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The artwork on the cover of the present book, which depicts an impoverished and ragged alchemist, is
from an engraved plate attributed to Augsburg printmaker Martin Engelbrecht (1684—1756) in the early
eighteenth century. It is one print in a series on the theme Die Ursachen der Verarmung (the causes of
impoverishment). We are grateful to William Schupbach, Wellcome Library (London), for providing
this information. The full plate, included as the first of 24 color plates in this book, has two brief poems
below the figure.

German (left-hand side; courtesy Heinz D. Roth) French (right-hand side; Arthur Greenberg)
One Who Was Impoverished Making Gold A Pauper for the Sake Of Alchemy

From now on let laboratory work be cursed by me, I have searched in the fire to find a treasure,
Ah, if only I had never tried it, And for that I have finally lost all my gold,

I have searched for the Philosopher's Stone in the fire, I am poor now and have reclaimed my life,
And now I have found the Stone of Fools in my head, Easing the pain. Alas! What folly!

Nobody ever got rich from making gold, Take an example from this great misfortune,
But many have ended up on a beggar's staff. Ah! I thus counsel you with all my heart.
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PREFACE

Amiable reader, the purpose of From Alchemy to Chemistry in Picture and Story is
to treat you to a light-hearted tour through selected highlights of chemical histo-
ry. The physician and writer Oliver Sacks has written that “Chemistry has per-
haps the most intricate, most fascinating, and certainly most romantic history of
all of the sciences.” His autobiographical book, Uncle Tungsten, speaks to the joys
of learning chemistry as an adolescent. It is my hope to provide an entertaining,
attractive, and informative tour through this history for high school and college
chemistry teachers and students, practicing professionals in science and medi-
cine, as well as the lay public interested in science and appreciative of artwork
and illustration. We are increasingly an image-oriented culture and I have pro-
vided a picture book with sufficient text to explain details and context. Like any
tour, the book is idiosyncratic in the highlights that it chooses to show the
tourist. From Alchemy to Chemistry in Picture and Story is the result of consolidat-
ing its two well-received progenitor books: A Chemical History Tour, published in
2000, and The Art of Chemistry, published in 2003. Not coincidentally, the two
books were complementary in the topics they covered. The current book has
merged some essays, eliminated a few, added new essays and artwork, and updat-
ed the original essays.

From Alchemy to Chemistry in Picture and Story is meant to be skimmed as
well as read. It includes almost 200 brief essays, over 350 figures, and 24 color
plates. The ten sections begin with the practical, medical, and mystical roots of
chemistry and trace, in pictures and words, its evolution into a modern science.
Our tour starts with the metaphorical frontispiece of the 1738 edition of Physica
Subterranea, describing the “birth of metals” in the bowels of the Earth. Practical
metallurgical chemistry is accompanied by symbolism introduced centuries ago
in cultures trying to understand the true nature and character of matter. Iron, the
metal of choice for making sharp weapons, was equated with Mars, the god of war
and the red planet. Many centuries later, scientists would discover that iron-con-
taining hemoglobin is responsible for the red color of blood and decades later
that the Martian surface is covered with oxides of iron.

The spiritual and allegorical representations of alchemy in the second sec-
tion include a menagerie of fantastic creatures: lions and winged dragons; wolves;
the feared basilisk that kills at great distance with a single glance; the ouroboros,
continuously devouring and regenerating itself; passionate birds of prey; and the
fabulous phoenix, the very symbol of the Philosopher’s Stone.

The third section introduces Renaissance medicinal chemistry. Distilla-
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Xiv ® PREFACE

tions, in warm boar dung, of plant and animal matter produced medications of
widely varied efficacies. The bombastic sixteenth-century physician and al-
chemist Paracelsus developed his own coherent theories of medication. He be-
lieved in a vital force called the Archaeus, a kind of Alchemist of Nature, having
a head and hands only and inhabiting the stomach. The Archaeus separates the
nutritive from the poisonous. Illness occurs when the Archaeus is poisoned. The
cure for poison is poison. Paracelsus pioneered the chemical syntheses of effec-
tive medicines, such as calomel, derived from toxic heavy metals.

The fourth section begins in the seventeenth century, a period in which
chemistry started to become a science. Johann Baptist Von Helmont is, in many
respects, a missing link between alchemy and superstition on the one hand and
science on the other. Although he coined the term “gas,” and can be said to have
discovered carbon dioxide, his famous “tree experiment” completely missed the
point that a considerable percentage of a tree’s mass is contributed by carbon
dioxide. Van Helmont was a believer in the concept of “sympathy,” whereby a
wound is treated by sprinkling the sword that caused it with powder of sympathy.
Although Isaac Newton founded physics and codiscovered calculus, and Robert
Boyle forever vanquished the four ancient Greek elements and is considered to
be the father of chemistry, both were fully credulous about and practiced alche-
my. During the early seventeenth century, the German scientist Daniel Sennert
formulated a chemical concept of atoms based upon experimentation. Pierre
Gassendi, a French clergyman, described air pressure in terms of collision of
atoms. While Boyle’s corpuscles suggest atoms, his belief in alchemy suggests that
such corpuscles could transmute from one substance to another. Thus, it has lit-
tle relation to our modern concept. During this period, chemistry’s first true uni-
fying concept, phlogiston theory, was introduced by Johann Joachim Becher. It
was later extended by Georg Ernst Stahl. We commonly think of Becher as the
ur-father of chemical theory. However, he was also the foremost mercantilist of
his era and the economic advisor to Leopold I, Emperor of the Holy Roman Em-
pire.

The fifth section of this book is the largest. It covers the chemical revolu-
tion that began quietly in 1727 when Stephan Hales learned to collect gases pro-
duced by chemical reactions, accelerated when Joseph Black isolated and fully
characterized carbon dioxide, and literally exploded when Henry Cavendish iso-
lated hydrogen. The brilliant Cavendish thought he had actually isolated the
elusive phlogiston itself. Separate and independent discoveries of “fire-air” by
Carl Wilhelm Scheele and “dephlogisticated air” by Joseph Priestley, both firmly
anchored in phlogiston theory, would set the stage for Antoine Laurent Lavoisier
to formulate the modern synthesis: combustion (and respiration) involves com-
bination with oxygen from the air, not loss of phlogiston to the air. Lavoisier was
a wealthy partner in the Ferme Générale, which collected taxes and helped man-
age the treasury for Louis XVI. On May 8, 1794, Lavoisier, his father-in-law, and
26 other members of the Ferme were guillotined in the space of 35 minutes.
Some two decades later, John Dalton would formulate atomic theory and the
modern science of chemistry was fully born.

The book’s next section explores the role of chemistry in early pre- and
post-colonial America. The roots of early American chemistry lie in Edinburgh,
Scotland where Joseph Black influenced the first generation of American profes-
sors of chemistry. Benjamin Franklin was very knowledgeable about chemistry



and also a friend of the Lavoisiers (Madame Lavoisier painted a beautiful portrait
of him). John Adams and Thomas Jefferson publicly commented on the uses and
limitations of chemistry, and James Madison taught the subject in Virginia.

Section VII traces the specialization of chemistry that occurred during the
nineteenth century as organic, inorganic, physical, and analytical chemistries
emerged as distinct disciplines. The systematization of the vast jungle known as
organic chemistry led to the discovery of valence and the importance of the third
dimension in molecular structure and chemical behavior.

Section VIII (“Teaching Chemistry to the Masses”) recognizes the develop-
ment of chemical pedagogy that began during the nineteenth century. Madame
Jane Marcet’s Conversations on Chemistry, first published anonymously in London
in 1806, employed Socratic dialogue with young female pupils to teach science.
The book went through many printings and modifications and is reputed to have
sold some 160,000 copies in the United States. Michael Faraday proudly pro-
claimed Madame Marcet as his teacher, since her book drew him into the field of
chemistry. I have also included an essay about a book of chemical psalms, titled
Chemistianity, the goal of which was to teach chemistry to adolescents and octo-
genarians, both groups presumed to have short attention spans. The rhymes in
this book are as enjoyable as the sound of a fingernail scraping across a black-
board. Another Victorian-era book, Fairyland of Chemistry, describes the comings
and goings of hydrogen fairies and oxygen fairies, for example, as they flit about
and link hands to form water molecules.

The light coverage of the twentieth century will certainly draw the atten-
tion of some not-so-amiable reviewers. | would defend this admitted weakness by
noting that the exponential explosion of information during modern times
would overwhelm the contents in this book. For example, in its first year of pub-
lication (1907), Chemical Abstracts presented summaries of 7,994 papers and
3,853 patents. In the year 2000, it abstracted 573,469 papers and 146,590 patents
(see www.cas.org). Moreover, the significant modern findings that continue to
matter are included in current chemistry texts. From Alchemy to Chemistry in Pic-
ture and Story is meant to supplement and enliven the coverage in a modern
course. It makes no pretense of completeness. Nevertheless, we include the dis-
coveries of subatomic structure, X-ray crystallography, the Kossel-Lewis—Lang-
muir picture of bonding based on the octet rule, the development of the quan-
tum mechanics (the underlying basis of the periodic table), as well as resonance
theory. The DNA double helix is included because it is a triumph of structural
chemistry and its structure immediately explained its function. Indeed, DNA's
function—duplication—implied that its structure would likely have “two-ness.”
The twentieth century “concludes” with brief visits to chemistry at its smallest
(nanotechnology) and its fastest (femtochemistry). The use of the scanning tun-
neling microscope (STM and its modifications) to view individual atoms and
move them one by one is certainly a crowning achievement of twentieth century
science.

One leitmotif in our tour is the resistance from many distinguished scien-
tists to the reality of atoms that continued for over one hundred years after Dal-
ton’s theory was postulated in 1803. Indeed, in the “minutes” before its universal
acceptance in the first decade of the twentieth century, Ludwig Boltzmann com-
mitted suicide due in part, it is believed, to his failure to convince all physicists
and chemists of the reality of atoms. Eighty years later, scientists “lassoed” to-
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gether a circle of 48 iron atoms, one by one, to form a “quantum corral.”

The final section (“Some Brief Chemical Amusements”) includes clairvoy-
ant images of atoms, a faux James Thurber short story shamelessly derived from
“The Secret Life of Walter Mitty,” a comparison between Babe Ruth and An-
toine Lavoisier with musings on the low monetary value of collectors cards of fa-
mous chemists compared to baseball cards, and the long- (and well-) forgotten
92-chapter novel titled White Lightning. Yes, Virginia, it has a brief but dramatic
chapter for each known or anticipated element up to and including uranium.

The book concludes with an Epilogue consisting of two brief, more person-
al, essays. One of these is about a friend from my adolescent years, Robert Silber-
glied, a quirky and ingenious butterfly collector and admired mischief-maker,
who became a world-renowned entomology professor at Harvard and conserva-
tionist before he died at a young age in an airplane crash. The second is a brief
essay whimsically visiting my own chemical genealogy. Although these two es-
says may appear to be exercises in self-indulgence and self-aggrandizement, they
are not meant to be. The purpose is to give the reader a taste for our scientific
culture—the early signs of “a natural scientist,” and the interest in our personal
scientific roots and the desire to connect with them.

In composing this work, I came to realize that one important theme is our
very human need to pictorialize matter: four elements, three principles, platonic
solids such as the cube, corpuscles or atoms with and without hooks, two-dimen-
sional “clumps” of atoms, two-dimensional molecules, three-dimensional mole-
cules, fairies linking arms, “ball-and-stick” and “space-filling” models, solar-sys-
tem atoms, cubic atoms with electrons at the corners, resonating structures,
atoms hooked together by springs, atomic and molecular orbitals, and electron-
density contours on computer screens. Such images will recur throughout the
book.

My first university chemistry teaching assignment included a “Chemistry
for Non-Science Majors” course that sparked a lifelong interest in communicat-
ing chemistry to the public. In this type of endeavor, the question of “how did we
come to believe or know this?” arises almost naturally and we take tentative steps
to explore the historical development and context. It immediately becomes clear
how little we practicing scientists understand about the histories of our own
fields and, in any case, why should we understand more? In chemistry, the early
beliefs and theories are now known to be incorrect, the symbols are outdated,
and the language arcane, often deliberately so. It is so challenging to learn the
modern canons of chemical knowledge as a student and then battle obsolescence
as a practicing chemist, that it does not seem wise or practical to learn “this su-
perfluous, outdated stuff.”

[ anticipate justified criticism of this idiosyncratic tour due to the numerous
sites not visited and admit that there are countless other paths through chemical
history and apologize in advance for numerous discoveries omitted or given short
shrift. However, | want this book to be useful, and to fulfill this mission it must
be read and enjoyed by nonspecialists as well as experts. A more thorough or en-
cyclopedic approach will not help to achieve this goal. Although I have attempt-
ed to recognize contributions beyond those of Western culture, I am aware of the
weak coverage given to early science in Chinese, Indian, African, Moslem, and
other cultures. This is really more an artifact of the availability of printed books
rather than intent.



Although this tour is meant to be both lighthearted and light reading, it
tackles some of the important topics that are often too lightly or confusingly
broached in introductory courses and are difficult to teach. We do, however, try
our hand at humor and some of the earthiness so evident in the Renaissance
works of Chaucer and Rabelais. Why not include Van Helmont’s recipe for pun-
ishment of anonymous “slovens” who leave excrement at one’s doorstep? By pro-
viding such vignettes, | hope to reengage chemists, other scientists, and the pub-
lic in the history of our field, its manner of expressing and illustrating itself, and
its engagement with the wider culture. I hope to provide teachers of introductory
chemistry courses with some assistance through difficult teaching areas and a few
anecdotes to lighten the occasional slow lecture. And if a few students are caught
snickering over a page of Rabelaisian chemical lore or some bad puns, would that

be such a bad thing?
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SUGGESTIONS FOR FURTHER
READING AND TOURING

I am not formally trained as a chemical historian. Fortunately, there are a num-
ber of truly wonderful books treating chemical history. The most authoritative is
the inspirational four-volume reference work, A History of Chemistry, by James R.
Partington. It is rigorous, amply referenced, engagingly written, and nicely illus-
trated. It extensively covers the period through the end of the nineteenth centu-
ry and the decades up to the mid-twentieth century. Partington’s reference work
has been a major source of information and insight for me. I have also relied
heavily on the book by Aaron J. IThde, The Development of Modern Chemistry,
published in 1964, and the book by William H. Brock, The Norton History of
Chemistry, published in 1992. John Hudson’s The History of Chemistry, published
in 1992, also provides detailed and accessible coverage of chemical history. Two
books that briefly outline chemical history from its earliest roots to the end of the
twentieth century are The Last Sorcerers: The Path from Alchemy to the Periodic
Table, by Richard Morris (2003), and Creations of Fire, by Cathy Cobb and
Harold Goldwhite (1995). Although there are numerous excellent scholarly
books referenced in specific essays in the present work, I wish to mention some
that “cross cut” the field and its history. Ideas in Chemistry, by David Knight
(1992), The Atom in the History of Human Thought, by Bernard Pullman (1998),
The Enlightenment of Matter, by Marco Beretta (1995), Instruments and Experi-
mentation in the History of Chemistry, edited by Frederic L. Holmes and Trevore H.
Levore (2000), and From Classical to Modern Chemistry: The Instrumental Revolu-
tion, edited by Peter J.T. Morris (2002) are five such books. Levore has authored
a more recent (2006) book titled Transforming Matter: A History of Chemistry
from Alchemy to Buckyball. The book Women in Chemistry, by Marelene and Ge-
offrey Rayner-Canham, published in 1998, provides authoritative and well-bal-
anced coverage to a long-neglected topic. Mary Ellen Bowden, at the Chemical
Heritage Foundation, has produced a series of highly accessible works, including
Chemical Achievers: The Human Face of the Chemical Sciences (1997) and Joseph
Priestley, Radical Thinker (2005, edited with Lisa Rosner). I have also recently
completed a book titled Twentieth-Century Chemistry: A History of Notable Re-
search and Discovery. There are also a number of extraordinary books about the
seventeenth century including the alchemy of Boyle and Newton authored by
William R. Newman [Gehennical Fire: The Lives of George Starkey (1994);
Promethean Ambitions: Alchemy and the Refashioning of Nature (2004); Atoms and
Alchemy (2006) and Lawrence M. Principe [The Aspiring Adept: Robert Boyle and
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his Alchemical Quest (1998)] and co-authored by Newman and Principe [Alchemy
Tried in the Fire: Starkey, Boyle and the Fate of Helmontian Chymistry (2002)].

The first Nobel Prizes were awarded in 1901 and the Nobel Foundation site
(www.nobelprize.org) is a wonderful source for complete coverage, including full
Nobel Prize lectures, often full of insights and humor that do not usually appear
in the primary literature. The 1975 Smithsonian Institution pamphlet by Jon Ek-
lund, titled The Incompleat Chymist, is a wonderful source for deciphering the
names of chemicals and equipment during the eighteenth century, the period
corresponding to the chemical revolution. Hopefully, this pamphlet will some
day be either reissued or made available on line.

Although John Emsley’s book The 13th Element (2000), first published in
England under the title The Shocking History of Phosphorus, is devoted to a single
chemical element, it beautifully evokes the atmosphere of late-seventeenth-cen-
tury chemistry in its early chapters. The play Oxygen, by Carl Djerassi and Roald
Hoffmann (2001), recreates the late eighteenth century and an imagined meet-
ing of Joseph Priestley, Carl Wilhelm Scheele, and Antoine Laurent Lavoisier.

[ am particularly fond of the 1927 book, Old Chemistries, by Edgar Fahs
Smith. I imagine that I am in Professor Smith’s den on a cold winter’s night as he
shows me his antiquarian book collection and gently reads selected passages as
we are warmed by the fireplace. And how I wish that I could have met the eru-
dite and ebullient John Read. His trilogy, A Prelude to Chemistry, Humour And
Humanism in Chemistry, and The Alchemist In Life, Literature and Art, provides
the reader with healthy doses of laughter and learning. In Humour and Human-
ism, Read gives us the “box score” of an Alchemical Rugby Match of All-Stars
from the Bible (Noah, Moses), Greek and Roman mythology (Jupiter, Neptune,
Aphrodite), ancient cultures (Cleopatra, Aristotle), the Renaissance (Paracel-
sus, Maier), and the early history of our science (Boyle, Lavoisier). The puns are
deliciously low. He also writes a one-act play, “The Nobel Prize” (“A Chemic
Drama In One Act”), and happily treats us to the bawdier moments in Ben Jon-
son’s 1610 play, The Alchemist. Professor Read also arranged the first performance
of Michael Maier’s seventeenth-century alchemical music composed for his
book, Atalanta Fugiens (performed by the “Chymic Choir” at St. Andrews Col-
lege in 1935). I discovered John Read’s books after I began this project and, thus,
cannot blame any of my own excesses of ebullience on him.

The Chemical Heritage Foundation (CHF) published in 2002 an attractive
pamphlet titled Transmutations: Alchemy in Art, Selected Works from the Eddleman
and Fisher Collections at CHF. For decades, the beautiful catalogues of the then
Aldrich Chemical Company featured artwork, particularly paintings of chemists
by Dutch masters, collected by its founder, Alfred Bader. Bader’s very noteworthy
and dramatic autobiography is, fittingly enough, titled Adventures of a Chemist
Collector (1995).

In the grand historical context of chemical history the United States is, of
course, a latecomer, notwithstanding medicines and crafts developed by aborigi-
nal cultures in the Americas and practical chemistries developed in Jamestown
and in New England during the early seventeenth century. Visiting the world-
wide websites of chemical societies in England, France, Germany, Canada, and
other countries is a highly recommended activity. I will mention here two won-
derful American resources for the potential chemical history tourist. The first is
the Chemical Heritage Foundation located in Philadelphia. It holds a vast col-
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lection of artwork, equipment, artifacts, interviews with famous chemists, and
books. The CHF sponsors scholars and conferences and is open to the public. It
is now the home of the Roy G. Neville Historical Chemical Library, a collection
in the Othmer Library. The CHF website (www.chemheritage.org) provides in-
formation for visitors and links to a great store of resources in chemical history.
The Chemical Heritage Foundation has just published (2006) the magnificent
two-volume work, The Roy G. Neuille Historical Chemical Library: The Annotated
Catalogue of Printed Books on Alchemy, Chemistry, Chemical Technology, and Relat-
ed Subjects, written primarily by Neville. It compares favorably with the two large
classics in the field: Denis I. Duveen’s Bibliotheca Alchemica Et Chemica, and John
Ferguson’s Bibiotheca Chemica. The Chemical Heritage Foundation publishes a
beautiful and inexpensive quarterly magazine titled Chemical Heritage.

The Edgar Fahs Smith Chemistry Collection at the University of Pennsyl-
vania, the Duveen Collection at the University of Wisconsin, and the Lavoisier
collection at Cornell University are three other sites very much worth visiting.
Harding University, in Searcy, Arkansas has a comprehensive collection of eigh-
teenth- and nineteenth-century American books on chemistry from the com-
bined collections of William D. Williams and Wyndham D. Myles.

The American Chemical Society has recognized nearly 60 historical chem-
ical landmarks accessible at its website, www.chemistry.org/landmarks. Each
landmark has its own descriptive brochure. I hope readers will enjoy actual tours
of these landmarks as well as virtual tours. Those members of the American
Chemical Society who pay the small membership fee to join its Division of His-
tory of Chemistry receive a gratis subscription to the very useful and enjoyable
Bulletin for the History of Chemistry. It is my profound hope that chemical history
will once again find its way into both introductory and advanced courses in our

field.
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SECTION 1
PRACTICAL CHEMISTRY: MINING, METALLURGY,

AND WAR

THE BIRTH OF METALS

What does this allegorical figure (Figure 1) represent? This bald, muscular figure
has the symbols of seven original elements arrayed around (and likely including)
the head. The all-too-perfect roundness of the head appears to correspond to the
perfect circle that represents gold. The unique positions of male (sun) and female
(moon) suggest the birth of metals.!

The elements, also including antimony and sulfur, are also buried in the
intestines of the figure—literally its bowels—and now we have a hint of its na-
ture. Any attempts at further interpretation are in the realm of psychology
rather than science, and indeed the famous psychologist C.G. Jung owned a
valuable collection of alchemical books and manuscripts and wrote extensively
on the subject.”

At its heart, alchemy postulated a fundamental matter or state, the Prima
Materia, the basis for formation of all substances. The definitions? of the Prima
Materia are broad, partly chemical, partly mythological: quicksilver, iron, gold,
lead, salt, sulfur, water, air, fire, earth, mother, moon, dragon, dew. At a more
philosophical level, it has been defined as Hades as well as Earth.? Another figure
from a seventeenth-century book on alchemy was identified by Jung as the Prima
Materia—a similar muscular Earth shown suckling the “son of the philosophers.”
This figure also has the breasts of a woman; the hermaphroditic being is reminis-
cent of the derivation of Eve from Adam and the subsequent seeding of the hu-
man species. The hermaphrodite is greater than the sum of its male and female
natures.

Let us cling to the Earth analogy because it seems to help in understanding
the presence of the elements in its bowels. The small figure in the upper ab-
domen, the homunculus, may be considered to be a type of Earth Spirit nurtur-
ing the growth of living things (see vegetation below it) and “multiplication” of
the metals. The unique positions of gold (the head as well as the highest level in
the intestines) implies transmutation—the conversion of base metals into noble
metals. The figure holds a harp, representing harmony, and an isosceles triangle,
representing symmetry. It is a metaphor for the unity that the true alchemists
perceived between their art and nature.

This plate is the frontispiece from the book Physica Subterranea published
by the German chemist and physician Georg Ernst Stahl in 1738.3 It is the last
edition of the famous book published by Johann Joachim Becher in 1669. Becher
evolved chemistry’s first unifying theory, the Phlogiston Theory, from alchemical
concepts and it was subsequently made useful by Stahl. So in this plate are
themes of alchemical transmutation, spiritual beliefs, and early chemical science
that will begin our tour of alchemy and chemistry over two thousand years.

From Alchemy to Chemistry in Picture and Story. By Arthur Greenberg. 1
Copyright © 2007 John Wiley & Sons, Inc.
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FIGURE 1. m Frontispiece from the final edition of Physica Subterranea by Johann
Joachim Becher (Leipzig, 1738). The hermaphroditic figure may represent the Primary
Matter (Prima Materia). The dwarf-like figure inside the body is the homunculus, the off-
spring of the “chymical wedding.”

1. A. Roob, The Hermetic Museum: Alchemy & Mysticism, Benedikt Taschen Verlag GmbH, 1997,
p. 183.
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2. N. Schwartz-Salant, Jung on Alchemy, Princeton University Press, Princeton, NJ, 1995, pp.
25-30; 44-49.

3. A different interpretation of this figure, namely as Saturn, is to be found in C.A. Reichen, A
History of Chemistry, Hawthorne Books, New York, 1963, p. 8.

THE ESSENCE OF MATTER: FOUR ELEMENTS (OR FIVE): THREE PRINCIPLES (OR TWO) OR

THREE SUBATOMIC PARTICLES (OR MORE)

The ancient Greek philosophers were not scientists. They were, however, origi-
nal thinkers who attempted to explain nature on a logical basis rather than by
the whims of gods and goddesses. The father of this movement is considered to
be Thales of Miletus, and during the sixth century B.C., he conceived of water as
the essence of all matter. (We note later in this book that, in the mid-seventeeth
century, Van Helmont had a somewhat similar view.) Thales is reputed to have
predicted the total solar eclipse of 585 B.C., said to have occurred during a naval
battle—although there is no basis for him having the knowledge to make such a
prediction.! One of his successors in the Milesian School was Empedocles of
Agrigentum (ca. 490—430 B.C.).! Empedocles is said to be the first to propose that
all matter is composed of four primordial elements of equal importance,”’ al-
though similar ideas appear to have formed in Egypt, India, and China (five ele-
ments) around 1500 B.C.? Figure 2 depicts the four earthly elements. It appears in
De Responsione Mundi et Astrorum Ordinatione (Augsburg, 1472), a book derived
from the writings of Saint Isidorus, Bishop of Seville, during the seventh century
A.D4

Although Empedocles wrote about the actual physical structure of matter,
it was only during the fifth century B.C. that two philosophers of the Milesian
School enunciated a coherent atomic cosmology. None of the writings of Leucci-
pus remain, but he is widely accepted as real and some of the writings of Dem-
ocritus (ca. 460—ca. 370 B.c.),! his student, are known. For these scholars there
were two realities in nature: Atoms (atomos, meaning not cuttable) and Void
(derived from wacuus, meaning empty).> Void was considered to be as real as
Atoms. Atoms of water were thought to be smooth and slippery; those of iron
were jagged with hooks.

Aristotle (384-322 B.C.) is considered to be one of the two greatest thinkers
of ancient times, the other being Plato.! Aristotle proposed a kind of primordial,
heavenly element, “ether,” and to each of the four earthly elements attributed
two pairs of opposite or contrary “qualities” (wet versus dry; hot versus cold). The
relationships between the elements and their qualities are depicted in a square
that nicely places contrary qualities on opposite edges. The square is one of the
fundamental symbols that often appear in alchemical manuscripts and books
even as late as the eighteenth century. Thus, a liquid (rich in water) is cold and
wet while its vapor (rich in air) is hot and wet. To vaporize a liquid, simply add
heat—move from the cold edge to the hot edge of the square. To dissolve a solid
(rich in earth), add wet; to burn the solid, add hot. Fire was not solid, liquid, or
gas but a form of internal energy—perhaps related to the eighteenth-century
concept of “caloric” propounded by Lavoisier.?
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FIGURE 2. m The four elements of the ancients: Fire, Air, Earth, and Water from St.
Isidore, De Responsione Mundi Et Astrorum Ordinatione (Augsburg, 1472) (courtesy of
The Beinecke Rare Book and Manuscript Library, Yale University).

FIRE
Hot Dry
AIR EARTH
Wet Cold
WATER
Aristotle was an anti-Atomist, in part, because he did not believe that
space could be empty. This view was adopted by the great mathematician and

philosopher Rene Descartes (1596-1650) who envisioned only two principles in
matter (extent and movement) and rejected the four Aristotlean qualities. The
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idea of extent led him to reject the idea of finite atoms and the concept of void
he considered ridiculous (“Nature abhors a vacuum”). Thus, in the seventeenth
and eighteenth centuries we have intellectual conflict between the Cartesians
(school of Descartes) and the Corpuscular school (corpuscles were similar, yet
fundamentally different, in concept to atoms), which included Robert Boyle and
[saac Newton.b

A 1747 oil-on-wood painting signed by a Johann Winckler” (Figure 3) joy-
ously employs alchemical, spiritual, and religious symbolism characteristic of
Rosicrucian beliefs. Most prominent are the four abbots whose activities symbol-
ize earth, fire, air, and water. They are arrayed in the appropriate order of con-
trary properties—cold versus hot; wet versus dry.

The Cupid (or Mercurious) figure was said by the psychologist Carl Jung to
represent “the archer who, chemically, dissolves the gold, and morally, pierces the
soul with the dart of passion.”® “Christian Rosencreutz in The Chymical Wedding is
pricked with a dart by Cupid after stumbling upon the naked Venus.”® The four ab-
bots and the Venus figure each possess a vessel containing the Red Tincture, which
represents the transmuting agent or Philosopher’s Stone® or a preliminary stage of
the Stone.!® The castles may represent . . . well . . . castles. Or . . . they may sym-
bolize the athanor or philosopher’s furnace, which holds the hermetically sealed
philosopher’s egg.!! The pair of doves represent the albedo, the white color that
follows the nigredo, or the initial black color of The Great Work. Initially, metals
and other substances are heated to form a black mass. Subsequent heating may cal-
cine this mass to produce a white calx. Now, if that long-tailed bird attached to an
abbot by a string is a peacock, we see represented the third color change of The
Great Work, the rainbow hues. The fourth and final color is the ruby of the Red
Tincture—four cucurbits—full and one goblets-worth in this painting. The
phoenix also represents this final ruby red color but no phoenix is seen rising (or
expiring) in the painting. No crows are in evidence either, so let’s assume that the
coals or the ashes in the athanor represent the nigredo.

Rosicrucians combine religious, occult, and alchemical beliefs.!? Although
the earliest writings date to the beginning of the seventeenth century, the origins
of Rosicrucianism are commonly attributed to a Christian Rosenkreutz (“rosy
cross”), allegedly born in 1378. Some consider the early sixteenth-century physi-
cian and alchemist Paracelsus to be the true founder. The alchemist Michael
Maier appears to have been a Rosicrucian.!?

The sign in the lower right of this painting may be translated as follows:

[ search in the water here.

The air should give me

[ search in the earth

The fires should become for me

Something here, you fools, here in the water, air and earths.
In the fire, shall you busily search.

All here suddenly becomes.

Ul B W N =

>

During the Renaissance, the classical Greek views of nature were finally
challenged by the likes of Paracelsus.'* Paracelsus extended an earlier view of
matter that held that it was a union between an exalted sulfur of the philoso-
phers (“Sophic Sulfur”—characterized often as male) and an exalted mercury of
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the philosophers (“Sophic Mercury”—characterized often as female). These are
not related to the chemical elements we now recognize as sulfur and mercury. To
these Paracelsus added Salt as the third Principle. Now, Mercury is Spirit, Sulfur
is Soul, and Salt is Material Body. The relationship is depicted as a triangle, the
other great metaphor found in alchemical manuscripts and books

Salt

Mercury Sulfur

through the eighteenth century. All matter is composed of these three principles
in various proportions. Later in this book (Figure 96) we see two such symbolic
triangles in Oswald Croll’s Basilica Chymica. Croll presented Paracelsan alche-
my—the bottom triangle presents Life, Spirit, Body (or Fire, Air, Water or Ani-
mal, Vegetable, Mineral). Symbols of triangles and squares abound in alchemy.
The Sioux view the circle as their high ideal: “circle of Life,” the tipi, the camp-
fire."> In his nineteenth-century satire Flatland, Edwin Abbot portrays increasing
perfection through each successive generation as a triangle begets a square,
which begets a pentagon, and so on. A megagon is close to the perfection of a cir-
cle—a kind of generational transmutation.

The modern view of the atom is that it is divisible and that the fundamen-
tal particles making up all atoms of all elements are protons (positive charge),
neutrons (zero charge), in an unimaginably dense nucleus occupying a miniscule
fraction of the atom’s volume, and electrons (negative charge).!® The positive
nucleus and the negative electrons are our modern “contraries.” (Incidentally, it
was Benjamin Franklin who introduced the negative—positive nomenclature in
the context of electricity.!'”) The electrons are considered to be fundamental par-
ticles of infinite lifetime and are actually one of six subatomic particles called
leptons. Protons and neutrons are not considered fundamental and are two of a
very complex class of subatomic particles called hadrons. Outside of the nucleus,
a free neutron has a half-life of only 17 minutes and decays into a proton, an
electron (B particle), and an antineutrino—another lepton.!® So, based upon
this modern view, we can draw a Paracelsan-style triangle, but not equilateral in
the sense that the neutron can give rise to the other two. The modern Prima Ma-
teria could be a dense neutron star.

Neutron

Proton 1 €-------=--=-mmmmmmee Electron

1. Encyclopedia Brittanica, 15th ed. Vol. 11, Chicago, 1986, p. 670.
2. J. Read, Prelude to Chemistry, MacMillan, New York, 1937, pp. 8-11.
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3. B. Pullman, The Atom in the History of Human Thought, Oxford University Press, New York,
1998, pp. 2-47.

4. 1. MacPhail, Alchemy and The Occult, Yale University Library, New Haven, 1968, Vol. 1, pp.
3-4.

5. Two sources for quotations simply refer this phrase (Natura abhorret vacuum) to a Latin proverb
[B. Evans, Dictionary of Quotations, Delacorte Press, New York, 1968, p. 720, and Dictionary of
Foreign Quotations, R. Collison and M. Collison (eds.), Facts on File, New York, 1980, p. 241].
One source attributes it to Gargantua in 1534 but from an ancient Latin source [A. Partington
(ed.), The Oxford Dictionary of Quotations, 4th ed., Oxford University Press, New York, 1992,
p- 534; Bartlett’s Familiar Quotations, 16th ed., J. Kaplan (ed.), Little, Brown, Boston, 1992, p.
2717] attributes the phrase to Spinoza in 1677. Just thought you’d want to know this one for the
next Happy Hour.

6. B. Pullman, op. cit., pp. 140-142, 157-163.

7. T am not certain about the identity of the artist. One possibility is Johann Heinrich Winckler
(1703-1770).

8. L. Abraham, A Dictionary of Alchemical Imagery, Cambridge University Press, Cambridge, UK,
1998, p. 51.

9. J. Read, op. cit., p. 12; p. 148.

10. Abraham, op. cit., p. 169.

11. Abraham, op. cit., pp. 31-32.

12. The New Encyclopedia Britannica, Encyclopedia Britannica, Inc., Chicago, 1986, Vol. 10, p.
188.

13. Read, op. cit., pp. 230-232.

14. J. Read, op. cit., pp. 21-30.

15. J. Lame Deer and R. Erdoes, Lame Deer Seeker of Visions, Simon and Schuster, New York, 1972,
pp- 108-118.

16. B. Pullman, op. cit., pp. 343-353.

17. J.R. Partington, A History of Chemistry, MacMillan, London, 1962, Vol. 3, p. 66.

UNIFYING THE INFINITE AND THE INFINITESIMAL

[t is human nature to try to harmonize our universe—to attempt to unify the in-
finite with the infinitesimal. Pythagoras and his followers developed a purely
mathematical conception of the universe. As Pullman notes:! “Indeed, the
Pythagoreans held that numbers are the essence of all things. Numbers are the
source of what is real; they themselves constitute the things of the world.”

Mendeleev developed the periodic table roughly 2400 years after Pythag-
oras died. He could not possibly have understood the origin of its order. But
in 1926, the new quantum mechanics of Schrédinger explained the periodic
table on the simple basis of four quantum numbers (n, [, m, and s) that students
now learn in high school. Pythagoras would have been pleased but not sur-
prised.

Figure 4 is from Johannes Kepler’s Harmonices Mundi (1619). The fanciful
drawings on the middle right depict the five platonic solids—polyhedra whose
faces are uniformly composed of triangles, squares, or pentagons. The Pythagore-
an Philolaus of Tarentum (480 B.C.—?) is generally credited with equating the
four earthly elements to these polyhedra.! Starting from the top center and mov-
ing counterclockwise, we have the tetrahedron (fire), octahedron (air), cube

(earth), and icosahedron (water). Plato added the fifth solid, the dodecahedron,
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FIGURE 4. m Polyhedra in Johannes Kepler’s Harmonices Mundi (Linz, 1619). Note the five Platonic solids on
the middle right of this figure representing the four earthly elements Air, Fire, Water, and Earth as well as the
fifth (heavenly) element Ether (courtesy of Division of Rare and Manuscript Collection, Carl A. Kroch Li-
brary, Cornell University).

to represent the universe (similar to Aristotle’s ether). The tetrahedron is the
sharpest of these polyhedra, and fire is, thus, the “most penetrating” element.
The dodecahedron is most sphere-like, most perfect. Its pentagons are also
unique—you cannot tile a floor with pentagons as you can with triangles,
squares, and hexagons. Plato further imagined that the four earthly elements
were themselves composed of fundamental triangles—an isosceles right triangle



10 ® FROM ALCHEMY TO CHEMISTRY IN PICTURE AND STORY

A (derived from halving the square face of the cube) and a right-triangle B (de-
rived from halving the equilateral triangular face of the tetrahedron, octahedron,
or icosahedron). Earth was composed of triangle A. Air, fire, and water were
composed of triangle B and could therefore be interconverted.!

In his 1596 book Mysterium Cosmographicum, Kepler proposed a solar sys-
tem that placed the orbits of the six known planets on concentric spheres in-
scribed within and circumscribed on these five polyhedra arranged concentrical-
ly.? In the words of Jacob Bronowski:* “All science is the search for unity in
hidden likenesses.” He states further: “To us, the analogies by which Kepler lis-
tened for the movement of the planets in the music of the spheres are far-
fetched. Yet are they more so than the wild leap by which Rutherford and Bohr
in our own century found a model for the atom in, of all places, the planetary sys-
tem?”

1. B. Pullman, The Atom In The History of Human Thought, Oxford University Press, New York,
1998, pp. 25-27, 49-57.

2. Kepler’s polyhedral model is beautifully illustrated and described on page 95 of the book by Ist-
van and Magdolna Hargittai, Symmetry—A Unifying Concept, Shelter, Bolinas, CA, 1994. This
book also inspired my use of the polyhedra in Kepler’s Harmonices Mundi.

3. J. Bronowski, Science and Human Values, revised ed., Perennial Library Harper & Row, New
York, 1965, pp.12-13.

SEEDING THE EARTH WITH METALS

Chemistry began to emerge as a science in the early seventeenth century. Its
roots included practical chemistry (the mining and purification of metals, the
creation of jewelry, pottery, and weaponry), medicinal chemistry (the use of
herbs and various preparations made from them), and mystical beliefs (the search
for the Philosopher’s Stone or the Universal Elixir).

Figure 5 is the frontispiece from the final German edition (1736) of Lazarus
Ercker’s book Aula Subterranea . . . , which was first published in Prague in 1574.
Unlike so many books of the sixteenth century, this important treatise on ores,
assaying, and mineral chemistry was clearly and simply written by an individual
personally experienced in the mining arts. For this reason (and for its beauty) the
book was reprinted in numerous editions over a period of 160 years. The plates in
this 1736 edition are made from the original blocks used in the 1574 edition and
the gradual, but slight and cumulative deteriorations in the blocks are evident in
the various editions.! Imagine the value ascribed to this work to motivate print-
ers to preserve the blocks carefully for centuries.

This handsome plate depicts the seeding by God of the metals inside the
earth (only there can they multiply naturally) and the laborious human work in
mining, purifying, and assaying them. The heat inside the Earth is singular in
its nature with no counterpart on the surface. Although we recognize seven
metals (gold, silver, mercury, copper, lead, tin, and iron) as well as arsenic and
sulfur as the nine elements known to the Ancients, they were certainly not rec-
ognized then as elements in the modern sense. Instead they were considered to
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FIGURE 5. m Frontispiece from the final edition of Aula Subterranea by Lazarus Ercker (Frankfurt, 1736) de-
picting God seeding the earth with metals and their harvesting and refining by people. (The first edition of this
book was published in 1574; the original blocks were employed to strike the plates in all subsequent editions.)

11
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be rather mystical combinations of, for example, salt, sophic mercury, and soph-
ic sulfur.

1. A.G. Sisco and C.S. Smith, Lazarus Ercker’s Treatise on Ores and Assaying (translated from the
German Edition of 1580), The University of Chicago Press, Chicago, 1951.

CHYMICALL CHARACTERS

This table of chemical symbols (see Figure 6) is found in the book titled The Roy-
al Pharmacopoea, Galenical and Chymical, According to the Practice of the Most Em-
inent and Learned Physitians of France, and Published with their Several Approba-
tions, the English edition published in 1678. The author, Moses Charas, fled
religious persecution in France to join the enlightened intellectual environment
in the England of Charles II, who chartered the Royal Society. Its membership
included Robert Boyle, Robert Hooke, and Isaac Newton.

The elements listed in the table include the nine ancient elements de-
scribed previously and a few others readily separable. Gold, of course, being “in-
ert,” is commonly found in an uncombined state and its high density (about 9
times denser than sand) allows it to be panned. Actually, we now also know that
inert gases such as helium, neon, argon, krypton, and xenon are also found un-
combined in nature, but they are colorless and odorless. In any case, we are sud-
denly over 200 years ahead of ourselves and apologize to the reader for getting
carried away by our enthusiasm.

The association of elements with planets and their symbols, evident in Fig-
ure 6, appears to have been adopted from the ideas of Arab cultures during the
Middle Ages. Association of gold with the sun is too obvious. The others are
more subtle. For example, of the planets, mercury appeared to the Ancients to
move most rapidly in the sky and was most suited as a messenger. Mercury’s wings
nicely represent the metal’s volatility. In contrast, Saturn was the most distant of
planets observed by the Ancients (Uranus, Neptune, and Pluto were discovered
in the eighteenth, nineteenth, and twentieth centuries, respectively). The ap-
parent slow movement of this planet through the skies was likened to Saturn, the
god of seed or agriculture, who is sometimes depicted with a wooden leg. Lead
was dense, slow . . . leaden. A person who is saturnine is sluggish or gloomy (not
to be confused with a person who is saturnalian—riotously merry or orgiastic after
the Roman holiday Saturnalia).

But let’s return to a modern use of metaphor, based upon the toxic element
lead, and visit the book The Periodic Table, by Primo Levi,! who used 21 elements
as metaphors in 21 stories. For example:

My father and all of us Rodmunds in the paternal line have always plied
this trade, which consists in knowing a certain heavy rock, finding it in dis-
tant countries, heating it in a certain way that we know, and extracting
black lead from it. Near my village there was a large bed; it is said that it
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had been discovered by one of my ancestors whom they called Rodmund
Blue Teeth. It is a village of lead-smiths; everyone there knows how to
smelt and work it, but only we Rodmunds know how to find the rock and
make sure it is the real lead rock, and not one of the many heavy rocks that
the gods have strewn over the mountain so as to deceive man. It is the gods
who make the veins of metals grow under the ground, but they keep them
secret, hidden; he who finds them is almost their equal, and so the gods do
not love him and try to bewilder him. They do not love us Rodmunds: but
we don’t care.

All the men have resumed their former trades, but not I: just as the
lead, without us, does not see the light, so we cannot live without lead. Ours
is an art that makes us rich, but it also makes us die young. Some say that this
happens because the metal enters our blood and slowly impoverishes it; oth-
ers think instead that it is a revenge of the gods, but in any case it matters lit-
tle to us Rodmunds that our lives are short, because we are rich, respected
and see the world.

So, after six generations in one place, [ began traveling again, in search
of rock to smelt or to be smelted by other people, teaching them the art in
exchange for gold. We Rodmunds are wizards, that’s what we are: we change
lead into gold.

With the naked eye, ancient people could discern that the planet Mars is
red, just as is the calx of iron (“rust”). Associating Mars—the god of war—with
iron—the stuff of weapons, as well as with blood—is intuitively reasonable. Late
twentieth-century business executives wore red “power ties” to meetings. But in
an almost too wonderful confirmation of ancient intuition, the findings of the
NASA Viking Mission, which landed two spacecraft on Mars in 1976, indicated
a red surface composed of oxides of iron: eyeball chemical analysis by the An-
cients at over 30 million miles—not bad!

But let us take irony one or two steps further. As of this writing, it appears
that Mars sent its own messenger to Antartica 13,000 years ago in the form
of Meteorite ALH84001.2 Comparison of the carbon isotope content in the
carbonate globules of the meteorite with Viking data indicated its Martian
origin. Among the fragments of chemical evidence, the finding of iron (II)
sulfide coexisting with iron oxides suggested to the investigators a biogenic
origin since these two are essentially incompatible under abiotic conditions.
The electrifying, although not widely accepted today, conclusion of the scien-
tists?:

Although there are alternative explanations for each of these phenomena
taken individually, when they are considered collectively, particularly in
view of their spatial association, we conclude that they are evidence for prim-
itive life on early Mars.

1. P. Levi, The Periodic Table (English translation of the Italian text), Schocken Books, New York,
1984 (see pp. 80-81 for the three quotations employed here).

2. D.S. McKay, E.K. Gibson, Jr., K.L. Thomas-Keprta, H. Vali, C.S. Romanek, S.J. Clemett, X.D.,
E Chillier, C.R. Maechling, and R.N. Zare, Science, 273(5277):924-930, 1996.
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PRACTICAL METALLICK CHEMISTRY

Figure 7 depicts the inside view of an assay laboratory of the late sixteenth centu-
ry. Figures 7 to 17, like Figure 5, are from the 1736 edition of Ercker’s Aula Sub-
terranae . . . and were printed using plates from the 1574 edition.! Figure 8 de-
picts a machine washing alluvial gold ores. The great density of gold, 19.3 g/cm’
(the density of water, 1.0 g/cm?; mercury “only” 13.6 g/cm?), allows its ready sep-
aration from sand and other minerals. Figure 9 depicts the operations in making
cupels. Cupellation was a technique for purifying gold or silver in ores. Cupels
were cuplike objects made of ground bones in which ground ores were placed.
The ores were principally sulfides and heating in air roasted the sulfides and
formed oxides of the less noble (more reactive) metals while melting gold or sil-
ver. The oxides were absorbed into the cupel while a droplet of gold or silver re-
mained on its surface.

To make cupels, calf or sheep bones are calcined (heated in open air),
crushed, and ground to the texture of flour and the “ash” is moistened with
strong beer. The ash is then placed in cupel molds (see A and C, Figure 9) and
coated with facing ashes, best obtained according to Ercker, from the foreheads
of calves’ skulls. The molded ash is then pounded and shaped (see H, man
pounding cupels), removed from the molds (see B and D and the stack of cupels
E), and allowed to dry. In Figure 8, G depicts a man washing ashes and F is a ball
of washed ashes.

Figure 10 depicts an assayer’s balance including: (A) forged balance beam,

(B) shackle, (C) half of shackle, (D) filed assay beam with half of shackle, (E)

FIGURE 7. m A sixteenth-century assay laboratory (Ercker, see Figure 5).
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FIGURE 8. m A sixteenth-century machine washing alluvial gold ores (Ercker, see Figure
5). Gold’s great density (19.3 g/cm? permits its ready separation from other, lighter min-
erals.

two little beads—upper end of shackle and pointer, (F) ends, (G) how the beam
is suspended, (H) sleeves of shackle, (K) knots by which strings are hung, (L)
pans of the balance, and (M) assay head forceps.

Figure 11 depicts the amalgamation of gold concentrates and recovery of
mercury by distillation of the amalgam. One of the earliest precepts of chemistry
is like dissolves like, which explains why oil floats on water while alcohol freely
mixes with water. Mercury, being a liquid metal, dissolves other pure metals and
forms alloys called amalgams. Relatively mild heating of the amalgam frees the
volatile mercury from the metal of interest. However, mercury does not dissolve
salts (calxes or oxides, sulfides) of metals. Thus, crushed ore was treated by Erck-
er with vinegar for 2 or 3 days and then washed and rubbed into mercury by hand
and then with a wooden pestle by the amalgamator depicted in Figure 11(F).
(Note: Elemental mercury is very toxic. It caused nerve damage in workers who
made hats in England during the 19th century—this was “Mad Hatters’ Dis-
ease”—the source of the madness of the tea party in Alice in Wonderland. There
has been some concern late in the twentieth century that amalgams used to
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FIGURE 9. m Making cupels from calcined, crushed bones ground into a paste with beer
and molded. The oxides of baser metals such as iron are absorbed into the cupel while
molten gold or silver remain on its surface (Ercker, see Figure 5).
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FIGURE 10. m A sixteenth-century assayer’s balance (see text; Ercker, see Figure 5).
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FIGURE 11. m Use of mercury to dissolve gold in ore concentrates. The gold amalgam is
then heated and mercury distills (Ercker, see Figure 5).

make tooth fillings give off a steady stream of mercury vapor.) The mercury itself
was purified by squeezing through a leather bag [see (L) and (G) in Figure 11].
Distillation of mercury from the amalgam employed a large furnace called an
athanor (A), which supplied uniform and constant heat, side chambers (B), an
earthenware receiver (C) and a still head (D), a blind head through which water
can be poured for cooling purposes (E), and an iron pot [lower part (H); upper
part (K)] to contain the amalgam to be heated. Also depicted (M) is a man who
remelts gold using bellows.

Aqua regia (three parts hydrochloric acid to one part nitric acid) had the
valuable property of dissolving gold and allowing its ready recovery (see our later
discussion of this subtle chemistry). Figure 12 shows the distillation of aqua regia
involving the athanor (A) and a chamber (B) for the flask, situated as in (C).
(D) is the glass distillation head and (E) the receiver.
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FIGURE 12. m Distillation of aqua regia (3:1 HCI/HNO;) (Ercker, see Figure 5). This
“kingly water” is capable of dissolving gold. (See essay in Section IX “The Chemistry of
Gold is Noble But Not Simple.”)

Figure 13 depicts the use of parting acid to separate gold and silver. Parting
acid (essentially nitric acid) “dissolves” silver but not gold and is obtained by
melting pure saltpetre (potassium nitrate, KNO,) with vitriol, FeSO,, adding a
small amount of water and distilling.

Figure 14 shows a self-stoking furnace for cementation—a process having
some similarities to cupellation for purifying gold. The “cement” is made by tak-
ing four parts of brick dust, two parts of salt, and one part of white vitriol (zinc
sulfate, ZnSO,), grinding the mixed solid, and moistening the powder with urine
or sharp wine vinegar. One-finger thickness of the cement is used to cover the
bottom of the pot and upon this layer are placed thinly hammered strips of less
pure gold, moistened with urine, for further purification. Then follows alternat-
ing layers of cement and gold strips finishing with a top layer, one-half-finger
thick, of cement. The furnace is applied for 24 hours at a temperature lower than
gold’s melting point. At the conclusion, the powder is cleaned off and the result-
ing gold is said to be 23 carat. Pure gold is 24 carat.

Figure 15 depicts the smelting of bismuth in open air with the aid of a very
stylized wind. Walnut-sized pieces of ore are placed in pans such that wind-blown
fire will smelt the ore and cause liquid bismuth to flow in the pans.

Although saltpetre was used to make nitric acid (for research?) on a small
scale, its largest demand was for its use in manufacturing gunpowder. Figure 16
depicts steps in the leaching and concentration, by boiling, of saltpetre. First, the
best “earth” for obtaining saltpetre was said by Ercker to come from old sheep
pens (which contain the remains of excrement and rotted building matter). Part
(A) depicts the “earth” to be leached and (B) shows pipes containing water to
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FIGURE 13. m The use of “parting acid” (mostly HNO;) to separate silver from gold.
Silver is soluble and gold is not soluble in this acid (Ercker, see Figure 5).

run into the vats. The vats are continuously drained into gutters (C) that run the
leachate into a sump (D). Part (E) depicts a little vat from which the leachate
runs into a boiler, and (F) to (L) depict parts of the furnace. The boilers distill off
considerable water to make a concentrated “liquor.”

Figure 17 shows pans (F) and tubs (G) for crystallizing concentrated
leachate. One hundred pounds of this concentrate yield about 70 pounds of crys-
talline saltpetre upon standing.

The development of chemistry rests upon an ancient tripod. One leg of the
tripod is formed out of the spiritual, mystical, and conceptual roots of chemistry,
which began with the two contraries and four elements, evolved into the tria pri-
ma (mercury, sulfur, salt) out of which arose Becher’s terra pinguis or “fatty earth,”
which, in turn, became Stahl’s phlogiston. A second leg is comprised of the prac-
tical iatrochemical experience, techniques and apparatus derived from extrac-
tions and distillations using animal parts and plants that provided medications.
This animal and plant chemistry eventually became our modern organic chem-
istry and biochemistry. The third leg is the metallurgical chemistry derived from
mining and the ancient metallic arts. Aside from techniques learned and appara-
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FIGURE 14. m A sixteenth-century self-stoking cementation furnace (see text; Ercker,
see Figure 5).

tus developed, it was this chemistry—the chemistry of metals and minerals that
first truly connected experiment and chemical theory. It ultimately evolved into
inorganic chemistry.

In his 1671 book Metallographia,’ John Webster uses biblical quotation to
trace metallurgical chemistry back to Moses who, in turn, references Tubal-Cain
(Genesis 4:22), “the eighth of Mankinde from Adam,” a biblical worker of iron
and brass. Here is how Tubal-Cain might have discovered metallurgical chem-
istry:4

While through a Forest Tubal with his yew
And ready Quiver did a Bore pursue,

A burning Mountain from his fiery vain,
An Iron River rolls along the Plain.

The witty Huntsman musing, thither hies,
And of the wonder deeply can devise.



22 ™ FROM ALCHEMY TO CHEMISTRY IN PICTURE AND STORY

FIGURE 15. m Smelting of bismuth ore in open wind; freshly formed molten bismuth
flows into the pans (Ercker, see Figure 5).

And first perceiving that this scalding mettle
Becoming cold, in any shape would settle,

And grow so hard, that with his sharpened side,
The firmest substance it would soon divide.

Georg Bauer (1494-1555), Latinized as Georgius Agricola (the German
bauer means “farmer”), studied medicine, probably obtained the M.D. degree in
[taly and in 1526 returned to Germany, where he settled in a mining district in
Bohemia.> Agricola served as a physician to the miners and developed an inter-
est in mining and metallurgical chemistry. Although he wrote a Latin grammar,
religious works and a medical work on the plague, his truly lasting works concern
metallurgy. Figure 18 shows the title page of Agricola’s first book on metallurgy,
Georgii Agricolae Medici Bermannws, Sive De Re Metallica, published in Basel in
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FIGURE 16. m Steps in the leaching and concentration (by boiling) of saltpetre ob-
tained from old sheep dung (Ercker, see Figure 5).

1530 by Froben.®? The “Bermannus” was the first book on the science of miner-
alogy published in Europe and is of great rarity.® The first truly comprehensive
book on metallurgical chemistry was the De La Pirotechnia of Vannuccio
Biringuccio (Venice, 1540), and we will return to it soon.

Agricola died a quarter of a century after publication of the 1530 “Berman-
nus,” and during the next year his most famous book, De Re Metallica Libris XII,°
was published in Basel. Although significant sections were adapted from Biringuc-
cio’s work as well as other contemporary treatises, Agricola’s work summarized a
lifetime of experience, observation and learning. His work began with methods of
surveying mountains and veins of ore and planning mine shafts. Figure 19, from De
Re Metallica, illustrates the use of a carefully constructed hemicircle (protractor)
and its use for surveying and planning a mine.”!° One can only assume that the
mining company had progressive managers who encouraged their surveyors to be
unencumbered in both their thinking and manner of dress. Figure 20 depicts a
horse-driven apparatus for pumping water out of mines. The subterranean cham-
ber was carefully reinforced by timbers to prevent its collapse and the death of the
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FIGURE 17. m Pans and tubs from crystallizing concentrated leachate for saltpetre (see

Figure 16). One hundred pounds of the concentrate yields about 70 pounds of saltpetre
(Ercker; see Figure 5).

miners. The hollow plunger had a tightly sealed leather bag at the bottom that
pushed air out in the downstroke and drew in drainage water in the upstroke.

Figure 21 shows a laboratory containing stills for the synthesis and purifica-
tion of “aqua valens” or “powerful water.”>!®© Aqua valens was a term used by
Agricola for powerful acidic agents, including both aqua vita (nitric acid) and
aqua regia (hydrochloric acid—nitric acid, 3 : 1). (The etymology of “valens” is re-
lated to the modern term “valence,” which refers to “combining power,” for in-
stance, of an atom with one hydrogen atom, two hydrogen atoms, etc.). In Figure
21, a typical distillation of aqua valens is represented. It includes an ampulla (or
cucurbit, K) containing a mixture of niter or saltpeter, vitriol, and water along
with some alum (aluminum sulfate—potassium sulfate), joining it to an operculum
(or alembic, H). The operculum is heated by charcoals (stored in earthenware, F)
in furnace A, red fumes are observed and liquid nitric acid is collected dropwise.
Tiny quantities of silver are typically added to the distilled acid in order to pre-
cipitate small quantities of chloride that have co-distilled as a result of sea-salt
impurities in the starting materials.

The purified nitric acid is used to “part” gold from silver and other base
metals because gold is unreactive under these conditions. First, lead is added and
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Bdfilee,in edibus Frobenianis
Anno M. D. XXX,

FIGURE 18. m Title page from Agricola’s first book on metallurgy—the 1530 Berman-
nus. The extensive mining and mineralogy book collection of President Herbert Hoover
and Lou Henry Hoover lacked this exceedingly rare book. (From The Roy G. Neville
Historical Chemical Library, a collection in the Othmer Library, CHE)

the impure alloy heated in a cupel until the least reactive metals, gold and silver,
form a melt while the “baser” metals have oxidized and merged with the bone cu-
pel. The silver-gold alloy is then mixed with the nitric acid—silver dissolves,
while gold sinks to the bottom, is filtered, and is then washed.

To this useful scientific knowledge, we must add Agricola’s belief in mine
“goblins” whose exhalations were deadly to miners.” A book concerning subter-
ranean animals published by Agricola in 1549 includes a description of salaman-
ders that survive fire’ (perhaps taking the salamander allegory, see Figure 49 later
in this book, a bit too seriously). Nevertheless, the value of Agricola’s famous

book was well stated by Webster—never a shy critic, in 1671, over a century after
De Re Metallica was published:!!

As for the beating, grinding, sifting, and washing of Ores in general, from
their earthy filthiness and superfluitities, Georgius Agricola hath written
very largely and learnedly, more than any other Author that I know of. And I
could with that some person that hath ability and leisure, would translate it
into English; for it might be very serviceable to our common Miners, that in
that particular have little to direct them, but what they learn from one an-
other.

Webster’s wish was finally answered some 241 years later by two people of very
considerable ability and very little leisure: Herbert Hoover, the future president
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A—STANDING PLUMMET LEVEL. B—ToNGUE. C—LEVEL AND TONGUE.

FIGURE 19. m Surveying the coordinates of a mine (on a sweltering summer day?) from
the 1912 Hoover translation of Agricola’s most famous book, the 1556 De Re Metallica
Libris XII.



PRACTICAL METALLICK CHEMISTRY

A—UPRIGHT AXLE. B—ToOTHED WHEEL. C—TEETH. D—HORIZONTAL AXLE,
E—DRUM WHICH IS MADE OF RUNDLES. F-—SgcoNp DRUM, G—DRAWING-CHAIN.
H—THE BALLS.

FIGURE 20. m A horse-driven apparatus for pumping water out of mines (from the 1912
Hoover translation of Agricola’s 1556 De Re Metallica). Agricola believed in mine gob-
lins whose emanations (carbon monoxide?) were deadly to miners.
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A—FuRrNACE. B—Its RoUND HOLE. C—AIR-HOLES. D—MOUTH OF THE FURNACE.

E—DRAUGHT OPENING UNDER IT. F—EARTHENWARE CRUCIBLE. G—AMPULLA.

H—OpErcULUM. I—Irsspour. K—OTHER AMPULLA. L—BASKET IN WHICH THIS IS
USUALLY PLACED LEST IT SHOULD BE BROKEN.

FIGURE 21. m Distillation of aqua valens (“powerful water”), a general term used by
Agricola to describe powerful acids such as aqua fortis (nitric acid) and aqua regia (hy-
drochloric acid/nitric acid, 3 : 1), depicted in the 1912 Hoover translation of Agricola’s
1556 De Re Metallica.

of the United States of America, and his wife Lou Henry Hoover, the first female
geology graduate of Stanford University (see the next essay).

Vannucio Biringuccio (1480-1539) is much less well known than Agrico-
la.> However, his Pirotechnia (Venice, 1540)!? was the first comprehensive book
on mining and metallurgy and was sumptuously illustrated.” Amazingly, its first
English translation appeared over four centuries later in 1942!13 Biringuccio was
very much involved in the political affairs of his day, had military knowledge and
skill and was Director of the Pope’s (!) Arsenal® (much as Lavoisier over two cen-
turies later would direct the Arsenal of Louis XVI). He did not believe in trans-
mutation and was one of the earliest to note the increase in weight of lead upon
its calcination:'4

The calcination of lead in a reverberatory furnace seems to me to be such a
fine and important thing that I cannot pass by it in silence. For it is found in
effect that the body of the metal increases in weight to 8 or perhaps 10 per
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hundred more than it was before it was calcined. This is a remarkable thing
when we consider that the nature of fire is to consume everything with a
diminution of substance, and for this reason the quantity of weight ought to
decrease, yet actually it is found to increase.

We know now that oxidation of lead to form lead oxide (PbO) should involve a
weight increase relative to the metal of 7.7%.

Figures 22 and 23 are from the 1540 Pirotechnia. They depict five different
types of large cupeling furnaces. Typically, we think of cupels as small molded
cups made, for example, from calcined crushed bone ground into a paste with
beer, molded, dried, and baked.'* Crude silver ore may be heated to high temper-
ature in these cupels. More reactive metals oxidize and their calxes are physically
absorbed into the cupels leaving molten silver to be cooled and form the purified
solid. The huge cupels in Figures 22 and 23 were made from wood ashes, crushed
brick, limestone, and egg white and were employed to purify large quantities of
silver.!® The figure at the left (verso page) of Figure 22 shows a worker forming
the hearth of a large cupeling furnace.!® The upper and lower figures to the right
(recto page) of Figure 22 are large cupeling furnaces with a brick dome and an
iron hood, respectively. The upper figure on the verso page in Figure 23 is a cu-
peling hearth covered with clay plates, and the lower figure depicts a cover of
wooden logs over a cupeling hearth.!

Agricola’s De Re Metallica and Biringuccio’s Pirotechnia are both recognized
as “Heralds of Science—two hundred epochal books and pamphlets in the Dibn-
er Library, Smithsonian Institution.”’® One additional mining and metallurgy
book has also been included on this rarified list—Beschreibung: Allerfiirnemisten
Mineralischen Ertzt Unnd Berckwercks Arten (“Treatise Describing the Foremost
Kinds of Metallic Ores and Minerals,” 1574, Prague) by Lazarus Ercker described
earlier in this section (Figures 7-17). Figure 24 is from the title page of the sec-
ond (1580) edition of this beautiful folio book.!!7 It depicts a full array of opera-
tions in a sixteenth-century mineral assayer’s laboratory. The sumptuous book
was published in eight Frankfort editions beginning in 1574 with the final one
appearing in 1736.! The wonderful wood blocks used to print the illustrations in
1574 were preserved and used through 162 years in all eight editions.! A Dutch
edition was published in 1745.

[t is interesting that the first two of the three great mining, assaying, and
metallurgy books of the sixteenth century were finally translated into English
roughly four centuries after their original publication: Biringuccio’s Pirotechnia
(Venice, 1540; Chicago, 1942); Agricola’s De Re Metallica (Basel, 1556; Lon-
don, 1912). However, Ercker’s Beschreibung (Frankfurt, 1574) was translated by
Sir John Pettus'® about one century (London, 1683) after the Frankfurt original.
Anneliese Griinhaldt Sisco and Cyril Stanley Smith conjecture that the reason
for the earlier English translation of Ercker’s book in the seventeenth century
might have been that it was the most recent, and thus current, of the three great
texts. Pettus (1613-1690) played a significant military role in England’s Civil
War and, at one point, was held captive by Oliver Cromwell for 14 months. Fol-
lowing the restoration, Pettus served as Restoration Deputy to the Vice Admiral
and was seriously wounded in the leg during a naval battle with the Dutch.!®

An interesting aspect of Pettus’ translation of Ercker’s book (Fleta Minor, or,
the Laws of Art and Nature, In Knowing, Judging, Assaying, Fining, Refining and In-
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32 ® FROM ALCHEMY TO CHEMISTRY IN PICTURE AND STORY
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FIGURE 24. m A sixteenth-century mineral assayer’s laboratory from the second (1580)
edition of Lazarus Ercker’s treatise on mining and metallurgy. The woodblock used to
print the first edition (1574), and this (second) edition was preserved and employed for
over 160 years through the final 1736 edition. (From The Roy G. Neville Historical
Chemical Library, a collection in the Othmer Library, CHE)

larging the Bodies of confin’d Metals), is the replacement of Ercker’s sixteenth-cen-
tury woodcuts with late-seventeenth-century costumed English figures engraved
in copper plates. Figure 49 depicts a contemporary English assayer. Figures 25-29
include partial explanations with the plates. Figure 26 describes the making and
molding of cupels made from crushed bone paste. Figure 27 is a scene in a gold-as-
saying laboratory. The cone-shaped vessel on the right is a parting flask, for assay-
ing gold, seated on its stand. The wooden piece hanging to the right of the assayer
in the rear of this figure has a slit through which to view the furnace while pro-
tecting the eyes. The person in the foreground is testing the density of “auriferous”
silver in water. The aqua fort referred to in Figure 28 is nitric acid. Figure 29 depicts
the smelting of bismuth in open air. It is fun to compare Figures 26, 28 and 29 with
their sixteenth-century German counterparts (Figures 9, 12, and 15).

The curious title of Pettus’ book, Fleta Minor, derives from the final years of
his life that were spent in the “Fleta” or Fleet Prison wherein he wrote this work.
Pettus informs his readers that “it seems a strange disposition of Providence that
a man who had done so much for his King and Country should be suffered
through the accusations of an unscrupulous woman, and that woman his own
wife, to spend the closing years of an active and useful life a Prisoner in the
Fleet.”!8
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Lazarus Erskerus
alids

Erckern.
BOOK L

CHAP,, L
Of Silver Oars.

Sculpture I

Deciphered.

The Affayer 1. the Scales 2. the Cafes for Weights 3.
Glaffes for Aqua Regis, Aqua Fortis, Aqua Vitri-
oli, Aqua Argentea or Quickfilver,&rc.4.

FIGURE 25. m Depiction of an assayer in John Pettus’ 1683 translation and extension of
Ercker’s treatise on metallurgy. Pettus’ book title begins “Fleta Minor,” referring to the
Fleet Prison, in which he was an inmate while writing this book. Pettus was imprisoned
“through the accusations of an un-scrupulous woman” who was, incidentally, his wife.
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CHAP. XX]X.-

 To diftil Aqua fort. in Retorts with other Ad-
vantages.

VSTILLING Agua fort. in Retorts is  seis

¢z T0 old Invention, and no long Labour, *
5 but a fhort way; if Retorts may be had
T which are riiade of one piece, and will
hold Agua fort. and Oyl ; thien lute fuch
over with good and found Clay, let it
be well dry, put in it the Ingredients ot fiuff, which
fhall be calcin'd and mingled with Calx viva, and lay
the Retort in an Oven made on purpofe(whofeDelctip-
tion fhall follow hereafter) and fill 2 Receiver with wa-
ter before it, then make a fire in the Oven (and fpeedi:
' Yy ly

FIGURE 28. m Distillation of aqua fortis (nitric acid) in Pettus’ 1683 Fleta Minor. Com-
pare this figure with the corresponding one (Figure 12) in the 1736 edition (i.e., the orig-
inal 1574 edition), and you will note that the costumes have been updated by a century
while the apparatus remains unchanged.
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i Of Lead Oars. 307
B L C;a P.

i Decipher;l.
1. The little Iron Pans for Spelter or Wifmet Oar.
2. The fire of vvood for them. e
3. Melted Spelter that is tobe made clean inthewon Pan,
and the wor kman that tends it. :

4. He that draw: the Oar out of the Mine.

CHAP,

FIGURE 29. m Smelting of bismuth ore in the open wind from Pettus’ 1683 Fleta Minor.
Compare this figure with the corresponding one (Figure 15) in the 1736 edition (i.e., the
original 1574 edition), and you will note that costumes have been updated by a century
while the apparatus remains unchanged.

1. A.G. Sisco and C.S. Smith (transl.), Lazarus Ercker’s Treatise on Ores and Assaying (translated
by Anneliese Griinhaldt Sisco and Cyril Stanley Smith from the German edition of 1580),
The University of Chicago Press, Chicago, 1951. I employed this source for interpretations.

. J. Webster, Micrographia: Or, An History of Metals, Walter Kettilby, London, 1671.

. J. Read, Humour and Humanism in Chemistry, G. Bell and Sons Ltd., London, 1947, pp. 3-4.

. Webster, op. cit., p. 3.

. J.R. Partington, A History of Chemistry, MacMillan and Co. Ltd., London, 1961, Vol. 2, pp.
32-66.

6. G. Agricola, Georgii Agricolae Medici Bermannus, sive De Re Metallica, Frobenianus, Basel,

1530. I thank The Roy G. Neville Historical Chemical Library (California) for supplying the
image of the title page for this book.

U o
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7.

10.

11.

12.

13.

14.
15.
16.

17.

18.

Johann Froben (Johannes Frobenius, ca. 1460-1527) was a famous Basel printer-publisher
whose techniques revolutionized printing. Among his gifted illustrators were Hans Holbein,
and after 1513 he was the sole publisher of the great Dutch humanist-philosopher Desidarius
Erasmus (The New Encyclopedia Britannica, Encyclopedia Britannica, Inc., Chicago, 1986, Vol.
5,p- 16.).

. I thank The Roy G. Neville Historical Chemical Library (California) for supplying this image,

and I am grateful to Dr. Neville for helpful discussions.

. G. Agricola, De Re Metallica Libri XII, Quibis Officia, Instrumenta, Machinae, Ac Omnia

Denique Ad Metallicam Spectantia, Basel, 1556. I am grateful to Ms. Elizabeth Swan, Chemical
Heritage Foundation, for providing these images.

H.C. Hoover and L.H. Hoover (transl.), Georgius Agricola De Re Metallica (translated from the
first Latin edition of 1556), The Mining Magazine, London, 1912 (reprinted by Dover Publica-
tions, Inc., New York, 1950), see pp. 439-447.

Webster, op. cit., p. 155.

V. Biringuccio, De La Pirotechnia. Libri X., Venice, 1540. | am grateful to Ms. Elizabeth Swan,
Chemical Heritage Foundation, for supplying images from this book.

C.S. Smith and M.T. Gnudi, The Pirotechnia of Vannoccio Biringuccio Translated from the Italian
with an Introduction and Notes by Cyril Stanley Smith and Martha Teach Gnudi, The American
Institute of Mining and Metallurgical Engineers, New York, 1942 (see also the 1959 reprint
published by Basic Books, New York).

Smith, op. cit., p. 58.

Smith, op. cit., pp. 161-169.

Heralds of Science, revised edition, Burndy Library and Smithsonian Institution, Norwalk and
Washington, DC, 1980. It has been duly noted that, of the Great Books of the Western World,
published by Encyclopedia Britannica in 1952, only one work (of a collection of 130 authors
and 517 works) is a treatise on chemistry (Lavoisier’s Traité élémentaire de Chimie, Paris, 1789,
first English translation, 1790) [R. Wedin, Chemistry (published by the American Chemical
Society), Spring 2001, pp. 17-20]. Wedin surveyed a small, selected list of chemists and librar-
ians to obtain his list of “The Great Books of Chemistry.” The six books on “The Gold Shelf”
included Lavoisier’s Traité, Boyle’s The Sceptical Chymist, Jane Marcet’s Conversations on Chem-
istry (a useful and influential textbook that drew the young Michael Faraday into chemistry),
Dalton’s A New System of Chemical Philosophy, Mendeleev’s Osnovy Khimii, and Pauling’s The
Nature of the Chemical Bond. “The Silver Shelf” comprised six additional books including Agri-
cola’s De Re Metallica. “The Bronze Shelf” included 12 books. Of the total of 24 books, thirteen
were American publications, and two of these were published by the American Chemical So-
ciety itself. Hmmm.

L. Ercker, Beschreibung Allefiirnemisten Mineralischen Ertzt unnd Bergwercks arten . . . , Johan-
nem Schmidt in verlegung Sigmundt Feyrabends, Frankfurt, 1580. I am grateful to The Roy G.
Neville Historical Chemical Library (California) for supplying the image of the title page.
Sisco and Smith, op. cit., pp. 340-342.

A PROMISING PRESIDENT

The first English translation of Agricola’s 1556 De Re Metallica' (Figure 30) was
published in 1912 by Herbert C. Hoover (1874-1964),? the future president of
the United States, and his wife, Lou Henry Hoover. It is hard to imagine a more
promising future president. Born in rural Iowa to Quaker parents of extremely
modest means, Herbert Hoover was orphaned by the age of nine. Although shy,
he developed a very early sense of independence, rejected the choice of Quaker
colleges suggested to him by his relatives, and chose to attend a brand new col-
lege, Stanford University. Hoover majored in geology and met Lou Henry, the
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GEORGIUS AGRICOLA

DE RE METALLICA

TRANSLATED FROM THE FIRST LATIN EDITION OF 1 556
with
Biographical Introduction, Annotations and Appendices upon
the Development of Mining Methods, Metallurgical

Processes, Geology, Mineralogy & Mining Law
from the earliest times to the 16th Century

BY

HERBERT CLARK HOOVER

A. B. Stanford University, Member American Institute of Mining Engineers,
Mining and Metallurgical Society of America, Société des Ingénidurs
Civils de France, American Institute of Civil Engineers,

Fellow Royal Geographical Society, etc., etc.

AND

LOU HENRY HOOVER

A. B. Stanford University, Member American Association for the
Advancement of Science, The National Geographical Society,
Royal Scottish Geographical Society, etc., etc.

Published for the Translators by
THE MINING MAGAZINE
SALISBURY HOUSE, LONDON, E.C,

1912

FIGURE 30. m Title page from the first English translation of Agricola’s 1556 De Re
Metallica, written and tested for scientific accuracy by engineer Herbert Hoover, the fu-
ture President of the United States, and his wife Lou Henry Hoover, the first female geol-
ogy graduate of Stanford University.

only female geology major at Stanford. They married in 1899 and remained hap-
pily united until her death in 1944. She was a smart, independent, and forceful
woman, raised as a tomboy and adept at riding horses, and later became a power-
ful champion of women’s suffrage.” Not long after graduating from Stanford in
1895, Herbert Hoover began a career in mining engineering and management
that soon would make him wealthy and possibly the world’s most famous engi-
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neer. He spent most of his time overseas during the following decades and was in
China during the Boxer Rebellion (1900), where he directed relief for foreign-
ers.?

The Hoovers amassed a huge and famous mining book collection and, dur-
ing the course of writing their translation, performed occasional experiments to
test Agricola’s veracity.> The challenge of the Hoovers’ translation is not “mere-
ly” mastery of Latin but also a profound understanding of the engineering and
chemistry, which allowed them to incorporate hundreds of now-defunct terms
and concepts and make sense out of them for the modern reader. Not many years
after this intellectual triumph, with the outbreak of World War [ Herbert Hoover
was appointed head of the Allied relief operation. After the American entry into
the war in 1917, he was appointed national food administrator. Hoover’s efforts
at increasing food production, conserving foodstocks and relieving famine in Eu-
rope were so successful that the term “hooverize™ entered the vocabulary as an
expression symbolizing the acts of being productive, economical, and generous
with foodstocks. Even more generally, it became a term for efficiency, effective-
ness, and compassion.

How ironic, then, that Herbert Clark Hoover, thirty-first president of the
United States (1928-1932), is now principally remembered for his failure to ease
the hardships of the Great Depression. Very strict ethical values inculcated in
early childhood and reinforced by his own very early independence (and subse-
quent success) made widespread federal aid, particularly to the urban unem-
ployed, anathema to him.? He was widely regarded as distant from the suffering
populace.? And so, sadly enough, “hooverville,”* a shanty town populated by the
unemployed poor, is a word both more recent and more widely remembered than
“hooverize.”

1. H.C. Hoover and L.H. Hoover, Georgius Agricola De Re Metallic (translated from the first Latin
edition of 1556), The Mining Magazine, London, 1912.

2. J.H. Wilson, Herbert Hoover—Forgotten Progressive, Little, Brown and Co., Boston, 1975.

. Wilson, op. cit., pp. 22-23.

4. Oxford English Dictionary, second ed., Vol. VII, Clarendon Press, Oxford, 1989, p. 374.

(O8]

THESE ARE A FEW OF OUR NASTIEST THINGS

[t is generally agreed that gunpowder (black powder) was invented in China over
a thousand years ago.! It is a mixture consisting of about 75% saltpetre (potassi-
um nitrate) with the remaining 25% containing comparable quantities of char-
coal and sulfur. Saltpetre was readily obtained from old dung heaps; charcoal
readily made by heating vegetables or wood under oxygen-poor conditions; sulfur
was found in crystalline deposits and could also be obtained by heating many
metal ores. William Brock has speculated, rather ironically, [ think, that the Chi-
nese accidentally discovered gunpowder through seeking an elixir of life by a
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combination of the “Yin-rich saltpetre and Yang-rich sulphur.”! There is further
irony in that gunpowder held secret keys to understanding the origins of fire and
the very respiration that supports life. However, these would remain hidden for
almost a millennium. Early hints would be provided by Boyle, Hooke, and May-
ow in the mid-seventeenth century and the riddle solved by Lavoisier over a cen-
tury later.

Gunpowder was introduced quite early into Western warfare. Figure 31 is
from the first Stainer edition of the ancient book on the technology of warfare
authored by Flavius Vegetius Renatus.”? This excessively rare edition, published
in 1529, contains the first printed text on making gunpowder, along with direc-
tions for purifying its components.? Figure 32 is from a 1598 work on artillery and
fireworks by Alessandro Capo Bianco,* Captain of Bombadiers at Crema in the

[ "'. "III'. f
1T g ;.;’:;na“n”i,.
.-, >

FIGURE 31. m Figure from the first Stainer edition (Augsburg, 1529) of the ancient work by Flavius Vegetius
Renatus on the technology of warfare (from The Roy G. Neville Historical Chemical Library, a collection in
the Othmer Library, CHF).
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FIGURE 32. m Mill for grinding the components of gunpowder (ca. 75% saltpetre; the remainder roughly
equal parts of charcoal and sulfur) depicted in Bianco’s 1598 work on artillery and fireworks (from The Roy G.
Neville Historical Chemical Library, a collection in the Othmer Library, CHF).

Veneto. The figure depicts a sixteenth-century mill for grinding components of
gunpowder.? In Book Ten of his Pirotechnia (1540),* Biringuccio provides de-
tailed directions for making gunpowder. Saltpetre is derived from the “manurous”
soils of barns and the floors and walls of caves (rich in bat guano), which contain
calcium nitrate as a decomposition product. If the “manurous” soil, once dried, is
tasted and found to be “sufficiently biting,” it is suitable for use.” The soil is
added to boiling water, and wood ashes (rich in “pearl ash” or potassium carbon-
ate) are stirred in. The hot solution is then filtered and allowed to cool; the re-
sulting crystalline potassium nitrate is filtered and recrystallized once more with
water and a bit of nitric acid.”> Charcoal is made preferably from willow twigs by
heating over fire in a large sealed earthen pot. The components of gunpowder
must be moistened before being ground together, to avoid ignition, and Biringuc-
cio recommends slow addition of finely ground sulfur to a paste of moistened
charcoal and saltpetre.®



THESE ARE A FEW OF OUR NASTIEST THINGS ® 43
Biringuccio begins his chapter on gunpowder thus:’

A great and incomparable speculation is whether the discovery of com-
pounding the powder used for guns came to its first inventor from the
demons or by chance.

At many points in Book Ten, Biringuccio laments the irony that learned and de-
cent men discover and invent explosives that maim and kill. He then dutifully
describes their fabrication in full detail. For example, Book Ten, Chapter Eight is
titled “The Method of Preparing Fire Pots and of Making Balls of Incendiary
Composition to Be Thrown by Hand.” Biringuccio begins this chapter (in the
1559 edition):°

There have always been in this world men of such keen intelligence that with
their discourse they have been capable of infinite and various inventions that
are as beneficial as they are simultaneously harmful to the human body.

He then describes pots made of dried clay filled with course gunpowder, pitch,
and sulfur, and sealed with congealed pig fat mixed with powder (see Figure 33).7
Prior to use, a small hole is bored into the fatty seal and either a fuse or black
powder placed inside. The fuse or powder is lit, the pot tossed or launched with a
sling and this penetrating, sticky mass will adhere to and burn its target.

Other early explosives and incendiary weapons included “Greek Fire” dat-
ing from the Hellenistic period. Chemical historian John Hudson describes
“Greek Fire” as a liquid that caught fire on contact with water and speculates
that calcium phosphide (from heating bones, lime and urine together), added to
crude petroleum might have constituted the active ingredients.® Leonardo Da
Vinci (1452-1519) described “Greek Fire” as consisting of charcoal, sulfur, pitch,
saltpeter, spirit of wine, frankincense, and camphor boiled together and applied
over Ethiopian wool.”

FIGURE 33. m Nasty munitions made from clay pots filled with coarse gunpowder, pitch,
and sulfur, and sealed with congealed pig fat mixed with powder depicted in Biringuccio’s
Pirotechnia. These are manufactured to be lighted and launched with malice using a sling.
(From The Roy G. Neville Historical Chemical Library, a collection in the Othmer Li-
brary, CHE)
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Fulminating gold (aurum fulminans) was first described at the beginning of
the seventeenth century.!® Gold was dissolved in an aqua regia derived from
ammonium chloride and nitric acid. Addition of potassium carbonate led to a
precipitate that, when dry, exploded readily with only the mildest application
of heat. Johann Rudolph Glauber first described fulminating powder (pulvis ful-
minans) in 1648.1° It is a mixture of potassium nitrate, potassium carbonate,
and sulfur that violently explodes upon mild heating. Tenney Davis has de-
scribed various similar mixtures discovered over the course of two centuries.!
In the late seventeenth century Johann Kunckel made mercury fulminate by
dissolving mercury in aqua fortis (nitric acid), adding spirit of wine and gently
warming the mixture in horse dung.!'! The next day, the concoction exploded
violently.

The nineteenth century would witness the development of nitrostarch, ni-
trocotton, nitroglycerin, trinitrotoluene (TNT), and pentaerythritol tetrani-
trate (PETN) and end with the discovery of RDX (cyclotrimethylen-
etrinitramine).'? Contemporary studies of synthetic azides and picrates would
also add to the armamentarium of war technology. From a modern perspective
these developments appear to have grimly foreshadowed World War 1. In 1867,
Alfred Nobel (1833-1896), a Swedish chemist and industrialist, immobilized
nitroglycerin onto diatomaceous earth, making it much safer to use, and thus
made the first of many successful formulations of dynamite.!? Just as hope often
accompanies tragedy, Nobel willed most of his vast fortune to establish a series
of Nobel Prizes—one of which is a prize to further the cause of world peace.

1. W.H. Brock, The Norton History of Chemistry, W.W. Norton & Co., New York, 1993, p. 6.
Brock notes that in Taoism, “Yang” is the male, hot principle, “Yin” is the female, cool princi-
ple. In Western alchemical beliefs, sulfur is the male principle (Sol) and mercury the female
principle (Luna).

2. E Vegetius Renatus, Vier Biicher der Ritterschaft . . . Mit einem ziisatz von Biichsen geschoss, Pul-
ver, Fewrwerck, Auff ain newes gemeeret unnd gebessert, Gedruckt durch Heinrich Stainer, Augs-
burg, 1529.The author is grateful to The Roy G. Neville Historical Chemical Library for sup-
plying a copy of the woodcut in Figure 31.

3. The Roy G. Neville Historical Chemical Library; catalogue in preparation. I am grateful to Dr.
Neville for helpful discussions.

4. Alessandro Capo Bianco, Corona e Palma Militare di Arteglieria. Nella quale si tratta dell' Inven-
tione di essa, e dell’ operare nella fattioni da Terra, e Mare, fuochi artificiati da Giucco, e Guerra; &
d'un Nuovo Instrumento per misurare di stanze. Con una giunta della fortificatione Moderna, e delli
errori scoperti nelle fortezze antiche, tutto a proposito per detto essercitio dell’ Artiglieria, con dissegni
apparenti, & assai intendenti. Nova composta, e data in luce. Dallo strenuo Capitano Alessandro
Capo Bianco . . . Appresso Gio. Antonio Rampazetto, Venice, 1598.

5. C.S. Smith and M.T. Gnudi, The Pirotechnia of Vannoccio Biringuccio (English transl.), The
American Institute of Mining and Metallurgical Engineers, New York, 1942, pp. 409-416.
This is the first English translation of Biringuccio’s De La Pirotechnia published in Venice in
1540.

6. Smith and Gnudi, op. cit., pp. 434-435.

7. The author thanks The Roy G. Neville Historical Chemical Library (California) for supplying
this image from the 1540 edition of De La Pirotechnia.

8. J. Hudson, The History of Chemistry, The MacMillan Press Ltd, Hampshire and London, 1992,
p. 22.

9. J.R. Partington, A History of Chemistry, MacMillan and Co. Ltd., London, 1961, Vol. 2, p. 6.

10. T.L. Davis, in Chymia, T.L. Davis (ed.), Vol. 2, University of Pennsylvania Press, Philadelphia,
1949, pp. 99-110.
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11. Partington, op. cit., p. 377.
12. D.M. Considine (ed.), Van Nostrand’s Scientific Encyclopedia, seventh edition, Van Nostrand
Reinhold, New York, 1989, pp. 1104-1105.

“THE SUN RAINS GOLD; THE MOON RAINS SILVER”

In 1532, Spanish Commander Francisco Pizarro and a force of 168 soldiers com-
pelled the surrender of the Nation of Incas that ruled a population of 12,000,000
people stretching from present-day Quito, Ecuador, to the south of Santiago,
Chile. The conventional explanation for this has rested on the technical superi-
ority of the Spanish and other European peoples, although it is admitted that the
Europeans imported diseases such as smallpox, for which the aboriginal peoples
had no resistance, which decimated their populations. In his compelling 1994
book, Guns, Germs and Steel,! the biologist and geographer Jared Diamond pro-
vides insights into the advantages enjoyed by Europeans: native horses rather
than llamas too small to ride into combat, steel swords against bronze technolo-
gy, and guns versus arrows.

The Incas, one of a number of ancient Andean native cultures, established
their capitol in Cuzco in what is now southern Peru in the twelfth century. In the
early fifteenth century, they began the series of conquests that would gain them
the empire that Pizarro encountered and ruthlessly destroyed. It appears, howev-
er, that the technological advantages of the Europeans over the Incas may well
be overstated.? Rifles of the sixteenth century were barely effective: they required
about 2 to 3 minutes per shot and were notoriously inaccurate. The original
name for these weapons, donderbus (German for “thunder box”), was soon
changed to the more realistic “blunderbuss.” In contrast, arrows could be
launched at 10 per minute and were accurate at 200 yards.”

The rivers in the Andes were rich sources of gold and the mines rich
sources of silver. It is fascinating that, much like ancient Asian and Arabic
cultures, Andean cultures equated gold with the Sun and maleness, and silver
with the Moon and femaleness. “The Sun rains gold; the Moon rains silver” is an
ancient Andean invocation. Aboriginal cultures in the New World, such as
those in the Andes, relied upon oral rather than written historical records
and there are no manuscripts describing formulas and procedures. Only detailed
investigations of the artifacts themselves provide clues about the level of
technology. Recent evidence indicates that Andean metallurgy dates back at
least 3,000 years. In 1998, researchers at Yale University discovered samples of
gold foil that had been both hammered into thin sheets and heat treated (an-
nealed) so as to gild metal objects, including those made of copper.>* However,
despite an abundant supply of iron in the mountains, Andean cultures did not
fabricate steel. Heather Lechtman, at MIT, observes that Europeans optimized
“hardness, strength, toughness, and sharpness” in metals.>~ In contrast, Andean
cultures, including the Incas, valued “plasticity, malleability, and toughness.”
Rather than employing metals as weapons and machine parts, they fashioned ob-
jects that were employed to communicate social standing, wealth, and religious
authority.>>~" Most of the Andean metallurgical operations focused on gold, sil-
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ver, and copper, although bronze and lead slingshot weapons were known. Early
Andean metallurgists plated very thin (0.5-2 micron) and uniform layers of gold
on copper metal and alloys despite their lack of aqua regia as well as electroplat-
ing technology’ (see page 575).

Professor Lechtman demonstrated some of the sophistication of Andean
metallurgy and engineering in her analysis of architectural cramps (metal bars
bent at the ends to hold together stone blocks) from the Middle Horizon (ca. AD
600-1000).8 The I-shaped cramps held together large stone blocks that formed
the sides of canals for conducting collected rain water, serving the ancient city of
Tiwanaku, presently a village in Bolivia, near the southern shore of Lake Titica-
ca. The design of the canal was quite sophisticated. Although the canal sloped
12°, the spaces for the cramps in adjoining blocks were cut horizontally so as to
tightly lock the blocks into place. The canal is water-tight despite the fact that
the blocks are not cemented together. In some cases, spaces have been cut into
adjoining blocks that act as cramp molds to receive freshly molten bronze. Mod-
ern chemical analyses (neutron activation and ion-coupled emission analyses)
have determined that these cramps are ternary bronze alloys of copper, arsenic,

Ll L L

FIGURE 34. m Thomas de Bry’s 1596 engraving depicting Incan gold workers (from the first German edition
of 1597).8
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and nickel. The alloy was developed to provide a residual tensile stress when so-
lidified, which held the blocks tightly together.

Although the Incas did not add much to the existing Andean metallurgical
technology,>® they were skilled at the craft. Figure 34 is from the 1597 first Ger-
man edition of the Americae pars sexta . . . ,° first published in Latin in 1596 by
the renowned engraver Thomas de Bry (1528-1598). It depicts sixteenth century
Incan gold workers heat-treating metals and hammering them into sheets. In
contrast to the metal sculptures of Europeans, which were obtained using molds,
the Incans fashioned art objects such as the statue in the lower right of Figure 34
from thin plates. Dr. Lechtman has furnished a beautiful example in which a
miniature head only 1.3 cm high and 0.012-0.02 cm thick is made from 19 indi-
vidual gold plates that have been hammered and then skillfully soldered or weld-
ed together.

1. J. Diamond, Guns, Germs, and Steel, W.W. Norton & Co., New York, 1997.

2. C.C. Mann, “Native Ingenuity,” Boston Sunday Globe, September 4, 2005, pp. E2-E3.

3. J. Quilter, Science, Vol. 282, pp. 1058-1059, 1998.

4. R.L. Burger and R.B. Gordon, Science, Vol. 282, pp. 1108-1111, 1998.

5. H. Lechtman, “Traditions and Styles in Central Andean Metalworking,” in The Beginning of the
Use of Metals and Alloys, Papers from the Second International Conference on the Beginning of the
Use of Metals and Alloys, Zhengchou, China, 21-26 October, 1986, R. Madden, ed., The MIT
Press, Cambridge, MA, 1988, pp. 344-378. (I am grateful to Professor Lechtman for correspon-
dence on this topic and for supplying reprints of her work.)

6. H. Lechtman, “The Andean World,” in Andean Art at Dumbarton Oaks, E.H. Boone, ed., 1996,
pp. 11-43.

7. H. Lechtman, “Pre-Columbian Surface Metallurgy,” Scientific American, Vol. 250, No. 6 (June
1984), pp. 56-63. The Author thanks Professor Roald Hoffmann for awareness of this work.

8. H. Lechtman, “Architectural Cramps at Tiwanaku: Copper—Arsenic—Nickel Bronze,” in Metal-
lurgica Antiqual in Honour of Hans-Gert Bachmann and Robert Maddin, T. Rehren, A. Haupt-
mann, and ].D. Muhly (eds.), Deutches Bergbau-Museum Bochum, 1998, pp. 77-92.

9. T. de Bry, Americae pars sexta. Sive, Historiae ab Hieronymo Be[n]zono scriptae, section tertia . . .
Inhac . . . reperies qua ratione Hisponi . . . Perudini regni provincias occuparint, capto rege Atabaliba
.. . Additus est . . . de Fortunatis insulis colm]Jmentariolis . . . Accessit Pervani regni chorographica
tabula. Omnia figures in aes incises exprassa a Theodoro de Bry, Frankfort, 1596. The figure shown
is from the first German edition of 1597.

CATAWBA INDIAN POTTERY: FOUR COLORS AND A MIRACLE OF SURVIVAL

The Ninth Key of Basil Valentine [Figure 40(b)] describes four colors of trans-mu-
tation in the Great Work: black, white, citrine (a yellow) and ultimately red,
symbolized by the crow, swan, peacock, and phoenix, respectively. It is interest-
ing that these are the four characteristic colors of earthenware fabricated for
thousands of years by aboriginal peoples in diverse lands.

The Catawba Indians located in South Carolina spoke a Siouan language.!
They were a once powerful nation that alternately coexisted and fought with the
Cherokees in the Carolinas. However, as of June 1908, only nineteen houses and
ninety-eight Catawbas were counted on the reservation and in its surroundings
in York County.? Although pre-Columbian Catawba pottery was largely utilitari-
an (cooking pots, water jugs), starting in the eighteenth century it became a
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source of hard currency for the Indians. They began to fashion objets d’art in ad-
dition to traditional pieces. These were often taken to the port city of
Charleston, South Carolina, traded, and sold. The very survival of Catawba cul-
ture came to depend to a significant extent on the sale and trade of pottery, large-
ly fabricated by women.?=> This is elegantly stated by former Catawba Tribal His-
torian Tom Blumer:?

[T]he Catawba pottery tradition has survived for over 4,500 years. That it has
done so is a tribute to the tenacity of the people who make up the Catawba
Nation and the power of pottery, as an art form, to define that Nation and
help it endure. It is a miracle of survival that will take the Catawba to the
Third Millenium and beyond.

Figure 35 (left) shows a mostly reddish-brown headed bowl with three
running legs made by Master Potter Sara Ayers (1919-2002).>°> The legs are off
center, and the broken symmetry provides a wonderful dynamic to the piece.
Also shown in Figure 35 (right) is a two-headed, fluted bowl made by young
master Monty (“Hawk”) Branham (b. 1961). The heads were ultimately derived
from a mold made over 100 years ago by the great Martha Jane Harris. These
pieces are made almost the same way they were in prehistoric times. Clay is dug

FIGURE 35. m Two pieces of Catawba Indian pottery: left, two-headed fluted bowl with three “running” legs
by master Potter Sara Ayers; right, two-headed, fluted bowl by young master Monty (“Hawk”) Branham.
Catawba pottery is still made essentially as it was 4500 years ago. [Photograph by Thomas W. (“Wade”)
Bruton.]
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from holy and secret sites along the Catawba River which contain rich deposits
of kaolinite, sifted, mixed, and dried in the sun and rolled and pounded to re-
move air pockets. Clean kaolinite is fluffy and white. Pipe clay has organic mat-
ter and is heavier. The two are usually mixed to make a pot. Larger pots are
built using layers of coils of clay that are shaped and smoothed, then allowed to
dry. A pot may be incised with symbols just before being totally dry and, when
dry, it is laboriously burnished with smooth river stones that have usually been
passed between generations of women. The pots are then wood-fired in pits in
the ground, removed, and allowed to slowly cool. Open-pit firing is considered
to be low temperature (1200°C or 2200°F) or soft firing as opposed to hard fir-
ing (1450°C or 2650°F).° Air pockets in the clay and even slight wind gusts of-
ten cause a high degree of breakage. The high shine in the finished product is
due to hours of burnishing rather than to glaze, which is never used. Clay pots,
which are unglazed, are not considered suitable for holding water since they
“sweat” and will stain furniture. However, one can imagine taking a water jug
into the field—its sweating and vaporization from the surface will cool the bulk
of the water inside. Furthermore, the frequent heating and decomposition of fat
as well as protein from sinew and meat will coat the inside of a cooking pot and
seal it.

The colors in this pottery are largely due to the iron so abundant in all
clays.® Iron is the fourth most abundant element in the earth’s crust. It is large-
ly found in the iron(Il) (ferrous) or iron(IIl) (ferric) oxidation states.
[ron(II)oxide (FeO), iron(Ill)oxide (Fe,O,, hematite), and ferroferric oxide
(Fe,O,), which contains both Fe(Il) and Fe(III), are the three oxides of iron
commonly encountered. The mottled coloring of the pot depends upon the de-
gree of oxidation and also reflects the smoke and soot of the wood employed in
firing since different woods burn at different temperatures and oxygen levels.”
One of my former professors at Princeton University, Tom Spiro, called the col-
or changes associated with “tweaking” the environments of transition metals,
such as iron, “tickling electrons.” Under oxygen-rich conditions, the dominant
colors are “white” (really buff), and yellow and red and are due to a greater
abundance of Fe(IIl). Oxygen-poor conditions can be achieved by “smother-
burning” pots by surrounding and covering them with wood. The presence of
carbon monoxide (CO) causes more reducing conditions conducive to enrich-
ment in Fe(II). This is the way to deliberately produce a shiny, black pot; oth-
erwise, coloring is left largely to the fates. Traces of manganese also help to
blacken pots as will soot.” When removed from the fire, the pieces are usually
dark and then lighten as they cool. Dynamic chemistry is occurring, for exam-
ple, disproportionation of FeO to Fe;O, and Fe although Fe will further oxi-
dize.8 Sometimes a greasy-looking area can be seen on the surfaces of the pots.
This is probably due to local vitrification perhaps by a local concentration of
feldspar or mica.®

1. J.H. Merrell, The Indians’ New World, The University of North Carolina Press, Chapel Hill,
1989.

2. M.R. Harrington, American Anthropologist, 10:399-407, 1989.

3. T. Blumer in Pamphlet Catawba Pottery: Legacy of Survival, 7 Master Potters, South Carolina
Arts Commission and Catawba Cultural Preservation Project, Columbia, 1995.
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4. T. Blumer, The Catawba Indian Nation of the Carolinas, Arcadia Publishing, Charleston, 2004.

. T. J. Blumer, Catawba Indian Pottery, University of Alabama Press, Tuscaloosa, 2004.

. Encyclopedia Brittanica, 15th ed., Chicago, 1986, Vol. 17, pp. 101-103.

. I am grateful for discussions with Professor Victor A. Greenhut.

. EA. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 5th ed., Wiley, New York, 1988,
pp. 711-713.
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SECTION 11
SPIRITUAL AND ALLEGORICAL ALCHEMY AND CHEMISTRY

EASTERN AND WESTERN SPIRITUAL ALCHEMY

How do we make sense of our very brief lives, our earthly domain, and the uni-
verse surrounding us? We humans have an instinct for symbolism that urges us to
represent the tangible and intangible with thoughts, words, pictures, and music.
Cave paintings predate our modern era by tens of thousands of years. My son
David, barely two years old, called ice cream “um-num”—and it was an apt word-
symbol from a toddler who did not yet know that it was frozen cream but certain-
ly knew what tasted and felt good. We are also born with sexual instincts vital to
our survival as a species, and we inherently recognize the duality of opposites and
respond to sexual symbolism.!? These instincts led to allegories and metaphors
for understanding the nature and transformations of matter at least 2500 years
ago in central and eastern Asia, biblical lands of the Middle East, and ancient
Greece.?

Figure 36 shows a mandala painted in central Tibet during the fifteenth
century.* Mandalas have their origins in Tantrist Hindhuism and Buddhism and
are representations for contemplation of the universe. Mandalas are often made
by Buddhist monks from painted sand over the course of many days, contemplat-
ed, and then returned to the sea—a symbolic act of enriching one’s earthly life
with thought rather than accumulation of worldly wealth, which is illusory and
transient. Central to the Eastern mandala is the circle that represents unity and
completeness. Circles also separate domains such as heaven and earth. Circle im-
agery can also be likened to very ancient ideas about the conservation of matter.
Later in this book we encounter the ouroboros, a serpent that forms a circle by
devouring its own tail even as it regenerates itself. The act of returning the sand
of a mandala to the sea implies both conservation of matter and the cycle of life.
Typically, a circle in a mandala will encompass a square surrounded by four gates
representing the four cardinal directions (north—actually on the right here,
south, east, and west). These four gates lead to an inner sphere inhabited by four
gods. On the outside of this sphere are four goddesses in a complementary four-
fold array (NE, SE, SW, NW). This male-female duality is also represented by fe-
male and male (mother-father) figures outside of the larger circles in positions of
sexual embrace. The four elements, commonly coded for by a square, really rep-
resent pairs of opposing properties—hot versus cold, dry versus wet. Thus, fire is
hot and dry and water is cold and wet. The center of this mandala depicts the
boddhisatva (“enlightenment being”) Vajrapani holding the thunderbolt and
grasping a serpent.* The center of a mandala can be likened to the fifth ancient
element—the ether.

Adam McLean has an interesting view concerning Western alchemical
mandalas.” He analyzes 30 images of esoteric alchemy in European texts mostly

From Alchemy to Chemistry in Picture and Story. By Arthur Greenberg. 51
Copyright © 2007 John Wiley & Sons, Inc.
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FIGURE 36. m Fifteenth-century Tibetan painted mandala in which gods and goddesses
represent the dualities that are the origin of the four ancient elements (the square). The
circle represents completeness, the cycle of life, and (even) the conservation of matter.
See color plates. (Courtesy Rossi & Rossi, London and Asianart.com).

from the seventeenth century. Although many of these have the circular and
square forms similar to Figure 36, others share only the essence but not the form
of Eastern mandalas. For example, McLean considers the emblem from Libavius’
1606 Alchymiae (see Figure 50 in a later essay) to be a mandala.® In this light Fig-
ure 37, drawn by artist Rita L. Schumaker,” also contains the fundamental
essence of a mandala. Earth, water, and air are clearly depicted by circular realms
while fire penetrates these realms. Dualities are depicted by dark and light doves
as well as dragons. Seeds of growth in the earth imply the multiplication of met-
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FIGURE 37. m Pencil drawing, in the style of a mandala, by Ms. Rita L. Schumaker de-
picting dualities (entwined dragons, dark and light doves) as well as the four ancient ele-
ments (water, air, fire, and earth).

als. In the next essay we will encounter even more tangible metaphors for the
four ancient elements.

1. N. Schwartz-Salant, Encountering Jung on Alchemy, Princeton University Press, Princeton, 1995.

2. 1. MacPhail, Alchemy and the Occult, Yale University Library, New Haven, 1968, pp. xv—xxxii
(essay by A. Jaffe).

3. B. Pullman, The Atom in the History of Human Thought, Oxford University Press, New York,
1998.
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4. AM. Rossi, F Rossi, and J.C. Singer, Selections 1994, Rossi & Rossi, Ltd., London, 1994. I am
grateful to Ms. Anna Maria Rossi, Rossi & Rossi, London, and Ian Alsop, Editor, Asianart.com,
Santa Fe, New Mexico for permission to employ theVajrapani mandala image.

5. A. McLean, The Alchemical Mandala, Phanes Press, Grand Rapids, 1989.

6. McLean, op. cit., pp. 62-69.

7. The author thanks Ms. Rita L. Schumaker, Charlotte, North Carolina, for this original drawing
and for discussion of its themes.

THE PHILOSOPHER’S STONE CAN NO LONGER BE PROTECTED BY PATENT

John Read’s wonderful trilogy, Prelude to Chemistry,! Humour and Humanism in
Chemistry,? and The Alchemist in Life, Literature and Art,> include many choice
gems. For example, in Prelude we see publicly and plainly disclosed for the first
time ever, and therefore no longer patentable, the recipe for The Philosopher’s
Stone! (also known as Lapidus Philosophorum, The Red Tincture, The Quintes-
sence, The Panacea, The Elixir of Life, Virgins Milke, Spittle of Lune, Blood of
the Salamander, The Metalline Menstruall, and hundreds of other straightfor-
ward names).! In Humour Read produces the box score for a cosmic cricket
match between a timeless all-star team led by Hermes Trismegistos (223 runs)
and another team captained by Noah (210 runs).? The game was umpired by
Solomon and Ham and scored by the Bacon boys (Roger and Francis). For the
winners, Aristotle contributed 4 runs (earthly elements) and Paracelsus 3 runs
(the tria prima of sulfur, mercury, and salt)—it only gets worse!

In any case, and without further ado, here is the recipe for The Philoso-
pher’s Stone (“quicksilver” is the real element mercury):!

Ordinary gold ~ Ordinary silver Quicksilver
Primitive materials Purified gold Purified silver ~ Purified quicksilver
Proximate materials Sophic sulfur ~ Sophic mercury Sophic salt

(tria prima) \ ¢ /

Mix to obtain Philosopher’s Egg

:

Processes of the Great Work Proper

:

Philosopher’s Stone

The Twelve Keys of Basil Valentine (see Figures 38—41) depict the Process-
es of The Great Work in the days before patent attorneys. The images are almost
as obscure as legalese and clearly meant to protect his venture capital. Some of
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them refer to specific processes (twelve is not uncommon—one for each sign of
the Zodiac).! Each process is best done under the appropriate sign (e.g., distilla-
tion under Virgo; digestion under Leo—what else?; the actual use of The Stone,
projection, under Pisces). That means, optimally, one year for manufacturing
each Quintessence and lots of “aging” space—inefficient use of time and com-
mercial square-footage that will certainly vex the company’s accountants.

1. J. Read, Prelude To Chemistry, MacMillan, New York, 1937, pp. 127-142.
2. J. Read, Humour and Humanism in Chemistry, Bell, London, 1947, pp. 12-14.
3. J. Read, The Alchemist in Life, Literature and Art, Nelson, Edinburgh, 1947.

MYSTICAL AND MAJESTIC NUMBERS

Certain simple numbers have for centuries been attributed great symbolic signifi-
cance! in alchemy.” One connotes God or Allah in monotheistic religions as well
as the prima materia—the origin of all matter. Two signifies the male and female
principles (opposites—mercury and sulfur) that are present in all things. Three—
the tria prima (mercury, sulfur, and salt—spirit, soul, and body) represents
Paracelsus’ (1493—1541) extension of the male and female principles; it also rep-
resents the Holy Trinity (Father, Son, and Holy Ghost). Four, as noted in the
first two essays, is the number of ancient elements (earth, water, air, and fire),
each one a composite of two opposing qualities or properties—hot/cold and
dry/wet. There are also four seasons and four cardinal directions. Aristotle intro-
duced a fifth element, the quinta essencia, also known as the quintessence, repre-
senting the heavens or the celestial ether. Seven metals known to the ancients
(silver, gold, iron, copper, mercury or quicksilver, tin and lead) matched the
number of visible “planets” (Moon, Sun, Mars, Venus, Mercury, Jupiter, and Sat-
urn) as well as days of the week. Twelve signs of the Zodiac, equivalent to the
twelve months in a year, were equated by the English alchemist George Ripley,
Canon of Bridlington, to twelve “Gates” or operations en route to the Philoso-

pher’s Stone.? These were as follows:>>

1. Calcination (action of fire on minerals in air) Aries, the Ram

2. Congelation (a thickening by cooling) Taurus, the Bull

3. Fixation (trapping a volatile as a solid or liquid) Gemini, the Twins

4. Solution (dissolutions or reactions of substances)  Cancer, the Crab

5. Digestion (heat continuously applied; no boiling)  Leo, the Lion

6. Distillation (ascent and descent of a liquid) Virgo, the Virgin

7. Sublimation (ascent and descent of a solid) Libra, the Scales

8. Separation (isolation of insoluble liquids, solids) Scorpio, the Scorpion

9. Ceration (bringing hard material into a soft state) ~ Sagittarius, the Archer
10. Fermentation (animation of a substance with air) ~ Capricornis, the Goat
11. Multiplication (increasing potency of the Stone)  Aquarius, the Water

Carrier

12. Projection (mysterious action of the Stone) Pisces, the Fishes
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Basil Valentine (“Valiant King”), reputed to be born in 1394, is a perplex-
ing literary forgery.* There appears to be fairly widespread agreement that he was
in reality a certain sixteenth/seventeenth-century salt boiler and publisher
named Johann Tholde who “edited” Basil Valentine’s works.* Whoever Basil
Valentine was, he was quite knowledgeable about the chemistry of his times,*
and he described Twelve Keys or operations defining The Great Work. The pic-
torial representations of the twelve keys are found in the next essay) see Figures
38-41) and have been repeated many times including in Manget’s 1702 com-
pendium.’

The First Key (prima clavis) signifies the chemical wedding and represents
the creation of the primitive materials for the stone.®” The wolf represents anti-
mony sulfide, useful for separating gold from other metals. [A related figure was
included in Michael Maier’s 1618 book Atalanta Fugiens (see Figure 45) and is
discussed later.] The old man may represent Saturn (lead) for separating sulfur.
The Second Key represents watery separation, and the Third Key depicts the drag-
on as the Prima Materia and suggests a circular cycle of volatilization and fixa-
tion.” The Fourth Key symbolizes putrefaction, a heating, with fire that we now
recognize as roasting of metal ores entailing a rather mixed and messy oxidation
of sulfide ores to a dark mass. The Fifth Key is considered to represent a solution
process (but this can, of course, signify chemical reactions). The Sixth Key repre-
sents conjunction—chemical marriage between sophic sulfur (the King) and
sophic mercury (the Queen). The Seventh Key is a kind of alchemical mandala®
representing the four earthly elements, the ether and the three Paracelsan princi-
ples. The Eighth Key is a resurrection scene symbolized by planting of seed. As
John Read has noted,? if putrefaction (the Fourth Key) is associated with oxida-
tion, the reverse process of regeneration or resurrection of metals corresponds to
reduction (reducere—“to lead back” or “restore”) and the return of their souls.
The Ninth Key alludes to the three principles, the four ancient elements, and the
consecutive colors of The Great Work in order of ascension—the crow (black,
putrefaction), the swan (white, calcinations), the peacock (yellow or rainbow
hues), and the red phoenix (symbolizing the Red Tincture or Philosopher’s
Stone). The Tenth Key represents the tria prima and has been discussed else-
where.®” The Hebrew may represent a verse in Psalms but with a kind of Kabbala
letter-substitution code.” The Eleventh Key symbolizes the process of multiplica-
tion, and the Twelfth and final Key symbolizes calcinations, the mysterious fire in
the wine barrel, and the fixation of the volatile is symbolized by the Lion (sulfur)
eating the snake (mercury).%7

1. Many faiths and philosophies include their own mystical numerological systems. For example,
the Hebrew Kabbala, first appearing in the twelfth century, had its roots more than a millenni-
um earlier. The Creation was a process involving 10 divine numbers and the 22 letters of the
Hebrew alphabet. Together these two numbers provided the 32 paths to wisdom (see The New
Encyclopedia Britannica, Encyclopedia Britannica, Inc., Chicago, 1986, Vol. 6, p. 671). A truly
religious fan likewise intrinsically understands the Kabbala of Baseball: 3 (strikes for an out; outs
for a half inning); 4 (balls for a walk); 7 (games in the World Series); 9 (innings; field posi-
tions); 13 (uniform number to avoid); 44 (the all-time home-run champ Hank Aaron’s uniform
number—a uniform number to seek); 60, 61, 70, 73 (home-run records established in turn by
Babe Ruth, Roger Maris, Mark McGwire, and Barry Bonds); and 1955 (only year in the Modern
Era in which Brooklyn won the World Series).
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THE TWELVE KEYS OF BASIL VALENTINE: THE IMPURE KING

The best evidence indicates that Basil Valentine (the Valiant King, a Benedic-
tine cleric monk said to be born in 1394) never existed. Books attributed to him
such as the ever-popular Triumphal Chariot of Antimony, first published in 1604,
are generally attributed to the publisher Johann Tholde who, in turn, had per-
haps “improved upon” earlier manuscripts that had come into his hands.! Never-
theless, they contain interesting images and even some useful information.

The Twelve Keys of Basil Valentine provide images pertaining to the Great
Work and have been analyzed by many authors including John Read.? In Figure
38(a), we see the First Key. The wolf in this picture is generally considered to rep-
resent antimony (Sb or stibium), although, until recent centuries, that term really
meant its ore stibnite (Sb,S;). Antimony had been referred to in the alchemical
literature as lupus metallorum (“wolf of metals”).? Actually, it is a metalloid. One of
its forms (allotropes) is metallic—a brittle gray substance with relatively poor
thermal and electrical conductivity, rather unlike typical metals. In his delightful
book, Venetsky quips: “As if in revenge for the unwillingness of other metals to ac-
cept it in their family, molten antimony dissolves almost all of them.”® In modern
terms, we recognize a metal capable of dissolving other metals (“like dissolves
like”) but also something akin to a nonmetal, capable of oxidizing other metals.

We see the wolf near a figure of Saturn. [Remember the old man with the
wooden leg in the essay on chemical symbols (Figure 6)? Antimony had also been
called the “lead of the philosophers”?; the ancients described antimony as the
progeny of lead through heating.] Now, if impure gold is heated in the fire (three
times—the queen holds three flowers—pretty obvious, eh?), the king will emerge.
The king is gold (perhaps seed of gold or sophic sulfur?). The queen represents pu-
rified silver from which is derived sophic mercury. The first purification gives the
“primitive materials” of the Stone—derived from gold, silver, and mercury.? This
picture actually represents the following chemistry occurring in the fire:

U W N

(o)

Au + Ag + Cu + Sb,S; — Au/Sb + Ag,S + CuS
(Au + Ag + Cu) represents impure gold here; Au/Sb is gold alloy.

Au/Sb + O, — Au + Sb,0; (vapor)
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Similar chemistry occurs in the purification of antimony from stibnite through
heating with metallic iron. It is also noteworthy that when metallic (“red”) cop-
per and antimony are alloyed (e.g., 6% Sb), the resulting metal looks very much
like gold. The following is from a Syriac manuscript dating from the Crusades:*

Throw in with red copper some antimony roasted in olive oil and it will be-
come gold-like.

1. J.R. Partington, A History of Chemistry, MacMillan, London, 1961, pp. 183-203.

2. ]J. Read, Prelude to Chemistry, MacMillan, New York, 1937, pp. 196-211.

3. S.I. Venetsky, On Rare and Scattered Metals—Tales About Metals, (translated from the Russian by
N.G. Kittell), Mir, Moscow, 1983, p. 83.

4. M.L. Dufresnoy and J. Dufrenoy, Journal of Chemical Education, 27:595-597, 1950.

RATZO RIZZO AND THE POET VIRGIL AS TRANSMUTING AGENTS?

Most of the remaining eleven keys of Basil Valentine have been analyzed by
Read! and I will rely primarily upon his insights. The Second Key [Figure 38(b)]
is said to represent the operation separation, a purifying of watery matter from
its dregs. The matter appears to be volatile quicksilver which has undergone a
kind of molting, under the influence of Sol (Sophic Sulfur) and Luna (Sophic
Mercury), en route to Sophic Salt. The rooster (cock) held on the left is a male
symbol implying the need for conjunction. The Third Key [Figure 38(c)] in-
cludes a winged dragon, fox, pelican, and cock. Dragons appear to have been
used for many symbols and are sometimes used interchangeably with snakes.
Winged dragons sometimes represent Sophic Mercury, sometimes Proximate
Material.”? Read did not discuss this key. My reading of the 1671 English edition
indicates that this key pertains to purification of gold to Sophic Sulfur. The
Fourth Key [Figure 38(d)] clearly refers to putrefaction, the necessary blackening
that starts the operation. The symbols of the crow and skeleton are clear here.
It was widely known from the work of the third-century alchemist Mary
Prophetissa (or Maria the Jewess, for whom the hot-water bath or Bain Marie
for controlled heating was named) that heating of a lead—copper alloy with sul-
fur produced a black mass.’> So too did heating together of the four base metals
lead, tin, copper, and iron.?

Putrefaction, as the first step toward transmutation to gold, is loaded with
religious symbolism. The idea here is total abasement before salvation can begin.
Impurities and imperfections must similarly be removed from metals in order for
them to transmute to gold. Humans must remove their imperfections to achieve
a state of grace. In The Divine Comedy, Dante Alighieri must first be guided by

-
<

FIGURE 38. m Depictions of the Twelve Keys of Basil Valentine (from Basil Valentine,
Letztes Testament . . . , Strasburg, 1667). See text for interpretations, (a) First Key; (b)
Second Key; (c) Third Key; (d) Fourth Key.
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the classical Roman poet Virgil through Hell before he can enter Purgatory and
thence to Paradise.* In the 1969 movie Midnight Cowboy, Joe Buck (Jon Voight)
leaves the earthly sphere (rural Texas) and must first experience Hell (Times
Square in the late 1960s New York City), in the company of Ratso Rizzo (Dustin
Hoffman). He discovers his inner gentility and true nature and achieves salva-

M o

S SR i
RO H4d sy, 0772,
) DN Bk %,
R 2% e
g

R

SN

S
R

der ubralten Teifents

D Sicbende SHIOfil.

sal Philofophorii

59

(c)

FIGURE 39. m (a) Fifth Key of Basil Valentine; (b) Sixth Key; (c) Seventh Key (see Figure
38).
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tion through a similar journey, by Greyhound bus, from colder to gentler climes
(Florida as Paradise?). Virgil, who died before the birth of Jesus, was of course a
nonbeliever in Christianity and could never enter Paradise. Ratso Rizzo dies of
consumption on the bus and also never enters Paradise.

The Fifth Key [Figure 39(a)] is said by Read to represent the operation solu-
tion. The Sixth Key [Figure 39(b)] represents conjunction—the marriage of the
King (Sophic Sulfur) and the Queen (Sophic Mercury), the conjunction of the
Sun (Sol) and Moon (Luna), the fiery two-headed man and rain, condensation,
and fertility. This operation is an excuse for lots of naughty pictures in alchemi-
cal manuscripts and texts—the golden seed follows coitus. The Seventh Key [Fig-
ure 39(c)] implies the four earthly elements, the Heavens (chaos is quite a com-
plex concept), and the three Paracelsan principles. The double circle can
symbolize the interaction between earthly and heavenly spheres. The stem at the
top of the sphere appears again in the summary figure [Figure 41(c)] and Read in-
terprets this figure [and implicitly the vessel in Figure 39(c)] as the Philosopher’s
Egg in which the Proximate Materials are joined: The stem is a kind of placenta.
The Philosopher’s Egg is hermetically sealed and may be placed for long periods
in a special furnace termed an athanor—a kind of uterus. The Eighth Key [Figure
40(a)], another graveyard scene, is said by Read to represent fermentation.

The Ninth Key [Figure 40(b)] is a marvelous representation referring, in
part, to the color changes that occur during the Great Work."> The falling figure
is Saturn (base metals, notably lead); the rising figure is perhaps Luna (Sophic
Mercury). The outer four-sided figure represents the four elements and the three
snakes represent the tria prima (sulfur, mercury, salt). The four birds represent
color changes. At the top, the crow represents blackness, then counterclockwise,
the swan represents white, the peacock is multicolored, sometimes simply citrine,
and the phoenix represents The Red Tincture (The Stone). It is interesting that
the Sioux Nation recognizes four “true colors”—black, red, yellow, and white—
the same as in the Ninth Key. Red is also the most important, representing earth,
pipestone, and blood. The colors correspond to the four compass directions: west,
north, east, and south.®

The Tenth Key [Figure 40(c)] represents the tria prima. The three symbols
near the corners of the triangle (clockwise from top left) are: gold, silver and
mercury. These are the three elements that are purified to make Sophic Sulfur,
Sophic Mercury and Sophic Salt, respectively. The double borders of the circle
(heavenly perfection) and the triangle represent the duality of the earthly and
heavenly spheres. The German phrases translate thusly’: “From Hermogenes I
was born” (top); “Hyperion has chosen me” (right); “Without Jamsuph I am lost”
(left). In Gnostic mythology, Hermogenes developed the doctrine of the eternity
of matter.8 In Greek mythology, Hyperion was a Titan recognized as the Father of
the Sun (Helios), the moon (Selene) and the dawn (Eos).” Jamsuph, from the
Kabbalists, refers to the Red Sea—a sign of God’s power—the parting of the Red
Sea may refer to the splitting of matter.!® Translation of the Hebrew has been
more elusive and is possibly Kabbalistic in nature.!’ The Eleventh Key [Figure
41(a)] shows lion whelps and depicts the multiplication achievable by the Stone.
The two vessels represent the Philosopher’s Egg (Vase of Hermes) where conjunc-
tion takes place [also see the double pelican and its symbolism in Figure 27(c)].
Read has described the Twelfth Key [Figure 41(b)] as representing calcination
(whitening, drying) with the lion and snake as fixed and volatile principles and
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the flowers as purified noble metals. The dragon here is said to represent the
Proximate Material of the Stone; the circles around its wings and paws are the
volatile and fixed principles. Figure 41(c) is the summary of the work.

1. ]J. Read, Prelude To Chemistry, MacMillan, New York, 1937, pp. 196-211, 260-267.
2. J. Read, op. cit., pp. 106-108, 208, 269-272.
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FIGURE 40. m (a) Eighth Key of Basil Valentine; (b) Ninth Key; (c) Tenth Key (see Figure
38).
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. J. Read, op. cit., pp. 13-17.

. Tam grateful to Professor Susan Gardner for this discussion.

. J. Read, op. cit., pp. 145-148.

. J. Lame Deer and R. Erdoes, Lame Deer Seeker of Visions, Simon & Schuster, New York, 1972,
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FIGURE 41. m (a) Eleventh Key of Basil Valentine; (b) Twelfth Key; (c) Summary image
for the Twelve Keys of Basil Valentine (see Figure 38).
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1991, Vol. 2, p. 671.
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10. I am grateful to Professor Laura Duhan Kaplan for her help in interpretation.
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NATURAL MAGICK: METAMORPHOSES OF WEREWOLVES AND METALS

A twelfth-century ethnography of Ireland, written by a Gerald of Wales, describes
an encounter by a Priest with a talking he-wolf in the wild, who entreaties him to
give the Eucharist to his dying mate.! The Priest does so and the discussion of
whether this action is sacrilegious depends on the nature of the creature—is it a
true hybrid (like a griffin), a man in wolf’s clothing, or a total change in identity?
How did a man change to become a wolf? What humanity remained? Was the man
“wolfish” before any change occurred?” Historian Caroline Walker Bynum treats
the concepts of identity and change and posits that, in the final decades of the
twelfth century, a new conceptual image took hold in European culture—the
metamorphosis—gradual rather than sudden change.! For example, Bynum con-
trasts the ancient New Testament story of the sudden conversion of Saul from a
persecutor of Christians to Paul, a disciple of Christ, with the twelfth-century ver-
sion of his slow, evolutionary, and reasoned conversion on the road to Damascus.!
Metamorphosis presents a more dynamic and complex story than sudden miracu-
lous change or the mere appearance of a static hybrid. Ancient stories of change,
including werewolf folklore, also took on new meanings toward the end of the
twelfth century.! Metamorphoses were to be found everywhere in the natural
world—the foodstuff in a seed becomes a tree; food “morphs” into blood and bile.
And from Middle Eastern cultures came complex, often spiritual, operations for
gradually changing matter that came to comprise alchemy.

Intellectual cross-fertilization was one benign by-product of a horrendous
series of Crusades first launched by Pope Urban II in 1095 to remove Moslem
control of the Christian shrine of the Holy Sepulchre in Jerusalem.? Jerusalem
fell to the Crusaders in 1099, and they murdered its Moslem and Jewish inhabi-
tants. Increasing control of the Holy Lands by the Crusaders continued until
Zangi, a strong Moslem ruler, recaptured the city of Edessa (in Macedonia). A
second Crusade was essentially defeated in 1154 by Zangi’s successor Nureddin.
By 1187, Nureddin’s nephew Saladin had captured Jerusalem and virtually all of
the Christian strongholds in the Holy Land. A third Crusade began in 1189 and
achieved significant military successes. Although King Richard I (the Lion
Heart) failed to reach Jerusalem, he obtained a peace treaty in 1192 with Sal-
adin. However, this treaty quickly crumbled and more Crusades, including the
pathetic Children’s Crusade of 1212, continued until about 1270 with King
Louis of France losing the eighth and final round.

Among the cultural artifacts that the Crusades brought back to Europe were
the medicinal practices of Geber, Rhazes, and Avicenna and a cultural belief in the
alchemical manifestation of metamorphosis—transmutation. “Geber” is actually a
fourteenth-century name attributed to a number of works, some parts of which
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may well be ascribed to the eighth-century physician and alchemist Jabir ibn
Hayyan (ca. 721-815), who was born in present-day Iraq and was educated in Ara-
bia. The concept that all metals were a combination of mercury and sulfur is at-
tributed by some to Jabir.* An influential thirteenth-century work, Summa Perfec-
tionis, said to be authored by Geber (referred to by chemical historians as
pseudo-Geber to avoid confusion) described procedures for characterizing and pu-
rifying metals.’ Figure 42 is from one of the earliest printed books to employ figures
derived from copper plates and purports to show Geber (pseudo-Geber or Jabir?)
in the laboratory.® Avicenna (Latinized version for Abu Ali-al Hussin ibn Abdal-
lah ibn Sina, 980-1037) was a Persian physician of great erudition. His name was
also attributed to works of the early Renaissance, and chemical historians refer to
the author as pseudo-Avicenna.’ Figure 43 is from an eleventh-century manu-
script said to show Avicenna amid his medicinal preparations.

Metamorphosis, according to Professor Bynum, involves a transformation
from one form to another, while maintaining a common characteristic or aspect.!
For example, Bynum relates’ the poet Ovid’s tale of Jove’s punishment of King
Lycaon, who was savage with his subjects and also attempted Jove’s murder. Al-
though Lycaon is thoroughly and bodily transformed into a wolf?? (“Lykos” =
“wolf” in Greek):

He turns into a wolf, and yet retains some traces of his former shape. . ..
There is the same grey hair, the same fierce face, the same gleaming eyes, the
same picture of beastly savagery.

FIGURE 42. m An image of the eighth-century physician and alchemist Jabir ibn
Hayyan (“Geber”), who was born in Arabia and educated in Iraq. This portrait is from
Thevet’s 1584 Vies Des Hommes Illustres. Numerous sixteenth- and seventeenth-century
writings in alchemy and medicine were falsely attributed to Geber. To minimize confu-
sion, modern historians credit these to a “pseudo-Geber” (or {-Geber).
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FIGURE 43. m Painting in a fifteenth-century manuscript depicting the eleventh-century Persian physician
Avicenna (Abu Ali-al Hussin ibn Abdallah ibn Sina, 980-1037) in an apothecary shop. See color plates. (©
Archivo iconografico, S.A./CORBIS).

Bynum notes that “thirst for blood and delight in killing,”> what one might call
the “essence of wolfishness,” were characteristic of both King Lycaon and the wolf.

The notion that metals can be transformed into one another by metamor-
phosis is quite alien to we moderns. However, it is important to remember that,
hundreds of years ago, there was no real concept of an element and metals were
commonly found in various states of purity. Alloys such as bronze (copper and
tin) and pewter (lead and tin is one formulation) offered a smooth continuity of
metallic properties—almost a form of stop-motion metamorphosis or transmuta-
tion. The very nature of metals—Iluster, malleability, and thermal conductivity—
argued for a common aspect (or substance)—an “essence of metallicity.” And so,
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we have Johann Joachim Becher, in the mid-seventeenth century, believing that
all metals contain quicksilver (mercury)® and another important chemist of that
period, Johann Kunckel, reporting that he had extracted mercury from all met-
als.” And what magical stuff quicksilver is—the volatile, penetrating, very
“essence of metallicity.” Mercury dissolves gold and other metals, the nature and
appearance of which are dramatically changed upon amalgamation. Heating an
amalgam distills the mercury and returns the metal unscathed or perhaps even
purer. One can imagine many samples of “pure” metals having some mercury
contamination as the result of their history, and so, obtaining a trace of mercury
from a combined sample of gold having a sordid history is fairly believable. In-
deed, mercury is reputed to play male, female, and hermaphroditic roles. In the
playful words of Professor Allison B. Kavey: “Mercury is a bit of a slut. . . .1

Figure 44 is the beautiful frontispiece from the first English edition, pub-
lished in 1658, of Giambattista della Porta’s famous Natural Magick.'! It was first
published in Latin in four “books” in 1558, later expanded to twenty books in
1589, and published in numerous editions in Italian, French, and Dutch in addi-
tion to the English translation. Porta himself also claims versions in Spanish and
Arabic.'? His 1608 book De Distillatione begins with testimonials to him in He-
brew, Greek, Chaldee, Persian, Illyrian, and Armenian as well as a beautiful por-
trait of the author (see Figure 70). Figure 44 similarly honors Porta’s ego, seem-
ingly equating him with the four ancient elements, astrological cosmology, and
the spirits of Art and Nature that form the basis of “natural magic.” In fact, Porta
(ca. 1535-1615) had wide-ranging interests in science, particularly physics. He is
often credited with designing the camera obscura and produced a design for a
steam engine. In addition, Porta wrote “some of the best Italian comedies of his
age.” However, much of Porta’s Natural Magick is derived from the Historia Natu-
ralis of the ancient Roman author Pliny, and he is almost totally credulous about
“natural magic.”!?

Here are two brief excerpts from The Fifth Book of Natural Magick: Which
Treateth of Alchymy; Shewing How Metals May Be Altered and Transformed, One
into Another:1?

CHAP. II.
Of Lead, and How It May Be Converted into Another Metal

The Ancient Writers that have been conversant in the Natures of Metals,
are wont to call Tinne by the name of white Lead; and Lead, by the name of
black Tinne: insinuating thereby the affinity of the Natures of these two
Metals, that they are very like each to another, and therefore may very easily
be one of them transformed into the other. It is no hard matter therefore, as
to change Tinne into Lead . . .

To Change Lead into Tinne

[t may be effected onely by bare washing of it: for if you bath or wash Lead of-
ten times, that is, if you melt it, so that the dull and earthy substance of it be
abolished, it will become Tinne very easily: for the same quick-silver whereby
the Lead was first made a subtil and pure substance, before it contracted that
soil and earthiness which makes it so heavy, doth still remain in the Lead, as
Gebrus hath observed; and this is it which causeth that creaking and gnash-
ing sound, which Tinne is wont to yield, and whereby it is especially dis-
cerned from Lead: so that when the Lead hath lost its own earthy lumpish-
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FIGURE 44. m Title page of the first English edition (1658) of Giambattista della Porta’s Magiae Naturalis
(first published in 4 books in 1558 and expanded to 20 books in 1589). Porta had a considerable knowledge of
sixteenth-century chemical operations, has often been credited with invention of the camera obscura, and was
a renowned playwright. This figure suggests that Porta was the veritable embodiment of order and logic—the
antithesis of Chaos. (From The Roy G. Neville Historical Chemical Library, a collection in the Othmer Li-
brary, CHE)
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ness, which is expelled by often melting; and when it is endued with the
sound of Tinne, which the quick-silver doth easily work into it, there can be
no difference put betwixt them, but that the Lead is become Tinne.

Note some interesting points here. Quicksilver (mercury) is common to both tin
and lead. The removal of earthy impurities from lead is a continuum of metamor-
phosis. Thus, the lead-to-tin transmutation has the essential aspects of a meta-
morphosis between werewolf and human while conserving a common character-
istic—the “essence of metallicity” imbued by quicksilver. Note too, the
interesting point that the proof of metal identity is not density, melting point, or
chemical reactivity but the sound obtained in its mechanical working!

1. C.W. Bynum, Metamorphosis and Identity, Zone Books, New York, 2001, pp. 15-36.
. Bynum, op. cit., pp. 166-176.
3. The New Encyclopedia Britannica, Encyclopedia Britannica, Inc. Chicago, 1986, Vol. 16, pp.
880-892.
4. The New Encyclopedia Britannica, op. cit., Vol. 6, p. 451.
. EL. Holmes and T.H. Levere (eds.), Instrumentation and Experimentation in the History of Chem-
istry, The MIT Press, Cambridge, MA, 2000, pp. 44—49.
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6. A. Thevet, Vrais Portraits et Vies Des Hommes Illustres, Paris, 1584, p. 73.
7. This is definitely not the two-legged Lon Chaney, Jr. Wolfman, B-movie fans.
8. J.R. Partington, A History of Chemistry, Vol. 2, MacMillan & Co. Ltd., London, p. 666.
9. Partington, op. cit., p. 362.
10. A.B. Kavey, “Mercurial Aspects: Gender and Sex in Popular English Alchemy,” presented at

The International Conference on the History of Alchemy and Chymistry, Chemical Heritage
Foundation, Philadelphia, 19-22 July 2006.

11. J. Baptista Porta, Natural Magick, Thomas Young and Samuel Speed, London, 1658. I am
grateful to The Roy G. Neville Historical Chemical Library (California) for supplying an im-
age of the frontispiece of this book.

12. ]. Baptista Porta, Natural Magick (reprint edited by Derek J. Price), Basic Books, Inc., New
York, 1957.

13. Porta, op. cit., p. 163.

AN ALCHEMICAL BESTIARY

Symbols and metaphors allow us to represent phenomena we do not fully under-
stand and thoughts having no rational translations. Four centuries ago, the wolf
represented the “biting” behavior of antimony (or its sulfide) on “base” metals.
At a much deeper, subconscious level we may employ sexual imagery to convey
perceptions of the male and female nature of things. For millennia, these duali-
ties were projected to explain properties of matter that could be understood only
symbolically. It is no wonder that the psychologist Carl Jung wrote extensively
on the symbolism of alchemy.!

THE WOLF AND THE IMPURE KING

In 1617 Michael Maier wrote a gloriously illustrated book titled Atalanta Fugiens
(see Figure 82) for which he composed 50 fugues to accompany 50 illustrations
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(emblems) of the alchemical process.? Alluding to the three principles—sulfur,
mercury, and salt—each of Maier’s fugues was composed as an epigram in three
verses for three voices. (In Brooklyn, this would translate as “three voices for
three verses.”)

Figure 45, Emblem 24 from Atalanta Fugiens, is a chemically astute depic-
tion of a purification of gold.> The dead king symbolizes impure gold—say, gold
contaminated with copper and other base metals. The wolf, often representing
metallic antimony, here represents stibnite or antimony sulfide. Antimony (“not
alone”) is virtually always found in a combined state—hardly a “lone wolf.” The
wolf devours the impure king; that is to say, with application of heat, antimony
loses its sulfur to copper and other base metals and the freed antimony alloys in a
melt with gold. The sulfides of copper and the other base metals are dross easily
separated from the melted alloy. The alloy is then placed in the fire, where chem-
ically reactive antimony forms an oxide that sublimes off, leaving molten and
chemically inert gold (the revivified king) (see page 57). Pierre Laszlo has pro-
vided evidence that the land and river in this image (and others in Atalanta
Fugiens) implies a distinction between the dry way and wet way of chemical oper-
ations.* I wonder how this image would work as a question on a Chem I final?

LIONS AND DRAGONS AND SNAKES, OH MY!

Paired entities in struggle or passionate embrace (or both) represent the joining
of the opposite principles [male—female; sophic (“philosophic”) sulfur and sophic

FIGURE 45. m Here is a good question for the Chem I final exam: Write a description of
the two simple chemical reactions depicted in this figure. (Hint: Think about the purifica-
tion of gold.) Are you still “stumped”? Then see the accompanying text. (Figure from
Maier’s 1617 Atalanta Fugiens, from The Roy G. Neville Historical Chemical Library, a
collection in the Othmer Library, CHE)
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mercury] thought to comprise all matter. Figure 46 (Emblem 16 from Atalanta
Fugiens) depicts the struggle between two lions. The winged creature on the left
is the Green Lion, representing the volatile (winged) sophic mercury: the female
principle. The male is the Red Lion, symbolizing sophic sulfur, itself a symbol of
fixity and combustibility.?

BLOOD OF THE DRAGON

In Maier’s 1618 book Viatorium (Figure 47),” he describes how dragon’s blood,
another symbol for the philosopher’s stone, is formed. An elephant engorges it-
self with water. In ambush lies a dragonlike serpent that attacks and wraps and
tightens its coils about the elephant and drinks its blood (Figure 48). The weak-
ened elephant eventually tumbles onto the serpent and crushes it to a bloody
pulp. This dragon’s blood, suffused with the matter of the elephant, is effectively
a red tincture or philosopher’s stone. The sexual imagery of this allegory should
be quite obvious to anybody having a pulse.

SALAMANDER AS SPIRIT OF FIRE

The salamander is used to depict the “fiery masculine seed” that survives and is
nourished by the fire.® The philosopher’s stone is frequently likened to a seed

FIGURE 46. m The passionate struggle of the winged Green Lion (volatile female prin-
ciple; “sophic” mercury) and the Red Lion (fixed male principle; “sophic sulfur”) (from

Atalanta Fugiens, fromThe Roy G. Neville Historical Chemical Library, a collection in
the Othmer Library, CHF).
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FIGURE 47. m Title page from Maier’s Viatorium (second edition, 1651; first edition,
1618) in which the seven ancient metals are represented (from top right clockwise):
gold, silver, iron, copper, tin, lead, and mercury. The top center figure is the author
Count Michael Maier, whom chemical historian John Read dubbed “a musical al-
chemist” referring to Maier’s composition of fifty fugues for Atalanta Fugiens.

that may multiply metals. Sometimes the salamander simply represents fire or the
spirit of fire.” Emblem 29 from Atalanta Fugiens (Figure 49) and its epigram help
explain this mystical (and far from obvious to me) connection: “The Salamander
cools the flame and goes.”

THE ONE AND ONLY FAMOUS, FABULOUS PHOENIX
One, and only one, phoenix® can exist in our world. This fabulous bird rises from
the ashes of the penultimate phoenix, which self-immolated after 500 years of a
lonely, sex-deprived existence. Closely associated with Egyptian mythology, the
phoenix appears to have even more ancient oriental origins. Culturally, it is a
symbol of rebirth and even life after death. In alchemical imagery, the phoenix is

the last of four birds representing the successive color changes during The Great
Work (see the top of Figure 50):

1. Crow, black, putrefaction
2. Swan, white, calcination
3. Peacock, yellow or rainbow colors signifying change
4. Phoenix, red, the red tincture or philosopher’s stone
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FIGURE 48. m Formula for “Dragon’s Blood” (The Philosopher’s Stone): (1) elephant
gorges on water; (2) engorged elephant ambushed by huge serpent that tightens its coils
and drinks the blood of its prey; (3) weakened elephant collapses and completely
“smooshes” the serpent; et voila!; (4) “Dragon’s Blood” fit for alchemical projection.
(From Maier’s Viatorium, second edition, 1651.)

Figure 51 shows a nineteenth-century Japanese fan (in black and white
rather than the actual color) decorated with a watercolor painting of the
phoenix. The figure bears a striking resemblance to a twentieth-century cultural
icon—Rodan, the subject of a modern Japanese film genre that I will dub Plas-
tique Monstresque.” Indeed, Rodan rises from the ashes of nuclear tests to menace
the earth and teach us all a good lesson. It is a phoenix born on the funeral pyre
of the atomic bomb.

The symbol of that august scientific body, the American Chemical Society
(Figure 52), places a phoenix above Justus Liebig’s nineteenth-century kaliappa-
rat.'® What do we make of that? The kaliapparat precisely measured carbon diox-
ide emitted from combustion of organic compounds, leading to accurate formulas
and the scientific understanding of the vast “primeval forest”!! of organic chem-
istry. In sharp counterpoint, the phoenix represents the culmination of the al-
chemical operation. Methinks my fellow chemists are hedging their bets—ra-
tional chemistry first but magic if it fails.
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FIGURE 49. m The salamander (from Maier’s Atalanta Fugiens, from The Roy G. Neville
Historical Chemical Library, a collection in the Othmer Library, CHF), which represents
the resistance to fire attributed to the Philosopher’s Stone. When Yale chemistry profes-
sor Benjamin Silliman visited the sweltering (115°F) laboratory of James Woodhouse of
Philadelphia in the summer of 1802, he referred to “that salamander’s home” (see page

392).

BEWARE THE AMOROUS BIRDS OF PREY'?

Copulation is a major theme in alchemical imagery. The two snakes entwined
about the rod of Mercury form the caduceus, the symbol of the medical profes-
sion (Figure 53).13 These amorous serpents form three circles representing three
cycles of separation and union of male and female principles.!* Above the two
serpents are two amorous birds of prey!'® also closely packed. These birds devour
each other as they copulate, representing the process of chemical solution/
combination and the loss of individual identities. Common decency prevents
the depiction of the chemical wedding between man and woman (sol and
luna).to

AND SHUN THE FRUMIOUS BASILISK'2

Transmutation of “base metals” into silver or gold is ultimately achieved through
“projection”—an unexplainable process that could occur at a distance—*“the red
tincture projected from the heart of the ‘red king’ (the red stone) onto his sub-
jects, who personify the base metals.”!” The basilisk (or cockatrice) (Figure 54)'8
is a serpent of Roman mythology.!” Some versions have it hatched by a serpent
from an egg laid by a cock. Others view it as “a poisonous mixture of cock and
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FIGURE 50. m Do you see the phoenix perched atop the Vase of Hermes (likened to a
kind of Western mandala by alchemical interpreter Adam McLean, see p. 51)? (From
Libavius’ Alchymia, 1606.) The phoenix represents the last of the four color changes oc-
curring during the Great Work. The work begins in darkness and abasement (black
crow); the chemical mass whitens during calcination (swan), passes through bright color
changes (peacock), and culminates with the rise of the red phoenix.
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FIGURE 51. m Nineteenth-century Japanese watercolor on rice paper depicting the phoenix. Was the 1950s movie icon
Rodan meant to represent a phoenix rising from the ashes of the nuclear bomb?

toad.””® The mere glance of a basilisk (or distant exposure to its emanations) is

deadly.?!

there is none that perisheth sooner than doth a man by the poison of a Cock-
atrice, for with his sight he killeth him, because the beams of the Cockatrices
eyes, do corrupt the visible spirit of a man, which visible spirit corrupted, all
the other spirits coming from the brain and life of the heart, are thereby cor-
rupted, and so the man dyeth.

And it gets even scarier:*!

For it killeth, not only by his hissing and by his sight, (as is said of the Gor-
gons), but also by his touching, both immediately and mediately; that is to
say; not only when a man toucheth the body it self, but also by touching a
Weapon wherewith the body was slain, or any other beast slain by it; and
there is a common fame, that a Horse-man taking a Spear in his hand, which

had been thrust through a Cockatrice, did not only draw the poison of it into
his own body and so dyed, but also killed his Horse thereby.

Clearly, it is a symbol for alchemical projection at a distance. Come to think of
it, our newly named Plastique Monstresque film genre’ affords us a 400-foot-tall
basilisk called Godzilla whose breath vaporizes air force jets and army tanks hun-
dreds of meters away.
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FIGURE 52. m The symbol of the American Chemical Society, which includes the
phoenix as well as Justus Liebig’s early-nineteenth-century kaliapparat (see Figure 257),
which revolutionized the analysis of organic compounds. This is a wonderful evocation of
the mystical and rational roots of chemistry. (Used with permission from the American
Chemical Society.)

FIGURE 53. m “Beware the amorous birds of prey . . ..” The amorous birds of prey are
another representation of male-female (Sol-Luna; sulfur-mercury) duality. This image is

from the 1755 Medicinisch-Chymisch-und Alchemistisches Oraculum.

11
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FIGURE 54. m “and shun the frumious basilisk.” The basilisk (or cockatrice) is a symbol for “projection,” the
mysterious power of the Philosopher’s Stone to transmute metals from a distance. Sometimes represented as a
lizard, sometimes a combination of lizard and rooster, and sometimes as a serpent (a spitting cobra?). The mere
glance of a basilisk is deadly. (From Grévin, Deux Livres des Venins, 1568, 1567.) (Courtesy of The New York
Academy of Medicine and B & S Gventer: “Books”—each supplied copies of this image.) Was the Japanese
film icon Godzilla a basilisk? Or perhaps another representation of the Philospher’s Stone: the salamander,
here as a survivor of the nuclear fire of atomic bonbs?

Actually, it is not hard to imagine cobras being the basis of basilisk mythol-
ogy. They are among the world’s most poisonous snakes; spitting cobras can cause
blindness at a distance, and the sheer size of a king cobra (one reported to be 18
feet long??), coupled with this serpent’s tall, vertical posture and hooded appear-
ance, are the “stuff” of mythology.

THE OUROBOROS (OR KEKULE’S DREAM EXPLAINED?)

The ouroboros is a serpent constantly devouring itself as it regenerates. The con-
cept surely flows from the molting of a snake to form a bright new skin. The cir-
cle represents unity and continuity. The ouroboros evokes the circular reflux dis-
tillation accomplished in a pelican (or even a modern reflux) apparatus. Did
Auguste Kekulé dream about the ouroboros in imagining the benzene ring??’ Fig-
ure 55, Emblem 14 from Atalanta Fugiens,” shows a variant on the ouroboros
theme. Its Epigram translates as follows:*

The famished Polyps gnawed at their own legs,
And hunger too, taught men to feast on men.
The Dragon bites its tail and swallows it,
Taking for food a great part of itself.
Subdue it by hunger, prison, iron, until,
It eats itself, vomits, dies, and is born.

Could the ouroboros also be a symbol for the law of the conservation of matter,
far predating Lavoisier? Perhaps only Kekulé would have known for sure.
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FIGURE 55. m The ouroboros—a symbol for completeness, cycle of life, and even the
conservation of matter. The ouroboros continuously devours itself as it regenerates. Did
August Kekulé actually dream about the ouroboros when he postulated that benzene was
a cyclic compound? (From Atalanta Fugiens, from The Roy G. Neville Historical Chemi-
cal Library, a collection in the Othmer Library, CHE)
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DRAGONS, SERPENTS, AND ORDER OUT OF CHAOS

The sometimes wildly allegorical depictions of alchemical relationships are well
illustrated by Figures 56 and 57, which come from Delia Tramutatione Metallica
(Brescia, 1599). It is a virtual reprint of the 1572 edition but with addition of
the Concordontia de filosifi: a listing of alchemical works largely attributed to
Arnold of Villanova.l? The first edition (1564) contains a list of alchemists
and alchemical works, which was expanded in the 1572 and 1599 editions.?
The author, Giovanni Battista Nazari, is reported to have read widely in alche-
my over a 40-year period but is blamed “. . . for describing spurious operations,
which possibly helped ruin the people who tried them. . . .”> The book includes
several dream sequences including one in which the author converses with
Bernhardus Trevisanus (born 1406 in Padua), who, starting at age 14, devoted
the remainder of his life to the study of alchemy.* The psychologist C.G. Jung
had a lifelong interest in dreams and alchemy and owned a copy of the 1599
edition.!
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FIGURE 56. m A depiction of the tria prima (Sophic Mercury, Sulfur, and Salt) from Del-
la Tramutatione Metallica by Giovanni Battista Nazari (Brescia, 1599). A very similar fig-
ure, depicting Austrian physician Franz Anton Mesmer, appeared in an anti-Mesmer

pamphlet published in 1784.3

Figure 56 represents the tria prima. Perhaps the old dragon is a representa-
tion of the ultimate source of these sophic elements—the prima materia or funda-
mental matter. Figure 57 is a depiction of the generation, starting from chaos, of
the six lower metals (the six crowns) and ultimately gold (the King).

Figure 58 is a drawing, executed in 1999, by artist Rita L. Shumaker.’ It de-
picts the male-female (gold-silver; sun—-moon) relationship. The two entwined
dragons also represent male and female (fixed and volatile) principles and, with
the rod or central stem held by the male figure, form a caduceus—the familiar
medical symbol. The central stem is said to consist of “the gold of the philoso-
phers.” The original form of the caduceus is said to have been a cross represent-
ing the four ancient elements.® The square in the background of Figure 58 repre-
sents these four elements. The drawing represents the conjunctio, the alchemical
wedding of male and female, spirit and body. We encourage you, gentle reader, to
find the “chymicall characters” (see Figure 6) in this figure. There are actually
three dragons in this drawing representing the tria prima (salt, sulfur, mercury) as
“metaphors for unconscious intuition and feeling, vital spirit or will, and the im-
pulse to give creative form in matter.”
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FIGURE 57. m A depiction of the birth and evolution of the six lower metals (six
crowns) and Gold (the King) starting from Chaos (Nazari, see Figure 56).
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FIGURE 58. m Artist Rita L. Shumaker’s rendition in 1999 of male and female allegori-
cal images. The imagery of the caduceus is also evident in this drawing.

—_
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ALBERT THE GREAT AND “ALBERT THE PRETTY GOOD”

Toward the end of the Middle Ages (ca. 500-1450), European thinkers gathered
the written lore of the ancients, combined it with knowledge acquired from
Moslem cultures during the Crusades, and began to develop methods of inquiry
that would begin to define modern science. One of the most important of these

()
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figures is Albertus Magnus (ca. 1200-1280).! He was born in Swabia (southwest-
ern Germany) and educated at the University of Padua, where he was first ex-
posed to and adopted Dominican beliefs. Ordained as a bishop, Albert was sent
to the Dominican convent at the University of Paris some time before 1245.
There he read deeply in the Aristotlean and Arabic tracts and began to interpret
ancient physics and other sciences and write a summary of human knowledge.
He was known as “Albert the Great” even during his own lifetime.! Albertus was
canonized in 1931 and declared Patron Saint of the Natural Sciences by Papal
decree in 1941. One of Albert’s students at the University of Paris was St.
Thomas Aquinas.!

Numerous books have been falsely attributed to Albert the Great, and only
very few seem to be derived from his genuine writings.> Figures 59 and 60 are
from a 1518 illustrated edition of one of his few authentic works on alchemy and
mineralogy.>* Figure 59 depicts an alchemist performing a distillation. Figure 60

Thiloninus bilyninus
2.ectoti.

Vimiridacupitpopuloepindigna pphano
Nofcere,&in paruo difceremagnalibro
Nosadeat,gémas dabim us,gémecg colores
Quedg fitagnati patria conchafoli
Si cupis,& venas aris caufafcp metalli
Quas patitur proptervulneratanta parens
Addequodexplumbo,ridebit barbar’ ,aur@
Soluere,naturavertere verapotes
Ars ea Philofophis nomen Chemia pelafgis
Accipit areanis facta Magna notis,

FIGURE 59. m Chemist at a still from the Liber Mineralium Alberti Magni, a 1518 text at-
tributed to Albert The Great; note the poem above the figure (from The Roy G. Neville
Historical Chemical Library, a collection in the Othmer Library, CHF).
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FIGURE 60. m Note the six-line poem at the bottom of this figure from the 1518 Liber
Mineralium Albert Magni, Oppenheim, 1518. (From The Roy G. Neville Historical
Chemical Library, a collection in the Othmer Library, CHE)

is from the last leaf of the book, often missing, and includes a six-line alchemical
poem.*

Invoking the name Albertus Magnus or even providing tantalizing hints
that implied a connection with this revered medieval genius was an effective way
to sell books. In Figure 61(a) we see the title page from a nineteenth-century
reprint of a “Marvelous Book of Natural Magic” from a “Petit Albert” or Albert
Parvus and first published in 1668.>¢ (I have adopted “Albert the Pretty Good”
to avoid any possible confusion with Albert the Great and because it may be less
insulting than “Albert the Little”). Although this book is said to be a “well-
known collection of magical absurdities and impossibilities,”® the fact that it was
reprinted for two centuries is certainly nothing to sniff at. How many university
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“  LES SECRETS

MERVEILLEUX
DE LA MAGIE NATURELLE

PETIT ALBERT

Tirés de l'ouvrage latin intitulé :
ALBERTI PARVI LUCII
Libellus de mirabilibus nature Arcanis
Et d’autres écrivains philosophes

ENRICHIS DE FIGURES MYSTRIEUSES, D'ASTROLOGIE,
PHYS"ONOMIE, ETC,, ETC,

(b)

Ncuvelle édition corrigée et augmenide
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Chez les Héritiers de BERINGOS fratres
A IEnseigne d’Agrippa.

M. DC. LXVIII.

FIGURE 61. m (a) Title page from a nineteenth-century reprint of the 1668 “Marvelous Secrets” of “Little
Albert” [“Albert The Pretty Good” (?)] as well as images of (b) Venus (copper) and (c) Jupiter (tin) in their

triumphal chariots.

or commercial presses can claim such a best seller? Figures 61(b), 61(c), and
62(a—d) are depictions of gods and goddesses in triumphal chariots heralding the
six ancient metals besides gold: Venus (copper), Jupiter (tin), Saturn (lead),
Mercury, Luna (silver), and Mars (iron).

Here is Albert Parvus’ recipe for Le Toothpaste:?

Take blood of Dragon and Cinnamon three ounces, calcined alum two
ounces; reduce all to a very fine powder, and polish your teeth twice each

day.

Sound advice and a good formula—but where to get that first ingredient?
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FIGURE 62. m Triumphal chariots of (a) Saturn (lead), (b) Mercury (quicksilver or mercury), (c) Luna (sil-
ver), and (d) Mars (iron) from “Petit Albert” (see Figure 61).

1. The New Encyclopedia Britannica, Encyclopedia Britannica Inc., Chicago, 1986, Vol. 1, pp.
218-219.

2. J. Ferguson, Bibliotheca Chemica, Derek Verschoyle, London, 1954, pp. 15-17.

3. Albertus Magnus, Liber Mineralium Alberti Magni . . . Sequitur tractatus de lapidum et gemmarum
material accidentibus . . . virtutibus ymaginibus, sigillis. De alchimicis speciebus, operationibus et utili-
tattibus. De metallorum origine et inventione, generatione . . . colore . . . virtute, transmutatione. Ad
Emtores Thilonius, Jacob Koebel, Oppenheim, 1518. I am grateful to The Roy G. Neville Histor-
ical Chemical Library for furnishing these images.

4. The Roy G. Neville Historical Chemical Library (California), catalog in preparation. I am
grateful to Dr. Neville for helpful discussions.

5. A. Parvus, Les Secrets Merveilleux de la Magie Naturelle du Petit Albert, Tirés de I'ouvrage latin inti-
tulé: Alberti Parvi Lucii Libellus de mirabilibus naturae Arcanis Et d’autres écrivains philosophes . . . |
Chez les Héritiers de Beringos fraters, Lyon, 1668 (The copy employed here is a nineteenth-
century reprint.)

6. Ferguson, op. cit., p. 17.

7. Parvus, op. cit., p. 154.
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A CANTERBURY TALE OF ALCHEMY

Was England’s greatest poet a true Adept, or merely adept at rhyming verses?
The Canon’s Yeoman’s Tale (or CYT) of Geoffrey Chaucer (ca. 1340-1400) im-
plies such a detailed knowledge of alchemical operations! that Elias Ashmole?
included this work in his Theatrum Chemicum Britannicum, published in 1652,
among those of the other “Famous English Philosophers who have written
the Hermetique Mysteries in their owne Ancient Language.” Figures 63 and 64
are illustrations from the Theatrum. In the first figure, the Master Adept be-
stows alchemical secrets on the young alchemist: “Receive the gift of God un-

FIGURE 63. m “Receive the gift of God under the sacred seal” sayeth the Master Adept to
the young alchemist (from Ashmole, Theatrum Chemicum Britannicum, 1652, from The
Roy G. Neville Historical Chemical Library, a collection in the Othmer Library, CHF).
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FIGURE 64. m Here is a well-funded Renaissance research laboratory. Years later, the
young alchemist in Figure 63 can now afford a research scientist on the GOId from
Lead Discovery (“GOLD”) program funded by the National Treasury. (Ashmole, The-
atrum Chemicum Britannicum, from The Roy G. Neville Historical Chemical Library, a
collection in the Othmer Library, CHE)

der the sacred seal.” The next figure shows an active and well-funded labora-
tory suggesting that the young adept has indeed heeded good academic counsel.
He has become a successful grantsman and is well on his way to tenure and pro-
motion.

No less an expert than John Read suggested that “Chaucer himself had
first-hand experience of the joys and sorrows of a ‘labourer in the fire.”> To
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these bits of circumstantial evidence, we now add the apparent “smoking
gun”—sixteenth-century manuscripts in the library of Dublin’s Trinity College
titled Galfridus Chauser his worke, describing two alchemical procedures for ob-
taining the Philosopher’s Stone followed by a poem concerning the Elixir.!

However, Gareth Dunleavy’s careful research suggests that these manu-
scripts are pseudepigraphons falsely attributed to Chaucer.! False attributions to
Geber, Albert the Great, Arnold of Villanova and Hermes himself were not un-
common attention-getting devices during the Renaissance. Dunleavy indicates
that while Chaucer might have been familiar with general aspects of alchemy,
the details in CYT closely resemble the writings of Arnold of Villanova.! Thus,
he is skeptical about Chaucer the alchemist but notes that the manuscript itself
may once have belonged to the library of John Dee, astrologer, mathematician,
and alchemist to Elizabeth 1.1

Now, back to The Canterbury Tales. The CYT Prologue sets the scene.
The canon, a clergyman who, in this tale, is also an alchemist, is accompanied
by his yeoman or assistant as they encounter a group of travelers on the road.
The canon is dismissed by the group’s host and the ash-darkened, poverty-
stricken, indentured yeoman, who has been badly used by his master, tells a bit-
ter and ironic tale of alchemical chicanery. The canon appears to be part
“puffer” (earnest but misguided seeker of The Stone) and part charlatan.

The canon has offered to transmute a Priest’s quicksilver into precious sil-
ver metal using a mysterious powder of projection. In reality, he has placed an
ounce of pure silver into a hole drilled in a lump of coal and sealed the hole with
blackened wax. The yeoman describes the canon’s bait for the priest:

For here shul ye se by experience,

That this quicksylver I wol mortifye
Right in your syght anon withouten lye,
And make it as good Sylver and as fyne,
As there is any in your purse or myne,

The canon produces his mysterious powder:

I have a poudre that cost me deere,
Shall make all good, for it is cause of all
My connyng, which I you shewe shall

The greedy and gullible priest watches as the canon removes his own crucifix
(“crosslet”) and sets it in the fire. To this, the priest adds his quicksilver and the
canon adds some of the powder. In the yeoman’s bitter words:

This Preest at this cursed Chanon’s byddyng,
Uppon the fyre anon set this thyng;

And blewe the fyre and besyed him ful faste,
And this Chanon into this crosslet caste

A pouder, I not whereof it was,

Ymade either of Chalke, Erthe, or Glasse

Or somwhat els, was not worth a fly,
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And now the Canon’s trick:

This false Chanon, the foule fende him fetche;
Out of his bosome toke a bechen cole,

In which ful subtelly was made an hole,

And therein was put of Sylver lymayle,°

An unce, and stopped was without fayle,

The hole with waxe to kepe the Lymayle in.

The priest is industriously tending the fire and the canon distracts him by noting
that the burning coals need to be rearranged and offering the priest a cloth to
wipe his sweaty face. Whereupon the hollowed-out lump of coal is added, the fire
is vigorously stirred up, and the canon then joins the priest for a hearty drink.
Returning to the fire, the canon finds and recovers metallic silver for the delight-
ed priest.

Now a second demonstration occurs in which the crafty canon actually
leaves the priest to perform the transmutation on his own. He provides a hol-
lowed-out stirring stick to the priest that . . . you guessed it . . . is filled with an
ounce of silver secured with blackened wax. So now, completely outside the in-
fluence of the canon, powder of projection works for the priest himself. The
canon works a final demonstration-transmuting copper to silver, leaving the
priest in an ecstasy of joyful greed:

This sotted Preest who was gladder than he,
Was never Byrd gladder agenst the day,

Ne Nightyngale agenst the ceason of May,
Was never none, that lyft better to synge,
Ne Lady lustier in Carolyng:

The priest pays the canon forty pounds, a vast sum, for his secret (including pow-
der I suspect). Note Chaucer’s distrust of a clergy so widely perceived during the
Renaissance as corrupt. There are two clergyman here—one, poor but dishonest;
the other, gullible yet incredibly wealthy.

One can just hear the canon as he bids the priest adieu—"A Fulle Money-
backe Guarantee! And if you're ever in Canterbury . . . try to find me.”

1. G.W. Dunleavy, Ambix, Volume XIII, No.I, pp. 2-21 (1965). I am grateful to the late Professor
Gareth Dunleavy for helpful discussions.

2. Elias Ashmole (1617-1692) was a gentleman of incredibly wide-ranging interests whose col-
lection formed the basis for the first public museum in England, the Ashmolean Museum of
Oxford University. A book published in 1650, titled Fasiculus Chemicus: Or Chymical Collec-
tions . . . was authored by a James Hasolle [an interesting, perchance smutty(?), anagram of El-
jas Ashmole].

3. E. Ashmole, Theatrum Chemicum Britannicum. Containing Severall Poeticall Pieces of our Famous
English Philosophers, who have written the Hermetique Mysteries in their owne Ancient Language.
Faithfully Collected into one Volume, with Annotations thereon., ]J. Grismond for Nath:Brooke, at
the Angel in Cornhill, 1652. The images were supplied by The Roy G. Neville Historical
Chemical Library (California). See also the facsimile reprint with a preface by C.H. Josten,
Georg Olms Verlagsbuchhandlung, Hildesheim, 1968.
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4. S. Klossowski De Rola, The Golden Game. Alchemical Engravings of the Seventeenth Century,
Thames and Hudson, London, 1988, pp. 214-221.

5. J. Read, The Alchemist in Life, Literature and Art, Thomas Nelson and Sons Ltd., London, 1947,
p. 29.

6. Powder or filings—"lymayle” rhymes better with “fayle.”

THE SHIP OF FOOLS

In 1494, some 20 years prior to the Protestant Reformation, Sebastian Brant,!? a
German poet and humanist, published a long poetic satire titled The Ship of Fools
(Das Narrenschiff). He has been termed “a man of deep religious convictions and
of stern morality, even to the point of prudishness.” The book imagined a collec-
tion of “fools” reflecting mores and excesses that would have tickled the fancies
of readers of the day by deflating recognizable character types. The ship, loaded
with these fools, was bound for “Narragonia,” the Land of Fools. The book’s lan-
guage was accessible, the woodcuts (some possibly by Albrecht Durer)* hand-
some and amusing. Six editions appeared during Brant’s life (first English in
1509) with numerous additional authorized and pirated editions through 1629.°
The book was “rediscovered” two centuries later and an edition published in
1839 with others following throughout the nineteenth century and into the early
twentieth century.

The stern Brant did not have a very high regard for the sensual pleasures
procurable in the streets of Basel. The prologue to his fiftieth poem, “Of Sensual
Pleasure,” expresses his self-righteous scorn:®

The stupid oft by lust are felled
And by their wings are firmly held:
For many, this their end hath spelled.

Romantic “night music” was also verboten—according to the prologue to Num-

ber 62 “Of Serenading at Night”:?

The man who’d play the amorous wight
And sing a serenade at night
Invites the frost to sting and bite.

So, no sensual pleasures or serenading at night on the streets of Basel! You
wouldn’t expect Brant to be very open-minded or have a sense of humor about
alchemy either, and he doesn’t disappoint. Thus, we see in Figure 658 alchemists
in dunce hats (Oh, the shame of it!) and a snippet from poem 102:? “Of Falsity
and Deception” (Ha! There’s a dead giveaway!):

But let there not forgotten be
Our quite deceptive alchemy:
Pure gold and silver doth it yield
But this in ladles was concealed.
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FIGURE 65. m “Our quite deceptive” alchemist from The Ship of Fools. This figure
is from the 1506 Basel edition, from The Roy G. Neville Historical Chemical
Library, a collection in the Othmer Library, CHE

Ah, the Canterbury Canon’s old “gold-hidden-in-the-ladle-or-stirrer” trick. I
wonder if Brant’s was the voice of experience or whether he had only witnessed
the bamboozling of wealthy priests and other easy marks.

—_

. The Catholic Encyclopedia, Vol. 11, 1907, Robert Appleton Co.

. S. Brant, The Ship of Fools, translated into rhyming couplets with introduction and commentary
by Edwin H. Zeydel, Dover Publications, New York, 1962 (reprint of 1944 edition).

. Brant, op. cit., p. 7.

. Brant, op. cit., p. 20.

Brant, op. cit., pp. 21-24.

. Brant, op. cit., pp. 178-180.

. Brant, op. cit., pp. 206-208.

. This figure is from the 1506 Basel edition translated by J. Locher into Latin and reinterpreted by
Badius Ascensius, courtesy of The Roy G. Neville Historical Chemical Library (California),
catalog in preparation. I am grateful to Dr. Neville for helpful discussions.

9. Brant, op. cit., pp. 327-330.

(o)
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THE FIRST MODERN ENCYCLOPEDIA

The elegantly simple illustration of an alchemist tending his furnace, with distil-
lation apparatus in the background, depicted in Figure 66 is found in the first edi-
tion of the Margarita Philosophica, published in 1503.12 It is “the first modern en-
cyclopedia of any importance”™ and was printed less than fifty years after
Johannes Gutenberg printed his first books in 1455. The Margarita Philosophica
reflects the university curriculum at the end of the fifteenth century. It covers
grammar, logic, rhetoric, mathematical topics, astronomy, music, childbirth, as-
trology, and hell.* Books 8 and 9 cover chemical topics, including transmuta-
tion.”> The author, Gregorius Reisch, was the Prior of a Carthusian monastery at
Freiburg and confessor of Maximilian I, Holy Roman Emperor (1493-1519),
who established the dominance in Europe of the Habsburg Family.® Figures such
as 59, 60, 65, and 66 are elegant in their simplicity, and three more figures (Fig-
ures 67-69) are from the incunabula (pre-1501) and immediate post-incunabula
periods.®

FIGURE 66. m An early-sixteenth-century alchemist from “the first modern encyclope-
dia of any importance” (Reisch, Margarita Philosophica, 1503, from The Roy G. Neville
Historical Chemical Library, a collection in the Othmer Library, CHF).
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FIGURE 67. m Woodcut from Bartholomaeus de Glanvilla, Anglicus. De las Propriedades de las Cosas,
Toulouse, Henri Mayer, 1494.¢ This is a printed edition of a very famous encyclopedia of the Middle Ages. It

depicts a visit by a physician and a consult with an apothecary.
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FIGURE 68. m Woodcut from Hieronymus Brunschwig, Buch der Vergift des Pestilenz,
Strassburg, Johann (Reinhard) Griininger, 1500.° This book by the Strassburg surgeon
Hieronymus Brunschwig concerns the plague. The woodcut depicts an apothecary
preparing a draught.
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FIGURE 69. m Woodcut from Hortus Sanitatis, Le Jardin de Santé, Paris, Philippe le
Noir, ca 1510.° It depicts a doctor in his laboratory.

1. G. Reisch, Margarita Philosophica (totius philosophiae rationalis, naturalis et moralis principia dialog-
ice duodecim libris complectens), Joannem Schott, Freiburg, 1503. The author is grateful to The
Roy G. Neville Historical Chemical Library (California) for supplying a copy of the woodcut in
Figure 16 and to Dr. Neville for helpful discussions.

2. J.R. Partington, A History of Chemistry, MacMillan & Co., Ltd., London, 1962, Vol. 2, p. 94.

3. D.I. Duveen, Bibliotheca Alchemica et Chemica, facsimile reprint, HES Publishers, Utrecht, 1986,
p. 501.

4. Neville, Roy G., The Roy G. Neuille Historical Chemical Library: The Annotated Catalogue of
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Printed Books on Alchemy, Chemistry, Chemical Technology, and Related Subjects, Chemical Her-
itage Foundation, Philadelphia, 2006. I am grateful to Dr. Neville for helpful discussions.
5. The New Encyclopedia Britannica, Encyclopedia Britannica, Inc., Chicago, 1986, Vol. 7, p. 965.
6. Maggs Brothers, No. 520, Manuscripts and Books on Medicine, Alchemy, Astrology & Natural
Sciences, London, 1929. See the following pages for: Figure 67 (pp. 43—44); Figure 68 (pp.
70-71); Figure 69 (pp. 86-87).

TODAY'’S SPECIALS: OIL OF SCORPION AND LADY’S SPOT FADE-IN CREAM

Figure 70 is the frontispiece from the 1608 book De Distillatione depicting the au-
thor Giambattista Della Porta (1545-1615),! a polymath who authored books on
plants, physiognomy, physics, chemistry, and mathematics, wrote “some of the
best Italian comedies of his age,” and published a design for a steam engine.!?
“This book is as rare as it is beautiful.”® The dedications in the preface are set in
Hebrew, Persian, Chaldaic, Illyrian, and Armenian typescripts attributed to the
Vatican type foundry.*

FIGURE 70. m Frontispiece depicting the polymath Giambattista Della Porta in his
beautiful book De Distillatione Lib. IX (Rome, 1608).
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Porta’s book Magia Naturalis, first published in 1558, a compendium of pop-
ular science, was reprinted for over 100 years. A mixture of technical informa-
tion and misinformation, it cites the procedure of the Greek physician and phar-
macist Pedanius Dioscorides! (ca. 40—ca. 90 A.D.) for heating “antimony” [really
stibnite—see Saturn and the wolf in Figure 38(a)] into lead despite the fact that
sixteenth-century practitioners knew they were different and could not be so in-
terconverted.” Magia Naturalis includes a preparation of a cosmetic that will pro-
duce spots (a kind of fade-in cream for women)—a bit of Renaissance fraternity
house humor perhaps.

De Distillationibus also exemplifies the playful wit of the Renaissance, liken-
ing chemical glassware to animals. Figure 71(a) depicts a matrass®’: it has a
round bottom and long neck like an ostrich (phials for rectifying alcohol had a
similar appearance) and is part of a distillation apparatus called an alembic,
which has a distilling head that could be attached to a receiver (see Figures 72
and 73). The liquid to be distilled must be fairly volatile to make it to the top of
the long neck. Figure 71(b) is a flat, stylized retort called a tortoise along with a
rather stylized tortoise with a doglike head.

Could the hexagons with circles inside them on the tortoise’s shell be a leap of
about 330 “years into the future to our modern structure for benzene? We suspect not
since benzene would not be discovered for another 200 years. However, when we
discover that Kekulé claimed in the 1860s to have dreamed of benzene’s structure
formed from three snakes biting tails in a circle, perhaps a subliminal message
from another reptile 260 years earlier might not seem quite so strange.

The distillation apparatus in Figure 72(a) places the alembic head on top of a
wide-mouth flask (a kind of cucurbit, a more squat version of a matrass). This ap-
paratus would be more useful for a less volatile liquid. Figure 72(b) is a one-piece
pelican. Note how the