
and Sperry

Theory
VIII

Theory
X

SiO,

18.77
18.55
22.28
22.35

AlaO,

25.25
25.14

Fe,O,

33.36
32.75

CraO,

—-

FeO

37.54
38.57
35.25
34.39

MnO

—

CaO

—

MgO

6.18
6.41

K,0 Na,0 H,0

10.33
10.13
11.14
11.25

Total

100.00
100.00
100.00
99.54

or the general formula
m MO • 2 (9 R2O3 • 12 SiO2) • n H2O.

Analyst

Firtsch

Sand-
berger

L. Smith

Rammels-
berg

L. Smith

Flight

Theory
I

Theory
III

Theory
I

Theory
II

Theory
CXXII
Theory

VII

SiOa

31.48
30.75
24.36
24.63
21.94
22.05
21.74
22.35
24.90
25.06
17.94
17.47

A1,O,

40.12
41.66
25.89
25.25
16.32
16.40
18.48
18.39
31.71
30.70
—
—

FeaO,'

—
8.13
8.50

18.28
17.66
14.47
14.86

—
35.87
36.76

CraO,

—

—
—
—

—

—

FeO |MnO
1.57
1.61

30.45
30.61
30.72
30.78
34.30
34.34
16.21
16.50
35.87
36.31

—

—

—

—

—

CaO

1.22
0.89

—

—

—

—

0.09

MgO

12.23
12.09
2.03
1.82
1.22
0.89
1.21
1.25

16.60
16.41

—

K»O Na,0

—

—

0.14(K,O*Na,O)

—

—

—

—

—

—

H,0 | Total

13.38
13.12
9.14
9.19

11.52
11.44
9.78
9.81

10.58
10.62
10.32
10.09

100.00
100.12
100.00
100.00
100.00
99.36

100.00
101.00
100.00
99.29

100.00
100.72

the Tourmaline Group

of this group conform to the following types :

C. ft • Si • ft • Si • ft = 9 R2O3 • 12 SiO2.

or the general formula
m MO • 4 (5 R2O3 • 6 SiO2) • n H20

SiOi B,O, >, FeO TiO« MnO CaO MgO UaO Na,0 K,0 H,0 PI Total Jf^L™

Theory
XX

Theory
LXVIII
Theory
t x n

Theory
XXXI
Theory
XIX

Theory
v n i

Theory
XLII

Theory
x x x v i n

39.76
38.85
39.15
38.07
39.01
38.19
39.00
38.26
38.97
37.71
37.94
38.49
37.63
37.05
38.18
37.39

7.71
9.52
8.54
9.99
8.52
9.97
7.57
9.29
9.45
9.99
8.28
8.25
9.13
9.09

10.18
10.29

45.06
44.05
42.99
42.24
42.83

0.00
0.00
0.00
0.00
0.00

42.63 0.00
44.20 0.00
43.97 0.00
41.41 0.00
41.89 0.00
41.66 0.00
41.49 0.00
39.98
40.03
39.22
39.65

0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.26
0.00
0.00
0.00
0.00
0.97
1.38
0.00
0.35
2.82
2.36
1.91
2.29

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.98
0.92
0.00
0.35
1.92
1.94
1.92
1.53
2.88
2.51
0.94
0.60
2.78
2.35
1.88
1.47

0.00
0.00
0.76
0.56
0.76
0.45
0.76
0.62
0.00
0.00
0.74
1.82
0.73
0.47
0.74
0.49

0.00
0.20
0.00
0.07
0.00
0.39
1.62
1.62
0.54
0.41
0.00
0.00
0.00
0.32
0.00
0.00

1.24
1.22
1.63
1.59
1.22
1.17
0.81
0.48
0.82
0.74
L58
1.68
0.40
0.60
1.59
1.71

1.71
2.00
2.53
2.18
2.52
2.60
1.68
1.53
2.52
2.40
1.64
1.32

1.30 2 240.00100.00
0.70 101.171.30 2.41

0.00 4.40 0.00 100.00
0.44 4.260.28100.29
1.27 1.95 0.00 100.00
0.68 2.001.18101.20
0.00 2.44 0.00100.00
0.21 2.49 0.70100.70
0.002.440.00100.00
0.34 2.600.50100.47
2.484.740.00100.00
2.144.61 0.43 100.00

3.24
3.18Trace

0.00 3.290.00100.00
3.231.15 99.83

2.47
2.42

0.00 3.83 0.00100.00
0.25 3.63 0.32 99.91
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9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2S

2C

T

6 MO • 4(5 R2O3 • 6 SiO2)
•9H2O

6 MO • 4(5 R2O3 • 6 SiO2)
•9H2O

7MO-4(5R2O3-6SiO2)
•5H2O

7 MO • 4(5 R2O3 • 6 SiO2)
•6H2O

7MO-4(5R,>O3-6SiO2)
• 8 B̂ O"

7 MO • 4(5 R2O3 • 6 SiO,)
•8H2O

8MO«4(5R2O3-6SiO2)
•4H2O

8 MO • 4(5 R.O3 • 6 SiO2)
•9HaO

8MO-4(5R2O3-6SiOo)
• 10 H2O

10 MO • 4(5 R2O3 • 6 SiO2)
•2H2O

10 MO • 4(5 R2O3 • 6 SiO2)
•3H2O

10 MO • 4(5 R2O3 • 6 SiO2)
•5H2O

10 MO • 4(5 Ro03 • 6 SiO2)
• 8 H2d

10MO-4(5R2O3-6SiO2)
•8H2O

10 MO • 4(5 RoOa • 6 SiO2)
•8H2(5

12MO-4(5R2O8-6SiO2)
•2H2O

12MO-4(5R2O3-6SiO2)
•6H2O

12MO-4(5RoO8-6SiO2)
• 8 H2O

12MO-4(5R2O8-6SiO2)
•8H2O

6 MO = 1 FeO • 1 MnO • 0.5 CaO • 2 Li2O
-1.5 Na2O ; 20 R2O3= 14.5 Al2O3-5.5 B2O3
6 MO=2 FeO-0.5 CaO • 2 Li2O • 1.5 Na2O

20 R2O3=14 A12O3 * 6 B2O3
7MO = 1.5FeO-0.5 CaO • 4 MgO • 1 Na2O
20R2O3=11.5 Al2O3-5.5B2O3-3Cr2O3

7 MO = 1.5 FeO-1.5 MnO-0.5 CaO- 1.5 Li2O
• 2 Na2O ; 20 R2O3=14.5 A12O3 • 5.5 B2O3
7 MO = 1.5 FeO • 1.5 MnO-0.5 CaO-2 Li2O

•1.5 Na2O ; 20 R2O3=14.5 A12O3 • 5.5 B2O3
7 MO = 3.5 FeO • 1.5 Li2O • 2 Na2O

20 R2O3= 14.5 A12O3 • 5.5 B2O3
8 MO = 3 FeO • 0.5 MnO • 1 MgO • 2 Li2O
- 1.5Naa0 ; 20 R2O3 = 14 A12O3 • 6 B2O3

8 MO=4FeO-0.5 MnO • 1.5Li2O • 2 Na2O
20 R2O3= 14.5 A12O3 • 5.5 B2O3

8 MO=2.5 FeO-1.5 MnO-2 Li2O • 0.5 K2O
•1.5 Na2O ; 20 R2O3= 15.5 Al2O3-4.5 B2O3
10 MO = 3 FeO -0.5 MnO-4 MgO-0.5 K2O
• 2 ]STa2O ; 20 R2O3=14 A12O3 • 6 B2O3
10MO = 7.5FeO • 1.5MgO • 1 Na2O

20R2O3 = 14Al2O3-6B2O8
10MO=6.5FeO-lMgO0.5MnO- 1 Li2O

-1 Na2O ; 20 R2O3=13 A12O3 • 7 B2O3
10 MO = 8 FeO • 1 MgO • 1 NaoO

20 R2O3=13 A12O3 • 7 B2O3
-

10 MO = 7 FeO • 1.5 MgO • 1.5Na2O
20 R2O3= 14.5 A12O3 • 5.5 B2O3

10 MO = 7.5 FeO • 1.5 MgO • 1 Na2O
20 R2O3= 13.5 A12O3 • 6.5 B2O3

12 MO = 8.5 FeO-0.5MnO-2 MgO-0.5 Na2O
• 0.5 H2O ; 20 R2O3=12 A12O3 • 8 B2O3
12 MO = 8.5 FeO -1.5 MgO- 2 Na2O

20 R2O3 = 14 A12O3 • 6 B2O3
12 MO = 4.5 FeO • 5.5 MgO • 0.5 CaO

• 1.5 Na2O ; 20 R2O8= 13.5 A12O3 • 6.5 B2O3
12 MO = 6 FeO • 4 MgO • 2 Na2O

20 R2O3= 13 A12O3 • 6 B2O3 • 1 Fe203

Source

Auburn

,,

N. Issetsk

Brazil

,,

Rumford

Brazil

Auburn

Schutten-
hofen

M. Bisch

Saar

Goshen

Auburn

Paris

Alabaschka

Mursinka

Stony

Piedra

Analyst

Riggs

J>

Cossa

Jannasch
and Calb
Rigga

„

Rammelsberg

Riggs

Seharizer

Sommerland

Rammelsberg

Riggs

Jannasch
and Calb

Rammelsberg

Jannasch
and Calb
Riggs

Jannasch
and Calb

B. Tourmalines of the type
i • R • Si • R = 8 R2O3 • 12 SiO2

Source
Waldheim

Monroe

Elba

Tamatave

Analyst
Sauer

Rammelsberg

>?

Jannasch
and Calb

7MO-2(8R2O3
•6H2O

13 MO • 2(8 R2O3

•6H2O
14MO-2(8R,O3

• 5 H2O
14 MO-2(8 R2O3-

•6H2O

12 SiO2)

12 SiO2)

12 SiO2)

12 SiO2)

7 MO=3 FeO • 0.5 CaO • 1 MgO • 0.5 K2O
• 2 2sTa2O ; 16 R2O3=14 A12O3 • 2 B2O8

13 MO = 2 FeO • 1 CaO • 9 MgO • 1 Na2O
16 R2O3=11.5 A12O3 - 4.5 B2O8

14 MO = 5 FeO • 0.5 MnO-0.5 CaO-6.5 MgO
• 1.5 Na2O ; 16 R2O3 = 11 A12O8 • 5 B2O8

14 MO=4.5FeO • 1.5 CaO • 7 MgO-1 Na,0
16 R2O8= 10 A12O3 • 4.5 B2O3 • 1.5 Fe2O8
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SiOa A12O3 Fe2O8 FeO TiO2 MnO CaO MfirO LiaO HaO Fl Total Loss on
Ignition

T h e o r y
L X I V

T h e o r y
L X V

T h e o r y
X X X I I

T h e o r y
X L I

T h e o r y
X X X I X

T h e o r y
L X I X

T h e o r y
X X X V I

T h e o r y
L X V I

T h e o r y
V I I

T h e o r y
X X X I V

T h e o r y
X

T h e o r y
L V I I I

T h e o r y
L X V I I

T h e o r y
L X I I I

T h e o r y
X X V I I I

T h e o r y
X X V I I

T h e o r y
X X I X

T h e o r y
X L I V

T h e o r y
X L I I I

0 2 1 0
1 4 1 0

1 6 1 1

. 1 4 3 9 . 0 3

.25 3 9 . 6 0

.10 3 7 . 8 43 8 .
3 7 . 8 5

3 6 . 9 1
3 6 . 7 9 9 . 5 1 3 0 . 5 6

3 7 . 6 8 1 0 . 0 5 3 8 . 6 9
3 7 . 4 0 1 0 . 7 4 3 9 . 0 2

1 0 . 5 5 3 7 . 7 3

9 . 8 4 3 0 . 0 6
9 . 5 1

37.48
36.91

37.21
36.53

37.86
38.06

36.39
36.26

35.99
36.38

36.
36.

35.97
36.11

36.
36.

9.99 38.49
9.87 38.13

9.93 38.23
10.22 38.10

11.02 37.55
10.09 37.81

70 37.37
68

50
8.12 39.77

8710 .74 36.56
8610 .56 36.72

9 4 3 6 .

8 5 3 9 .

3 5 .
3 4 . 9 9

3 5 . 0 9
3 5 . 0 3

3 5 .
3 5 .

10.47 35.67
11.6435.46

1812 .28 33.31
2 2 1 0 . 6 5 33.35

0 4 1 0 . 2 0 3 4 . 7 6
9.63 33.96

34 36.04
.44

3211 .14 33.78
4110 .14 33.75

0.00
0.30

0.00
0.42

11.70Cr 2O 3

10.86 Cr2O ;

0.00
0.00

0.00
0.31

0.00
0.00

0.00
0.00

0.00
0.15

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

1.13

1.90 0.00
1.38 0.00

3.82 0.00
3.88 0.00

2.77 0.00

1.87 0.73
1.38 0.43 Trace

0.00 0
0.51

0 .001 .58
1.34

.74
0.49

0.00 1.59
0 .041 .34

0.00 0.72 4 .101 .59
2.91 0.00 Trace

35 .7613.88 30.40
36 .1912 .79 30

34.35
34.88

35 .3011 .12 33
35.5610.40 33

34.24
34.73

9.9934J
8.94 34

9.96 31
9.64 31

3.81
3.18

82 0LOO
1.00

1.00

2.
2.

2.
3.

6.
6.

5.
5.

7.
7.

4.
4.

5.
5.

13.
13 .

11 .
11 .

14.02
14.23

12.28
12.10

13.25
13.42

15.20
15.59

14.62
14.40 0.27

7.94

35 0

8 1 0
19 0.00

51 0.00
43 0.00

68 0.00
83 0.00

28 0.00
07 0.00

50 0.00
17 0.00

53 0.00
66 0.00

49 0.00
17 0.00

,75 0.00
,95 0.00

0.72

.7379 0
57 0.60

77 0
22 0

1.73
>.38

00 0.00
32 0.34

93 0.00
13 0.00

90 0.00
72 0.17

2.66 0.00
2.83 0.00

0.91 0.00
0.66 0.34

0.00 0.00
0.28 0.00

0.89 0.00
1.25 0.00

0.06 0.15
0.00 0.
0.08 0.24

Trace 0.17

0.88
0.54

0.24 0.20

0.69

4.471 1.36 00 Trace

0 .001 .17
0 .201 .33

0 .001 .56
0.04 1.61

0 .001 .19
0.00 0.95

1.051.58
0 .921 .30

0 .001 .14
0.16 1.05

0.00 1.50
0.00 1.54

4.10 0.00
3.92 0.00

1.50 0,00
1.52 0.00

1.00 0.75
0.63 0.84

0.97
1.01 Trace

1.46 0.00
1.81 0.07

1.47
1.57

1.98
1.88

1.43
1.32

5.39
8.43 0.55 0.04 0.53 5.44 Trace

10.28
10.14 0.30 0.16 0.36

3.81
3.47

2.45
2.36

2.46
2.16

0.00
0.

3.25
3.59

2.42
2.70

3.21
2.86

2.44
2.21

3.13
2.88

2.33
1.93

3.17
3.57

0.55
0.98

1.56
1.75

1.51
2.01

2.27
2.03

1.52
2.08

0.77
1.04

2.96
2.70

2.28
2.16

2.95
2.85

100.00
100.23

0.00 4 .28 0.00
0.27 4.16 0.62

4.29 0.00
±.18 0.62 100

00 4. 100.00
.39

0.00 2 . 3 1 0 . 0 0 1 0 0 . 0 0

62 4.

2.25 0.65 100.08

00 2
29 3

00 3
28 3

J.82 0.00 100.00
{.08 0.98

{.75 0 .00100 .00
{.64 0.14 99.42

0.00 3.72 0 .00100 .00
0.L38 3 99.81

3.O0
1.42 2.23 0.70 100.70
L 0 0 1

{.52 0.16

L.89 0.00 100.10.
0.

0.00 4.09 0.00 100.00
0.44 4.05 0.71

1.17 4.50 0 . 0 0 1 0 0
0.93 4.29 0 . 0 0 1 0 0

1.20 0.92 0 . 0 0 1 0 0
1.11 1.16 0.61

0 . 0 0 1 . 3 5 0 . 0 0 1 0 0
0 .091 .26 0.41

0.00 2.26 0 . 0 0 1 0 0
0.40 2 . 2 1 0 . 8 2 1 0 0

3.50
0.34 3.62 0 . 0 0 1 0 0

0.1.25 3
3.50

.69 0.00

3.53

0.47

0.34 3 . 4 1 0 . 2 8 1 0 0

1.11
1.110.76

2.58
0.05 2.87 0.51

3 53
0.24 3.*63 0.00

3.42
0.15 3.44 0.47

100.28

.00
i.OO

. 00
1 0 1 . 1 7

. 0 0
1 0 0 . 9 2

.00
>.07

100.00
.00

100.00
99.89

100.00
.57

100.00
100.76

100.00
100.96

100.00
100.36

100.00
100.58

4.09

3.62

3.31

2.17

2.30

2.86

o r t h e g e n e r a l f o r m u l a

m M O • 2 (8 R 2 O 3 • 1 2 S i O 2 ) - n H 2 0 .

| SiO8

T h e o r y
I I I

T h e o r y
L I I I

T h e o r y
X V I I

T h e o r y
L X X I I I

36.64
36.35

39.38
39.01

38.13
38.20

37.19
35.48

B2o,

3.55
4.61

8.59
8.95

9.24
9.03

8.12
9.49

A1»O,

36.33
35.76

32.07
31.18

29.71
30.02

26.34
25.83

FeaO*

—

z

6.20
6.68

FeO

5.49
4.78

3.94
4.07

9.53
9.93

8.37
7.99

TiO,

0.41 S n O 2

—

-

1.22

MnO

—

—

0.94
0.58

Trace

CaO

0.71
0.47

1.54
1.81

0.74
0.74

2.16
2.03

MgO.

10.18
10.01

9.84
9.90

6.87
6.87

7.23
6.90

Ii2O |NaaO

—

z

—

—

3.15
3.89

1.69
1.82

2.46
2.19

1.60
1.92

KaO

1.19
1.22

0.44

0.25

0.29

HaO

2.76
2.87

2.95
2.82

2.38
2.29

2.80
2.58

Fl

—

0.15

0.33

Total

100.00
99.67

100.00
100.00

100.00
100.15

100.00
100.74
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Source Analyst

32 15 MO • 2(8 R20a • 12 SiOa)
•4H2O

33 15 MO • 2(8 Ra03 • 12 SiOa)
•6H2O

3416 MO • 2(8 R208 • 12 SiO2)
•4HaO

3516 MO • 2(8 RaO3 • 12 SiO2)
•5H2O

3617 MO • 2(8 Ra03 • 12 SiO2)
•8H2O

3718 MO • 2(8 R203 • 12 SiO2)
•8HaO

38 19 MO • 2(8 Bo03 • 12 SiOa)
•8H2O

15 MO=4.5 FeO • 1 CaO • 8 MgO • 0.5 KaO
• 1 Na2O ; 16 R2O3=11.5 A12O3 • 4.5 B2O:

15MO=2FeO • 0.5 CaO-11 MgO-1.5 Na2O
16 RaO8=11.5 A12O3 • 4.5 B2O3

16 MO=6 FeO • 0.5 CaO • 8 MgO • 0.5 K2O
• 1 Na2O ; 16 RaO3=ll A12O3 • 5 B2O3

16MO=0.5FeO-l CaO-14 MgO-0.5 NaaO
16 RaO3= 11.5 A12O3 • 4.5 B2O3

17 MO=0.5 FeO-2 CaO-13.5 MgO-1 tfaa0
16 RaO3= 10.5 A12O3 • 5.5 B2O3

18 MO=0.5 FeO-2.5 CaO-14 MgO-1 NaaO
16 R2O3=11A12O3 • 5 B2O3

19MO=4.5FeO-2.5 CaOll MgO-1 £Ta2O
16R2O8=10Al2O8-6B2O3

Haddam

Eibenstock

Snarum

Gouverneur

Dekabb

Pierrepont

Rammels-
berg

Riggs

C. Tourmalines of the type
R • Si • & • Si • & = 9 R2O3 • 12 SiOa

Source Analyst
39

40

41

3 M 0

5 MO

8 MO

42

43

10 MO

10 MO

4411 MO

4511 MO

46 11 MO

12 MO

4812 MO

49 12 MO

2(9R2O3
5H a O
2(9R2O8
5H 2 O
2(9R2O3
5H a O
2(9 RaOa
3H a O
2(9 R2O3
<4HaO
2(9 RaO3
8H 2O

2(9R2O3
8H2O

2(9R2O8
9H2O
2(9R2O8
3H 2O
2(9R2O3
3H aO

50

51

52

54

2(9RaO3
4H 2 O

12MO-2(9R2O3
•4H a O

12MO-2(9R2O8
5H 2 O

12MO-2(9R 2O 3
• 6 H 2 O

12MO-2(9R2O8<
8HTaO

12MO-2(9R a O,-
9H2O

12SiO2)

12SiO2)

12SiO2)

12SiO2)

12 SiO2)

12SiO2)

12SiO2)

12SiO2)

12 SiO2)

12SiO2)

12 SiO2)

12SiOa)

12 SiO2)

12 SiO2)

12 SiO2)

12SiO2)

3 MO=0.5 MnO-0.5 MgO-1 Na2O-l K2O
18R2O3=14A12O3-4B2O3

5 MO=2.5 FeO-0.5 MnO-0.5 MgO-1.5 Na2O
18 R2O3=13.5 A12O3 • 4.5 B2O3

8MO=3.5FeO • 0.5 MnO • 1.5 MgO-1 Li2O
• 1.5 Na2O; 18 R2O3=13.5 Al2O3-4.5 B2O3

10 MO=5.5 FeO • 1.5MnOl MgO-1.5 Na3O
• 0.5 H2O ; 18 R2O3= 11.5 A12O3 - 6.5 B2O3

10 MO=5.5 FeO-1 MnO-1.5 MgO-1.5 Na2O
• 0.5 K2O ; 18 R2O3 = 13 A12O3 • 5 B2O3

11 MO=8 FeO • 0.5 MgO • 2.5 Na2O
18 R2O3=13.5 A12O3 • 4.5 B2O3

11 MO=9 MgO • 1.5 Na2O • 0.5 CaO
18 R2O3= 12.5 A12O3 • 4.5 B2O3 • 1 Cr2O8

11 MO=4.5 FeO • 0.5 CaO • 4 MgO- 2Na2O
18 R2O3=12.5 A12O3 • 5.5 B2O3

12MO=6.5FeO0.5 CaO-3.5 MgO-1 Na2O
• 0.5 KaO ; 18 R2O3 = 12 A12O8 • 6 B2O3

12 MO=6.5 FeO • 0.5 CaO • 4 MgO • 1 NaaO
18 R2O3= 13 Ala08 • 5 B2O8

12 MO=9.5 FeO • 0.5 CaO • 1 MgO • 1 Na2O
18 R2O3=12 Ala08 • 6 B2O3

12 MO=7.5 FeO0.5 CaO»2.5 MgO-0.5 K2O
• 1 NaaO ; 18R2O3=11.5 A12O3 • 6.5B2O8

12 MO=7 FeO • 0.5 CaO • 2.5 MgO • 1 MnO
• 1 Na2O ; 18R2O3=d2.5 Al2O8-5.5 B2O8

12 MO = 1.5 FeO-0.5 CaO-8.5 MgO-0.5 K2O
• 1 Na2O ; 18 R2O8=13 A12O8 - 5 B2O3

12 MO=8 FeO • 0.5 CaO • 2 MgO • 1.5 Na2O
18R2O3=13A12O8-5B2O3

12 MO=7.5 FeO • 1 MnO • 1.5 MgO-0.5 KaO
1.5 Na2O ; 18 RaO8=14 A12O8 • 4 BaO3

Rozna

Campol

Chester-
field

Sarapulka

Elba

Buchw.

Maryland

Tamaya

Langenb.

Krumm

Andreasb.

Bovey
Tracey
Krumm

Texas

Brazil

Schiitten-
hofen

Rammels-
berg

Engel-

Rammels-
berg

Jannasch
and Calb

Gill

Schwarz

Rammels-
bercr

»

»

Biggs

Soharizer
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SiO, B»0, FeO TiO» MnO CaO MgO L i , 0 K , 0 HaO Fl Total Loss on
Ignition

T h e o r y
L V

T h e o r y
I I

T h e o r y
X X V

T h e o r y
X L V I I

T h e o r y
X L I X

T h e o r y
L I I

T h e o r y
I

3 7 . 8 1
3 7 . 5 0

3 8 . 5 0
3 7 . 7 5

37.20
37.22
38.91
38.85

8.:
9.0!

25 30•.80
30.87
31.368.40

9.14 30.86
9.0!
9.73

28.98
30.00

8.49 31.70
8.35 31.3!

38.0010.14 28.26
37.39 10.73 27.79
37.37 9.06 29.1
36.88 10.58 28.87
36.09 10.50
35.61

25.57
10.15 25.29

0.10

0.44

8.52
8.54
3.85
4.36

11.16
11.16
0.98
1.14
0.95
0.64
0.93
0.52
8.12
8.19

1.19

0.12

1.47
1.33

8.40
8.60

0.7511.76
0.8811.62
0.72
0.65
1.
1.

5115

8.26
7.94

.13

.896014
2.9614.25
2.78 14.09 Trace
3.63 14.54
3.70 14.53 Trace
3.51

0.55 Trace 3.31
11.03
11.07 Trace

1.63 1.23
1.60 0.73
2.49
2.27
1.60
1.13
0.84
1.28
1.64
1.72
1.61
1.39
1.55
1.51

0.30

1.89
1.81
2.89
2.82

1.21
0.531

1.85
.64 0.55

2.44
0.26 2.31

3.80

100.00
100.00
100.00
100.00
100.00
100.55
100.00
100.00
100.00

0.16 3.83 Trace 100.42
3.74

0.18 3.56
3.63

0.20 3.34

0.50

0.27

100.00
100.83
100.00
99.93 2.69

or t h e general formula

m MO • 2 (9 R 2 O 3 • 12 SiO2) • n H 2 O .

I S i O , I B , O , Fe,Oi FeO J TiO, |MnO CaO |MgO | Li.O |Na,o|KtO H,0 j Fl j Total

Theory
I X

Theory
XV

Theory
LVII

Theory
X X X

Theory
XVIII
Theory

X X X I I I
Theory

XLV
Theory
X X X V
Theory

IV
Theory

V
Theory

Theory
X X I

Theory
X I I

Theory
XLVTI
Theory

X L
Theory

VI

41.75
41.16
40.57
39.26
39.01
38.46
3 8 . 2 4 1 2 . 0 6 3 1 . 1 5

3 8 . 3 0 1 1 . 6 2 3 1 . 5 3

37.35
37.14
35.77
35.50
37.83
36.56

37.05
36.43

36.42

37.81
38.45
35.68
34.63
34.95
35.10

8 . 1 0 4 1 . 4 0

8 . 9 3 4 1 . 8 3

8 . 8 6 3 8

9 . 4 0 3 8

8 . 5 1 3 7

9 . 7 3 3 6

5.80
8.33
.29
.80

9.0634.41
9.37 34.15

8034.
3434.

8.25 33.49 4.00 Cr3O.n
8.90 32.58 4.32 0r2Oa

9.8632.7236.96
36.3410.87 32.22
37.0910.79 31.53
37.2411.0231.63

8.98 34.11
9.82 34.12

36.2810.56 30.84
36.0611.1130.34
36.7711.60 29.96
37.9410.72 30.22

9.71 32.24
36.25 10.27 32.21

9.17 34.82
8.57 34.56
8.65 32.86
9.63 32.70
6.78 34.65
7.09 35.10

0.31

5.06
4.51
6.83
6.38

10.52
10.30
10.28
10.52
14.30
14.26

8.30
8.31

12.06
11.64
12.04
11.58
17.23
17.40
13.79
13.82
12.75
12.82
2.84
2.98

14.27
13.67
13.10
13.36

0.09

1.03
0.95
1.00
1.12
0.96
0.78
2.83
2.68
1.84
1.87

Trace Trace
0.74

Trace

0.09

0.08 SnOsj

0.11

0.40
1.80
1.50

0.12
1.72
1.48

0.75
0.72
0.79
0.72
0.62
0.72
0.44
0.71
0.72
0.71
0.50
0.70
0.40
0.73
0.71
0.69
0.33 2.13

1.46
0.98

0.41
0.58
0.61
0.56
1.02
1.63
1.88
1.06
1.06
1.56
1.68
0.50
0.51 Trace
9.46
9.47 Trace
4.10
3.92
3.61
3.65
4.12
3.84
1.00
0.78
2.55
2.62
2.53
2.32
8.93
9.11
1.98

0.812.52 — 2.44
0.72 2.47 0.47 2.31

100.00
0.32 2.3010.75 1.90 0.47 100.47

0.08

1.80 2.73 2.61
1.37 2.17 2.57

2.642.61
2.43 0.38 2.410.61

1.67
37 0.331.81

2.47
2.
2.41

3.85
3.43
2.44
2.22 0
3.18
3. 14 0

1.59
1.36 0
1.56
1.

1.57
1.

2.30

1.221.87

1.601.21
1.93 0.821.45

1.581.201.84
1.

1.621.23 2.84
2.000.73 2.80

0.55

0.80

3.58
3.34 0.77
Q »7Q

) . 1 3 3 . 7 4 0 . 0 6

4 . 1 6

J . 2 2 3 . 8 9

1 . 3 9

1 . 3 9

K 3 0 2 . l l

1 . 8 2

3 . 5 7

2 . 1 1 0 . 2 4 3 . 4 9 0 . 0 6

2 . 2 6 1 . 1 4 3 . 9 4

1 . 9 2 0 . 8 8 4 . 0 1

1 . 1 9

1 0 0 . 0 0

3 6 0 . 5 8 1 . 5 4 0 . 8 5 1 0 0 . 8 5

1 0 0 . 0 0

3 9 0 . 6 5 1 . 7 4 | 0 . 4 5 1 0 0 . 4 5

2 . 2 8 — 1 0 0 . 0 0

, 4 3 0 . 4 6 2 . 3 4 0 . 6 4 1 0 0 . 6 4

1 0 0 . 0 0

1 0 1 . 1 9

1 0 0 . 0 0

9 9 . 4 6

1 0 0 . 0 0

1 0 0 . 5 5

1 0 0 . 0 0

1 0 0 . 8 0

1 0 0 . 0 0

1 0 0 . 5 4

1 0 0 . 0 0

9 9 . 7 0

1 0 0 . 0 0

9 9 . 7 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

1 0 0 . 0 0

9 9 . 5 2

1 0 0 . 0 0

1 0 0 . 0 0
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55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

13 MO

13 MO

13 MO

13 MO

13 MO

HMO

14 MO

HMO

HMO

HMO

15 MO

15 MO

15 MO

16 MO

20 MO

• 2(9 R2O3 •
•5H2O
• 2(9 R2O3 •
•6H2O
•2(9R2O3-
•6H2O
• 2(9 R2O3 •
•6H2O
•2(9E2O3'
•8H2O
•2(9R2O3-
•4H2O
• 2(9 R2O3 •
•6H2O
•2(9R2O3-
•7H2O
• 2(9 R2O3 •
•8H2O
• 2(9 R2O3 •
•8H2O
• 2(9 R2O3 •
•5H2O
•2(9R2O3-
•6H2O
• 2(9 R2O3 •
•8H2O
•2(9R2O3-
•4H2O
•2(9R2O3-
•7H2O

12 SiO2

12 SiO2

12 SiO2

12SiO5

12SiO

12SiO,

12S1O

12S1O

12SiO

12SiO

12S1O

12SiO

12SiO

12SiO

12SiO

)

)

)

)

t)

i)

i)

i)

t)

t)

2)

2)

2)

2)

2)

13 MO = 7 FeO-0.5 MnO-3.5 MgO-1.5 Na2O
•0.5H2O; 18R2O3=12A12O3-6B2O3

13 MO=1.5 FeO • 10 MgO • 1.5 Na2O
18 R2O3=12 A12O3 • 6 B2O3

13 MO = 4 FeO • 1 CaO • 7 MgO • 1 Na2O
18 R2O3= 12 A12O3 • 6 B2O3

13 MO = 1.5 FeO-0.5 CaO-10 MgO-1 Na2O
18 R2O3= 12.5 A12O3 • 5.5 B2O3

13MO = 2FeO-0.5CaO-9MgO-1.5Na2O
18 R2O3= 12 A12O3 • 6 B2O3

14MO=0.5FeO-lCaO-llMgO-1.5Na2O
18R2O3=12Al203-6B2O3

14MO = 2.5FeO-l CaO-9MgO-1.5Na2O
18R2O3=13A12O3-5B2O3

14 MO=3 FeO • 1 CaO • 8 MgO • 2 £Ta2O
18 R2O3=12 A12O3 • 5 B2O3 • 1 Fe2O3

HMO = 1.5FeO • 1 CaOlO MgO-1.5Na2O
18 R2O3= 12.5 A12O3 - 5.5 B2O3

14 MO = 7 FeO-0.5 CaO-4.5 MgO-1.5Na2O
• 0.5 H2O; 18 R2O3=12.5 Al2O3-5.5 B2O3
15 MO=4 FeO-0.5 CaO-9.5 MgO-1 Na2O

18R2O8=12Al203-6B2O3
15MO=3.5FeO-1.5CaO-8MgO-2Na20
18R2O3=11.5 A12O3- 6B2O3-0.5Fe2O3
15 MO=4.5 FeO-1.5 CaO-8 MgO-1 Na2O

18R2O3=12A12O3-6B2O3
16 MO = 7.5 FeO-0.5 CaO-6.5 MgO-1.5Na2O

18R2O3-12A12O8-6B2O3
20 MO=0.5 FeO-4 CaO-15 MgO-0.5 Na.O

18 R2O3 = 11.5 A12O3 • 6.5 B2O3

Source

Dekalb

Zillertal

St. Gott-
hard

Orford

Monroe

Dobrawa

Godhaab

Ohlapian

Orford

Haddam

Kragero

Snarum

Baffins-
land

Unity

Hambg.

Analyst

Rammels-
berg

,,

,,

if

Riggs

Rammela-
berg

Jannasch

Riggs

Ramraela-
berg

Jannasch
and Calb

Riggs

Rammels-
bexg
Riggs

The Fel-

The following analyses of the minerals of the

A. Si • E, • Si • Si • R • Si = 5 B2O3 • 22 SiO2,

B. Si • K • Si • Si • R • Si = 5 R2O3 • 24 SiO2,

C. Si • R • Si • Si • R • Si = 6 R2O8 • 20 SiO2,

A. Felspars of the type

Si • R • Si • Si • R • Si = 5 R2O3 • 22 SiO2

Source
3MO-5R2O8 22SiO2

•1H2O
4M0-5R2O3-22Si0o

• 2 H2O
4 MO • 5 A12O3 • 22 SiO2

•1H2O

3 MO = 1.5 Na2O-0.5 CaO-0.5 MgO • 0.5 K2O
5 R2O3=4.75 A12O3 • 0.25 Fe2O3

= 1.5Na2O • 1.75 CaO • 0.5MgO
• 0.25 K2O

= 1.751Sra2O • 1.75 CaO • 0.25 MgO
• 0.25 K2O

Oligoclase

Andesine

Cape Wrath

Ale bei
Lima

Marmato bei
Popayan
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SiOa B,O, AIaO, FeO TiO- MnO CaO MgO Li2O K2O HaO Fl Total Loss on
Ignition

T h e o r y
L I

T h e o r y
X I V

T h e o r y
X V I

T h e o r y
L I X

T h e o r y
L I V

T h e o r y
X I I I

T h e o r y
L X X I I

T h e o r y
X I

T h e o r y
L X

T h e o r y
L V I

T h e o r y
X X I V

T h e o r y
X X V I

T h e o r y
L X X I

T h e o r y
L X X

T h e o r y
X L V I

36.42
37.07
37.97
38.51

10.60 30.95
9.70 31.86

11.05 32.28
9.52 32.65

12.74
12.55

2.85
2.80

0.90
0.51

37.1410.87 31.57
38.0010.32 31.41
37.8410.09 33.51
38.33 9.86 33.15
37.3810.80 31
36.41

.78
9.65 31.27

38.0911.08 32.38
38.0911.15 32.90
36.81
37.70
35.87
35.69

8.93 33.89
7.82 34.26

7030
84 30

.48

.79
3.98
3.65

36.9:
36.6610.07 32

9.85 32.69
:.84

7.43
7.23
2.84
2.88
3.74
3.80 1.61 Trace
0.95
0.66

4.60
4.42

5.38
5.
2.77

0.360.16
1.44
1.31
0.74
0.77

1.46 0 .86 Trace

2.50 0.23 Trace
35.51
34.9
36.63
37.11
36.00
35.64

47 31.42
.119231.

10.66 31
9.29 31

.14

.26
10.48 29.32
9.93 29.41

2.00
2.90

10.43 30.47
35.3410.45 30.49
35.23
26.29
35.26
35.26

10.29 30.02
9.04 30.44

11.
10.4i

12 28.72
28.79

12.42
11.87 0.57

7.33
7.58
6.30
6.56 1.10 Trace
8.07
8.22 0.40 Trace

13.2
13.23
0.88
0.86 0.6i

0.73
0.98
1.48
1.25

1.43
1.25
1.39
1.54
1.44
1.35

0.69
0.09 0.81

0.71
0.80
2.10
1.6
2.09
2.3:
0.69
1.02

5.49

3.54
3.49

10.55
10.46
7.21
7.27

10.51
10.89
9.35
9.47

11.64
11.79
9.20
9.51
7.97
8.12

10.26
10.
4.43
4.
9.67
9.43

35 Trace

45 Trace

8.00
8.00
7.97
7.76 Trace
6.38
6.32

14.69
5.09 14.58 Trace

2.35
2.04
2.45
2.13
1.60
1.43
1.63

2.40
2.68
2.46
2.37
2.38
2.00
3.09
2.53
2.38
2.42
2.29
2.22
1.57
1.78
3.10
3.03
1.54
1.76
2.28

1.94+K2O
0.76
0.94

2.50
0.30 2.48
— 2.85

0.37 3.04

0

0.31

0.36

.28 2
2.80

.75

.213

2.84
2.81
3.74

.79
1.92

0.64

0.

0.47 2.05

2.76
0.43 2.61

3.14
0.27 3.12

3.69
3.78 Trace
3.77

.62.24 30

0.32 2.43
- 2.70

0.16 2.94
— 3.58
0.15 3.60

1.76
1.72

3.08
0.18 3.10

2.29

0.00
0.78

100.00
100.31
100.00
100.36
100.00
100.00

100.00
100.21

100.00
9.87

100.00
101.37

100.00
100.00
100.00
101.95
100.00
100.42

100.00
100.35
100.00
100.00
100.00
101.32

100.00
100.49
100.00
100.00

100.00
100.37

3.59

2.41

2.88

s p a r G r o u p .

F e l s p a r g r o u p confo rm t o t h e following t y p e s :

D . Si • R • & - & • R - Si = 6 R 2 O 2 • 22 S iO 2 ,

E. Si • R • Si • & • R • Si = 6 R 2 O 3 • 24 S iO 2 .

or t h e genera l f o r m u l a

m M O • 5 R 2 O 3 • 22 S i O 2 • n H 2 O .

Analyst

Heddle

Raimondi

Deville

Theory
LXVI
Theory
x c v

Theory
CIX

SiOa

64.38
64.54
62.98
63.20
63.32
63.85

A12O,

23.63
24.04
23.12
24.00
24.43
24.05

Fe2O8

1.95
2.31
1.91
1.50
—

FeO

—

z

—

CaO

1.37
1.21
4.68
4.36
4.69
5.04

MgO

0.97
0.77

0.95
0.72
0.47
0.38

K9O

2.29
2.59

Trace

1.12
0.88

NajO

4.53
4.13
4.43
4.20
5.20
5.04

H,0

0.88
0.84
1.93
1.90
0.87
0.76

Total

100.00
100.43
100.00

99.88
100.00
100.00
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t

i

(

1C

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

4 MO

4 MO

4 MO

»

4 MO

4 MO

4 MO

4 MO

>»

5 MO

5 MO

19

5MO-

5MO-

5MO-

5MO-

5 MO-

5 MO-

19

it

• 5 A12O3

• 5 RaO3
• 1 HaO
• 5 Ala03

l»

19

- 5 Ala03
•1H2O
• 5 Ala03

• 5 RaO8

5 A12OS

19

5 R2O3 •

5 AlaO8

,,

,,

5 AlaO3 •
lHaO
5 AlaO8 •
1H2O
5 AljO8 •

5A12O8-
lEaO
5A12O8-
lHaO
5Ala08-

»»

>»

if

„

•22SiO2

• 22 SiOa

•22SiOa

91

yy

•22SiOa

•22SiO2

22 SiOa

•22SiO2

22 SiO2

22 SiOa

„

22 SiO2

22 SiOa

22 SiO2

22 SiO2

22 SiO2

22 SiO2

91

91

,,

4 M0 = 2.25Naa0 • 1.25 CaO • 0.5 KaO

4MO=2.25^aaO -1.5 CaO -0.25K8O

4 MO =2.5 tfa»O • 1 Ca.0 • 0.5 KaO

,, 11 7* »

4MO=2.75 N"aaO • 0.75 CaO - 0.25 MgO
•0.25KaO

4 MO=2.75 Na20 • 0.75 CaO - 0.25 MgO
•0.25 Ka0 ; 5 EaO8=4.75 A1203-0.25 FeaOa

4M0=3Naa0- 1 CaO

5 MO = 1.75 Na2O - 2.5 CaO - 0.75 KaO
5B20a=4.75 A12O3- 0.25FeaO,

5MO=2NaaO - 2 CaO - 0.5 H2O-0.25MgO
- 0 25 K-0

5 MO==2 Na2O • 2.5 CaO • 0.5 KZaO

5MO=2NaaO-3 CaO

5MO = 2.25NaaO-2.25CaO 0.CKaO

5MO=2.25N'aaO • 2.5 CaO- 0.25^0

5M0=2.5N"aa0- 1 CaO-0.75FeO
• 0.5 HaO-0.25 K80

5 MO=2.5 ]STaa0 - 2 CaO • 0.25K,0
•0.25HsO

5 MO=2.5 NTaa0 • 2 CaO • 0.5 KaO

5 MO=2.5 tfaa0 • 2 CaO • 0.5 HaO

5M0=2.5Naa0- 2.25 CstO • 0.25 K*O

>> >> 9t 91

5 MO=2.75 ̂ Taa0 • 1.5 CaO • 0.5 MgO
-0.25HtO

Oligoolaae

it

M

>1

91

Andoaino

99

OligooIfiBO

19

19

19

*9

19

Soujrce

Merde Gletco

Rispond

Vesuvius

Freiberg

Marionberg

Arendal

Danvika
Tulb

R6tt<5hen

Ari6go

Cuisagee,
N.C.

NTeurcdo

Aberdeen

Hi«rro

Campo
naiiior

Ro«etownr

Pytterlalap

Pikruki

Sardinia

Kj5rrcstacl

Ditr<6

Comjos,
Colorado
Anab-Sm

M. Mulatto

Knad€»r

Chester,
Mass.
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Theory
LVII

Theory
XLIX
Theory
XLIX
Theory

VII
Theory
XXXIV
Theory

LXXVIII
Theory
XCII

Theory
XVI

Theory
LIII

Theory
CXXXII
Theory

II
Theory
LXX

Theory
CLIII

Theory
LII

Theory
CXXXIV

Theory
c m

Theory
LXXXIII

Theory
LIV

Theory
XC

Theory
XXXVI
Theory

CXXVIH
Theory

x x x v n
Theory
XLI

Theory
LXIV
Theory
CXLIII

SiOa
63.27
63.25
62.15
61.85
63.22
62.36
63.22
62.97
63.22
63.20
62.68
63.53
63.28
63.70
63.14
63.16
63.70
62.60
63.72
64.12
61.00
61.54
62.61
62.53
61.66
60.99
62.20
61.81
61.61
61.12
61.09
60.90
61.10
60.90
61.88
62.65
61.50
61.80
61.60
61.68
61.57
61.88
62.68
63.05
61.84
62.84
61.84
62.40
62.05
62.00

AJ,O,

24.44
23.92
21.61
21.70
24.42
23.38
24.42
23.48
24.42
23.50
24.22
24.05
24.45
23.95
23.18
22.14
24.62
24.60
24.61
24.20
22.40
22.36
24.19
23.52
23.82
23.98
24.04
24.45
23.81
23.90
23.60
24.32
23.60
24.32
23.91
24.19
23.77
25.11
23.80
23.95
23.79
24.18
24.32
23.61
23.89
23.53
23.89
23.60
23.98
24.40

Fc,Oi

—
3.77
3.37

—

0.51

0.31

—

0.50
1.92
2.61
—
—
—

0.14
1.85
1.75

1.28
—

0.90

—

—

—

—

—

—

—

—

—

—

—

—

FeO

—
—

0.20Mn2O3

—

—

—

—
—
—
—
—
—
—

—

—

—
—
—

—

—

—

—

—
2.52
2.50

—

—
—
—

—

—

—

CaO
3.36
3.23
3.95
4.13
2.68
2.88
2.68
2.83
2.68
2.42
2.66
2.60
2.01
2.05
2.01
2.07
2.70
3.00
2.70
2.80
6.47
6.23
5.31
4.97
6.54
6.46
7.92
8.04
5.88
5.80
5.83
5.78
5.83
5.78
6.56
6.28
2.60
2.38
5.23
5.35
5.22
4.79
5.31
5.28
5.91
5.60
5.91
5.62
3.95
3.50

MgO

0.32
—

0.09

—

0.24
—

0.25

—
0.96
0.65
0.48
0.65
—

0.20
—
—

—
0.47
0.37
—
—
—

0.34

—

—

—
—
—

—

—
—
—
—
—

—

—
0.94
0.70

Ka0

2.25
2.31
1.11
1.63
2.35
2.66
2.35
2.42
2.35
2.22
2.33
1.86
1.13
1.20
1.12
1.34
—
—
—
—

3.26
2.82
1.11
1.32
2.19
2.08
—

0.59
2.19
2.58
2.20
1.87
2.18
1.87
1.11
1.24
1.09
0.97
1.10
1.09
2.19
2.50
—
—

1.10
1.15
1.10
1.66
—
—

Nat0

6.68
6.78
6.57
6.95
7.43
7.42
7.43
7.22
7.43
7.42
7.36
8.02
8.17
8.11
8.15
8.13
8.98
8.90
8.97
9.28
5.02
4.91
5.88
6.19
5.79
5.44
5.84
6.19
6.51
6.78
6.46
6.51
6.46
6.51
6.54
6.48
7.22
7.18
7.22
6.99
7.23
6.95
7.36
7.82
7.26
7.65
7.26
7.04
8.02
8.07

—
0.85
0.37

0.13

—

—
0.85
0.90

—
—
—
—
—
—
—

—
0.43
0.60
—
—

—

—
0.82
0.62
0.83
0.62
—
—

1.30
1.60
1.05
1.05
—
—

0.43
0.24
—
—
—
—

1.06
1.00

Total

100.00
99.91

100.00
lOCi.29
100.00
98.83

100.00
99.69

100.00
99.32

100.00
100.96
100.00
100.16
100.00
100.00
100.00
99.40

100.00
100.54
100.00
99.61

100.00
100.78
100.00
99.85

100.00
101.42
100.00
100.18
100.00
100.00
100.00
100.00
100.00
100.84
100.00
101.54
100.00
100.2?
100.00
100.30
100.00
100.00
100.00
100.67
100.00
100.40
100.00
99.67
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Source

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

5 MO - 5 A12O3 • 22 SiO2

5MO-5R2O3-22SiO2

5 MO • 5 A12O3 • 22 SiO2
•1H2O

5 MO • 5 A12O3 • 22 SiO2
•1H2O

5 MO • 5 A12O3 • 22 SiO2
• 1 H2O

5 MO • 5 A12O3 • 22 SiO2

5 MO • 5 A12O3 • 22 SiO2
•1H2O

5 MO • 5 A12O3 • 22 SiO2

6 MO • 5 R2O3 • 22 SiO2
•1H2O

6 MO • 5 A12O8 • 22 SiO2

6MO-5R2O8-22Si02
•1H2O

6 MO • 5 A12O8 • 22 SiO2
•2HaO

5 MO = 2.75 Na2O • 1.5 CaO-0.5K2O-0.25H2O

5 MO = 2.75 Na2O-1.5 CaO-0.5 H2O-0.25 K2O

5 MO =2.75 Na2O-1.5 CaO-0.5H2O-0.25 MgO

= 2.75 Na2O-1.5 CaO-0.5 FeO0.25 K2O

5 MO = 2.75 Na2O • 1.75 CaO • 0.25 MgO
- 0.25 K2O

5 MO = 2.75 Na2O • 1.75 CaO • 0.25 FeO
• 0.25 K20

5 MO = 2.75 Na2O • 2 CaO -0.25 K2O

5 MO = 2.75 Na2O • 2.25 CaO

5 MO = 3 Na2O • 0.5 CaO • 1.5 K2O

5 MO = 3 Na2O • 2.75 CaO • 0.25 K2O

5 MO = 3.25 Na2O • 1.25 CaO • 0.5 MgO

= 3.25Na2O- 1.75 CaO

6 MO = 2 Na2O-2.25 CaO-1 MgO-0.75 K,0
5 R2O8 = 4.5 Ala08 • 0.5 Fe,O,

6 MO = 2.25 Na2O-3 CaO-0.5 MgO-0.25 K2O

6 MO=2.5 Na2O • 1.5 CaO • 1 K2O • 0.5 MgO
• 0.5 H2O ; 5 R2O8=4.75 A12O8 • 0.25 Fe2O8

6MO = 2.5 Na2O • 2.25 CaO-1 MgO-0.25 K2O

Oligoclaac

rr

j Monnoir,
i Canada

Cragio

ChoHtor,

Kyflhiiusor

Moland,
• Arendal

Arotxcial

1
Khiconieh

Frodrika-
viim

Alatmi

fP iTvodtmtrarid

»

Orenburg

Pftrlimhurdt

Ittorby

Jeetr©Kj< r̂r#>
Htudb.BamlH

Cragi©
Bukbr

Jarrmica-
Mt». Can.

Santorino

Buxburn

Oebel
Dunhnu
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Analyst

Hoffmann

Heddle

Jackson

Streng

Dirvell

Konig

Haughton

Pisani

Siemiradzki

Fellner

Scheerer

G. v. Bath

Jannetaz

Berzelius

G. v. Bath

Haughton

Hunt

Fouqu6

Heddle

Delesse

Theory
CXLIV
Theory
LXXI

Theory
CXLIII
Theory

XII
Theory

LXXXIII
Theory

LXXVII
Theory
CXIV
Theory
LXXV
Theory

LXXXVII
Theory
CXXIV
Theory
XXXV
Theory

LXXXVI
Theory
CXVII
Theory

XV
Theory
XCV

Theory
XCIII
Theory

LXXXIX
Theory
LXXII
Theory
CXLVII
Theory

LI
Theory
LXIX
Theory

CXLVIII

SiOj

61.29
62.05
61.93
61.58
62.05
62.03
61.11
60.94
61.39
61.84
62.68
63.53
61.28
60.69
61.81
61.88
61.81
62.25
62.08
61.58
59.43
60.28
61.75
61.30
61.75
60.34
62.04
62.18
62.04
63.19
62.23
61.55
61.98
61.91
61.98
62.00
59.26
58.60
60.52
59.70
59.34
59.53
59.71
58.92

Al20a
23.68
22.60
22.73
22.00
23.98
24.40
23.61
24.22
23.72
24.77
24.22
24.05
23.68
24.24
23.87
24.80
23.87
24.80
23.98
25.30
22.97
22.40
23.86
23.77
23.86
24.39
23.96
23.52
23.96
23.52
24.04
23.80
23.95
23.68
23.95
23.20
20.16
21.10
23.39
23.20
21.78
21.05
23.07
22.49

Fe2O8 FeO

—
—
—

—

—

—

—

0.71

—

0.25

—

—

0.36

0.18

—

—

—

—
—
—
3.59
2.88

0.40
1.80
1.81

0.75

—
—
—

—
1.66
1.66

—

—
—
—

—

—

—
—
—

—
—
—

—
—
—

—
—
—
—
—

—

—

—

0.60MnO

CaO

3.90
3.96
3.94
4.19
3.95
3.50
3.89
3.94
4.56
4.20
2.66
2.60
5.19
4.63
5.24
4.93
5.24
4.90
5.92
6.08
1.96
1.17
4.58
4.78
4.58
5.56
5.26
5.33
5.26
4.81
3.29
3.18
4.61
4.45
4.61
4.71
5.66
5.40
7.71
7.90
3.77
3.63
5.70
5.53

MgO

—
—
.—
0.94
0.70
—
—

0.46
0.30

—
—
—

—

—

—
—

0.09

—
—
—

—
—
—

0.94
0.80
—
—
—
—

1.80
1.84
0.92
1.00
0.90
0.88
1.81
1.87

K.0

2.18
1.80
1.10
1.52

—
1.09
0.95
1.09
0.88
2.33
1.86
1.09
1.28
1.10
0.98
1.10
0.80

—
6.35
6.37
1.10
1.29
1.10
0.73
—
—
—
—
—

0.38
—
—
—
—

3.16
3.08
1.07
0.80
4.23
4.73
1.06
0.93

Na,0

7.91
7.95
8.00
8.27
8.02
8.07
7.80
7.65
7.93
8.14
7.36
8.02
7.91
7.75
7.98
8.12
7.98
7.80
8.02
8.14
8.37
8.44
8.71
8.50
8.71
8.44
8.74
8.97
8.74
9.01
9.50
9.67
9.46
9.64
9.46
9.20
5.57
5.51
6.39
6.60
6.97
7.23
7.01
6.93

H,0

1.04
0.80
0.42
0.54
1.06
1.00
0.84
0.79
0.85
0.50
0.85
0.90
0.85
0.85

—

0.20

—
1.62
1.61
—
—
—

0.33
—
—
—
—
—
—
—
—
—
—

0.80
0.80
—
—

1.21
1.88
1.64
1.64

Total

100.00
99.91

100.00
99.66

100.00
99.67

100.00
100.15
100.00
100.63
100.00
HJ0.96
100.00
100.15
100.00
100.71
100.00
101.00
100.00
101.10
100.00
100.36
100.00
100.00
100.00
99.97

100.00
100.00
100.00
100.53
100.00
99.38

100.00
100.00
100.00
100.00
100.00
99.21

100.00
99.60

100.00
100.74
100.00
99.60
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B.

Si • R • Si • Si • R •

Felspars of the type

Si = 5 R2O3 • 24 SiO2

51

52

53

54

55

56

57

68

59

60

61

62

63

64

65

66

67

68

€9

70

71

72

73

74

4MO-5Al2O3-24SiO2
• 1H«O

4MO-5R2Os-24SiO2

5MO-5Al2O3-24SiO2

yy >i> >>

>> >> yt

>> ty yy

>» yy »»

5MO-5R2O8 24SiO2

5 MO • 5 A12O3 • 24 SiO2

t» if ty

5MO-5Al2O3-24SiO2
•1H,O
* •»-*2'V-»

5 MO • 5 A12O8. 24 SiO2

if it f»

}f yt ti

y> *t ty

5MO-5Al2O,'24SiO2

» >» »»

5> >> »>

>> )> >9

>» >> »?

5M0-5Alt0,-24Si02

*t >» »>

>> »> ;>

»> » •»

4 MO=2.25 Na2O • 0.5 CaO • 0.75 K2O
• 0.5 MgO

4 MO=2.75 Na2O • 0.75 CaO • 0.5 K2O

5MO=2.25Na2O 2.5CaO-0.25K2O

5 MO = 2.5 Na2O • 1 CaO • 1K2O • 0.5 MgO

5MO=2.5Na2O • 1.5 CaO -0.75 H2O
•0.25K2O

5 MO = 2.5 Na2O • 1.5 CaO • 1K2O

5 MO=2.75 Na2O-0.75 CaO-1 K2O-0.5 MgO
5 B2O3=4.5 Al2Oa • 0.5 Fe2Oa

5MO = 2.75Na2O • 1.5 CaO • 0.5 H2O
•0.25K2O

5 MO=3 Na2O • 0.75 CaOl K2O-0.25 MgO

>> ty tr >y yy

5 MO=3 Na2O • 1 CaO • 0.5 KaO • 0.5 H2O

5MO=3Na2O • 1.5 CaO • 0.5 K2O

>y »> yy 39

5 MO=3.25 Na2O • 1 MgO - 0.75 K2O

5M0=3.25Na2O 1.25CaO-0.25MgO
• 0.25 K2O

5MO=3.25Na2O- 1.5 CaO • 0.25 K2O

y,

>» >> y* ?>

»

>» it tt >>

5 MO=3.5 Na2O • 0.5 CaO • 0.75 K2O
•0.25 MgO

5 MO=3.5 Na2O • 0.75 CaO - 0.5 KaO
•0.25 MgO

5 MO=3.5 Na2O • 0.75 CaO • 0.75 K2O

5 MO=3.5 Na2O • 1.25 CaO • 0.25 K2O

Source

Oligoclase

»

;>

ft

ty

M

yy

>>

tt

tt

»

ty

tt

yy

ty

ty

>•

• »

ft

tt

tt

tt

Lessines

OldMeldrum

Furth

Hartenberg

Viaembach

Pierrepont,
N.S.

Ajatskaja

Coyle,
Aberdeen
Pico de
TeneriSe

Baden-weiler

Wittichen

Gaggenau

Laacher See

Coromandel

Veltlin

Niedermendig

Itierby

(Granite)

Lairg

Pico de
Teneriffe
Arendal

Bodezx

Danbury,
Conn.
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or the general formula

m M O - 5 R2O3 • 24 SiO2 • nH 2 O.

Analyst

Delesse

Heddle

v. Giimbel

G. v. Rath

Delesse

Penfield and
Sperry
Francis

Heddle

Delesse

-

Wollemann

Hebenstreit

Seneca

Fouqu^

Pisani

G. v. Rath

»>

Lembserg

G. v. Rath

Heddle

Delesse

Hagen

Kerndt

Smith and
Brush

j SiOa
Theory
LXI

Theory
LXVIII
Theory
XXXI
Theory
XIV

Theory
XXIII
Theory

CXL
Theory

CXI
Theory
LXVII
Theory

CXLIX
Theory

CL
Theory
XXIV
Theory
XXV
Theory

XXVIII
Theory
XIX

Theory
CXXI
Theory
XLVI
Theory
XVII

Theory
XCIX
Theory
CXIII
Theory

LXXIII
Theory
CLI

Theory
LXXVI
Theory

IV
Theory
OXLI

64.66
63.70
64.75
64.67
63.92
64.40
63.30
63.50
64.69
63.88
63.08
63.76
62.45
61.06
63.95
63.54
63.11
62.97
63.11
62.54
63.55
63.22
63.52
62.90
63.52
63.63
63.66
63.50
63.86
64.00
63.74
64.58
63.74
63.06
63.74
63.38
63.74
63.83
63.74
62.81
63.28
63.81
63.56
63.51
63.17
61.68
63.71
63.76

A1,O,

22.91
22.64
21.78
22.18
22.64
23.07
22.42
21.81
22.91
22.27
22.34
22.67
19.92
19.68
21.54
21.45
22.35
22.29
22.35
22.49
22.51
22.95
22.50
22.23
22.50
22.52
22.55
22.10
22.63
23.50
22.58
23.08
22.58
23.27
22.58
22.98
22.58
22.58
22.58
22.92
22.43
21.98
22.51
23.09
22.38
22.56
22.56
22.56

Fe,O,

0.53
1.80
1.44
—

0.66
—

0.41
3.48
4.11
1.78
1.86
—

z
—

—

—

—

—

-

—

—

0.16
—

—

0.35

-

FeO

Z

0.27
—

z
—

—

—

z
—

z
—

z
—

z
—

z

z
—

z
—

0.40MnO
—

CaO

1.28
1.44
1.89
1.89
6.21
5.61
2.46
2.32
3.77
3.45
3.68
3.05
1.82
2.16
3.73
3.88
1.84
2.06
1.84
2.18
2.47
2.50
3.71
4.45
3.71
3.85

0.30
3.10
2.72
3.72
3.49
3.72
4.16
3.72
3.62
3.72
3.42
3.72
4.25
1.23
1.10
1.85
2.44
1.84
2.02
3.09
3.09

MgO

0.90
1.20

0.02
—

0.88
0.95

—

0.87
1.05

0.23
0.44
0.54
0.44
0.41
—

__

0.44
1.77
1.80
0.44
0.60

——
—

—

0.08
0.44
0.66
0.44
0.77

0.10

KaO

3.17
2.81
2.11
1.54
1.04
0.96
4.13
3.65
1.06
1.21
4.12
3.60
4.07
3.91
1.04
1.07
4.11
3.69
4.11
4.54
2.07
1.93
2.07
2.09
2.07
2.29
3.11
3.40
1.04
0.77
1.04
0.62
1.04
0.62
1.04
0.55
1.04
1.02
1.04
0.84
3.0Q
2.99
2.07
2.19
3.09
3.08
1.04
0.55

1*40
6.27
6.15
7.67
7.64
6.19
5.85
6.81
6.84
6.96
6.66
6.78
6.89
7.39
7.55
7.57
7.64
8.15
8.45
8.15
7.84
8.21
8.12
8.20
8.48
8.20
8.39
8.91
8.90
8.93
9.00
8.92
8.98
8.92
8.93
8.92
9.10
8.92
8.86
8.92
8.53
9.54
9.46
9.57
9.37
9.52
9.43
9.60
9.72

H8O |

0.81
1.22

0.15
—

___
0.61
0.70

0.40
—

0.39
0.44

1.19
1.36

0.16

—

0.37

0.29
—

—

0.26

Total

100.00
99.69

100.00
99.53

100.00
100.16
100.00
99.81

100.00
98.68

100.00
100.78
100.00
99.52

100.00
100.11
100.00
100.00
100.00
100.00
100.00
100.35
100.00
100.15
100.00
100.12
100.00
100.00
100.00
100.75
100.00
100.75
100.00
100.04
100.00
100.00
100.00
100.15
100.00
99.88

100.00
100.00
100.00
101.37
100.00
100.00
100.00
99.94

2 B
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75

76

77

78

79

80

5 MO • 5 Al2Od • 24 SiO2

5MO-5Al2Oa-24Si02
•1H2O

5 MO • 5 A12O3 • 24 SiO2

6MO-5Al2O3-24SiO2

it 9t tt

it it tt

5 MO = 3.5 STa2O -1.25 CaO 0.25 K2O

5MO = 3.5Na2O-1.5CaO

5MO=4Na2O • 0.75 CaO • 0.25K2O

6MO = 2.75Na2O • 2.25 CaO • 0.5 FeO
•0.25 MgO-0.25 K2O

6 MO=3.25 Na2O • 2.75 CaO

6MO=4Na2O-2CaO

Oligoclase

»

Source

Telemarken

Srnin

Turin

Kyffihauser

Alagnon

Pargas

C. Felspars of the type
Si • R • Si • Si • R - Si = 6 R2O3 • 20 SiO2

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

5 MO

5 MO-

5 MO

5 MO

6 MO

6 MO

6 MO

a

6 M O

6 M O

6 M O

6 M O -

6 M O

6 M O -

6 M O «

6 M O -

6 A L . O ,

1 H 2 O

6 A l 2 O a -

4 H 2 O

6 A 1 2 O 8

6 R 2 O 3 -

6 A 1 2 O 3

1 H 2 O

6 A 1 2 O 8

3 H 2 O

6 R 2 O 8 -

6 A 1 2 O 8

> 6 R 2 O 8 -

6 A 1 2 O 8

2 H 2 O

6 A 1 2 O 3 -

6 A 1 2 O 4

2 H 2 O

a 8

3 H 2 O

6 A 1 2 O 8

• 2 0 S i O 2

2 0 S i O 2

• 2 0 S i O 2

2 0 S i O 2

• 2 0 S i O 2

2 0 S i O 2

2 0 S i O 2

it

' 2 0 S i O 2

2 0 S i O a

• 2 0 S i O 2

• 2 0 S i O 2

2 0 S i O 2

• 2 0 S i O 2

2 0 S i O 2

2 0 S i O 2

S o u r c e

1 . 7 5 N a 2 O - 2 . 7 5 C a O • 0 . 2 5 M g O

• 0 . 2 5 H 2 O

5 M O = 2 E T a . 0 • 2 . 7 5 C a O • 0 . 2 5 K 2 O

= 2 N a 2 O - 3 C a O

5 M O = 2 . 2 5 N a 2 O - 2 . 5 C a O - 0 . 2 5 M g O

6 B 2 O 3 = 5 . 5 A l 2 O a • 0 . 5 F e 2 O 8

6 M O = = 4 . 7 5 C a O • 1 . 2 5 F e O

6 M O = 1 . 2 5 N a 2 O - 3 . 2 5 C a O O . 7 5 K 2 O

• 0 . 5 M g O - 0 . 2 5 H 2 O

6 M O = 1 . 2 5 N a 2 O • 4 C a O • 0 . 5 M g O

• 0 . 2 5 K 2 O ; 6 R 2 O 8 = 5 . 5 A l 2 O 8 - 0 . 5 F e 2 O 8

6 M O = 1 . 2 5 N T a 2 O • 4 . 2 5 C a O • 0 . 5 H 2 O

6 R 2 O 8 = 5 . 7 5 A 1 2 O 8 • 0 . 2 5 F e 2 O 3

6 M O = 1 . 2 5 N a 2 O • 4 . 2 5 C a O • 0 . 5 K 2 O

6 M O = 1 . 2 5 K a 2 O • 4 . 5 C a O • 0 . 2 5 M g O

6 R 2 O 3 = 5 . 7 5 A 1 2 O 8 • 0 . 2 5 F e 2 O 8

6 M O = 1 . 5 N a 2 O • 3 . 5 C a O • 0 . 7 5 F e O

• 0 . 2 5 K 2 O

6 M O = 1 . 5 N a 2 O - 4 . 5 C a O

6 M O = 1 . 7 5 N a 2 O • 3 C a O • 0 . 7 5 K 2 O

• 0 . 2 5 M g O - 0 . 2 5 H 2 O

6 M O = 1 . 7 5 N a 2 O • 3 . 2 5 C a O • 0 . 7 5 H 2 O

• 0 . 2 5 K 2 O

6 M O = 1 . 7 5 N a 2 O • 3 . 5 C a O • 0 . 5 H 2 O

0 . 2 5 K 2 O ; 6 R 2 O 3 = 5 . 7 5 A l a O 8 0 . 2 5 F e 2 O 8

6 M O = 1 . 7 5 N a 2 O • 4 C a O • 0 . 2 5 K 2 O

A n d e s i n e

9t

ft

L a b r a d o r i t e

»>

9t

A n d e s i n e

L a b r a d o r i t e

A n d e s i n e

9*

99

ft

ft

3

ft

ft

S t . R a p h a e l i n

E s t e r e l g e b i r g e

b e i T r e ' j u s

D u b n i c k

A d a m e l l e -

G e b i r g e

D e s c a b e r a d o

C h i c o

S i ] i c i t e , A n t r i m

L a k o n i e n

N i c o l o s i

K i e w

T u n g u r a g u a

L h a m a

R e c s k b . E r l a u

M u r e t t o P a s s

O d e n w a l d

O b e r s t e i n

C M t e a u R i c h e r ,

C a n a d a

L e P r e s e

H o h e W a i d ,

O d e n w a l d
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Analyst

Pisani

C. v. Hauer

Rocholl

Streng

Fouque*

Bonsdorff

or the general i
m MO • 6 E2O3

Analyst

Deville

K. v. Hauer

Val. San
Valentino

Domeyko

Thomson

Delesse

S. v. Walters-
hausen

Segeth

Siemiradzki

Koto

K. v. Hauer

Mattirolo

Behr

Delesse

Hunt

G. v. Rath

Swiatkowski

Theory
LXXXVIII

Theory
XXXIII
Theory
XLVII
Theory

XI
Theory
LIX

Theory
CI

formula

SiO3

63.71
65.30
63.46
63.16
63.62
62.52
60.76
60.01
62.46
62.40
62.34
62.03

•20SiO a -nH 8 O.

Theory
LVII

Theory
XXXVII
Theory
XLIX
Theory
XCII

Theory
LXXVI
Theory
CXXI
Theory
LXXI
Theory

CXVIII
Theory
c m

Theory
CXXVCII
Theory

XXXVI
Theory

LII
Theory
XIX

Theory
XI

Theory
CXXII
Theory

LI
Theory
XVIII

SiO3

56.96
57.01

54.91
55.61
57.04
56.79
56.33
55.30
54.90
54.80
54.04
53.20
54.90
55.83
55.79
55.49
55.19
54.89
55.41
55.97
54.19
53.99
55.63
55.53
54.32
54.70
54.71
53.89
55.47
55.80
55.36
55.15
55.36
55.24

A12O3

22.56
23.00
22.49
23.16
22.53
22.40
21.52
21.66
22.12
22.80
22.08
21.34

Ala08

29.04
28.05

28.00
28.64
29.09
28.48
26.33
26.50
28.00
28.40
27.56
27.31
25.66
25.31
27.27
26.83
28.14
28.97
27.07
27.60
27.63
26.78
28.37
28.38
27.70
27.49
27.&0
27.66
27.11
26.90
28.23
29.15
28.23
29.02

Fe3O3

—

—

—

—
—
—

1.00

Fe,Oa

—

—

—
3.75
4.30

—

1.03
3.66
3.63
1.86
1.60

—
1.85
1.68

—

—

0.55

0.97
1.85
1.53

—
—
—

FeO

—

—

—

—

—

—

FeO

—

—
—
—

—
4.12
4.00

—

—

—

—

—
2.43
2.22

—

—

—

—

—
—
—

CaO

3.09
2.42
3.70
3.00
1.85
2.29
5.32
5.15
6.68
7.00
4.84
4.86

CaO

7.31
7.53

7.05
7.00
7.98
8.56
6.57
6.20

12.17
12.40
8.19
8.02

10.25
10.49
11.07
10.93
10.95
10.28
11.63
11.88
8.85
9.09

11.68
11.72
7.60
7.64
8.30
8.28
9.06
9.01

10.33
9.90

10.33
9.91

MgO

—
0.42
0.68
—

—

MgO

0-47
0.39

__
—
—
—

0.47
0.60
—
—

0.90
1.01
0.91
0.74

0.15

—
0.46
0.66

0.30

—
0.45
0.42

—

0.27

—
—

0.19

KaO

1.04
0.70

0.17
1.04
1.19
0.99
1.37
—

0.50

—

KaO

0.12

1.08
1.55
—

0.34
—
—
—
—

3.18
3.40
1.08
0.83
—

0.36
2.16
1.72
—

0.08
1.06
0.82
—
—

3.19
2.76
1.07
1.28
1.08
0.86
1.08
0.80
1.08
1.31

Na2O

9.60
9.65
9.56
9.72

10.96
10.78
7.19
7.06
8.74
8.40

10.74
10.77

Na8O

5.15
5.47

5.67
5.59
5.89
6.10
6.55
6.70
—
—

3.49
3.52
3.54
3.52
3.60
3.96
3.56
3.61
3.58
3.83
4.20
4.21
4.32
4.13
4.91
4.64
4.94
4.92
5.01
4.77
5.00
5.23
5.00
5.13

HaO

0.20
0.79
0.79

—
2.28
2.59

—

—

HaO

1.07
1.43

—
—

0.24

—
0.81
0.60
2.64
2.51
—
—

0.41
0.51
—
—
—
—

1.64
1.90
—

0.24
1.83
1.65
3.08
3.00
0.42
0.45
—
—
—
—

Total

100.00
101.27
100.00
100.00
100.00
99.18

100.00
100.08
100.00
101.10
100.00
100.00

Total

100.00
100.00

100.00
101.63
100.00
100.51
100.00
99.60

100.00
100.20
100.00
100.00
100.00
100.35
100.00
99.83

100.00
99.47

100.00
101.70
100.00
99.31

100.00
100.00
100.00
99.85

itio.oo
100.00
100.00
99.59

100.00
100.23
100.00
100.80
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98

99

100

101

102

10?

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

6MO-6Al2O8-20SiO2

,,

it ?> it

»» a tt

tt tt tt

it it ti

a it »t

tt tt it

tt tt tt

n tt a

6MO-6R2O3-20SiO2

7MO-6Al2O8-20SiO2

7 MO • 6 R2O8 • 20 SiO2

7MO-6R2O8-20SiOa
•1H2O

7MO-6R2O8-20SiO2
•1H2O

7MO-6Al2O8-20SiO2
•1H2O

7 MO • 6 A12O8 • 20 SiO2
•2H2O

7 MO • 6 AI2O8 • 20 SiO2

tt

7 MO • 6 A12O8 • 20 SiO2

7MO-6Al2O8-20SiO2

8 MO • 6 R2O8 • 20 SiO2

6MO = 1.75Na2O • 4 CaO • 0.25 K20

,t

t,

6MO = 1.75Na2O-4CaO-0.25H2O

JJ it it it

t) it it tt

11 it >> 31

11 1* 19 11

6 MO=1.75 Na2O ' 4.25 CaO

6 M0=2 Na2O • 3.75 CaO • 0.25 K2O

6 MO=2Na2O • 3.75 CaO • 0.25 MgO
6 R2O8=5.25 A12O3 • 0.75 Fe2O3

7 MO=0.5Na2O • 3.75 CaO • 1.75 K>0
• 0.75 H2O-0.25 MgO

7 MO = 1.5Na2O-3.75CaO-l MgO-0.5H20
0.25 MnO; 6 R2O3=5.75 Al2O8-0.25 Fe2O8
7 MO = 1.5 Na2O-4 CaOl MgO0.25 MnO
•0.25H2O; 6R2O8=5.75Al2O8-0.25Fe2O8
7MO=1.5Na2O • 4.75 CaO • 0.25 MgO

• 0.25 K2O-0.25 H2O
7 MO = 1.5 Na2O • 4.75 CaO • 0.5 MgO

•0.25K2O
7 MO=1.75 Na2O • 3 CaO • 0.75 H2O

• 0.75 FeO • 0.5 MgO • 0.25 K2O
7 MO=1.75 Na2O • 4.5 CaO • 0.5 FeO

• 0.25 K2O
7 MO=2 Na2O • 4.25 CaO • 0.5 H2O

•0.25K2O
7MO=2Na2O-5CaO

7 MO = 2.25Na2O •' 3.75 CaO • 0.5 H2O
• 0.5 K2O

7 MO=2.25 Na2O • 3.75 CaO • 0.75 H2O
•0.25K2O

8 MO=2.75 Na2O • 5.25 CaO

Labradorite

»

yt

it

Andesine

»

Labradorite

„

Andesine

Labradorite

it

Andesine

19

19

Source

Labrador

»

Campsie

Schriesheim

Suligata

Nagyag

Piatra
Poienitia

Palma

Rottmdo

Kisbdnya

Pomasque

Langlangchi

Baumholder

Labrador

ValdelBove

Etna

Mascali

Montarville

Ilfeld

Labrador

Monte Amiata

Geschiebe bei
Berlin
Illowa

Rawdon

Los
Pesca dores
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Analyst

Tschermak

Klement

Lehunt

Delter

G. v. Rath

Delter

Delesse

G. v. Rath

E. E. Schmid

S. v. Walters-
hausen
Abich

Ricciardi

S. v. Walters-
hausen
Hunt

Streng

Jannasch

Williams

Dulk

K. v. Hauer

Hunt

Domeyko

; Theory
CLII

Theory
CLIII
Theory

LXXXIX
Theory
XXIX
Theory
XLI

Theory
XLIII
Theory
XLII

Theory
CLXXI
Theory
XLIV
Theory
XLVIII
Theory

CV
Theory
XCVII
Theory

XXI
Theory

CLI
Theory
LXVII
Theory
LXXII
Theory
LXX
Theory
CXLV
Theory

HI
Theory
CLV

Theory
LVTII
Theory
v n

Theory
XL

Theory
CXXVI
Theory
XCI

SiO«

55.35
56.00
55.35
56.10
55.35
54.67
55.35
55.24
55.35
55.22
55.35
54.76
55.35
55.95
55.35
55.64
55.35
55.93
55.35
56.05
55.60
55.86
55.31
55.64
54.56
53.41
53.55
53.75
54.63
53.48
53.51
53.33
53.19
53.56
53.75
53.10
53.68
53.11
53.76
54.09
54.38
55.04
54.15
54.66
53.69
54.53
54.58
54.45
52.38
50.50

AJaO,

28.23
27.50
28.23
27.33
28.23
27.89
28.23
29.02
28.23
28.93
28.23
29.09
28.23
28.41
28.23
28.89
28.23
28.15
28.23
28.11
28.35
28.10
28.21
28.19
24.35
24.88
27.31
27.06
26.71
26.46
26.15
26.13
24.87
25.82
27.42
26.80
27.38
27.27
27.42
27.82
27.74
28.09
27.62
27.87
27.37
27.37
27.84
28.05
25.60
25.40

Fe,o,

0.70

1.38

0.31
—

—

—

—

—

—

1.02
5.46
4.89

0.99
1.82
1.60
1.78
2.87
3.55
3.41

1.35
—

—

—

0.45
1.75
2.10

FeO

—

—

0.18 MnO
—

—

—

—

—

—

—

0.81 MnO
0.89 MnO
0-79 MnO
0.59 MnO

—

2.42
2.53
1.61
1.60

___
• —

____
—

——

CaO

10.33
10.10
10.33
10.33
10.33
10.60
10.33
9.91

10.33
9.95

10.33
10.10
10.33
9.85

10.33
10.92
10.33
9.84

10.33
10.10
11.03
10.95
9.68
9.79
9.56
9.42
9.37
9.58
9.56
9.47
9.99

10.34
11.79
11.68
11.92
11.48
7.51
7.47

11.29
11.20
10.79
10.65
12.64
12.01
9.39
9.62
9.55
9.68

12.83
12.25

MfirO

0.10

—

0.19
—

—

—

0.19
0.44
0.44
0.45
0.47
1.82
1.74
1.78
1.64
0.44
0.52
0.89
0.72
0.89
0.91

0.05
—

—

0.35

K,0

1.08
0.40
1.08
0.36
1.08
0.49
1.08
1.31
1.08
0.28
1.08
0.62
1.08
0.43
1.08
0.71
1.08
0.69
1.08
0.99

1.08
2.63

7.34
7.53

0.22
1.05
0.51
1.04
0.58
1.05
0.71
1.05
1.08
1.06
0.43
1.06
1.26
—

2.10
1.81
1.07
1.06
—

Na,0

5.01
5.00
5.01
5.17
5.01
5.05
5.01
5.13
5.01
5.01
5.01
5.00
5.01
5.05
5.01
5.09
5.01
5.27
5.01
4.65
5.02
5.09
5.72
5.48
5.64
5.62
1.38
1.25
4.23
4.10
4.15
3.97
4.12
4.00
4.16
4.24
4.85
5.09
4.86
4.76
5.62
5.61
5.59
5.46
6.24
5.98
6.35
6.25
7.44
7.30

—

—

—

—

—

—

—

0.60
0.62
0.42
0.42
0.80
0.84
1.00
0.95
0.81
0.60
2.22
2.38

0.19
0.41
0.50
—

1.21
1.21
0.61
0.55

0.04

Total

100.00
99.80

100.00
100.75
100.00
99.19

100.00
100.80
100.00
99.39

100.00
99.57

100.00
99.67

100.00
101.25
100.00
99.88

100.00
99.90

100.00
100.00
100.00
100.44
100.00
98.66

100.00
101.25
100.00
98.40

100.00
100.22
100.00
100.42
100.00
99.00

100.00
99.84

100.00
100.04
100.00
101.15
100.00
100.00
100.00
100.52
100.00
100.49
100.00
97.94
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D. Felspars of the type

Si • R • Si • & • R • Si = 6 R2O3 • 22 SiO2

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

4MO-6R208-22Si02
•3H2O

5 MO • 6 A12O3 • 22 SiO2
•2H2O

6 MO • 6 A12O3 • 22 SiO2

» >> >»

91 ii n

6MO-6A1203 22SiO2
• 1 H2O

6MO-6Al2O8-22SiO2

>> *> it

91 n a

91 If 11

91 19 11

6MO-6Al2O8'22SiO2
•1H2O

6MO-6Al20-22Si02
•2H2O

6MO-6Al2O8-22SiO2

91 19 11

99 19 11

91 19 11

91 1> 11

7MO-6Ala08-22Si02

•2H2O
7MO-6Al2O8-22SiO2

•1H2O
7MO-6Al208-22Si02

91 11 11

7MO-6Al2O8-22SiO2
•5H2O

9MO-6Al2O8-22SiO2

•3HjO

4MO=2.5Na2O • 0.5 CaO • 0.5 MeO
•0.5K2O; 6R2O3=5.75Al2O3-0.25Fe2O3

5MO = 2.75Na2O- 2.25 CaO

6MO=1.75Na2O • 3.25 CaO • 0.75 H2O
• 0.25 MgO

6 MO = 2 Na2O • 3.25 CaO • 0.5 H2O
•0.25K2O

6 MO = 2 Na,0 • 3.25 CaO • 0.5 H2O
"•0.25K2O

6 MO = 2 Na2O • 3.5 CaO • 0.5 K2O

6 MO=2 Na2O • 3.75 CaO • 0.25 K2O

6MO = 2Na2O-4CaO

6 MO = 2.25Na2O • 3.5 CaO • 0.25 K2O

ii ii ii ii

ii ii i,

11 19 11 11

6 MO = 2.25 Na2O- 3.75 CaO

6MO = 2.5Na2O • 3.25 CaO • 0.25 MgO

6MO=2.5Na2O-3.5CaO

ii ii ii

a ii i*

7MO=1.75 Na2O • 4 CaO • 0.75 H2O
•0.5K2O

7MO=1.75 Na2O • 4.25 CaO • 0.75 H2O
•0.25K2O

7MO=1.75Na2O • 5 CaO • 0.25MgO

7 MO = 2 Na2O • 3 CaO-1 FeO0.75 K2O
• 0.25 MgO

7 MO=2 Na2O-3 CaO-1 FeO0.75 K2O
•0.25 MgO

9 MO=2 Na2O • 6.75 CaO • 0.25 MgO

Andesine

19

17

19

19

19

-

Labradorite

Andesin6

Labradorite

19

Andesine

19

19

19

19

Labradorite

Andesine

Labradorite

19

Andesine

19

19

Source .

Mairus (Ar-
dennes)

Tilasinvuori

St. Raphael
in Esterelgeb.

Chateau
Richer, Can.

Lachute

St. Raphael
in Esterelgeb.
St. Joachim

Ojamo

St. Raphael
in Esterelgeb.

Labrador

Krakatan

Chateau
Richer, Can.
Sanford, Me.

Tunguragua

Nieder-
mendig
Guaqua

Pichincha
Trifail

Ojamo

Gratlue

Monte
Amiata

Verespatek

Luccivna,
N. Tatra

St. Raphael
in Esterelgeb
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or the general formula

m MO • 6 R2O3 • 22 SiO2 • n H2O.

Analyst
Klement

Wilk

Deville

Hunt

»

Rammelsberg

Hunt

Bonsdorff and
Laurell

Rammelsberg

Lemberg

Hunt

Payne

G. v. Rath

Laspeyres

G. v. Rath

Maly

Williams

Heddle

Williams

SipScz

Btofer

Deville

Theory
LXVIII
Theory

LXXVIII
Theory

LVI
Theory
CXXI
Theory
c x x v
Theory

LV
Theory
CXXIV
Theory
CXIV
Theory
LIX

Theory
CLVII
Theory
CXXV
Theory

CXXIII
Theory
CXVI
Theory

CII
Theory

X
Theory

C
Theory
XLVII
Theory
oxv

Theory
LXXII
Theory

LVI
Theory

XXXVII
Theory
XXIX
Theory

XXVIII
Theory
LVIII

SiO2

58.65
59.78
58.37
58.39
58.78
59.07
58.13
58.50
58.13
58.15
56.98
58.32
57.66
57.55
57.90
57.69
57.62
58.03
57.62
57.36
57.62
58.29
57.17
57.20
56.72
56.65
57.86
57.80
57.92
57.29
57.82
58.15
57.82
67.53
57.82
57.75
55.91
56.30
56.56
55.68
56.64
55.21
55.54
56.04
53.51
53.26
52.84
52.42

AI2O8

26.06
26.69
27.06
26.68
27.25
26.67
26.95
25.80
26.95
26.09
26.41
26.52
26.72
27.10
26.85
26.00
26.71
26.64
26.71
27.01
26.71
27.19
26.51
26.40
26.30
25.56
26.82
26.75
26.86
26.78
26.81
26.10
26.81
26.62
26.82
26.15
25.92
25.71
26.23
26.66
26.26
25.56
25.75
25.55
24.81
24.28
24.51
24.78

Fe2O,
1.78
2.05
—

1.00

0.50
—

0.20

0.67

z

z
—

0.40

0.22

z

z
—

0.60

0.97

___

1.00

z
—

—

FeO
—

—

—

—

-

-

-

-

—

z
—

—

z
—

—

z
—

—

3.03
3.12
2.92
2.96
—

CaO
1.24
1.35
6.16
5.63
8.10
7.96
8.02
8.06
8.02
7.78
8.46
8.18
9.17
8.73
9.82
9.87
8.55
8.07
8.55
8.55
8.55
8.27
8.49
8.34
8.42
8.25
9.20
9.05
7.98
8.01
8.58
9.05
8.58
8.48
8.58
8.48
9.49
9.35

10.20
10.30
12.02
11.76
7.07
7.19
6.81
6.83

15.13
15.02

MgO
0.89
0.58
—

0.44
0.58

0.20

0.16

0.11
—

z
—

—

z

z
—

z
0.44
0.28
—

0.23
—

—

—

0.42
0.53
0.42
0.59
0.41
0.56
0.40
0.51

K2O
2.09
1.69
—

Trace
1.04
1.16
1.04
1.21
2.03
2.36
1.03
0.79
—

1.03
0.97
1.03
0.65
1.03
1.22
1.02
0.84
1.01
1.34
—

—

0.39
—

1.99
1.49
1.01
1.43
—

2.97
2.59
2.86
2.47

0.14

Naa0
6.89
7.29
6.82
7.69
4.83
4.95
5.46
5.45
5.46
5.55
5.35
5.27
5.42
5.38
5.43
5.50
6.09
6.16
6.09
6.03
6.09
5.82
6.04
5.83
6.O0
6.18
6.12
6.40
6.80
6.84
6.79
6.70
6.79
6.90
6.78
6.25
4.60
4.72
4.65
4.70
4.66
4.37
5.22
4.92
5.03
4.68
4.96
5.10

H20
2.40
2.25
1.59
1.61
0.60
0.77
0.40
0.40
0.40
0.45
0.77
0.60
— .

—

0.30
—

0.77
0.65
1.55
1.58

Trace

2.09
1.82
1.35
1.23

3.65
3.98
2.16
2.03

Total
100.00
101.68
100.00
100.00
100.00
100.00
100.00
100.57
100.00
99.89

100.00
101.36
100.00
99.75

100.00
99.73

100.00
99.87

100.00
100.00
100.00
100.79
100.00
99.60

100.00
99.78

100.00
100.00
100.00
99.20

100.00
100.00
100.00
100.15
100.00
99.23

100.00
100.36
100.00
100.00
100.00
101.43
100.00
100.00
100.00
99.02

100.00
100.00
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Si • R • Si • Si

E. Felspars of the type

R . Si = 6 R2O3 • 24 SiO2

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

4c MO • 6 R2O8« 24 SiO2
•6HaO

4MO-6Ala(V24Si02

5MO-6AL>03-24Si02

5MO-6R203-24Si02
•5H2O

5 MO • 6 A12O8 • 24 SiO2
•2H2O

5 MO • 6 R2O3 • 24 SiO2

5 MO • 6 A12O8 • 24 SiO2
•1H2O

5MO-6Al2O?-24SiO2

•2H2O
5 MO • 6 A12O8 • 24 SiO2

-2H2O
5 MO • 6 A12O, • 24 SiO2

6 MO • 6 A12O8 • 24 SiO2

•1H2O
6 MO • 6 A12O3 • 24 SiO2

6MO-6Al203-24Si02
•1H2O

6MO-6Al203-24Si02
•IB!2O

6 MO • 6 AI2O3 • 24 SiO2
•1H2O

6MO-6Al2O3-24Si02
•1H2O

6MO-6R2O8-24SiO2

6MO-6Al2O3-24SiO2

** >> tt

6MO-6Al2O3-24SiOa

•2H2O
6MO-6Al2O8-24SiO2

•1H2O

4MO=2Na2O-0.75CaO 0.75 K2O
•0.5MgO; 6 R2O3=5.5 Al2O3-0.5Fe2O3

4 MO=2 Na20 • 1.75 CaO • 0.25 K2O

4MO = 2.25Na2O • 1.5 CaO • 0.25 K2O

5 MO=2 Na2O • 2 CaO • 1K2O

5 MO=5 Na,0 • 2.25 CaO • 0.75 K>0
6 R2O3=5.5 A12O3 • 0.5 Fe2O3

5MO = 2.25Na2O • 2 CaO • 0.75 K2O

5MO=2.5Na2O • 2 CaO • 0.5 K2O
6 R2O3=5.75 A12O3 • 0.25 Fe2O3

5 MO = 2.5 Na2O • 2.5 CaO

5MO=2.75Na2O • 1.5 CaO • 0.75 K2O

5MO=2.75Na2O • 1.5 CaO • 0.5 MgO
•0.25K2O

5MO = SNa2O-2CaO

6 MO = 1.5 Na2O • 4 CaO • 0.25 K2O
• 0.25 FeO

6MO=2Na2O • 3.25 CaO • 0.5 H2O
•0.25K2O

6 MO=2.25 Na2O • 3.25 CaO-0.25 MgO
<0.25K2O

6 MO=2.5 NaoO • 2.25 CaO • 0.75 MgO
•0.5K2O

6 MO=2.5 Na2O • 2.5 CaO • 0.5 K2O
• 0.5 H2O

6MO=2.5Na,O • 2.5 CaO • 0.75 H«O
•0.25K2O

6 MO=2.5 Na2O • 2.5 CaO • 0.75 H2O
• 0.25 K2O

6 MO=2.5 Na2O • 2.5 CaO • 0.75 MgO
0.25K2O;6R2O3 = 5.75A]2O8-0.25Fe2O3
6M0=2.5Naa0 • 2.75 CaO • 0.5 H2O

•0.25K2O
6 MO = 2.5 Na2O • 3 CaO • 0.25 MgO

•0.25H2O
6 MO=2.5 Na2O • 3.5 CaO

6 MO = 2.75Na2O • 1.5 CaO • 1 K2O
• 0.5 H2O- 0.25 MgO

6 MO = 2.75Na2O • 2 CaO • 0.5 K»O
• 0.5 H20-0.25 MgO

Oligoclase

Andesine

Oligoclase

Andesine

Oligoclase

Andesine

t9

>«

t9

>j

>?

Oligoclase

Andesine

Source

Helsingfors

Tokowaja

Bakersville, N.C.

Horberig

Milltown

Durrmorsbach

Ardara

Milltown
Csicso-Berg
Allemont

Bourgd'Oisans

Carter-MineN.C.

Kyffhauser

Chateau Richer,
Canada

Frauenberg bei
Schluchtern
La Bresse

Cullakeneo,
Clay Co., N.C.

Fajrmont

Sebesvdr

Marmato
bei Popayan
Coromandel

Budenmais

Pululagua

Unionville, Pa.

Servance



THE FELSPAR GROUP 425

or the general formula

m MO • 6 R2O3 • 24 SiO2 nELO.

Analyst

Lemberg

Jewreinow

Clarke

Knop

Heddle

Haushofer

Haughton

Koch

Lory

Keller

Streng

Hunt

Wedel

Delesse

Chatard

Delesse

K. v. Haue

Abich

Dirvell

Foullon

G. v. Rath

Chatard

Delesse

Theory
CVI

Theory
cxv

Theory
CXXIX
Theory
XVII
Theory
LXIX
Theory
XXIX
Theory
LXIII
Theory
XLVI
Theory

LIV
Theory

LV
Theory
CXXXI
Theory

V
Theory
CXVII
Theory

VII
Theory
XVI

Theory
CXV
Theory

XV
Theory
XLII

Theory
CVI

Theory
LXXXIV

Theory
x x v t
Theory
XCIX
Theory

CXXXVII
Theory
XIII

SiO2 |

58.88
58.30
62.68
60.63
62.64
62.92
60.45
60.01
57.81
58.38
59.75
59.30
60.49
59.28
60.89
61.62
59.68
59.40
60.35
59.90
61.29
62.32
59.30
59.16
60.24
59.55
59.82
59.19
59.31
58.55
59.48
58.41
59.96
59.38
59.96
59.50
59.63
59.60
60.16
61.32
59.79
59.22
59.93
59.39
58.65
59.35
69.54
58.92

22.94
23.15
26.64
26.35
26.61
25.32
25.69
25.49
22.51
22.50
25.40
25.75
24.64
22.96
25.88
25.47
25.36
24.20
25.65
25.10
26.04
25.19
25.20
25.97
25.60
25.62
25.42
25.77
25.21
25.26
25.28
25.93
25.48
25.57
25.48
25.48
24.28
24.28
25.57
25.30
25.41
25.08
25.47
26.08
24.92
24.16
25.31
25.05

Fea03

3.27
4.09

0.40

3.21
2.12
—

1.68
1.94
—

0.60
—

—

0.75

0.34 0

0.30

0.38
—

1.66
1,58
—

0.96
—

0.61
—

lfeO

—

—

—

0.15MnO
—

0.32 MnO
—

—

0.74
1.04

TeaOg+tfeO
—

—

—

—

—

—

—

CaO

1.72
1.65
4.2G
4.15
3.65
4.03
4.71
4.71
5.06
5.34
4.65
4.79
4.71
4.65
5.92
5.72
3.48
3.70
3.52
3.70
4.76
5.01
9.23
9.23
7.61
7.73
7.65
7.27
5.19
5.03
5.78
5.82
5.83
6.50
5.83
5.82
5.80
5.77
6.43
6.50
6.99
7.08
8.15
8 20
3.42
3.08
4.63
4.64

MgO

0.82
0.59

0.25
—

z

0.21
—

0.84
0.70

z

0.03

Trace
0.43
0.27
1.24
1.30

0.18

—

1.24
1.08
—

0.41
0.28
—

0.41
0.34
0.41
0.41

2.88
2.52
1.02
1.17
1.02
0.96
3.94
4.06
2.83
3.20
2.92
2.78
1.97
2.38

2.92
3.80
0.98
1.20

0.25
0.96
0.47
0.98
0.96
0.98
0.80
1.93
1.50
1.94
2.10
0.97

7.
0.97
1.43
0.97
1.08
0.98
1.19
0.97
0.54

0.22
3.83
3.78
1.94
2.06

Na,0

5.07
5.26
5.40
5.60
6.07
6.18
5.21
5.77
4.97
5.21
5.79
5.63
6.51
6.48
6.55
6.31
7.07
7.00
7.15
7.40
7.91
8.02
3.83
3.91
5.19
5.09
5.79
5.88
6.38
6.44
6.40
6.42
6.45

03
6.45
6.43
6.42
6.53
6.48
6.30
6.43
6.79
6.45
6.74
6.94
7.22
7.05
7.20

HaO

4.42
4.44

0.25
—

3.61
3.41
1.49
1.29

0.76
0.88
1.49
1.50
1.51
1.70

0.74
0.68
0.38
0.45

0.37 TiOa

0.74
0.91
1.12
0.93
1.31
1.25
1.31
1.35
—

0.38
0.50
—

1.83
1.96
1.12
1.27

Total

100.00
100.00
100.00
98.55

100.00
99.66

100.00
100.04
100.00
100.31
100.00
99.54

100.00
98.22

100.00
100.00
100.00
99.80

100.00
99.70

100.00
100 79
100.00
100.49
100.00
100.15
100.00
99.89

100.00
99.29

100.00
100.20
100.00
100.00
100.00
100.07
100.00
99.92

100.00
101.11
100.00
100.78
100.00
100.63
100.00
100.50
100.00
99.50
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171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

6MO-6Al2Oa-24SiO2

»> >> »»

>) y )7

** if 19

6MO-6A12O3 24SiO2
•1H2O*

6MO-6Al2O8-24SiO2
•1H2O

6 MO 6R2Oa-24SiO2
-3H2O

6MO-6Al2O8-24SiO2

>> y> ft

» »> »»

6MO-6Al2O3-24SiO2
•3H2O

7MO-6Al2O8-24SiO2
•3H2O

7MO'6R2O8.24SiOa
•1H2O

7MO-6A]2O3-24SiO2
•2H2O

7MO-6Al2O,-24SiO2
•2HaO

7MO-6Al2O8-24SiO2

*> >> >?

6 MO=2.75 Na,0 • 2.25 CaO0.75 K2O
• 0 25 MeO

6MO=2.75 Na2O • 3 CaO • 0.25 K20

» 91 » >>

6MO=3Na2O • 1.75 CaO • 0.75 H2O
• 0.25 MgO-0.25 K2O

6MO=3Na2O • 1.75 CaO • 0.75 K2O
•0.25 MgO- 0.25 H2O

6 MO = 3 Na2O-2 CaO-0.5 K2O-0.5H2O

6 MO=3 Na2O • 2.5 CaO • 0.25 MgO
•0.25Na2O;6R2O3=5.75Al2O3-0.25Fe2O3

6 MO=3 Na2O • 2.75 CaO • 0.25 K2O

6MO = 3Na2O-3CaO

6MO=3.75Na2O • 2.25 CaO

6M0=4Na2O-2CaO

7 MO = 2.5 Na«O • 3.25 CaO • 0.75 H2O
•"0.5K2O

7MO=2.5Na2O • 3.5 CaO • 0.5 K2O
•0.5H2O;6R2Os=5.75Al2O3-0.25Pe2O8
7MO = 2.75Na2O • 3.5 CaO • 0.75K2O

7 MO=3 Na2O • 3.25 CaO • 0.5 K2O
0.25H2O

7 MO = 3 Na2O • 3.25 CaO • 0.5 K2O
•0.25 MgO

7 MO = 3.5 Na2O • 3 CaO • 0.5 MgO

Oligoclase

Andesine

Oligoclase

Andesine

Oligoclase

AndeBine

9.

»

9t

9f

ft

Oligoclase

Source

Beloceil

Heubach

(Chateau Richer,
Canada) Toluca

JN"orway

Coravillers

Altai

Frankenstein

Marmato
bei Popayan
Mojanda

Bodenmais

»>

Szaszka

Chfiteau Richer,
Canada
Delnabo

Glen Gairu
Nagy Sebes

Marmato
bei Popayan
Baumgarten
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Analyst

Hoffmann

Petersen

G. v. Rath

Dirvell

Delesse

Christschoff

Schmidt

Rammels-
berg

G. v. Rath

A.Ohl

H. Schulze

Sommaruga

Franke

Heddle

K. v. Haaer

Jacobson

Varrentrapp

Theory
CXLV
Theory

XX
Theory
CXIII
Theory
LXXV
Theory

XIV
Theory

CXVIII
Theory

I
Theory
CVII

Theory
XCVIII
Theory
XXIV
Theory
XXIII
Theory

XXXIX
Theory
c x x

Theory
LXXI
Theory
XLI

Theory
CVIII
Theory

III

SiO,

59.28
58.30
59.66
58.77
59.66
59.79
60.42
61.14
59.04
58.91
59.16
58.89
58.10
58.93
59.62
60.26
59.85
60.48
59.74
60.35
59 26
58.36
57.52
56.51
57.80
58.38
57.03
56.96
57.42
57.20
58.13
60.14
58.61
58.41

A12O,

25.19
24.72
25.36
25.30
25.36
25.43
25.68
25.10
25.09
24.59
25.15
25.38
23.70
23.50
25.23
25.01
25.44
25.35
25.39
26.13
25.17
25.72
24.46
24.94
23.53
23.86
24.23
23.81
24.41
25.12
24.71
25.39
24.92
25.23

Fe2O»

z

0.31 (I
—

0.99
—

1.61
1.27
—

—

-

-

—

1.61
1.18

0.94
—

0.87
—

FeO

-

\;2O,+FeO)
—

—

—

0.75 NiO
0.39 NiO

z
—

-

-

—

—

z
—

-

—

CaO

5.19
5.42
6.95
6.90
6.95
7.41
4.11
4.39
4.02
4.01
4.60
4.69
5.66
5.67
6.38
6.87
6.98
7.25
5.23
5.14
4.62
4.76
7.26
7.08
7.87
7.83
7.77
7.98
7.26
6.96
7.35
7.93
6.83
6.54

MgO

0.42
0.91

0.18
—

0.42
0.50
0.41
0.39
—

0.40
0.56

0.14
—

—

—

—

0.09

z
0.40
0.53
0.81
0.41

K2O

7.02
2.74
0.97
0.60
0.97
0.64
0.99
1.17
2.89
2.54
1.93
1.35

0.50
0.97
0.84

0.08

—

1.88
1.28
1.89
1.68
2.79
2.56
1.87
1.87
1.90
1.66
—

Na,0

7.02
6.72
7.06
6.67
7.06
7.24
7.81
7.66
7.63
7.59
8.05
7.65
7.52
7.42
7.70
7.74
7.73
7.28
9.64
9.32

10.21
10.18
6.19
6.37
6.22
6.05
6.75
6.85
7.42
7.28
7.51
7.99
8.83
9.39

0.50

0.28 TiO2

—

0.57
0.80
0.92
0.98
1.11
1.17
2.18
2.21

,
0.74
0.51
2.09
2.55
1.08
1.03
1.43
1.62
1.62
1.68
—

—

Total

100.00
99.32

100.00
99.01

100.00
100.51
100.00
100.76
100.00
100.00
100.00
99.25

100.00
100.00
100.00
100.86
100.00
100.44
100.00
100.94
100.00
99.63

100.00
98.73

100.00
100.11
100.00
100.81
100.00
100.11
100.00
104.51
100.00
99.98
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A. Formulae from a Series of Analyses of Allophanes.

Calcd.
Found

0.5 CaO
1.77
1.92

III. 0.75 CaO
Calcd. 2.63
Found 2.83

6 SiO2 32 H,0
38.77
37.73

6A12O3

38.44
38.76

22.96
23.53

6SiO2

22.75
22.65

36.50
36.86

32H2O
36.17
35.14

V. 0.75 CaO
Calcd. 2.37
Found 2.23

6 A12O3

34.53
31.34

II. 0.5 CaO 6A12O3 6 SiO2 38 H2O
Calcd. 1.66
Found 1.96

IV. 0.25 CaO
Calcd. 0.93
Found 0.70

6SiO2

20.45
20.50

42H2O
42.65
42.91

36.29
35.20

6 A12O3

40.69
41.00

21.48
21.39

40.57
40.86

5 SiO2 32 H2O
20.07 38.30
19.80 37.70

B. Formulae from Clay Analyses in C. B i s c h o f s Book,

(a) Si • K • Si.

KaO MgO

2.87 0.28 0.23
.13
'.10
'.51

0.27 0.54 0,
3.15 0.52 0,
1.45 0.54 0,

CaO SiO2 HaO

0.44 26.73 61.46 8.26
3.06 24.52 62.73 8.88
1.12 26.27 61.35 7.53
0.83 26.93 62.66 7.38

Na20 Total RaO RaO3 SiOa H2O Page Source

100.27 0.48 3.1012.00 5.37
100.13
100.04
100.30

0.212.9812.00 5.65
0.56 3.1012.004.90
0.43 3.0912.00 4.69

78
66
68
68

Mahren, Briesen
Goppersdorf, Silesian Prussia
Tschirne, Silesian Prussia

(b) Si - R • Si.

K,0 MgO CaO FetO, SiOa HaO Total RaO E2Os SiO3 HaO Page Source

2.11
2.11
1.24
2.99
1.26
0.88
1.26
0.75
0.73
0.54
0.60

Trace 0.07

Trace 0.15
0.47 0.40
0.550.61
0.37 0.26
0.280.34
0.330.36

0.340.28

3.42 26, 94 58.02
1.86 28.55 58.35
2.03 27.98 56.59
1.35 28.3159.01
1.7128.3159.78
1.0429.26 57.97
0.97 28.88 58.6310.50
1.17 29.15 58.2610.00

15 0.46 0.89 29.57 57.71
1.16 28.68 59.58

0.240.13

0.
i

0.130.12 0.7629.99 58.0410.59

9.39
8.59
9.92
7.93
8.27
9.98

1.08 C,

0.052
0.09 S.

100.03 0.26 2.95 10.00 5.39
100.33 0.42 2.9910.00 4.91
100.15 0.39 3.0310.00 5.83
100.22 0.46 2.91

10.68
9.87

0.08 S.
99.90 0.07 2.91

100.02 0.26 2.8910.00 4.61
99.910.25 3.0310.00 5.74

100.010.22 2.9010.00 5.97
100.05 0.22 3.0210.005.77
100.19 0.213.0610.006.17

10.00 4.48

10.00 5.52
100.310.12 3.0810.00 6.08

(c)

71
87
86
53
83
86
71
71
75
71
71

Lothain b. Meifien, Saxony.
Sergejewka, Russia.
Borowitschi, Kussia.
Neitzert i. Bendorf, Prussia.
Sonkolyo, Hungary.
Borowitschi, Russia.
Lothain b. Meifien, Saxony.

»> >» »
Michelob, Bohemia.
Lothain b. Meifien, Saxony.

KaO MgolcaO FeaOa A18O, SiOa | HaO I NaaO I Total |RaO EaO»| S1O» [ HaO Page Source
1.021 —| — ll.77|l8.93l72.05l6.13lo.lOS.|lOO.OO|0.14|2.98|l8.00l5.12| 59 I GroBalmerode, Prussia.

A
(d) R ŜiXSi

K»O MgOCaOFe.0,AlaO, S10a H3ONaaO Total RaOEaO, SiOa Page Source0.55 0.33 02.190.16 0,0.850.08 0,0.800.09 0,

1.I8
i.24
L07
L43

0.63 23.65 65.69 9.11
1.67 23.08 65.35 7.46
1.40 23.02 67.48 7.34
0.71 23.61 66.58 7.90

0.09 S. 100.23 0.23 3.2215.00 6.93
100.15 0.43 3.2515.00 5.70
100.24 0.
100.12 0.

.16 3.1215.00 5.44

.25 3.1815.00 5.93

71
67
50
77

L6thain b. Meifien, Saxony.
Ober-Horka, Prussia.
Dillenburg, Prussia.
Blansko, Mahren.
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(e) Si • R • R • Si.

429

K«0 MgO CaO FeaO8 A1,O, SiO2
HaO |Naao| Total | E2O |R»O3| SiO* H2O Page Source

0.
1.32
3.00
2.00
0.51

57 38.46 0.02
0.07 0.06

>.O4
•.12

0.32

0.
0.
0.21

110.
18 0.

0.29 24.51

0.4137.7346.21

28.12 6.381.87 100.22 24,
2.74 37.09 47.2210.79
0.95 37.95 46.9710.02
1.65 38.1744.9012.85

14.22 0.39

100.19
99.04
99.93

100.02

.62 6.19 12.00 9.08
0.26 5.8112.00 6.09
0.54 5.79 12.00 8.53
0.63 6.16 12.00 11.45
0.35 5.8112.00 12.31

57
74
52
74
57

Westerland, Prussia.
Eger, Austria.
Ebernhalm, Prussia.
Eger, Austria.
Westerland, Prussia.

(f) & • R • R • Si.

K2O MgO CaO FeaO,AlaOf SiOj H,0 | NaaO | Total | RaO |RjO,| SiOf | HaO |Page| Source
4.28
1.
2.73
3.21
2.30
2.65
3.86
3.14
3.38
2.73
1.51
1.81
1.
2.66
3.79
1.33
2.78
1.30
1.41
1.04

0.95 0.62
6415.79 0.13

0.49 0.32
0.41 0.48
0.79 0.56
0.69 0.34
0.63 0.43
0.67 0.40
0.550.33
0.45'0.34
0.730.76
0.440.48

,5914.560.02
0.210.40
0.150.23
0.760.51
0.180.33
0.280.05
0.230.34
0.290.21

1.2432.
0.33 29.
2.94 33.
1.79 33.
2.22 24.
1.73 33.
1.27 35.
2.2433.
2.07 34.
2.0033.
1.66 34.
1.
0.08 30J
2.0033.
1.1633.
1.8435J
1.
1.
U
0.60 35.

72 48. 11.49
7.52

63 49.4310.59
09 50.72 10.49

64 42,

7649, 9.96
57 50.3910.85
39 49.76 8.83

89 33.64 48.23

1.92
!.53

L60
L39
'.76

9148.92 10.92
6148.8510.18
76 50.1210.63
95 49.48 11.04 0.26 S.

90 34.09 49.49 11.63 0.036S.
33 41.1410.02
71 49.86
7147.7613.26
60 49.66 10.04

.06 34.4150.0311.46

00 34.89 51.1710.85
71 50.00 11.98

11.13

2.61

2.10

14.63 0.15 S.

100.
99.
99.
99.

100.1
99.

100.
100.
99.
99.

184,
72 4,

..83
:.92

100.23
100.91
100.13 0.83 5.09
100.19
100.19
100.22
100.17
100.100.84 5.09

99.970.82 5.19
100.03 0.67 4.9412

0.75 4.77
0.78 4.91
0.
0.
.73 4,
.93 5

940.31

:.86
1.12

39 0.69 5.1312
87 0.56 5.03
84 7.20 5.17 12.00
970.58 4.9512.00

740.67 5.2312.00
25 0.57 4.95 12.00
780.32 5.10
890.38 5.0212.00

12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00
12.00

i.OO
1.00

12.00
9.63
8.92

060.72 5.0912.0011.10
8.09
9.16

12.00 12.13
8.48
9.565.0812.00

9.39
7.07
8.54
8.27
8.03
8.61
7.09
8.84
8.33
8.48
8.92
9.40

78
57
44
44
44
44
54
44
44
44
58
46
57
44
80
44
76
83
77
77

Brieeen, Mahren.
Westerland, Prussia.
Grunstadt,Bavaria.

Holir b.Grenzhausen,Prus.
Griinstadt, Bavaria.

Grofialmerode, Prussia.
G-em.MechenhartjBavaria.
Westerland,Prussia.
Grunstadt,Bavaria.
Briesen, Mahren.
Griinstadt, Bavaria,
Wildstein, Bohemia.
G&ttweig, South Austria.
Blansko, Mahren.

(g) § i • R • & • R • Si.

KaO|Mgo|cao[Fe»0,|AI,0, | 810, | H>0 | NaaQ Total BaOa| SiOa H,0 |Page Source

2.4l|0.68J0.42
O.38O.250.15

9.441
70 31.7155.4711.40

1.00 30.1156.04
0,

100.10 0.965.81
100.06 0.25 6.13

18.00 10.10
18.00 12.33

68
72

Tschirne, Prussia.
Lothain b. Meifien, Saxony.

(h) Si • ft • & • R • Si.

KaO MgO CaO Fea0, A1«O»| SIOi HtO I Na»0 | Total 810, H,0 Page Source

1.67 0.57.0.43
3.01 0.39(0.42
0.600.311.31

0.280.31
0.45 0.49

L920.2
1
1.37 0.450.49
0.610.230.13

.37 0,

78 31.58j53.1410.69:0.04
0032.5450.9110.42 0.10
2030.65 50.4015.65
23 33.56 51.96 9.62
5033.1154.66 8.73
5034.08 53.09 8.71 0.11 S
65 33.6152.11 12.80

99.980.71 5.79 16.00 10.73
99.79 0.87 6.2516.0010.94

100.120.71 5.87 16.00 16.56
99.841.416.2216.00 9.87
99.690.615,9316.00 8.61

100.00 0.62 6.2016.00 8.75
100.1410.24 6.14 16.00 13.10

46
54
87
76
46
61
71

Gem.Mechenhart,Bavaria.
Hohr b.Grenzhausen,Prus.
Novgorod, Russia.
Wildstein, Bohemia.
Klingenberg a.M. Bavaria.
Ahrtal, Prussia.
LOthain b.Mei!3en,Saxony.

(i) Si • R • Si • R •

|KaO MgO CaO Al«Oi SiO* HaO Na,0 Total BaO,EaO, SiOi HaO Page Source

1.40 0.34 0.10
1.99 0.300.21

0.72 27.40J60.i5 8.000.21 PeO
0.79 28.30160.21 8.c9

98.32|0.45 4.9118.00 7.97
100.39 0.57 5.06 18.00 8.59

84
49

Namnr, Belgium.
O denwald,Hessen-Darmstadt.
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C. Formulae from Clay Analyses in C. Bischof's Book.

I 0.5 CaO 2.75A12O3 0.25Fe2O8 15SiO2 5.5 H2O
Calcd. 2.06 20.72 2.95 66.95 7.32 /Source: Tiegelerdberg (Bavaria).

Found. 2.25 20.97 2.25 66.70 7.53 \Analyst: H. Kaul, 1. c. p. 47.

IL 0.25 K2O 19.75 H2O 0.25Fe2O3 9.75A12O3 24 SiO2 /Source : Winkelhaid (Bavaria).
Calcd. 0.82 12.42 1.40 34.73 50.62 I Analyst: H. Kaul, 1. c. p. 47.
Found. 0.95 12.11 1.38 35.72 49.80 0.15CaO 0.18Na2O 0.09 S

III. 0.25 MgO 0.25 K,0 0.25 Fe2O8 5.75 Ala03 16 SiO2 15.5 H20/Source: WolfshShe (Bavaria)
Calcd. 0.52 1.23 2.09 30.77 50.73 14.64 \ Analyst: H. Kaul, 1. c. p. 47.

Found. 0.59 1.09 1.56 31.26 49.61 14.43 0.26 CaO 0.29 Na2O

IV. 0.5CaO 15.5H2O 0.25Fe2O3 5.75A12O3 16SiO2/Source : Passau (South Bavaria).
Calcd. 1.47 14.68 2.10 30.86 50.88 \Kerl,Handb.d.ges.Tonw. 1879,505,Z.c.48.
Found. 1.63 14.23 1.05 31.11 51.02 0.80 H2O

VI. 0.25Fe2O3
Calcd. 2.51
Found. 1.70

VIII. 0.5 K2O
Calcd. 2.80
Found. 3.17

5.75 A12O3 16 SiO2 /Source: Stabbarp (Sweden).
36.81 60.68 \ Analyst: Cronquist, Stockholm (I. c. p. 41).
36.10 60.80 0-5 CaO 0.5 K2O 0.2 MgO

8.5 H2O 5 A12O3 16 SiOa / Source: Finsing b. Deggendorf.
9.12 30.41 57.66 \ Analyst: C. Bischof, I c. p. 43.
8.67 29.47 57.45 0.75Fe2O8 0.76 (MgO-{-CaO)

IX. 0.25Fe2O3
Calcd. 2.28

Found. 1.79

5.75 A12O3 15 SiO2 0.5 K2O 9.5 H2O /Source : Grunstadt (Rheinpfalz).
33.50 51.77 2.68 9.77 \ Analyst: C. Bischof.
33.09 50.70 3.21 10.49 0.41 MgO 0.18 CaO

X. 6 A12O8 12 SiO2 /Source : Altwasser, Grube Morgen- und Abendstern.
"Calcd. 45.78 54.22 \ Analyst: C. Bischof (I. c. p. 36).
Found. 45.07 54.03 0.15 MgO 0.25Fe2O3 0.54 K2O

XI. 0.25K2O 0.25CaO 0.25Fe2O8 5.75Ala08 16SiO2
Calcd. 1.44 0.86 2.45 35.96 59.29/Source: Passau (Bavaria).
Found. 0.90 1.20 1.90 36.40 59.60\Analyst: Cronquist, Stockholm, I.e. p. 48.

XII. 0.25 K2O 9.75 H2O 0.5Fe2O8 5.5A12O3 16 SiO2/Source : Schwarzwald (Oberpfalz).
Calcd. 1.30 9.71 4.42 31.05 53.51 \ Analyst: C. Bischof (1. c. p. 48).
Found. 1.33 10.50 3.41 30.69 53.10 0.32 MgO 0.26 CaO

XIII. 12H2O 5.75A12O3 0.25Fe2O8 18Si02/Source: Klingenberg a. M.
Calcd. 11.19 30.39 2.07 56.34 \ Analyst: unknown {1. c. p. 46).
Found. 11.14 30.47 1.51 56.44 0.30 MgO 0.79 CaO 0.30 K2O

XIV. 0.5Fe2Oa 5.5A12O8 16SiO2 12 H2O/Source: Klingenberg a. M.
Calcd. 4.38 30.76 53.01 11.81 \ Analyst: Vohl, 1875.
Found. 3.54 31.61 52.32 11.81 0.48 CaO

XV. 0.5 FeaO3 4.5 A12O3 12 SiO2 10 H2O /Source : Klingenberg a. M.
Calcd. 5.54 31.79 50.20 12.47 \
Found. 4.22 32.00 51.05 12.14 0.46 CaO

XVI. 0.25 MgO
Calcd. 0.55
Found. 0.50

0.25 CaO 0.25 K2O 9.25 H2O 0.25Fe2O3 5.75A12O3
0.77 1.30 9.21 2.21 32.45
0.50 1.37 9.12 1.50 33.11
Source : Klingenberg. Analyst: C. Bischof, 1887.

16 SiO2
53.50
54.06
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D. Behaviour of Clays, dried at 100° C , towards Sulphuric Acid, according
to C. Bischof.

3

1
2
3
4
5
6
7

HaO
9.40
8.41
7.44

10.03
7.27
8.14

15.13

1.15
2.09
2.31
3.22
1.21
1.42
1.61

MgO
0.20
0.28
0.25
0.45
0.64
0.34
0.85

Feo

0.44
0.40
0.21
—

%

CaO
0.04
0.56
0.06
0.28
0.08
0.10
0.42

A12O»
29.96
30.34
25.73
27.99
22.30
27.87
36.32

Fe,Oa

0.45
0.67
0.60
0.44
0.50
0.73
1.00

SiO2

58.80
57.65
63.61
56.98
67.60
61.19
44.67

Total
100
100
100
100
100
100
100

Molecular Ratios

H2O
9.11
7.83
4.70

10.04
5.41
8.03

11.60

E2O
0.31
0.65
0.36
1.01
0.46
0.49
0.75

R9O,
5.17
5.05
2.91
5.00
2.97
4.93
5.94

SiOa

17
16
12
17
15
18
12

Separated
SiO*
%

25.66
21.35
36.68
21.28
41.87
26.91
4.67

in
Mol.
7.42
5.8
6.91
6.34
9.29
7.91
1.26

A1,O,:
SiOj in
Solution
5: 10
5: 10
6: 10
5: 11
6: 10
5: 10
6: 11

Ultramarines .

Formulae from a series of Ultramarine Analyses.

Si12
1. Theory. 16.60

Found. 16.45

Si12
2. Theory. 16.55

Found. 16.87
16.81

i.
3. Theory. 9.39

Found. 9.78
8.63
Si12

4. Theory. 9.41
Found. 9.58

9.51

Allt
16.01
14.36

Al12
15.96
15.39
15.27

Al12
9.06
9.40
9.42

Al12
9.08
8.21
8.16

Na12 S4 O«0
13.64 6.32 47.43 —
14.45 6.00 48.74 —
Na13-5 K0.6 S4 O5,
15.30 0.96 6.31 44.92
15.66 0.72 5.69 45.67
15.21 1.08 6.42 45.21

48.28
48.82
48.79

2
1.29
1.07
1.03

3.58
3.96
4.03

Pb8 Na2 84
46.16 1.29 3.59
46.02 0.93 4.06
46.23 1.06 3.94

5. Theory. 12*99 12.53 20.11 1.77* 4.95
Found. 14.14 11.80 19.78 — 5.86

14.17 11.86 19.98 0.72 5.66

Si12 Al12 Agw Naj S5
6. Theory. 10.69 10.31 44.67 0.73 5.09

Found. 10.76 9.90 43.69 0.81 4.89
— 10.54 44.08 0.73 —

Total
100.00
100.00 Biokmann, Dingl. Journ. 232,

164.

100.00
100.00 Philipp, Ann. d. Chem. 184,
100.00 132.

OM (H2O)4
26.39 2.01
26.07 1.90
26.29 1.81

O59 (H2O)8
26.44 4.03
27.27 3.93
27.11 3.99

100.00
100.00
100.00

100.00
100.00
100.00

J. Szilasi, Ann. d. Chem. 251,
97-114.

J. Szilasi, Ann. d. Chem. 251,
97-114.

O59 (H2O)16
36.51 11.14 100.00
37.52 10.90 100.00 J. Szilasi, Ann. d. Chem. 251,
36.51 11.10 100.00 97-114.

O5« K
28.51 — 100.00
29.60 0.35 100.00 J. Philipp Ber. d. B. chem.
— 0.50 100.00 Ges.JO, 1227,

7. Theory.
Found.

19

!»

8. Theory.
Found.

Six,
9.96
10.09
10.09

10.24

Six«
16.86
16.80
16.84

All2
9.60
9.00
9.11
9.21
9.23

Alx,
16.27
16.32
16.30

Ag15
47.99
48.08
47.89
47.96
48.66

Na12
13.85
13.94
13.98

Nax
0.68
1.15
1.17
0.89
—

s.
9.64
9.70
9.80

85
4.73
4.68
4.82
—

4.81

43?33
43.24
43.08

O57
27.04
27.00
26.92
—
—

—
—

100.00̂ 1
100.00 IK.Heumann, Ann. d. Chem.
100.00 ( 199, 271.

— K. Heumann, Ann. d. Chem.
20 3, 174.

100.00
100.00 G. Guckelberger, Dingl. Journ.
100.00 24y, 343,1883.
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9. Theory. 16.60
Found. 16.70

16.76
16.73
17.14
17.21
16.75
16.73
16.39
16.45

16.01
15.97
15.82
15.94

15.87
16.15

15.08
15.44

18.18
18.48
18.23
18.55
18.24
18.12
18.08
18.12
18.24
18.40

6.32
7.14
7.20
7.22
6.92
7.02
6.75
6.95
6.60
6.80

O62 (H2O)2
41.11 1.78
39.52 2.19
39.78 2.21

40.55
41.05

42.16
41.40

1.18
1.23
1.22
1.16
1.53
1.51

Total
100.00
100.00
100.00

100.00
100.00

100.00
100.00 J

J. Szilasi, Ann. d. Chem. 251, 97-114.

Sin
10. Theory. 17.30

Found. 17.32

17.51
18.00
18.24
18.06
18.11
18.33
18.20
17.69
17.88
17.77

Al19
16.68
15.94

15.84
16.11
16.33
15.78
16.01
16.25
16.10
16.13
16.47
16.10

Na,u K SB

16.59 — 8.24
16.64 0.75 7.91

17.08 7.91
17.05 — 8.04

— 8.36
— 8.18
— 8.05
— 8.42
— 8.40
— 8.02
— 7.67

17.30
17.16
17.14
17.30
17.07
16.61
17.06 — 8.02

O50
41.19
41.44

40.66
40.80
40.68
40.68
40.67
39.86
40.00
41.09
41.37
41.05

100.00

fPhilipp, Ann. d. Chem. J5^,132, 1876.
IOO.OOJ
100.00]
100.00 I Hoffmann's Analyses, according to
100.00 (K. Heumann, Ann. d. Chem. 203,174,
100.00 1880.
100.00J
100.00) According to K. Heumann, Ann. d.
100.00/ Chem. 203,174, 1880.
100.00 K. Heumann, Ann. d. Chem. 199,263.

i
11. Theory. 18.34

Found. 18.47

Al12
17.69
16.88

Kau S4 O«
15.07 6.98 41.92
15.43 6.17 43.05

100.00
100.00 Rickmann, Dingl. Journl. 232,164.

3 2. Theory. 17.89
Found. 18.00

18.28
18.30
17.98
18.08
17.89
18.41
18.21
18.08
18.00
18.90
18.34
18.61
17.86
18.09
17.29

Al,2
17.25
17.32
17.15
17.38
17.30
17.35
17.43
17.00
17.63
17.32
17.68
17.82
17.60
17.12
17.56
17.28
16.91

NaM
17.14
16.20
16.40
16.10
16.52
16.46
16.38
16.40
16.80
17.01
16.92
16.21
16.78
16.38
16.60
17.00
16.48

6.83
6.62
6.78
6.59
6.88
6.69
6.89
6.81
7.01
6.89
7.05
6.40
6.79
6.75
6.79
6.90
6.60

40.89
41.86
41.39
41.63
41.32
41.42
41.41
41.38
40.35
40.70
40.35
40.67
40.49
41.14
41.19
40.73
41.72

100.00
100.00.
100.00
100.00 i
100.00 f
100.00
100.00;
100.00 >
100.00
100.00
100.00
100.00
100.00
100.00
100.00)
100.00 y
100.00)

G. Guckelberger, Dingl. Journ. 247,
343, 1883.

G. Guckelberger Dingl. Journ. 247,
386, 1883.

G. Guckelberger, Dingl. Journ. 247,
383, 1883.

i

1 3 . T h e o r y . 1 7 . 4 6

F o u n d . 1 7 . 3 5

1 7 . 5 2

1 7 . 6 5

1 7 . 6 7

1 7 . 8 3

1 8 . 0 1

1 8 . 0 2

Al12
16.84
16.95
16.84
16.50
16.40
16.41
16.24
17.00

N a 1 8

1 9 . 1 3

1 8 . 9 8

1 8 . 8 8

1 8 . 9 8

1 9 . 0 5

1 8 . 9 7

1 9 . 2 0

1 8 . 9 2

S 4 O 4 8

6 . 6 5 3 9 . 9 2

6 . 7 0 4 0 0 2

6 . 6 0 4 0 . 1 6

6 . 7 2 4 0 . 1 5

6 . 8 0 4 0 . 0 8

6 . 6 2 4 0 . 1 7

6 . 7 8 3 9 . 7 7

6 . 8 2 3 9 . 2 4

1 0 0 . 0 0

1 0 0 . 0 0 )

1 0 0 . 0 0 YG. G u c k e l b e r g e r , D i n g l . J o u r n . 247f

1 0 0 . 0 0 ) 3 4 3 , 1 8 8 3 .

1 0 0 . 0 0 )

1 0 0 . 0 0 \ G . G u c k e l b e r g e r , D i n g l J o u r n . 247,

1 0 0 . 0 0 ) 3 8 3 , 1 8 8 3 .

1 0 0 . 0 0 G . G u c k e l b e r g e r D i n g L J o u r n . 247^

386, 1883.
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14. Theory. 14.84
Found. 15.00

Si,

Al12
14.31
14.22

Na12
12.19
12.50

Ag4
19.08
19.00

s 4
5.65
5.29

o 4 8
33.93
33.99

Al12 Nae15. Theory. 12.12 11.68 4.98
Found. 12.02 11.82 4.58

Ag10 S4 O48
38.93 4.61 27.68
39.20 4.40 27.98

12
16. Theory. 18.12

Found. 18.29

All, Na18.6
17.48 16.75
16.50 17.85

Si12 Al12 NaJ8
17. Theory. 17.05 16.45 21.02

Found. 17.00 16.60 21.50
16.74 15.95 20.59
16.59 16.14 20.92
16.53 16.27 21.02

Si18 Al12 Na16 S4
18. Theory. 17.75 17.12 19.45 6.77

Found. 18.20 16.60 19.00 6.10

K0.s
1.05
1.33

4
6.50
6.50
6.22
5.72
5.51

4
6.90
6.20

O48
38.98
38.40
40.50
40.63
40.67

O48
38.91
40.10

O46
39.70
39.93

Total
100.00
100.00 G. Guckelberger, Dingl. Journ. 247,

343, 1883.

100.00
100.00 G. Guckelberger, Dingl. Journ. 247,

347, 1883.

100.00
100.00 H. Bitter, Inaug.-Diss. Gottingen,

1860.

100.00
100.00 Rickmann, Ann. d. Chem. 194,1-22.
100*00 } B i c k m a n n ' D i n S L Journ. 232, 164.
100.00 Rickmann, Dingl. Journ. 232, 170.

Si16 Al12 Na14 So O64
19. Theory. 18.62 13.47 13.38 11.97 42.56

Found. 18.80 13.00 13.70 11.80 42.70

Si16 Al12 j«
20. Theory. 18.15 13.13 14.91

S,

100.00
100.00 R. Hoffmann, Ann. d. Chem. 194,

1-22, 1878.

100.00
100.00 C. Grunzweig per R. Hoffmann, Ann.

d. Chem. 194,18.

— 11.67 42.14 100.00
Found. 17.29 12.55 14̂ 66 11.38 44.12 100.00 Philipp, Ann. d. Chem. 1S4,132,1876.

17.57 12.54 14.51 0.80 11.38 43.20 100.00

SiJ2 Al6 Na6 S6
21. Theory. 23.40 11.28 9.61 13.37

Found. 23.12 11.71 8.97 13.22

2 2 . T h e o r y . 2 0 . 7 7
F o u n d . 2 1 . 6 3

2 3 . T h e o r y . 1 7 . 6 1
F o u n d . 1 7 . 7 0

is
2 4 . T h e o r y . 2 0 . 3 4

F o u n d , 2 0 . 2 0

Al.
12.02
12.33

A1M
12.74
13.80

Al12
13.08
13.50

2 5 . T h e o r y . 1 9 . 3 7 1 2 . 4 5
F o u n d . 1 9 . 2 0 1 2 . 6 0

1 9 . 0 0 1 2 . 7 0
1 9 . 0 0 1 3 . 0 0
1 9 . 3 0 1 2 . 5 0
1 9 . 3 0 1 2 . 8 0

N a 0 S e

1 0 . 2 4 1 4 . 2 4
9 . 9 3 1 3 . 9 6

O 8 8
42.34
42.98

O8.
42.73
42.15

2 0

1 8 . 0 8
1 7 . 7 0

S 1 0

1 2 . 5 8
O e 2

3 8 . 9 9
1 2 . 2 0 3 8 . 0 0

12.99
12.90

Na14
15.91
16.50
16.80
16.50
16.80
16.10

15.50
15.50

S ia
14.76
14.20
14.00
13.80
13.90
14.00

5 ,
3 8 . 0 9
3 7 . 0 9

3 7 . 5 1
3 7 . 6 0
3 7 . 5 0
3 7 . 7 0
3 7 . 5 0
3 7 . 8 0

1 0 0 . 0 0
1 0 0 . 0 0 G. S c h e f f e r , B e r . d . D . C h e m . G e s .

1 4 5 1 , 1 8 7 3 .

1 0 0 . 0 0
1 0 0 . 0 0 G . S c h e f f e r , B e r . d . D . C h e m . G e e .

1 4 5 1 , 1 8 7 3 .

1 0 0 . 0 0
1 0 0 . 0 0 R . H o f i m a n n , A n n . d . C h e m . 194,

1 4 . 1 8 7 8 .

1 0 0 . 0 0
1 0 0 . 0 0 R . H o f f m a n n , A n n . d . C h e m . 194,

1 7 , 1 8 7 8 .

1 9 . 0 0 1 3 . 0 0 1 5 . 9 0 1 4 . 0 0 3 8 . 1 0

— 100.00
— 100.00^
— 100.00
— 100.00
— 100.00
— 100.00
— 100.00J

G. Guckelberger, Dingl. Journ. 247,
343, 1883.

26. Theory. 18.92
Found. 19.00

Al,,
12.17
12.70

17.27
17.40

14.42
13.60

37.22
37.30

Si l f Al12 Na12 SX1 O66
27. Theory. 19.00 13.74 13.66 16.28 37.32

Found. 18.80 13.80 14.10 16.30 37.00

100.00
100.00 R. Hoffmann, Dingl. Journ. 247,

1883 ; Ann. d. Chem. 194, 14.

100.00
100.00 R. Hoffmann, Ann. d. Chem. 194,17.
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Si12
28. Theory-23.17

Found. 23.04
23.63
Siia

29. Theory. 21.47
Found. 21.53

SiM
30. Theory. 21.05

Found. 20.75
21.00
20.89
20.51
21.00
20.69

Al6 Na8 S6
11.18 12.69 13.24
10.77 11.90 14.02
11.09 12.00 13.46
j±i12 ±\ a16
13.79 15.68
13.42 15.38
Al18
13.55
13.53
13.08
13.28
13.50
13.12
13.30

18
17.29
17.01
16.98
17.28
18.00
17.80
17.20

6
8.18
9.25
S6

6.68
6.78
6.79
6.80
6.90
7.02
6.90

O3fl
39.72
40.27
39.82

O60
40.88
40.42

O62
41.43
41.93
42.15
41.75
41.09
41.06
41.91

Total
100.00
100.00 {
100.00 i

100.00
100.00

100.00
100.00 ̂
100.00
100.00
100.00
100.00
100.00,

qphfiffepSche i fe r ' chem Gea

E. Buchner, Ber. d. D. chem. Ges. 7, 989, li

* ^uckelberger, J o u r n ' 247> 343, 18

P o r t l a n d C e m e n t s

Formulae of a Ser ies f rom Ana lyses of P o r t l a n d C e m e n t s

SiOa A12O; CaO MgO KaO NaaO CO2 S08 Total

1. Theory.
Found.

2. Theory.
Found.

3. Theory.
Found.

4. Theory.
Found.

5. Theory.
Found.

6. Theory.
Found.

Theory.
Found.

8. Theory.
Found.

9. Theory.
Found.

10. Theory.
Found.

11. Theory.
Found.

12. Theory.
Found.

13. Theory.
Found.

14. Theory.
Found.

25.34
25.29
24.09
24.30
23.65
23.30
22.78
22.48
21.94
23.44
22.50
22.00
22.42
22.10
22.07
22.59
22.48
23.44
22.30
21.86
22.22
22.10

21.83
21.94
21.55
21.26
23.71
23.80

21.17
20.72
20.64
20.33
20.33
24.15
23.80

5.37
5.41
6.83
6.90
6.70
6.50
6.45
6.52
6.02
6.35
6.38
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6.28
6.25
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6.36
6.52
6.35
7.06
7.17
7.03
6.40
6.13
6.02

7.58
7.64

12.10
11.40
8.04
7.57
7.89
8.67
7.19

8.39 50.891.39 0.82 0.54 4.61
8.64 50.401.24 0.50 0.73 4.61
5.35 63.73
4.8064.10
5.26 64.39
4.7065.40
5.0663.78 0.67
4.4662.931.48
4.38 64.631.25
3.99 63.211.15

0063.
20 62,
62 62
7062,

1.65 63,

.001.88

.10 2.10
1.82 2.09
1.501.75

3.4162.001.04
4.98 63.261.56
4.46 62.931.48
3.99 63.211.15
3.69 62.02 2.46
3.73 61.14 2.34
3.67 65.230.61
3.0465.440.81
4.82 64.501.51
4.3864.621.25
2.38 64.931
2.86 63,

64.19
64.80

4.20 61.823.50
4.48 60.523.02
4.13 62.59 2.061,
3.8062
3.

10.73 65.12
11.4064.80

.19
.741.10

1.33 2.481,
.65 2.62

1.02
.621.07
.200.85

1.040.80

1.391.26100.00
1.101.30

1.26
1.39
1.12
1.22
1.24
1.10
1.29
1.20
1.53
1.25
1.30
1.22

2.46
1.94
1.23
1.61
1.21
1.12
2.37
2.180.60

1.27
0.520.371.22

99.92
100.00
100.10
100.00
99.90

100.00
99.26
99.34
99.36

100.00
97.00
98.52
97.50
96.64

100.00
99.17
99.36

100.00
98.18

100.00
99.40

100.00
99.33

100.00
99.38

100.00
100.00
100.00
99.44

100.00
99.66
99.28

100.00
100.00
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-I sio, AlaO» CaO CO* S03 H,0 Total
15. Theory.

Found.

16.

17.

18.

19.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.
Theory.
Found.

23.65
23.40
32.68
32.52
32.60
34.15
34.07
32.63
32.60
34.08
34.07
29.33
28.56
28.89
28.56
25.39
24.26
23.35
22.96
23.19
23.40
23.21
22.71
22.94
22.33
10.39
10.38
25.29
25.21
25.13
25.21
17.25
16.75
17.71
17.04
15.00
14.
21.78

5.02
5.18
5.03
7.37
7.17
7.73
7.49
7.34
7.17
7.67
7.49
4.95
4.75
4.92
4.75
7.19
6.97
6.57
6.78
5.87
6.07
5.92
6.42
5.81
5.53
7.37
6.66
8.35
8.26
8.25
8.26
8.18
7.97
8.37
8.09
7.03
7.52

13.89
21.02 13.02
20.59 13.04
20.22 14.52

2.63
2.79
2.82
5.79
6.23
6.06
5.58
5.76
6.23
6.02
5.58
7.72
8.14
7.71
8.14
2.26
2.88
2.06
2.54
3.06
2.51
3.09
2.81
3.03
3.28
2.31
1.99
9.36
8.35
9.24
8.35
2.57
2.71
2.62
3.25
2.20
2.15

65.87 1,
65.80
65.47 1
44.56
44.
46.76
46.07
45.
44J
46.330.75
46.07
48.01
47.53 2

0.90
1.94 0
1.04

48.47 1.93

24.59 15.68 0.9lMnO 48.77 3.08 2.41
24.64 15.27 0.82MnO 49.70 3.29
21.04 13.32 0.78 FeO 43.57 2.83 1.02
21.02 13.02 0.85 FeO 43.57 3.09 0.31

1.45 0.85 0.57
961.52 0.45 0.64

371
961

.181
:.40l

.09
1.13
.08

0.76
0.90

.44

.52

47.53 2.04
56.87 2.82
56.90 2.15
64.93 1.03
63.95 0.98
63.031.02 0.601.19
63.87 0.97 0.801.22
65.721.03
63.14 1.041.64 CaSO.
65.
64.

.02

.20
71.96 3.47
72.10 3.27
52.43
52.46
52.42 0.46
52.46 0.50 0.
63.713.85
61.924.03
66.12 3.28
65.05 3.04
66.444.41
65.42 3.89
45.06 3.18
43.57 3.09
42.64 2.771
41.

0.4S
0.53

.85 0.56

.45 0.64

.88 0.58

.27 0.56

.05 0.50

.48 0.68

.76 0.50

.48 0.60
33 0.87

0.90 0.54 1.60 MnO

0.85
— 0.72
— 0.78
— 0.71
1.30 0.78

1.25

.01 0.66
87 3.020 77 0.71

1.59 0.92 FeO
1.67 1.37

1.35
0.84

4.78
4.52

1.74
1.42
1.36
1.46
1.20

1.66
1.38
3.96
4.52
0.82
1.38
5.69
5.58
5.66
5.58

1.00 MnO 2,

1.51
1.96
1.44
1.20
1.50
1.96
0.65
0.40

0.80CaCO.,

1.91
1.64
2.06
2.25
2.03
2.25
2,12
2.42
0.72
0.83
2.42
2.19
2.00
1.76
1.40
1.86

.27
1.28
2.06
1.96
2.04
1.45
1.30

2.02
2.41

0.43
0.94
1.30
0.92
1.30

0.42

0.30

0.52
1.83
2.

2.59
2.56
0.85
0.68
0.

2.24
1.
1.06

2.32
12.26

..87

1.12 FeO
0.96
1.76

2911
2.55 13.82
3.02 13.77
2.05
i:72
2.61
2.29 11.87

100.00
100.20

99.97
0.66 100.00
0.72100.00
1.37100.00
1.47
0.65100.00
0.72100.01
1.35100.00
1.47
1.16100.00
1.20
1.16100.00
1.20 98.88

100.00
97.48

100.00
99.17

100.00
100.29
100.00

93.56
100.00
99.15

100.00
99.88

100.00
99.29

83 100.00
0.68 100.09
2.32 100.00

94.64
18 100.00

99.58
2.50 100.00

99.63
100.00
96.62
98.48
99.76

100.00
99.60

11.75 100.00
99.28
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s;o» Fe,O, CaO |MgO|K,0 |Nato| COi | SO, | H,0 Total

38. Theory.
Found.

39. Theory.
Found.

24.73

40. Theory.
Found.

41. Theory.
Found.

24.6415.27
23.71
22.23
23.72
23.64
22.47
23.57
22.96
23.36
28.72
28.54
29.08

15.65

7.78
7.75
7.36
8.93
7.81
8.89
9.14
8.L
3.05
3.43
3.40

42. Theory. 27.39 2.92
Found. 27.06 3.19

43. Theory. 26.49
Found. 26.30

44. Theory. 23.96
Found. 23.75

3.75
3.50
3.38
3.11

0.92 Fe(
1.12 FeC

5.23
5.30
5.50
3.51
3.42
3.51
3.23
3.21

1.59
1.13
1.24
1.52
1.29

0.77

0.85

49.71

49.71
54.37
54.10
54.40
61.29
61.13
60.10
61.19
60.57
65.85
66.62 0.30
66.07
68.17
18.06

59.03 0.
38.84
r2.66
r2.01

3.32
3.2:
0.87
0.75
0.86
0.87
1.06
0.95
1.03
1.19
0.79
0.30
0.20

0.35
1.73
5.54

1.30

1.5
1.3
2.0;
1.66
1.78

0.2:
0.541.7!
3.14
2.15
2.80

1.0

0.8
1.00
1.12
1.76
2.03
0.90
1.45
1.81

0.9lMnO 100.00
0.82MnO 100.14

0.98
1.00
0.96

100.00
97.04
99.36

100.00
97.92
97.92
99.00
98.26

1100.00
100.02
99.99

100.00
99.95

100.00
99.95

i 100.00
1100.02

Zulkow.iki

Feichtznger, Dingl. Jourxi.
40-01, 108-118, 1859.

J. B. T. 35, 852.

Tonind.-Ztg. 981, 1902.
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144, 384. 22, Hermann, Journ. f. prakt. Chem. 1845, 34, 178. 23, G. v. Rath, Pogg.
Ann. 1853, go, 87. 24, Berlin quoted by Wiebye, Pogg. Ann. 1850, 79, 302. 25, Sipocz,
Tscherm. Mitt. N. F. 4, 266. 26, F. Heddle, Min. Soc. London 1882, 5, 19. 27, N.
Nordenskjold, Schweigg. Journ. 1821, 31, 417. 28, G. v. Rath, Pogg. Ann. 1853, 90,
93, 297. 29, Jannetaz, Bull. soc. Paris 1889, I29 445. 30, Vogt, Zeitschr. d. Geol.
1895, 456. 31, Wilk, Min.-Samml., Helsingf. 1887, 39; Groths Zeitschr. 11, 312.
32, N. Nordenskjold, Schweigg, Journ. 1821, 31, 417. 33, Hartwall & Herdberg,
Berzel. Jahresb. 4, 155. 34, Hunt, Amer. Journ. 1855, 19, 428 ; Rep. Geol. Can.
1853, 1863, 483. 35, Hermann, Journ. f. prakt. Chem. 1851, 54, 177. 36, Hartwall <fc
Herdberg, Berzel. Jahresb. 4, 155. 37, Hunt, Amer. Journ. Sc. 1855, 19, 428; Rep.
Geol. Can. 1853, 1863, 483. 38, Th. Wolf, Zeitschr. d. Geol. Ges. 1868, 20, 30. 39,
G. v. Rath, Pogg. Ann. 1853, 90, 93, 297. 40, Rammelsberg, Ak. Berl. 1885, 605.
41, Hermann, Journ. f. prakt. Chem. 1851, 54, 410. 42, Beeke, Tscherm. Mitt. 1877,
267. 43, Bergemann, Pogg. Ann. 1827, 9, 267. 44, Giwartowsky, Bull. soc. nat.
Moscow 21, 548 ; Erdm. Journ. f. prakt. Chem. 1849, 47, 380. 45, Fuchs, Leonh.
Min. Taschb. 1823, 17, 104. 46, Wolff, Inaug.-Diss., Berl. 1843. 47, Wolff, ibid.
48, Berg, Ofv. Ak. Stockh. 1844, 94. 49, Thomson, Min. J, 273. 50, Leeds, Amer.
Journ. Sc. 1873, 6, 26. 51, Hunt, Amer. Journ. Sc. 1855, 19, 368. 52, Wurtz, Amer.
Journ. Sc. 1853, JO, 325. 53, G. v. Rath, Pogg. Ann. 1853, 90, 96 ; 02, 300, 303, 290.
54, G. v. Rath, Pogg. Ann. 1853, 90, 93, 297. 55, Hermann, Journ. f. prakt. Chem
54, 410. 56, Fuchs, Natuxg. Min. Kempt. 1824, 225. 57, Lemberg, Zeitschr. d. geol.
Ges. 1887, 39, 571. 58, G. v. Rath, Pogg. Ann. 1853, 90, 93, 297. 59, G. v. Rath,
Pogg. Ann. 1853, 90, 99. 60, Kiepenheuer per G. v. Rath, Niederrh. Ges., Bonn
1879, 381. 61 Salomon Tscherm. Mitt. N. F. 15, 159. 62 Wittstein quoted by
Gumbel, Geogn. Beschr. Bay. 1868 2, 358. 63, Genth, Amer. Joum. Sc. 1890, 40,
116. 64, Rammelsberg, Ak. Berl. 1885, 599. 65, Rammelsberg, Mineralch, 1886,
214. 66, Rammelsberg, Ak. BerL 1885, 599; Zeitschr. d. Geol. Ges. 1884, 36, 229.
67, Grandeau, Ann. chim. phys. 1863, 67, 174. 68, Gmelin, Schweigg. Journ. 1819,
2$, 36; 1822, 35, 348. 69, Muir quoted by Thomson, Min.'1836, 383. 70, Gmelin,
Schweigg. Journ. 1819, 25, 36; 1822, 35, 348.

Orthochlorites.
1, F. Heddle, Transact. Roy. Soc. Edinb. 29 ; Groths Zeitschr. 5, 631. 2, Heddle.

Groths Zeitschr. 5, 634. 3, Kobell, Gel, Anz., Munchen 1854, Ap. 10. 4, Bruhl, Pogg.
Ann. 1839, 48, 185. 5, Genth, Amer. Journ. Sc. 1862, 33, 200. 6, Adams, Amer.
Journ. Sc. 1870, 49, 272; Shepard, ibid. 50, 96. 7, Heddle, Transact. Roy. Soc.
Edinb. 29; Groths Zeitschr. 5, 631. 8, Hartwall, Berzel. Jahresber. 23, 266. 9,
Schlaepfer, N. Jahrb. 1891, J, 8. 10, Hermann, Journ. f. prakt. Chem. 1851, 53, 22.
11, Hunt, Rep. Geol. Can. 1863, 491. 12, Smith & Brush, Amer. Journ. So. 1853,
i6t 47. 13, Smith & Brush, ibid. 14, Rumpf, Tscherm. Mitt. 1873, 33. 15, Ludwig,
Tscherm. Mitt. N. F. 12, Heft, 1. 16, Telek quoted by Wartha, Groths Zeitschr. J J ,
72. 17, Schlaepfer, N. Jahrb. 1891, J, 8. 18, v. Fellenberg, N. Jahrb. 1868, 746.
19, v. Hamm, Tschenn. Mitt. 1872, 260. 20, Marignac, Bibl. univ. Gen. 1844, 131.
21, Marignao, ibid. 22, ibid. 23, Wartha, Journ. f. prakt. Chem. 1866, 99, 84. 24,
Hamberg, Geol. F6r., Forh. 1890, 12, 580. 25, Liebe, N. Jahrb. 1870, 6", 10. 26,
F. Heddle, Transact. Roy. Soc. Edinb. 29 ; Groths Zeitschr. 5, 631. 27, Hunt, Rep.
Geol. Can. 1863, 491, 469. 28, Chatard quoted by Genth, Amer. Phil. Soc. 1873, 13,
414. 29, Clarke & Schneider, Groths Zeitschr. 18, 412. 30, Marignac, Ann. de chim.
et phys. 1845,14, 60. 31, F. Heddle, Transact. Roy. Soo. Edinb. 29 ; Groths Zeitschr.
5, 631. 32, MacDonnell, Proc. Acad. Dublin 5, 307. 33, Merz, Kenngotts "Ubers.
min. Forsch. 1858, 63. 34, Marignac, Ann. de chim. et phys. 1845, 14, 60. 35, F.
Heddle, Trans. Roy. Soc. Edinb. 29; Groths Zeitschr. 5, 631. 36, Marignac, Ann.
de chim. et phys. 1845, 14, 60. 37, Hunt, Rep. Geol. Can. 1863, 491. 38, Liebe, N.
Jahrb. 1870, 5. 39, Schweizer, Pogg. Ann. 1840, 50, 526. 40, Schweizer. ibid. 41,
Pisani, Compt. rend. 1876, 83, 116. 42, F. Heddle, Transact. Roy. Soc. Edinb. 1879,



440 REFERENCES TO ANALYSES

29, 89$ Groths Zeitschr. 5, 633. 43, Delesse, Ann. mines 1851, 20, 155. 44, Loretys,
Jahrb. d. preufi, d. geol. Landesanstalt fur 1884, Berl. 1885, 133. 45, Loretz, Geogn.
Beschr:'cL Fichtelgebirges 1879, 210, 233. 46, Pufahl quoted by Weifi, Zeitschr. d.
Geol. Ges. 1879, 31, 801. 47, Boricky, Sitzber. Akqad., Wien 1869, 59, 599. 48,
Leeds, Amer. Journ. Sc. 1873, 6, 25. 49, Marignac, Bibl. univ. Geneve 1844, 136.
50, Marignac, Ann. de chim. et phys. 1844, 10, 430. 51, L. Smith, Amer. Journ. Sc.
1851, JJ, 65. 52, Marignac, Ann. de chim. et phys. 1845, 14, 56. 53, Szilasi quoted by
Wartha, Groths Zeitschr. 13, 72. 54, Jannasch, N. Jahrb. 1885, J, 94. 55, Jannasch,
ibid. 56, Wartha, Groths Zeitschr. 13, 72. 57, List, Zeitschr. d. Geol. Ges. 1852, 4,
634. 58, Genth, Amer. Phil. Soc. 1873, 13, 414. 59, Sipocz per Tschermak, Tscherm.
Mitt. N. F. 12, Heft 1. 60, Clarke, Amer. Journ. Sc. 1884, 28, 20. 61, Varrentrapp,
Pogg. Ann. 1839, 48, 189. 62, Tschermak, Akad. Wien 1866, 53, 521. 63, Heddle,
Transact. Roy. Soc. Edinb. 29 ; Groths Zeitschr. 5, 631. 64, Gosch per Cooke, Mem.
Amer. Acad. Sc, Boston 1874, 35; 1875, 453. 65, Schrauf, Groths Zeitschr. 6, 345,
383. 66, Wilk, Ofvers Finska Vetensk-Soc. FOrhandl. 1868-9, JJ, 28; N. Jahrb.
1869, 357 ; Groths Zeitschr. 2, 495. 67, Schrauf, Groths Zeitschr. 6, 345, 383. 68,
Rammelsberg, Pogg. Ann. 1856, 97, 300. 69, v. Drasche, Tscherm. Mitt. 1873, 126.
70, Heddle, Groths Zeitschr. 5, 634. 71, Genth, Proc. Acad. Sc. Philad. 1852, 121.
72, Dieffenbach, N. Jahrb. 1855, 534. 73, K. v. Hauer, Sitzber, Akad. Wien, 1855,
16, 170. 74, F. Heddle, Transact. Roy. Soc. Edinb. 29; Groths Zeitschr. 5, 631.
75, Melville quoted by Lindgren. Proc. Calif. Akad. Sc, 20. Dec. 1887. 76, Kobell,
Journ. f. prakt. Chem. 1839, 16, 470. 77, Pearse, Amer. Journ. Sc. 1864, 37, 222.
78, Pearse, ibid. 79, Breidenbaugh, Amer. Journ. Sc. 1873, 6, 208. 80, Rammels-
berg, Mineralchem. 1875, 493. 81, Field, Phil. Mag. 1878, 5, 52. 82, Schrauf, Groths
Zeitschr. 6, 351. 83, Garrett, Amer. Journ. Sc. 1853, J5, 332. 84, Paltauf, Tscherm.
Mitt. N. F. 12, Heft 1. 85, Heddle, Groths Zeitschr. 5, 634; Hawes, Amer. Journ.
Sc. 1875, 9, 451. 86, Hawes, ibid. 87, Liebe, N. Jahrb. 1870, 8. 88, Liebe, N. Jahrb.
1870, 6, 10. 89, Liebe, ibid. 90, Liebe, N. Jahrb. 1870, 10. 91, Piccard, Kenngotts
"Obers. min. Forsch. 1863, 203. 92, F. Heddle, Transact. Roy. Soc. Edinb. 29 ; Groths
Zeitschr. 5, 631. 93, v. Fellenberg, N. Jahrb. 1868, 746. 94, Liebe, N. Jahrb. 1870, 5.
95, Rosam per Serba, BOhm. Ges. Wise., 15 Jan. 1886. 96, Kflnig quoted by Genth,
Amer. Phil. Soc, 19 Sept. 1873,13, 413. 97, KOnig quoted by Genth, ibid. 98, Woits-
chach, Inaug.-Diss., Breslau 1881, 38. 99, Genth, Amer. Phil. Soc. 13, 417. 100,
Genth, ibid. 101, P. Keyser quoted by Genth, Amer. Journ. Sc. 1853, 16, 167. 102,
P. Keyser, Amer. Journ. Sc. 1854, 18, 411. 103, L. Smith, Amer. Journ. Sc. 1854,
18, 376. 104, L. Smith, ibid. 105, Ludwig quoted by Tschermak, Tscherm. Mitt.
N. F. 12, Heft 1. 106, L. Smith, Amer. Journ. Sc. 1854,18, 376. 107, Gintl quoted by
v. Zepharovich, Groths Zeitschr. J, 372. 108, Steinmann, Schweigg. Journ. 1821,
32,'69. 109, Steinmann, Schweigg. Journ. 1831, 62, 196. 110, Klement, Bull. Mus.
Roy. d'hist. nat. de Belg. 1888, 5, 162. Ill, R. v. Zeynek, Sitzber. Akad. Wien, 19
Febr. 1891, 100, 38 ; Tscherm. Mitt. N. F. 12, Heft 1. 112, v. Giimbel, Geogn. Beschr.
Bay. 1868, 2, 388. 113, Janowsky, Journ. f. prakt. Chem. 1875, II, 378. 114, Clarke
«& Schneider, Amer. Journ. Sc. 1890, 40, 406 ; Groths Zeitschr. 18, 401. 115, Genth,
Amer. Journ. Sc. 1859, 28, 250. 116, F. Heddle, Transact. Roy. Soc. Edinb. 29;
Groths Zeitschr. 5, 631. 117, F. Heddle, ibid. 118, Obermayer per Tschermak,
Tsoherm. Mitt. N. F. 12, Heft 1. 119, Pisani, Amer. Journ. Sc. 1866, 41, 394. 120,
Chatard per Genth, Amer. Phil. Soc. 1873, 13, 414. 121, Websky, Zeitschr. d.
Geol. Ges. 1873, 25, 391. 122, Loretz, Geogn. Beschr. d. Fiohtelgebirges 1879, 210,
233. 123, Delesse, Ann. min. 1847, 12, 221. 124, Traube, Min. Schles. 1888, 249.
125, v. Gumbel, Geogn. Beschr. Bay. 1868, 2, 395. 126, Delesse, Ann. min. 1849, 16>
520. 127, Loretz, Geogn. Beschr. d. Fichtelgebirges 1879, 210, 233. 128, Loretz,
ibid. 129, K. v. Hauer, Jahrb. Geol. Reichsanst. 16, 505. 130, Sandberger, N". Jahrb.
1850, 341. 131, Rammelsberg quoted by Websky, Zeitschr. d. Geol. Ges. 1879, 31,
212. 132, C. Schmidt, Groths Zeitschr. JJ , 600. 133, Erlenmeyer, Kopp & Wills
Jahresber. 1860, 773. 134, Erlenmeyer, ibid. 135, Chatard quoted by Genth, Amer.
Phil. Soc, 19 Sept. 1873, 13, 413. 136, Chatard quoted by Genth, ibid. 137, Zeynek
quoted by Tschermak, Tsoherm. Mitt. N. F. 12, Heft 1. 138, K. v. Hauer, Jahrb.
Geol. Reichsanst. 5, 337. 139, Suylsteke quoted by Tschermak, Tscherm. Mitt. N. F.
12, Heft I, 140, Element, Tscherm. Mitt. N\ F. J, 365. 141, Damour, Ann. de
chim. et phys. I860, 58, 99. 142, Klement, Tscherm. Mitt. N. F. 12, Heft 1. 143,
Genth, Amer. Phil. Soc. 1873, 414. 144, Chatard quoted by Genth, ibid. 145, Chatard
quoted by Genth, ibid. 146, F. Heddle, Transact. Roy. Soc. Edinb. 29 ; Groths Zeitschr.
5, 631. 147, Jacobs quoted by Dathe, Zeitaohr. d. GeoL Ges. 1887, 3% 505. 148,.
Rammelsberg, Mineralchem. 1860, 538. 149, F. Heddle, Transact. Roy, Soc. Edinb.
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29: Groths Zeitschr. 5, 631. 150, Kobell, Journ. f. prakt. Chem. 16> 470. 151,
KoTbell, ibid. 152, Fellenberg, N. Jahrb, 1868, 746. 153, F. Heddle, Transact Roy.
Soc. Edinb. 29; Groths Zeitschr. 5, 631. 154, Egger, Tscherm. Mitt. 1874, 2^4. 155,
Bock, Inaug.-Diss., Breslau 1868, 4. 156 IgelstrSm, Journ. f. prakt. Chem. 1861, 84,
480. 157, F. Heddle, Transact. Boy. Soc. Edinb. 29; Groths Zeitschr. 5, 631. 158,
Heddle, ibid. 159, Santerson quoted by Eichstadt, Geol. Fo"r. Fo"rh. 7, 333 ; Groths
Zeitschr. 10, 511. 160, Heddle, Groths Zeitschr. 5, 634. 161, Damour, Ann. min.
1857, 11, 284. 162, Craw, Amer. Journ. Sc. 1852, r j , 222. 163, Craw, ibid. 164,
van Riesen quoted by Cohen, Naturw. Ver. Neuvorp. & Rtigen, 1886, 77. 165-6, Erd-
mann, Ann. min. 1853, 3, 729. 167, Marignac, Ann. de chim. et phys. 1845, 14, 56.
168, F. Heddle, Transact. Roy. Soc. Edinb. 29 ; Groths Zeitschr. 5, 631. 169, Ort-
mann, Tscherrn. Mitt. N. F. T2, Heft 1. 170, Schlaepfer, N. Jahrb. 1891, J, 8. 171,
ISTeminar, Tscherm. Mitt. 1874, 177. 172, Clarke & Schneider, Groths Zeitschr. 18,
401. 173, Hermann, Journ. f. prakt. Chem. 1851, 53, 22. 174, Herzog N. v. Leuchten-
berg, Russ. min. Ges. 1866, J, 33 ; Bull. acad. St. Petersb. 9, 188. 175, Herzog N. v.
Leuchtenberg, ibid. 176, Lagorio, Tscherm. Mitt. N. F. 8, 497. 177, Brun, Groths
Zeitschr. 7, 390. 178, Hermann, Journ. f. prakt. Chem. 1847, 40, 15. 179, Pearse,
Amer. Journ. Sc. 1864, 37, 222. 180, Hardmann, Proc. Roy. Ir. Acad. 1878, 3, 161.
181, Wurtz, Sillim. Amer. Journ. 1850, JO, 80; Dana, Min. 1850, 679. 182, Igel-
strdm, Ofo, Acad. Stockholm 1868, 29 ; Journ. f. prakt. Chem. 104, 463. 183, Loretz,
Jahrb. d. preutf. geol. Landesanstalt f iir 1884, Berl. 1885,133. 184, F. Heddle. Transact.
Roy. Soc. Edinb. 29; Groths Zeitschr. 5, 631. 185, Heddle, Groths Zeitschr. 5, 634.
186, Heddle, ibid. 187, Gintl per v. Zepparovich, Tscherm. Mitt. 1874, 7. 188,
van Weryecke quoted by Groth, Groths Zeitschr. J, 510. 189, Kommonen, Russ. min.
Ges. 1842, 64; Pogg. Ann. 1843, 59, 492. 190, Kommonen, ibid. 191, Hermann,
Journ. f. prakt. Chem. 1847, 40, 13. 192, Clarke & Schneider, Groths Zeitschr. 18,
401. 193, Herzog K v. Leuchtenberg, Russ. min. Ges. 1868, 3, 293 ; par Koks-
charow, Mat. Min. RuBl. 5, 369. 194, Herzog N. v. Leuchtenberg, ibid. 195 N. v.
Zinin, Russ. min. Ges. 1868, 3, 293; per Kokscharow, Mat. Min. Rufll. 5, 369.
196, N. v. Zinin, ibid. 197, Hermann, Journ. f. prakt. Chem. 1851, 53, 21. 198>
Burton quoted by Dana, Min. 1868, 499. 199, Hammerschlag quoted by Tschermak,
Tscherm. Mitt. N. F. 12, Heft 1. 200, F. Heddle, Transact. Roy. Soc. Edinb. 29 ;
Groths Zeitschr. 5, 631. 201, Delesse, Ann. de chim. et phys. 1843, 9, 396. 202,
Struve quoted by Kokscharow, Mat. Min. Rufil. 5, 236. 203, Struve quoted by Koks-
charow, ibid. 204, Janowsky, Ber. d. D. chem. Ges. 1873, 1230. 205, Kobell, Journ.
f. prakt. Chem. 1839, 16, 470. 206, Varrentrapp, Pogg. Ann. 1839, 48, 189. 207,
Flight quoted by Maskelyne, Joum. Chem. Soc. 1871, 9, 9. 208, Penfield & Sperry,
Amer. Journ. Sc. 1886, 32, 307. 209, Firtsch, Sitzber. Akad. Wien 1890, 99, 417.
210, F. Nies, N. Jahrb. 1873, 321. 211, Smith, Amer. Journ. Sc. 1854,18, 376. 212,
Rammelsberg, Mineralchem. 1860, 851. 213, L. Smith, Amer. Journ. Sc. 1866, 42,
91. 214, Flight quoted by Maskelyne, Journ. Chem. Soe. 1871, 9, 9.

Tourmalines.
The numbers following the analysts' names are the numbers of their tests as

described in the following papers :
Rammelsberg, Pogg. Ann. 1870, 139, 379, 547; Mineralchem. 1875, 541. Riggs,

Amer. Journ. Sc. 1888, 35, 40. Jannasch & Calb, Ber. d. D. chem. Ges. 1889, 22,
219. 1, Rammelsberg 14. 2, Riggs 18. 3, Rammelsberg 31. 4, Rammelsberg 20.
5, Rammelsberg 13. 6, Scharizer, Groths Zeitschr. 15, 344. 7, Jannasch 7. 8,
Riggs 2. 9, Riggs 14. 10, Riggs 15. 11, Cossa, Groths Zeitschr. 7, 14. 12, Jannasch
6. 13, Riggs 3. 14, Riggs 19. 15, Rammelsberg 21. 16, Riggs 16. 17, Scharizer,
Groths Zeitschr. 13, 344. 18, Sommerland quoted by v. Groddeck, Zeitschr. d. Geol.
Ges. 1884, 36, 642. 19, Rammelsberg 6. 20, Rammelsberg 28. 21, Riggs 17. 22,
Riggs 13. 23, Jannasch 3. 24, Rammelsberg 18. 25, Jannasch 4. 26, Riggs 5.
27, Rammelsberg 22. 28, Sauer, Zeitsohr. d. Geol. Ges. 38, 704. 29, Rammelsberg 25.
30, Rammelsberg 11. 31, Jannasoh 9. 32, Rammelsberg 26. 33, Rammelsberg 2.
34, Rammelsberg 17. 35, Rammelsberg 23. 36, Riggs 7. 37, Riggs 9. 38, Biggs 8.
39, Rammelsberg 5. 40, Engelnoann, Inaug.-Diss., Bern 1877. 41, Rammelsberg 27.
42, Rammelsberg 19. 43, Rammelsberg 12. 44, Jannasch 5. 45, Gill, Johns Hopkins
Univ. Circ. No. 75. 46, Schwartz quoted by v. Grod.deck, Zeitschr. d. Geol. Ges. 1887,
39, 238. 47, Rammelsberg 3. 48, Rammelsberg 4. 49, Rammelsberg 1. 50, Ram-
melsberg 15. 51, Rammelsberg 7. 52, Rammelsberg 22. 53, Riggs 4. 54, Scharizer,
Groths Zeitschr. 15, 344. 55, Kammelsberg 24. 56, Rammelsberg 9. 57, Raxnmels-
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berg 10. 58, Rammelsberg 29. 59, Riggs 10. 60, Rammelsberg 8. 61, B'
33. 62, Jannasch 1. 63, Riggs 12. 64, Riggs 11. 65, Rammelsberg 16
nasch 2. 67, Riggs 20. 68, Rammelsberg 32. 69, Riggs 6.

Felspars.
1 F. Heddle, Trans. Roy. Soc. Edinb. 1877, 28, 197; Min. Soc. Lond. 1*«1» */,

197.' 2, Raimondi, Min. P6rou 1878, 309. 3, Deville, Ann. de chim. et phys. 18;>4,
40, 283. 4, Delesse, Ann. de chim. et phys. 1848, 24. 5, F. Heddle, Trans Roy. Soc.
Edinb. 1877, 28, 197 ; Min. Soc. Lond. 1881, 4, 197 ; Groths Zeitschr. 2, 651 ; 7- l»0.
6, G. v. Rath, Niederrh. Ges., Bonn 1869, 108; Pogg. Ann. 1869, Jj£, 464 ; 1871,
Erg -Bd. 5, 431. 7, Kersten, Journ. f. prakt. Chem. 1846, 37, 174. 8, Kersten, N.
Jahrb. 1845, 653. 9, Des Cloizeaux, Bull. soc. min. Paris 1884, 7, 255. 10, Erdmarm.
Min 1853, 326. 11, Bothe quoted by G. v. Rath, Trach. Siebengeb., Bonn 1801, 14.
12, Laurent, Ann. de chim. et phys. 59. 108. 13, J. L. Smith per Gonth, Mm.
N C 1891, 55. 14, Konig, Zeitschr. d. Geol. Ges. 1868, 20, 374. 15, F. Heddlo, Trans.
Roy. Soc. Edinb. 1877, 28, 197 ; Min. Soc. London 1881, 4, 197 ; Groths Zeitschr. 2,
651; 7, 190. 16, Schnorf quoted by v. Fritsch, Kenngott, t/bers. min. Forsch. 1802-5.
191. 17, Merian, N. Jahrb. 1885, Beil.-Bd. 3, 296. 18, Kemp, Ann. Journ. Sc. 1888,
36, 247. 19, Struve, Kenngott, "Cbers. min. Forsch. 1862-5, 190. 20. Struve, Bam-
melsberg, Mineralchem. 1875, 569. 21, Duparc per Fouque", Bull. soc. Paris
1894, 17, 360. 22, Brogger & Reusch, Zeitschr. d. Geol. Ges. 1875, 27, 070. 23,
Fellner, Verh. d. Geol. Reichsanst. 1867, 170, 286. 24, G. v. Rath, Zeitschr. d.
Geol. Ges. 1895, 27, 328; Pogg. Ann. 1875, 255, 65; N. Jahrb. 1875, 397. 25,
G. v. Rath, Nat.-hist. Ver. Bonn 1875, Korr.-Bl. 95. 26, Peterson, (Jroths
Zeitschr. 9, 394. 27, Haughton, Qu. Journ. geol. Soc. 1862, 18, 403 ; Rep. Brit.
Assoc. 1863, 55. 28, Jackson, Amer. Journ. Sc. 1866, 4.2, 107. 29, Hunt, Amor.
Journ. Sc. 1864, 38, 97, 180. 30. F. Heddle, Trans. Roy. Soc. Edinb. 1877,
28, 197; Min. Soc. Lond. 1881, 4, 197; Groths Zeitschr. 2, 651; 7, 190. 31,
Jackson, Amer. Journ. Sc. 1866, 42, 107. 32, Streng, N. Jahrb. 1867, 537. 33,
Des Cloizeaux, Bull. soc. min. Paris 1884, 7, 255. 34, Rosales, Pogg. Ann. 1842,
55, 109. 35, KOnig, Zeitschr. d. Geol. Ges. 1868, 20, 372. 36, Haughton, Phil.
Mag. 1870, 40, 59. 37, Pisani, Bull. soc. Paris 1885, 8, 6. 38, Siemiradzki, N. Jahrb.
1886, Beil.-Bd. 4, 209. 39, Fellner, Verh. d. Geol. Reichsanst. 1807, 170, 280. 40r
Scheerer, Pogg. Ann. 1845, 64, 153. 41, G. v. Rath, Pogg. Ann. 1872, 147, 277. 42,
G. v. Rath, Mederrh. Ges., Bonn 1875, 60; Zeitschr. d. Geol. Ges. 1875, 27f 331;
N. Jahrb. 1875, 397, Pogg. Ann. 155, 65. 43, Des Cloizeaux, Bull. soc. min. Paris
1884, 7, 277. 44, Berzelius, Arsber. 1824, 4, 147; 1839, 19, 302. 45, G. v. Hath,
Berl. Akad. 1876, 164; M". Jahrb. 1876, 706. 46, Haughton, Phil. Mag. 1870, 40, 59.
47, Hunt, Amer. Journ. Sc. 1864, 38, 97, 180. 48, Fouqu6, N. Jahrb. 1876, (Hi. 40,
F. Heddle, Trans. Roy. Soc. Edinb. 1877, 28, 197; Min. Soc. Lond. 1881, 4, 197 ; Groths
Zeitschr. 2, 651; 7, 190. 50, Delesse, Ann. de chim. et phys. 1850, 30, 81 ; Hull,
soc. geol. 7, 528. 51, Delesse, N. Jahrb. 1851, 169. 52, F. Heddle, Trans. Roy. Soc.
Edinb. 1877, 28, 197; Min. Soc. Lond. 1881, 4, 197; Groths Zeitschr. 2, 651 ; 7, 100.
53, v. Giimbel, Beschr. Bay. 1868, 2, 344. 54, G. y. Rath, Pogg. Ann. 1871, 144, 256.
55, Delesse, Ann. mines 1849, 16, 362; 1851, 19, 149. 56, PenEeld & Sperry, Amor.
Journ. Sc. 1887, 34, 390. 57, G. Rose, Reise 1837, r, 144 ; 1842, 2, 511 ; Pogg. Aim.
1841, 52, 470. 58, F. Heddle, Trans. Roy. Soc. Edinb. 1877, 28, 197. 59, Compt.
rend. 1844, 19, 46. 60, Delesse, ibid. 61, Wollemann, Groths Zeitschr. X4, 025. <J2,
Hebenstreit, Groths Zeitschr. 2, 103. 63, Seneca, Beschr. Bad. 1861, 62. 64, Fouuurt,
Compt. rend, JO, 46. 65, Pisani, Bull. soc. Paris 1894, 17, 369. 66, G. v. Rath, Poiza.
Ann. 1871, 144, 20. 67, G. v. Rath, Pogg. Ann. 1871, 144, 235 ; Niedexrhein. Qm.t
Bonn 1871, 16, 78. 68, Lemberg, Zeitschr. d. Geol. Ges. 1887, jo, 569. 69, G. v.R

A
atb' ^ g g « A n n * 1872> J4?> 215' 70> F ' He<idle, Trans. Roy. Soc. Edinb. 1877, 28,

197; Mm. Soc. Lond. 1881, 4, 197; Groths Zeitschr. 2, 651; 7, 190. 71, Deleaae,
Compt. rend. 1844, jp, 46 : Zeitschr. d. Geol. Ges. 1853, 5, 687. 72, Haeen I W .
Ann. 1838, 44, 329. 73, Kemdt, Journ. f. prakt. Chem. 1848, 43, 214. 74, Smith A
Brush, Amer Journ. 1853, J 5 , 211 ; 16, 44. 75, Pisani, Bull. soc. Paris 1885, 8, 6.
I f e ? ^ 1 1 ? - i a h r b- ^45

T' t5*; 77 ' Rocho11 2™^ by Bammelsberg, Minoralohom.
3 ^ r e n § ' ^ J a ^ b ' 1867> 537« ™> Fouqua, Bull. soc. min. Paris, 1894
T> 11 Bonsdorfi> Moberg per Rammelsberg, Mineralchem. 1875, 574.

1867, 58, 14 144; 1869, 12, 51 ; 1867, 146, 12, 13, 118, 60, 354, 119. 83, Delesse
Ann. min. 1847, « , 258. 84, Domeyko, Min. 1879, 562-5. 85, Thomson Phil Mag



REFERENCES TO ANALYSES 443

^3, 22, 190. 86, Delesse, Ann. min. 1847, 12, 256. 87, Sartorius v. Waltershausen,
Vulk. Gest. 1853, 34. 88, Segeth, Bull. sc. Petersburg 1040, 7, 25 ; Journ. f. prakt.
Chem. 1840, 20, 253. 89, Siemiradzki, N. Jahrb. 1886, Beil.-Bd. 4, 223. 90, B. Koto,
Groths Zeitschr. 13, 179. 91, K. v. Hauer, Verh. d. Geol. Reichsanst. 1867, 58, 14.144 ;
1869, 12, 51 ; 1867, 146, 12, 13, 118, 60, 354, 119. 92, Mattirolo quoted by Cossa,
Groths Zeitschr. 7, 629. 93, Behr quoted by Benecke-Cohen, Umgeg. Heidelberg 1881,
139. 94, Delesse, Ann. min. 1849, 16, 513. 95, Hunt, Erdm. Journ. 1855, 66, 149 ;
Geol. Surv. Can. 1857, 357; 1863, 478. 96, G. v. Rath, Pogg, Ann. 1871,
144, 247. 97, Swiatkowsky quoted by Benecke-Cohen, Umgeg. Heidelberg 1881,
139. 98, Tschermak, Akad. Wien 1864, 50, 586. 99, Klement, Tscherm. Mitt.
N. F. J, 366. 100, Lehunt, Ed. N. Phil. Journ. 1832, 86. 101, Zittel, 1ST. Jahrb.
1866, 641. 102, Doelter, Tscherm. Mitt. 1874, 15; 1873, 62. 103, Delter, ibid.
104, Doelter, ibid. 105, G. v. Rath, N. Jahrb. 1875, 397, *Pogg. Ann. 155, 65 ;
Zeitschr. d. Geol. Ges. 27, 332. 106, Doelter, Tscherm. Mitt. 1873, 62; 1874,
15. 107, Doelter, ibid. 108, G. v. Rath, ISTiederrh. Ges., Bonn 1873, 231; Monatsber.
d. Berl. Akad. 1874, 26 ; Pogg. Ann. 1874, 152, 39 ; 1875, 155, 64; Zeitschr. d. Geol.
Ges. 1875, 27, 302-24. 109, G. v. Rath, Pogg. Ann. 1873, Erg.-Bd. 6, 380. 110,
E. E. Schmid, Pogg. Ann. 1863, xig, 188. Ill, Sartorius v. Waltershausen, Vulk.
Ges. 953, 24. 112, Abich, Pogg. Ann. 1840, 50, 347. 113, Ricciardi, Gazz. china,
ital. 1881, 138. 114, Sartorius v. Waltershausen, Vulk. Ges. 1853, 34. 115, Hunt,
Amer. Journ. Sc. 1864, 38, 177. 116, Streng, Zeitschr. d. Geol. Ges. 1858, 10, 135,
Berg- u. Huttenm. Ztg. 1861, 20, 265. 117, Jannasch, N". Jahrb. 1884, 2, 42. 118,
Williams, N. Jahrb. 1887, Beil.-Bd. 5, 417. 119, Dulk per Rammelsberg, Mineral-
chem. 1875, 564, Nr. 9. 120, K. v. Hauer, Verh. d. Geol. Reichsanst. 1867, 58, 14,
144; 1869, 12, 51; 1867, 146, 12, 13, 118, 60, 354, 119. 121, Hunt, Erdm. Journ.
1855, 66, 149; Geol. Surv. Can. 1857, 357; 1863, 478. 122, Domeyko, Min. 1879,
562-5. 123, Klement, Groths Zeitschr. 18, 529. 124, Wilk, Groths Zeitschr. 7, 77.
125, Deville, Bull. soc. geol. 1848, 1849, 6, 410. 126, Hunt, Erdm. Journ. 1855, 66,
149 ; Geol. Surv. Can. 1857, 357 ; 1863, 478. 127, Hunt, ibid. 128, Rammelsberg,
Mineralchem., 5 Suppl., 1853, 48. 129, Hunt, Erdm. Journ. 1855, 66, 149; Geol.
Surv. Can. 1857, 357; 1863, 478. 130, Bonsdorff & Laurell, Vet. Akad. 1876, 169.
131? G. v. Rath, Pogg. Ann. 1871, 144, 245. 132, Lemberg, Zeitschr. d. Geol. Ges.
1888, 40, 645. 133, Wilk, Groths Zeitschr. n, 315. 134, Hunt, Erdm. Journ. 1855,
66, 149 ; Geol. Surv. Can. 1857, 357 ; 1863, 478. 135, Payne quoted by Dana, Min.
1892, 337, 336. 136, G. v. Rath, Niederrh. Ges., Bonn 1873, 231 ; Monatsb. d. Berl.
Akad. 1874, 26 ; Pogg. Ann. 1874, 152, 39; 1875, 155, 64; Zeitschr. d. Geol. Ges.
1875, 27, 302-24. 137, Laspeyres, Zeitschr. d. Geol. Ges. 1866, 18, 193. 138, G. v.
Rath, Niederrh. Ges., Bonn 1873, 231 ; Monatsb. d. Berl. Akad. 1874, 26; Pogg. Ann.
1874, 152, 39; 1875, 155, 64; Zeitschr. d. Geol. Ges. 1875, 27, 302-24. 139, Maly,
Sitzb. Ak. Wien 1885, or, 65. 140, Laurell, Vet. Akad. Handl. Stockh. 1853, 14.
141, Heddle, Trans. Roy. Soc. Edinb. 1877, 28, 197 ; Groths Zeitsohr. 2, 654. 142,
Williams, N. Jahrb. 1887, Beil.-Bd. 5, 417. 143, Tschermak, Min. Mitt. 1874, 269 ;
1875, 41. 144, Hofer, N. Jahrb. 1871, 128. 145, Hofer, ibid. 146, Deville, Bull,
soc. geol. 1848-9, 6, 410. 147, Lemberg, Zeitschr. d. Geol. Ges. 1870, 22, 337, 342,
361. 148, Jewreinow, Berg- u. Huttenm. Ztg. 1853, 7, 196. 149, Clarke quoted by
Kum, Amer. Journ. Sc. 1888, 36, 222. 150, Knop, Kaiserst. 1892, 101. 151, Heddle,
Trans. Roy. Soc. Edinb. 1877, 28, 197; Groths Zeitschr, 2, 654. 152, Haushofer,
Groths Zeitschr. 3, 602. 153, Haughton, Qu. Journ. geol. soc. 1862, 18, 403 ; Rep.
Brit. Assoc. 1863, 55. 154, Koch, Tscherm. Mitt. 1877, 330. 155, Lory, Bull. soc.
geol. 1849-50, 7, 542. 156, Lory, ibid. 157, Keller quoted by Genth, Amer. Phil.
Soc, 2 Oct. 1885. 158, Streng, N. Jahrb. 1867, 537. 159, Hunt, Erdm. Journ. 1855,
66,149 ; Geol. Surv. Can. 1857,357; 1863,478. 160, Wedel, Jahrb. d. Geol. Landesans
1890. 161, Delesse, Ann. min. 1853, j , 374. 162, Chatard per Genth, Amer. Phil.
Soc. 1873, 13, 397; Min. N\ C. 1891, 55. 163, Delesse, Ann. Min. 1848, Jj, 675 ;
1853, 3, 374. 164, K. v. Hauer, Verh. d. Geol. Reichsanst. 1867, 58, 14, 144; 1869,
12, 51; 1867, 146, 12, 13, 118, 60, 354, 119. 165, Abich, Pogg. Ann. 1840, 51, 523.
166, Dirvell, Bull. soc. snin. Paris 1884, 7, 329. 167, Foullon quoted by Schuster, Jahrb.
d. Geol. Reichsanst., Wien 1887, 37, 219. 168, G. v. Rath, Niederrh. Ges., Bonn 1873,
231; Monatsber. d. Berl. Akad. 1874, 26 ; Pogg. Ann. 1874, 152, 39 ; 1875, 155, 64 ;
Zeitschr. d. Geol. Ges. 1875, 27, 302-24. 169, Chatard quoted by Genth, Amer. Phil.
Soc, 19 Sept. 1873, 13, 397. 170, Delesse, Ann. min. 1848, 13, 675. 171, Hunt, Amer.
Journ. Sc. 1864, 38, 180, 197. 172, Petersen, N. Jahrb. 1874, 270. 173, G. v. Rath,
Zeitschr. d. Geol. Ges. 1875, 27, 325 ; Pogg. Ann. 155, 65 ; N. Jahrb. 1875, 397. 174,
Des Cloizeaux, Bull. soc. min. Paris 1884, 7, 255. 175, Delesse, Ann. min. 1848, 13,



444 REFERENCES TO ANALYSES

675. 176, Chrustschoff, Compt. rend. 1891, 112, 1070. 177, G-locker, Pogg. A*n.
1844, 6i, 385; Journ. f. prakt. Chem. 1845, 34, 494; Synops Min. 1847, 143. 178,
Rammelsberg, Mineralchem., 5 Suppl., 1853, 48. 179, G-. v. Rath, Niederrh. Ges.,
Bonn 1873, 231 ; Monatsber. d. Berl. Akad. 1874, 26; Pogg. Ann. 1874, 152, 39;
1875, 155, 64 ; Zeitschr. d. Geol. Ges. 1875, 27, 302-24. 180, Goldschmidt, N. Jahrb.
1881, Beil.-Bd. r, 207. 181, Goldschmidt, ibid. 182, K. v. Hauer, Verh. d. Geol.
Reichsanst. 1867, 58, 14, 144; 1869, 12, 51 ; 1867, 146, 12, 13, 118, 60, 354, 119. 183,
Franke per Rammelsberg, Mineralchem. 1860, 609. 184, Heddle, Trans. Roy.
Soc. Edinb. 1877, 28, 197 ; Groths Zeitschr. 2, 654. 185, K. v. Hauer, Verh. d. Geol.
Reichsanst. 1867, 58, 14, 144; 1869, 12, 51; 1867, 146, 12, 13, 118, 60, 354, 119.
186, Jacobson quoted by Rammelsberg, Mineralchem. 1860, 606. 187, Varrentrapp
quoted by G. Rose, Pogg. Ann. 52, 465.



N A M E I N D E X

Abegg & Bodlander, 266, 267
Abich, 421, 425
Aibrecht, 230, 233
Alexander, 234
Allen & Shepherd, 158, 162, 170, 175, 305,

320
Ammon, v., 367
Apfelstadt, 206, 207, 233
Armstrong, 259, 266, 267, 311
Arrhenius, 229, 266, 326
Arzruni, 282, 292
Asch, D., 16, 235, 241
Asch, W., 16, 97, 235, 322
Asch, W., & Asch, D., 216, 235
Ascher, 199
Aston ; see Ramsay & Aston
Atterberg, 134
Azakawa, 223

Baeyer, Ad. v., 281, 311
Baeyer & Villiger, 278
Baldus, 230, 235
Baltzer, 367
Becke, 281, 284, 285, 307
Becquerel, H., 274
Behr, 419
Behring, 223, 224
Bel, Le, 281, 314
Bemmelen, J. M. van, 70
Benrath, 236
Berg, 380
Bergemann, 3, 380
Berlin, 376
Berthelot, 269
Berthier, 236
Berthollet, 293, 302-304
Berzelius, 3, 6, 10, 48, 270, 353, 358, 413,

415
Biel, 232
Biot, 312
Birch-Hirschfeld, 234
Bischof, 0., 107, 113, 124, 126, 127, 128,

129, 131, 428, 430, 431
Black, 221, 225
Blank, 234
Blau, 369
Blomstrand, 17, 19, 21, 98, 257, 321
Blythe, 371
Bock, 399
Bodlander; see Abegg <fc Bodl&nder
Bodecker, 4, 6
Boke, 234

Bois Reymond, 326
Bombicci, 6, 11
Bomstein, 223
Bonsdorff, 4, 6, 362, 419
Bonsdorft & Laurell, 423
Boricky, 373, 389
Bothe, 413
Bousfield, 259
Brandhorst & Kraut, 102
Braun, J. v., 277
Brauns, 6, 285, 312y 314, 315, 316
Bravais, 285, 289, 316
Bredig, 270
Breidenbaugh, 393
Breidenstein, 356
Breunlin, 136
Brewster, 312
Brogger, 9 '
Bromeis, 365, 373
Brongniart & Malaguti, 108
Brown, 292
Brnck, 230, 233
Bruel, 385
Bruhl, 312
Brun, 401
Brunner, 136
Brush, 371
Brush ; see Smith & Brush
Buchner, 136, 434
Bullouin, M., 283
Burton, 403
Buttlerow, 271

Calb ; see Jannasch <fe Calb
Caldwell, R. J., 266, 267
Candelot, E., 196
Carrara <fc Vespignani, 228
Chatard, 367, 371, 387, 397, 399, 425
Chatelier, H. Le, 110, 157, 158, 163, 164,

196, 197
Chatoney & Rivot, 156, 163, 164
Chrustschoff, 427
Clarke, 4, 6, 9, 23, 26, 27, 28, 65-70, 296
Clarke & Schneider, 387, 395, 401, 403
Claus, 309, 310
Cobb, J. W., 162
Cleef, van, 262
Coehn, 278
Cohen, 367
Collie & Tickle. 278
Cooke, W. F., 266, 267, 371
Cossa, 369, 371, 406
Crawe, 365
Croly, de, 223

445



446 NAME INDEX

Cronquist, 430
Crossley, 367, 374
Curie, 274

D
Dalkuhara, 7
Dalton, J\, 304
Dammer, 96
Damour, 4, 65, 66, 70, 72, 77, 358, 361,

362, 374, 399
Dana, A. G., 354
Darapskjr, 358
Davis & Fowler, 229
Debray, 101
Decaisne, 234
Delesse, 361, 369, 373, 397, 403, 413, 415,

417, 419, 421, 425, 427
Delter, 421
Descb, C. H., 113, 159, 162, 178, 253, 319
Detzner, 230
Deval, 198
Deville, 411, 419, 423
Dewey, 371
Diamant, 311
Dieffenbach, 391
Dirvell, 413, 415, 425, 427
Dobereiner, 3
DSllken, 226
Doelter, 11, 47, 70, 284
Domeyko, 419, 421
Donnan, 229
Donnell, M., 387
Drasche, v., 355
Dreschfeld, 202
Dulk, 421
Dumas, 236
Du-Bois-Reymond, 326
Dupare, 413
Durscher, 358

Ebell; see Knapp & Ebell
Egger, 399
Ehrlich, P., 222, 223, 224, 225, 323
Eisner, 136, 151
Engelmann, 408
Erdmann, 361, 401
Erdmenger, 157, 163, 164
Erlenmeyer, 257, 324, 397
Escher, 230
Euler, 266, 267
Eykmann, 259

Federow, v., 312
Fehling, 435
Feichtinger, 154, 178, 183-188, 190, 434,

435, 436
Feiler, 230, 232
Fellenberg, v., 387, 393, 399
FeJlner, 413, 415
Feret, 158
Fermi & Pemoesi, 223
Ficinus, 373

Field, 393
Filippi. de F., 316
Finkener, 100, 102
Firtsch, 405
Fischer, E., 224, 271, 281
Fischer, E., & Passmore, F., 271
Fischer, F., 237, 254, 434, 435
Fletcher, T., 199, 200
Flett, 134
Flight, 405
Fock, 281, 283, 284, 285, 299
Fcrster, 241
Forchhammer, 108
Fouqu6, 415, 4-17, 419
Fowler ; see Davis & Fowler
Francis, 417
Franke, 427
Frankenheim, 285, 289, 316
Freinkel; see Kehrmann & Freinkel
Fremery, 17
Fremy, 4, 155, 193
Fremy ; see Pelouze & Fremy
Freund, 231
Friedel, G., 45, 72, 257
Friedheim, 17-22, 81-87, 93, 94, 225, 321
Fuchs, 154-157, 176, 193, 380
Fuchs & Gehlen, 357, 359
Fullon, v., 362, 425

Galbraith, 373
Gans, 210, 211
Garret, 393
Gehlen ; see Fuchs & Gehlen
Genth, 369, 385, 391, 395, 399
Gerhardt, 48, 230
Geuther, 293
Gibbs, W., 15, 96, 100-102, 221
Gill, 408
Gintl, 395, 403
Gittelson, 265
Giwartowsky, 380
Glan, P., 228
Gluhmann, 269
Gmelin, 136, 146, 150, 322
Gmelin-Kraut, 256
Goldschmidt, V., 6, 11, 282
G-olowkinski, 4
Gomberg, 276, 278
Gooch, 385, 391
Gorgeu, 24
Grabe, 246
Grandeau, 382
Grauer, 196
Graw, 401
Greve, 234
GrOger, M., 242, 243
Groth, P., 6, 9, 27-29, 282, 283, 292, 294,

309, 313, 314
Griinzweig, G., 433
Guckelberger, 137, 138, 151, 322, 431-434
Gumbel, v., 395, 397, 417
Gunzert, 230



NAME INDEX 447

H
Hfegen, 417
Haidinger, 316
Hamberg, 387
Hamm, v., 387
Hammerschlag, 403
Hantzseh, 266, 267, 276, 278
Hantzsch ; see Werner and Hantzseh
Hallopeau, 270
Hardmann, 401
Hardt, 156, 157
Hartwall, 378, 385
Hartwall & Herdberg, 378
Hata, 224
Hauer, K. v., 371, 373, 393, 397, 399, 419,

421, 425, 427
Haughton, 373, 413, 415, 425
Haushofer, 5, 28, 425
Hautefeuille, 24, 292
Hauy, 293, 317
Hawes, 393
Hebenstreit, 417
Heddle, 354, 356, 358, 360, 373, 378, 385,

387, 389, 391, 393, 397, 399, 401, 403,
411, 413, 415, 417, 423, 425, 427

Heirisheimer, 230, 234
Heldt, 156, 163
Henry, C, 71
Hentze, 230, 233
Herdberg ; see Hartwall and Herdberg
Hermann, 311, 354, 360, 362, 374, 37G,

378, 380, 385, 401, 403
Hersch, 66
Herz, M., 283
Herzog, N. v. Leuchtenberg, 401, 403
Heumann, 137, 147-150, 322, 431, 432
Heydweiller; see Kohlrausch & Heyd-

weiller
Higgin, A. J., 266, 267
Hilger, 367
Hillebrand, 353
Hintze, 48, 61
Hirschfeld, 234
Hofer, 423
Hoff, van't, 266, 278, 281, 284, 307, 315,

326
Hoffmann, 146, 322, 415, 427
Hoffmann, A. W., 434
Hoffmann, O., 208
Hoffmann, R., 137, 138, 147, 152, 322, 433
Hoppe-Seyler, 271
Horstmann, 230, 312
Hovestadt, 254
How, 358
Howe ; see Penfield & Howe
Hundeshagen, 102, 212
Hunt, 283, 358, 374, 378, 380, 385, 387,

389, 415, 419, 421, 423, 425
Hunt, St., 4
Hunter, J., 303

Igelstrom, 365, 371, 399, 401

Jackson, 360, 413, 415
Jacobs, 399
Jacobson, 427
Jannasch, 54, 296, 391, 410, 421
Jannasch & Calb, 404, 406, 408, 410
Jannasch & Locke, 54
Jannetaz, 378, 415
Janowsky, 395, 403
Jantsch, 131
Jantzen, 170
Jewrechow, 373, 425
Jex, 157, 163, 164
Jochum, 113
JcJrgensen, 257
Johnson, A., 70
Jones, 266, 267
Jordis & Kanter, 158, 1C3
Jung, 205, 206, 208

K
Kanter ; see Jordis & Kanter
Karewski, 234
Kaul, H., 430
Kehrmann, 17, 20, 99, 102, 278, 321
Kehrmann & Freinkel, 20, 101
Kekule, 272, 310,311
Keller, 425
Kemp, 413
Kerndt, 417
Kersten, 413
Keyser, 234, 395
Kiepenheuer, 382
Killing, 371
Kitasato, 223
Klaproth, 3
Klein, 96, 97
Klein, C, 317
Klement, 395, 399, 421, 423
Klemm, 353
Klocke, 312
Knapp, 174, 175
Knapp & Ebell, 150
Knoblauch, 228, 276
Knop, 14, 367, 425
Knorr, A., 223
Kobell, 358, 361, 367, 373, 385, 393, 395,

399, 403
Koch, 425
Koch, E., 143
Koch, Robert, 223
Koch & Uhlenhut, 224
Konig, 367, 369, 371, 373, 395, 413, 415
Kohlrausch, 241, 269
Kohlrausch & Heydweiller, 260
Kohlschiitter, V., 257, 266
Kolbe, 270
Komonen, 403
Kosmann, 157, 163, 164
Kostanecki; see Liebermann, C, <fe St.

Kostanecki
Koto, 419
Kraut; see Brandhorst & Kraut



448 NAME INDEX

Kressler, 136
Krtiss, G., <fe S. Oeconomides, 143
Kulka, 202-206, 232
Kuntze, O., 261

Lacroix, 374
Ladenburg, 310, 311
Lagorio, 401
Lagus & Olckonon, 376
Landrin, 164
Lardin, 234
Lartschneider, 231, 233
Lasaulx, v., 292
Laspeyres, 354, 355, 371, 423
Laurell; see Bonsdorfic & Laurell
Laurent, 4, 413
Lawrow, 4
Le Bel, 281, 314
Le Blanc & Noyes, 270
Le Chatelier, 157, 158, 163, 196, 197
Leduc, 163
Leeds, 380, 389
Lehmann, O., 294, 317
Lehunt, 371, 421
Lemberg, 11, 25, 29, 39-44, 47, 56, 57, 59,

340-352, 358, 369, 376, 380, 417, 423,
425

Levy, M. ; see Fouqe* & M. Levy
Ley, BL, 229, 260
Liebe, 387, 389, 393
Liebennann, C, 246
Liebermann, C, & St. Kostanecki, 225
Liebig, 270
List, 391
Locke ; see Jannasch <fe Locke
Loebell, 435
Ldw, 223
Loew, O., 271
Loretz, 389, 397
Lory, 425
Lossen & Zander, 312
Lowry, 259, 266, 267
Ludwig, 129, 163, 164, 355, 387, 395
Luedecke, 356
Lunge, 160, 171

M
Mach, 100
Malaguti; see Brongniart & Malaguti
Mallard, 11, 70, 292, 312, 314
Mallet, 371
Maly, 423
Manchot, 273, 320
Manchot & Keiser, 111, 272
Marignac, 94, 95, 96, 97, 241, 269, 387,

389, 391, 401
Marsh, 356, 358
Marx, 230
Massalin, 369
Masur, A., 232
Mattirolo, 419
Maumene, 254
Mauthner, 354

Mellor & Holdcroft, 6, 29, 107, 110, 111,
112, 113, 119, 120, 121, 122, 123, 128»

Melville, 393
Mene, C, 106
Merian, 413
Merz, 387
Metschnikofi, 223
Meyer, A., 163, 164
Meyer, E. v., 282
Meyer-Mahlstadt, 157
Meyer, R., 311
Meyer, V., 272
Michaelis, 17, 132, 156, 160, 163, 164, 175,

178, 186, 196
Miller, 200, 221, 232
Minor ; see Penfield & Minor
Mitscherlich, 4, 293, 294, 316, 323
Morgenstern, 199, 202-206, 218
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Rinne, 70
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Roepper, 373
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Sandberger, 397, 405
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A.-a,luminosilicates, 165, 197
A.-cements, 214, 235
A.-cements, toxic action of, 219
AL-sodalites, 153
a-complexes, 76, 78
a-hydrogen, 197
a-hydroxyl, 65, 155, 210
0" or D-hydro-al-urninosilicates, 142
a-vanadomolybdic anhydrides, 79
Acid anhydrides, 141
Acid, ferrosulphuric, 264
Acid nature of silica, 4
Acid-reacting salts, 228
Acid-water, 65
Acidity of clays, 106
Acido-phiHsm, 210
Acids, action of, on hydraulic lime, 194
Acids, action, of, on cement, 189
Acids, chromo-sulphuric, 263
Acids, complex, 15
Acids, constitution of, 268
Acids, -water of crystallisation in, 265
Actinolite, 300
Aggregation, states of, 294
Alabaster glass, 237
Albite, 9, 46, 64, 295
Alite, 158
Alkalies, action of, on cements, 189, 194
Alkaline carbonates, action of, on ce-

ments, 193
Allophane group, 104, 108, 109
Alum potash, 315
Alums, water in, 262
Alumiaa, a<jid nature of, 23
Almnioiunx atoms, variable behaviour of,

16
Aluminium in silicates, r&le of, 5
AJumiriophosphates, 226
AluTninophosphorio acids, 222
AJiumaophosphoric acids and nerve-frbres,

225
Aluminoeilicates, 6, 7, 56, 75, GO, 139, 169,

175, 261, 319
Almninosilioates, attraction of, for acids

and bases, 210
Alumin-osilicic acids, 6, 62,103, 165
Ammonias, metallio, 17, 256
Amiaonium compounds, 29$, 306, 317
Ammoniiona so-lts, 299
Amphibole, 300
Amphiokromatophilisni, 212
Analoinie, % 11, 14, 26, 45, 46, 47, 1Z, 176
Analysis, rational, 322
AndaJusito, 9

Andesite, 24, 62
Anliydro"baaic salt, 166
Anorthite, 5, 4:7, 295
Apatite, 291
Aragonite, 291, 293
Axchid hypothesis, 273
Axdeimite, 2S, 75
Arsenates, 291, 294, 307
Arsenic acid, 294
Arseno-compounds, 93
Arsenomolybdafces, 18, 93
Ascharite, 291
Atomic cjomplexes, 165
Atoms, constitution of, 274
Atoms, transmutation of, 281
Atoms, \ralenoies of, 275
Avasite, 78
Aventurine glass, 249
Axes, chemical, 286

B
Base-prognoses, 73
Base-wafcer, 65
Basic group, effect of, 95, 108
Basic salts, 167
Basis-isoxnerism, 63
Baso-philism, 210
Belite, 158
Benzene, structural formula of, 309
jS-compleses, 76, 95
0-hydroxyls, 65
0-vanadomolybdafces, 79
Binding rnaterialfl, 153
Bischof & Bichter's law, 127
Blue Staffordshire bricks, 135
Boronatrocalcite, 291
Boron compounds, 76, 77
Boulder day, 108
Burned clay, colour of, 135
Burning clays, i l l

Cadmiuia compounds, 299
Calcite, 293
Calcium altmoinosilicates, 169, 200
Calcium carbonate, 291
Calcium compounds, 317
Calcium hydia-to, 183
Calcium sulpho-aluminat&s, 196
Caicspar, 291
Carbon and silicon, compared, 1
Carbon, oompowids, 275
Carbonates, action of, on cements, 193
Carbonic acid, 293
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Carbonic acid, action of, on hardened
mortar, 193

Carbonic acid in mortar, 190
Celite, 158
Cement, action of salts on, 160
Cement, action of sulphates on, 196
Cement, action of water on, 197
Cement, effective substances in, 157
Cement, Fletcher's, 199
Cement formulae, 179
Cement prognoses, 193
Cement, swelling of, 196
Cements, 153, 322
Cements, action of acids and alkalies on,

189, 194
Cements and sea water, 195
Cements, cracking of, 175, 198
Cements, dental, 199
Cements, expansion of, 175
Cements, hardening constituents of, 164
Cements, hardening of, 177
Cements, heat development in, 187
Cements, hydration of, 181
Cements, isomeric, 195
Cements, regenerated, 186
Cements, siU.ca.te, 199
Centralisers, 245
Centralisers, zinc phosphate, 199
Chabasite, 47
Chemical axes of crystals, 286
Chemical constitution of Portland ce-

ments, 165
China clay (see Kaolin), 110
Chlorite, 47
Chlorite ring, 325
Chlorosodalite, 59, 64
Chondrodite, 306
Chroniates, 30O, 302
Chrome alum, 263
Chrornoplxores, 245
Chromo-sulpliaric acids, 263
Chrornotropy, 278
Clay, colloids in, 134
Clay, colour of, 135
Clay, iron oxide in. 135
Clay, plasticity of, 133
Clay, red-burning, 135
Clay substance, 106
Clay, water of constitution in, 134
Clayite, 128
Clays, 6, 7, 168, 176, 322
Clays, constitution of, 102
Clinker, 158
Clinohumite, 306
Clintonite group, 49, 300
Cobalt compounds, 256, 292, 299, 306
Colemanite, 291
Colloidal properties of cements, 162
Colloids, 244
Colour of bricks and clay, 135
Combined water, 65, 321
Complex acid theory, 62
Complexes, 165
Composition of clays and melting point, 129

Conductivity, 227
Constitution of aluminosilicates, 7
Constitution of silicates, 3
Constitution of slags, 169
Co-ordination law, Werner's, 326
Copper ruby glass, 249
Cracking of cements, 175, 198
Cristobalite, 292
CryophUlite, 27
Crystalline form and chemical com-

position, 282
Crystallography, 282
Crystal molecule, 283
Crystals, angles of, 294
Crystals, optical properties of, 312
Crystals, structure of, 285, 289, 326
Cyanogen compounds, 25(5

D
Decolouration of glass, 246
Density, change in, 168
Dental cements, 199, 322
Dental stopping, characteristics of, 200
Dentistry, relation of H.P. theory to, 199
Depression of thermometer, 239
Desmine, 47, 48, 70, 71
Devitrification of glass, 241
Di-carbonic acid, 293
Diflfusibility of A- and 2-cements, 235
Dimorphism of CaCO3, 293
Disdynamised compounds, 108
Dissociation theory, 266
Double salts, 11, 12, 16
Dualism, chemical, 305
Dyes, 246
Dye-stuffs, 212
Dynamisation theory, 168
Dynamised compounds, 108

E
Effective substances of cement, 157
Elaolite, 9
Elaolite-syenite, 59
Endlichite, 291
Enamels, 236
Enantiomorphism, 313
Enantiomorphous crystals, 313
Entpolymerisation, 170
Epidote, 46, 47, 53, 301
Epistilbite, 66, 68
Expansion of cements, 175

P
Faujasite, 66, 68
Felite, 158
Felspar, 5, 53, 58, 62, 64, 176, 294
Felspar group, 51
Felspars, formulae of, 297
Ferric sulphide, 292
Ferrocyanides, 257
Ferroeulphuric acid, 264
Fiia resistant quotient (Bischof), 126
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Fjfre resistant quotient (Seger), 128
Fletcher's cement, 199
Fluorine compounds, 55
Forecite, 66, 69
Formulae, calculation of, 48
Formulae of porcelain cements, 215
Franldandite, 291
Free lime in cement, 155

G
y-hydroxyl, 65
Genetic relationship, 10, 14, 22, 40, 43, 47,

297, 298
Genetic relationship between Portland

and slag cements, 160
Geometrical constants, 305
Glass, Thuringian, 238, 240
Glasses, 236
Glasses, coloured, 243
Glasses, constitution of, 239
Glasses, formulae of, 254
Glazes, 236
Glazes, formulae of, 254
Granite, 47, 56
Gypsum, action of, on cement, 196

H
Hardening constituents of cements, 164
Hardening of cements, 153
Hardening of dental cements, 213
Hardening of porcelain cements, 205, 208,

212
Hardening of Portland cements, 173
Hardening of Portland cements, causes of,

177
Hardening, regulation of, 217
Hardening, secondary, of cements, 193
Heat development in hardening cements,

187
Heat on clay, effect of, 109 to 130
Heat resistance and composition, 126
Heulandite, 47, 66, 67, 70
Hexite, 30
Historical review of cements, 153
Historical review of ultramarines, 136
Historical survey, 3
Howlite, 77
Humite, 306
Hydrated limes, 183
Hvdration of porcelain cements, 213, 216
Hydration of Portland cements, 181
Hydration phase, 173
Hydraulic binding materials, 153
Hydraulic limes, 153, 183, 188, 193
Hydraulio limes, action of acids on, 194
Hydraulic modulus, 168
Hydraulite, 153
Hydxo-alumiriosilicates, 106, 210, 261
Hydrobasic groups, 209
Hydrobasic salt, 166
Hydroborasite, 291
Hydroferrosulphates, 261
Hydrohexites, 32

Hydronephelite, 9, 65, 67
Hydro-pentites, 33
Hydrous aluminosilicates, 65
Hydroxide water, 194
Hydroxyl groups, 51, 52, 53, 72
Hygroscopicity of clay, 123

Ice, polymeric forms of, 259
Iron compounds, 78, 299, 301
Isomeric aluminosilicates, 64
Isomeric lime and magnesia, 175
Isomerism, 63, 113
Isomers of silicate cements, 195
Isomorphism, 294
Isomorphous mixtures, 13, 26, 296

Kaliborite, 291
Kampylite, 291
Kaolin, 6, 7, 9, 10, 25, 44, 46, 47, 52, 90,

113, 139, 165, 181
Kaolin, acido- and baso-philism of, 212
Kaolin, amphiohromatophilism of, 212
Kaolin, constitution of, 212
Kaolin lakes, 212
Kaolinates, 118
Kaolinic acid, 6, 111, 115
Kaolinisation, 117
Kaolinite, 110
Krypolite, 10

Labradorite, 295
Lakes, 212
Lardellerite, 291
Laumontite, 46, 47, 65, 66, 91
Leucite, 9, 46, 176
Lime, action on bond in cements, 194
Lime-clay mixtures, 181
Lime compounds, 306
Lime, free, in cement, 155
Lime, hardening of, 174
Lime, hydraulic, 193
Lime in cements, removal*^, 193
Lime, isomeric, 175
Lime, proportion removable from cement,

160
Lime, separation of, in cements, 190
Lime-silica mixtures, hardening of, 176
Limes, hydraulic, action of acids on, 194
Ludwig's chart, 128

M
Magnesia compounds, 306
Magnesia, isomeric, 175
Magnesia, slaking of, 175
Magnesium silicate, 176
Manganese compounds, 299, 306
Marcasite, 292
Margarite,-10
Masonry, destruction of, 195
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Melting point, 168
Melting point and composition, 129
Melting point of clays, 109, 124
Melting point of silicates, 131
Mesolites, 57
Metal-ammonias, 256
Metal-ammonium salts, 17
Mica, 9, 58, 60, 300, 313
Mica group, 49
Mica ring, 325
Microcline, 64
Micrographic examination of cements, 158
Micrographic study of hardening, 178
Milarite, 78
Mimetesite, 291
Mix-crystals, 298
"Mixture," 112
Mixture theories, 6, 26, 62, 163, 253, 295,

298
Mixture theory of cements, 158
Modulus, hydraulic, 168
Molasses, 211
Molecular compound, 12
Molecular core, 298
Molecular volumes, 317
Molecular weight of slags, 171
Molecular weights of crystals, 285
Molybdates, 16, 300, 302
Molybdenum compounds, 78, 79
Mordennite, 78
Mortar, 156
Mortar, action of C03 on, 193
Muscovite, 9, 45, 46, 47

N
Natrolite, 9, 46, 47, 59, 66, 70, 91, 176
Nepheline, 6, 9, 25, 46, 52, 61, 62
Nepheline hydrate, 52, 58, 59
Neptunite, 48
Nerve-fibres and aluniinophosphoric acids,

225
Nerve-fibres, chemical constitution of, 224
Nerve-substance, reactions of, 222
Neurotropism of aluminophosphoric acids.

222
Nickel compounds, 292, 299, 306
Nomenclature of silicates, 113, 114
Nontronite, 136
Nordenski6ldite, 76
Norsean, 59
Nucleus, moleoular, 298

O
Oligoclase, 295
Olivine, 47
Opals, 106
Optical properties of crystals, 312
Optically active crystals, 313
Orthochlorite group, 50, 300
Orthoclase, 9, 12, 27, 46, 64, 295
Oxygen, valency of, 109
Oxyphilism, 212

Panderrnite, 291
Paraleucaniline, 246
Parameters, 307
Phakelite, 27
Pelinite, 128
Pentite, 32
Permutites, 210
Petalite, 23
Phillipsite, 47
Phosphates, 291, 294, 300, 307
Phosphoric acid, 294
Phosphorous compounds, 260, 271, 203
Phosphotungstates, 20
Pigments with hydraulic properties, 198
Plaster of Paris, action of, on cement, 196
Plasticity of clay, 133, 322
Polymerisation, 113, 168
Polymerisation of gas-molecules, 283
Polymorphism, 290
Polyspharite, 291
Porcelain cements, 199
Porcelain cements, chemical constitution

of, 209
Porcelain cements, formulae of, 215
Porcelains, 236
Porcelains, formulas of, 254
Porphyrexides, 277
Porpora glass, 248
Portland cement, 153, 322
Portland cement, action of water on, 197
Portland cement and sea water, 195
Portland cement formulae, 179
Portland cement, hydration of, 181
Portland cements, constitution of, 105
Portland cements, hardening of, 173, 177
Potash compounds, 306
Potash felspar, 53, 64
Potash mica, 58, 59, 60
Potash nepheline, 58
Potassium compounds, 300, 317
Potassium silicotungstate, 05
Prehnite, 45, 47
Prismatine, 10
Prolektite, 306
Pseudomorphous processes, 45
Ptiolite, 78
Puzzolans, 153, 176
Pyrite, 292
Pyromorphite, 291
Pyrophillite, 46

Q
Quartz, 176
Quicklime, slaking of, 174

R
Racemic acid, 313
Radio-activity, causes of, 279
Rational analysis, 107, 108
Red-burning clays, 135
Refractoriness and composition, 126
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Refractory index, 130
Regenerated cements, 186
Resistance to alkalies of slags, 160
Rmg-isomerisin, 64
Ring-prognoses, 74
Ring-water, 72
Roman cement, 153
Rosaniline, 246
Rubidium compounds, 317
Ruby glass, 249

2, 60, 152
2-alurninosilicates, 197
2-cements, 213, 227, 235
2-hydro-aluminosilicates, 142
2-sodalites, 153
2-ultramarines, 215
Saliva, action of, on cements, 218
Sapphirin, 23, 76
Scapolite, 62
Scapolite group, 50
Scolecite, 66, 69, 91
Sea -water, action of, on cements, 195
Seger cones and temperatures, 129, 130
Setting of cements, 153
*-hydroxyls, 65, 165, 209, 210
Side-chains, 305
Silica, 3, 291
Silica-lime mixtures, hardening of, 176
Silica, precipitated, 7
Silica, soluble, 154, 156, 189
Silica, separation from ultramarine, 151
Silicate cements, 199
Silicate cements, isomers of, 195
Silicate-water, 186, 194
Silicic acid, 3
Silico-aluminic acid, 6
Silico hydrates, 8
Silico-molybdate, 16
Silico-tungstates, 94
Sillimanite, 110
Sintering point, 159
Skelezite, 47
Slag cement, 153
Slags, 160, 169
Slags, action of alkali on, 172
Slags, composition of, 170, 171
Soda felspar, 64
Sodalites, 12, 25, 42, 43, 46, 52, 59, 60, 65,

152, 153, 198
Sodium alumino-lactate, 226
Sodium aluminosilicate, 139
Sodium nepheline hydrate, 59
Sodium orthoclase, 64
Sodium phosphate, 293
Sodium 0-kaolinate, 116, 118
Softening point and composition, 132
Softening points, 129
Softening water, 211
Solid solutions, 71,157,159, 253, 305
Soluble silica, 154, 156, 189
Spectrum analysis, 228
Spinels, 4

Steatite, 176
Stereo-chemical theories, criticism of, 281
Steroo-hexite and stereo-pentite theory,

286
Stilbite, 66, 68
Strontium carbonate, 291
Strontium carbonates, 306
Sugar, inversion of, 229
Sugar recovery, 211
Sugars, formation of, 271
Sulphides, 292
Sulpho-aluminates, 196
Sulphonate groups in ultramarines, 141,

151
Sulphonates, 141, 151
Sulphonates, action of, on cements, 196
Sulphonates as chromophores, 142
Sulphur, 292
Sulphuric acid ; action on clays, 107
Summary, 318
Syntagmatite, 300

T
Talc, 176
Tartaric acid, 313
Tellurium compounds, 317
Thermo-chemical studies of hydration, 187
Thermodynamics, law of, 71
Thermometer depression, 239
Thomsonite, 67
Tin compounds, 76
Titanic oxide, 292
Topaz, 54, 210
Topical parameters, 307
Tourmaline, 24, 47, 75, 295
Tourmaline group, 50
Toxic action of the ^L-cements, 219
Trass, 153, 176
Tri-calcium silicate, 158
Tridymite, 292
Tungstates, 18
Tungsten compounds, 20, 24, 78, 81
Type theory, 4

U
Ultramarines, 59, 136, 165> 322
Ultramarines and sodalites, 152
Ultramarines, composition of, 143
Ultramarines, constitution of, 212
Ultramarines, effect of heat on, 150
Ultramarines, isomeric, 147
Ultramarines, vitrification of, 150
Ur&nmm compounds, 306
Urano-acetates, 306

Valencies, 275, 289, 294
Vanadates, 291
Vanadinite, 291
Vanadium compounds, 20, 76, 79
Vitrification of clay, 109
Vitrification, of ultramarines, 150
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w
Water, combined, 65, 72, 109,110
Water of constitution, 4, 51, 53, 65, 95,

104, 108, 109, 116, 134, 152, 305,
321.

Water of crystallisation, 59, 65, 71, 103,
108, 186,259, 305,321

Water of hydration in cements, 181, 186
Water of silication (see Silicate-water),

186

"Water-separation phases, 71
Water, softening, 211

Zeolites, 47, 65, 154, 210, 3U
Zinc aluiriinophosphates, 226
Zinc compounds, 299, 306
Zinc phosphate cements, 199
Zinnwaldite, 26
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