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Hi! Welcome to Chemistry !

This notebook is designed to support you as yov work
through chemistry. Consider this book o be a compilation

of notes taken by the smartest person in your chemistry
cloass—the one who seems to "get" evergi—hing
ond tokes clear, vnderstandable,

accurote notes. G




In each chapter, yov'll find the important chemistry
concepts presented in an easy-to-understand, organized
way. Explanations about states and phases of matter, atomic
structure and theory, the periodic table, chemical reactions,
and more are oll presented in a way thot makes sense.

You don't have to be super smart or a chemistry lover to
understand and enjoy the concepts in this book. Think of
this book as chemistry for the rest of us.

To help keep things organized:

e Important vocabulary words are highlighted in YELLOW
and clearly defined.

* Related terms and concepts are written in BLUE TNk

* Exomples and calcvlations are clearly stepped ovt.

* Concepts are supported by explanations, illustrations,
and charts.

I£ you're not loving yYour textbook, and
aé you're not so great ot faking notes, this

notebook will help. I+ addresses all of the

key concepts tavght in chemistry class.
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WHAT IS CHEMISTRY?
Chemistry is the branch of science that studies MATTER —
what it is and how it chomges.

MATTER

Anything that occupies space and has mass.

Everything yov see, touch, hear, smell, and taste involves
chemistry and chemicals, which are all matter. Chemistry
investigates the properties of matter, how they interact,
and how they change.



Chemistry is like cooking,

For example, when youv're
making o hamburger or

doing any kind of cooking,
Yyou are mixing ingredients—
the meat (matter), mashing
(applying a force), and grilling
(changing the temperature)
until you get a hamburger

(0 new substance).

Chemis’rrg is Evergwhere.

Coolt-ing: The creation of food; how oand whg food rots

CIeaning: The creation and vse of de’rergems, disinfectants,
and Soops

Medicine: The creation and vse of drugs, vitamins, and
supplements

€nvironment: The creation and spreading of pollvtants and
the creation of materials to clean vp and prevent pollution
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TYPES OF CHEMISTRY
Chemistry has different DISCIPLINES or branches. The
five main branches are:

ORGANIC CHEMISTRY: The study
of carbon-containing compounds
in both Iiving ond nonliving ’rhings.

Methane gas
a chemical substance that has carbon atoms

INORGANIC CHEMISTRY: The study
of everything except carbon-based

compounds.

BIOCHEMISTRY: The study of the chemical
processes that happen inside living things.

PHYSICAL CHEMISTRY: The study of
chemical systems as they apply to physics concepts.

NUCLEAR CHEMISTRY: The study of
chemical changes in the nucleus (center)
of an atom. the smallest unit of matter



ORGANIC VS INORGANIC

Organic compounds contain carbon and hydrogen bonds.
Most inorganic compounds do not contain carbon.

T

SCIENTIFIC INQUIRY

Scientists find evidence by conducting experiments and

malf-ing observations.

The process of using evidence from observation and
experiments to create an explanation is colled SCIENTIFIC
INQUIRY . Scientists use a step-by-step method to answer
o question. This is colled the SCIENTIFIC METHOD . T+
provides scientists with a systematic way to check their
work and the work of others.

Scientific inquiry begins with a question or a problem.

The scientist tries to collect all of the possible information
that relotes to the investigation of that question by doing
BACKGROUND RESEARCH, making observations, and conducting
experiments.




Background research involves reviewing the findings
of past scientists to create a HYPOTHESIS, a possible
explanation for an observation or problem. Scientists test
their hypotheses by making 0BSERVATIONS and comparing
them to their PREDICTIONS, guesses of what might happen
based on previous observations. Observations can require
using the senses—the way something looks, smells, feels,
or sounds—to describe an event. Observations can be
QUANTITATIVE, made in the form of measurements.
They con also be QUALTTATIVE,
describing color, odor, shape,

A measurement
or some OTHER PHYSICAL rmust have both
CHARACTERISTIC. The findings a number and a unit:

for examrle, G inches.

of o scientific inquirg ore colled
RESULTS.

SCIENTIFIC INQUIRY SCIENTIFIC METHOD
e answers multiple questions ® answers one question
* no fixed order of steps e 3 step-by-step process done
in the same order each time
e results must be
communicated

%Z}ﬁ




Scientific Method

1
ASK A QUESTION
OR IDENTIFY A
PROBLEM

2 conDUCT
BACKGROUND
RESEARCH

3 CREATEA
HYPOTHESIS

4 TEST THE HYPOTHESIS
WITH EXPERIMENTS

S MAKE OBSERVATIONS
AND COLLECT DATA

6
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ANALYZE RESULTS/
DRAW CONCLUSIONS

\ -
IF FALSE, CHANGE VARIABLE
AND BEGIN AGAIN

7 SHARE RESULTS!

Scientists repeat the steps in the scientific method until
o hypothesis is proven as either true or false.



The scientific process isn't always straightforward.
Scientists often find themselves coming back 10 the same
ques’rions ogain ond again.

Types of Scientific Investigations
Scientists vse PURE SCIENCE ond APPLIED SCIENCE
to conduct scientific invesﬁgaﬁons.

PURE SCIENCE
The search for knowledge or facts.
It uses theories and predictions to
understand nature. Geology is an
example of pure science.

APPLIED SCIENCE
Using knowledge in a practical way. Related o
to engineering and technology. The development
of a rocket is an example of applied science.

[

.
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MAKING A MODEL

# MODEL is o representotion of a particular sitvation using
something else fo represent it. It allows the scientist to easily
observe and gather doto. There are different kinds of models.

Types of Models

PHYSICAL MODEL:
Something that can be built,
such as a molecvle that is
made of marshmallows,
gumdrops, and sticks.

COMPUTER MODEL:

A three-dimensional simulation
of o moving object or

a chemical reaction.

MATHEMATICAL MODEL:

Calcvlations involving a particular
moathematical equation; for example |== = rN (i - % )
an equation of a line. i




SCIENTIFIC THEORIES
AND LAWS

After completing many experiments or developing many
models, scientists are able to vse the results to develop ideas
to explain how and why things happen. # scientific idea starts
as o hypothesis that has not yet been proven to be true

or false.

Once a hypothesis has been proven (through tests and
experiments), scientists will develop a THEORY.

THEORY

A proposed explanation that is based on an examination
of facts. Facts can be observed and measured.
A theory is a scientist’s explanation of the facts.

Theories can be proven or rejected. They can also be
changed and improved as more facts are gathered through
experimentation or modeling,

Theories are the basis for scientific knowledge. Theg

are a way fo toke collected facts and put them to
practical vse.

10



Theories are the basis
for inventions, such as
rocket ships to Mars

%2
: and research, such as
fe finding a cure for cancer.

<

Scientific laws describe what happens in nature.

For example, the French chemist ANTOINE-LAURENT
LAVOISTIER wrote the LAW OF CONSERVATION OF
MASS in 1T14. This low states that during a chemical
reaction, matter is neither created nor destroyed,
just rearranged.

Law of Conservation of Mass

1"



LAW

A rule based on observation of a process in nature
that behaves the same way, each and every time.

12

A LAW describes WHAT happens.
A THEOQRY describes WHY something happens.
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@ CLECLYour (OLEDCE

1. What is chemishrg?

2. How do organic compounds differ from inorganic
compounds?

3. Name three of the five basic areas of chemis’rrg ond
whaot scientists s’rudg in these areas.

4. \What are two methods for inves‘riga’ring science?
5. Nome the basic steps of scientific inquiry,
6. \Whot are models oand whg ore Jrheg vsed in science?

7. What is the difference between a scientific ’rheorg ond
o scientific law?

ANSWERS 13



CLECK Your QIUSWERS

1. Chemis+r3 iS the branch of science that studies
motter, whot it is, ond how it changes.

2. Organic compounds contain carbon and hydrogen bonds.
Most inorganic compounds do not contain carbon.

3. Organic chemistry is the study of carbon-containing
compounds. Inorganic chemistry is the study
of everything except carbon-based compounds.
Biochemistry is the chemistry of living things. Physical
chemistry is the study of chemical systems in terms
of the principles of physics that are used to measure
physical properties of substances. Nuclear chemistry is
the study of radioactivity and the decay of atoms.

4. Scientists approach their investigations either by
searching for pure science (through knowledge and
focts) or discovering applied science (using knowledge
in a practical way).

5. The basic steps of scientific inquiry are: ask a question,
do background research, moke a hypothesis, test the
hypothesis, analyze results, draw a conclusion, and share
the resvlts. If the hypothesis is proven false, another

step is to create a new hypothesis.
14



6. Models are representations of the experiment or
object that allows the scientist to easily observe and
gother data.

1. # theory is a scientist's explanation of the facts,
either measvred or observed. & law is a rule based on
observation of o process in nature that behaves the
same way, every single fime.

15



Chapter &

CONDUCTING
EXPERIMENTS

DESIGNING A SCIENTIFIC
EXPERIMENT

Before conducting an experiment, you must plan ovt exactly
what is needed and how You are going to carry ovt the
experiment. Starting points for designing an experiment are:

1. OBSERVE something about which you are curious.

2. CONSTRULT o hypothesis.

3. PLAN out the experiment to test the hypothesis.

Y. PREDICT the ovtcome.

16



3. CONDUCLT the experiment.

6. RECORD the results.

1. REPEAT past experiments to see if you
get the saome results.

An experiment requires o PROCEDURE
PROCEDURE ond o list of A step-by-step list of
how to carry out the

moaterials ond methods needed experiment.

to conduct the experiment.

You can have o CONTROLLED EXPERIMENT by running the
experiment more than once: first without changing any
factors (this experiment is colled the CONTROL) and
then a second time, changing only the factor yov want
to observe. In a controlled

N

experiment, the factors CONTROL
that are not changed are A trial during which all of
colled CONSTANTS the variables are unchanged.

. ' A control is used as the
and they don‘t affect standard comparison for
the ovtcome of the an experiment.
experiment.

17



# VYARIABLE is o foctor thot

CONSTANTS
con alfer your experiment's All of the variables in
resvits—a controlled experiment an experiment that

remain the same.

allows yovu to test the influence

of the varioble.

To test only one factor, all other factors in the experiment
are held constant, unchanged. This ensures thot the
changes you observe are cavsed by the one varioble
that yov changed.

Different variobles have different roles.

An INDEPENDENT variable is the variable thot Yyov chonge
in an experiment.

# DEPENDENT variable is the variable that is inflvenced
by the independent variable, the resvlts of your
experiment.

%Z}ﬁ
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FOR EXAMPLE: Goldfish Experiment

Every couple of weeks, a CONSTANTS:
teacher has to buy a new Type of fish
Tﬂhk size

goldfish after the previous one
has died. The class comes vp
with a hypothesis that

the teacher's goldfish is not
getting the right amount

of food. They devise an
experiment for the teacher to test this factor alone,
holding all other variables (type of fish tank, size of fish
tank, water quality, water temperature, food type, and
location) constant.

Wdfer Tud'ify
Wa‘f’er fehnrerafure
Food fyf,e

Locaffon

In this experiment, the independent variable is the
frequency with which the goldfish are fed. The dependent
variable is the health of the fish after two weeks.

EXPERIMENT CONTROL

19



COLLECTING DATA

Good data is specific and detailed. They consist of both
quantitative and qualitative observations. Measurements must
be as ACCURATE and PRECISE os possible. Make sure
thot you measure things carefully. Have a notebook ready to
record everything as you see it. keep your notes neot so that

+he9 are easy to review. Unrelioble

(or unreadable) dato are vseless. ACCURATE
How close your measured
value is to a standard or

Bad Measurements
known value.
not accurate but precise
accurate but not precise PRECISE

How close two or more
measured values are
to one another.

not accurate and not precise

Measvrements shovld be both

accurate and precise.

DOES THAT
ACCURACY SAY 2.0 mlL
—_—>
&0 @
N N
NOT ACCURATE IS ACCURATE
BUT IS PRECISE AND PRECISE

PRECISION

IS ACCURATE NOT ACCURATE
BUT NOT PRECISE AND NOT PRECISE

20



PRESENTING DATA

After collecting data, you can present it in many different,
more quantitative ways. For example:

TRABLES present data in rows and columns. Becavse all of
the numbers are close to each other, these are easy to read
and compare. # fable is a fast and easy way to record data

during an experiment.

PLANT GROWTH

w,{ Mm)w%é

BAR GRAPHS present dota as bars of varying heights or
lengths. This is an easy way to compare different variables.
The taller, or longer, the bar, the larger the number.

MoST POPULAR TYPE OF PET

POPULARITY ISN'T

"]
=8 7_0-.
g EVERYTHING
W
Q %4
6 )
o b \>
ul
(4]
5 st
-4
° po6 BIRD CAT TURTLE
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LINE GRAPHS show the relationship between two
variables. The independent variable is plotted on the x-axis
(the horizontal line), and the dependent variable is on the
y-oxis (the vertical line). €Each axis has a scale to show the
intervals of the measurements. Scales are done in even
increments, such as 1,Z, 3,4 or Z, 4, 6, 8. Line graphs show
continvous change over time. . ..

PLANT GROWTH

4

L I I R S
i

PLANT
SIZE

(cm)

v

DEPENDENT
VARIABLE (
INDEPENDENT VARIABLE

I
3

CIRCLE GRAPHS: Think of this as o "pie” chart. €ach piece
of data is represented by
a "slice" of the pie.

6> )
o\
X Gvorire pot 006 ™

& CHOSE MUSTARD
¢ CHOSE KETCHUP
4 CHOSE KETCHUP
+ MUSTARD

2 CHOSE ONIONS
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ANALYZING DATA

Analyzing data is comparing and examining the information
collected. This is something that all scientists need to do to
determine the outcome of their experiment. Data is vsvally
shown in the form of a diagrom or graph. Yov compare

the variables that are being tested against the ones thot
are being kept the same. It is important to compare your
dota accurately so that yov can determine exactly whot
hoappened during your experiment. That way Yyou will be able
to repeat the experiment i needed.

Which type of graph is best fo show the data?

LINE GRAPH I your dota has small changes in it, for
example, an increase £rom .01 0 .0b, Yov can vse a line
graph. This format makes small differences more visible.

CIRCLE GRAPH If yov want o show changes as part of o
whole, use a circle graph. for example, if You need to record
how much of an hour was spent on variovs tasks, this format
wovld be good to use.

BAR GRAPH If you are tracking large changes over o
period of time, or groups of numbers, a bar graph might be
best. For example, if you have different cars and yov want
to compare their top speeds against each other.

23



DRAWING CONCLUSIONS

You have reached the end of your experiment. Did the
resvlts support your hypothesis? Why or why not? €ven
i€ your resvlts did not support your hypothesis, yov can
still learn from them. It is important to explain in your
conclusion why You think your hypothesis was wrong,
Were there sources of experimental error, or did the
procedure need fo be changed?

Sometimes, the conclusions aren‘t immediately obvious and
you will have to INFER, or use observations and facts

o reach a conclusion abovt something yov may not have
direcﬂg witnessed.

For example, if you want to find ovt what a Tyrannosavrus

rex ate, yov might observe the types of fossilized droppings
that could be found near its
£ossils. If yov see crushed When you need to infer,
bones, yov might infer that b;&fgﬁ)ﬂﬁgﬁfi?nizgn
the dinosour ate smaller and do further research.

onimals or other dinosovrs.

24



@ CLECLYour (OLEDCE

1. What are the two ways that dota can be measuvred?

2. Whot graphs con be vsed to present dota?

3. If the resvlts from your experiment don't support your
hypothesis, was the experiment a failure or a success?

Explain your answer.

4. What is the difference between being occurote and
being precise?

5. Why is it important fo correctly analyze your data from
an experiment?

6. You have collected data that shows Iarge chomges
during o period of time. What type of graph would

You use for this?

7. When wovld You vse a line graph?

ANSWERS 25



CLECK Your QIUSWERS

1. Data is either quantitative, in the form of specific
measvrements, or qualii-aﬂve ond based on the

way some‘rhing looks, feels, smells, or sounds.

2. Three different graphs that are vsed to present data
are line, bar, and circle grophs.

3. If the resvlts from your experiment don't support
your hypothesis, it does not necessarily mean that your
experiment was a failure. Scientists can learn from
every experiment. If the data doesn't support the
hypothesis, then yov can ask why and try fo figure ovt
any factors that moy have affected the experiment.

q. Accumcg is determined using the closeness of the
valve that is measvred o a standard or known valve.
"Precision is determined through the closeness of fwo or
more measured valves to each other.

5. You need to correcﬂg analgze Your dota so thot Yov can
compare your resvlts to multiple experiments if needed.

6. # bar graph would be best for this dato.

7. If your doto shows small changes over time.
26



Chapter &

LAB REPORTS AND
EVALUATING
RESULTS

It's important for scientists to share their resvlts with
others in their field. Thot way, +he9 can learn from them,
cri’riqye them, and even build on them.

Atoms, the basic building blocks of matter, were first
discovered by the Greek philosopher DEMOCRITUS.
Democritus was also the first to call 2)

them “atoms JOHN DALTON adopted |1
Democritus's ideas and vsed them
to form the FIRST MODERN ATOMIC
MODEL. Dalton shared his results
about atoms and how atoms were

27



formed. This allowed the knowledge of the structure of
the atom to grow and expand over the Years through the
discoveries of different scientists.

There are many ways to communicate
your findings. You can give a speech,
write an article for a scientific journal,
or give an interview. The first step to
communicating Your £indings is fo write
o LAB REPORT.

WRITING ALABREPORT

# lab report is made vp of different parts:

TITLE: Tells the reader about the experiment or investigotion.

INTRODUCTION/PURPOSE: Gives o brief description
of the question that is being asked or why the investigation
is being done. "Whot question am I trying to answer?"
"What is the purpose of this study?" It can also include any
research that may already exist about the topic.

HYPOTHESIS-PREDICTION: States specifically what
yov think will happen in the investigation and why.

28



MATERIALS AND EQUIPMENT: Lists all of the
materials and equipment that are necessary fo carry ovt
the investigation. You can even add o diagrom or sketch
of the materials needed for the setup.

PROCEDURE: Describes the entire step-by-step process
thot is followed during the investigation. Imagine Yyourself
instructing someone who is

completely unfamiliar with the

I experiment. The process shovld V ) .
I be as clear as possible. .g. A)
I _\ a {’/Jﬂ’"—’r
I s

DATA/RESVULTS: Gives a concise account of all of the
measurements and observations that yov made during the
investigation. This should be presented in an organized
manner. It is helpful to use graphs, tables, charts, drawings,
or even photogrophs. The most important part of the data
is accuracy and precision.

An accurate Flayer hits the center
every time. A precise Player hits
the same sPof every time.




CONCLUSION/EVALUATION: Presents a summary of
what Yyou learned from the investigation. This can include
o claim, evidence, and reasoning, in which You answer the
initial qpes‘rion with a claim and show how your evidence
supports the claim.

EVALUATING RESULTS

When yov read another scientist's lab report, think
cri’ricallg obovt the \Cindings ond ask 3oursel€ ques+ions:

Was the procedure followed exactly?

What sources of error may have affected the
experimental resvits?

When were the observations made—dvring the
experiment or afterward?

Is the gjiven conclusion supported by the dota
that were collected?

Was the hypothesis supported?

Is there another way to interpret the data?
Can the resvlts be replicated or reproduced?

%‘;Z}ﬁ
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Resvults are not always conclusive Th
, - ¢ opposite

(leading to o definite answer). of this.

Sometimes Jrheg arelinconclusive s

Thot does not mean that the inves‘riga’rion waos 0 woste

(or thot Yyov go+ it wrong). Magbe the answers thot Yov

were looking for cannot be found by vsing this specific

inves+iga+ion.
How do yov £ind the onswers thot Yyov are loolf-ing for?

Chomge the variables.
Design 0 hew model.
Trg o different inves‘riga’rion.

Sources of Experimental Error

There con be sources of error in any type of measurement.
This means thot if yov measure a quantity once and then

a second time, yov may get a different reading. This is
normal, but you shovld always try to be consistent when you
measvre. Sometimes getting the exact same ouvtcome twice
iS not possible.

Every investigotion has two types of errors: SYSTEMATIC
ond RANDOM.

31



SYSTEMATIC ERRORS

A systemic error affects the accuracy of a measvrement.
If the instrument that you are using is not properly sef, it
cannot give an accurate measurement. CALIBRATION
iS when the readings of an instrument are compared to

a known measurement to check its accuracy. This can also
be known as "zeroing" something. For example, if yov turn
on o digjtal scale, does it read zero withovt anything on
it? Or does it read .01 groms (g) or .0Z g7 If the reading

is not zero, then the scale is not properly calibrated. This
will affect all of the measurements that yov take on

this scale.

Perhops the scale isn't digital but is read with a lever

that moves info position. Are yov looking ot the lever straight
on or at an angle? If yov read the lever ot a different
angle each time, yov will get o different measvrement

each time.

A parallax error occurs
when you view the object

from different points. _
The correct answer is 9.10mlL «— =
indi he straigh

indicated by the straight s mL‘/

green arrow and number.

32



RANDOM ERRORS

A random error is coavsed by errors in the experimental
apparatus or by the person who is reading the measvrement.
Random errors affect the precision of the measurement.
For example, if you step on a scale, it may
say that youv weigh 150.Z lbs, then 15011 lbs,
and then 149.8 lbs. The numbers jump
around. Why is there a difference? The
scale is simply fluctvating back and forth.
Sometimes that occurs becavse Yyou have
moade o finy movement or the scale itself

iS not sensitive enough to regis’rer 0 more

occurote reading.

Reporting Experimental Error

It's difficult to get an accurate and precise measurement.
In every lab report, scientists need fo report the accuracy
and precision of the measurements as well as possible
sovrces of experimental error. This is so that other scientists
reading the report understand the limitations of the results.

33



For example, did the resuvlts come from a scale that was
not calibrated to zero?

\Was the invesﬁgaﬁon conducted on o windg dag, which
may have interfered with the reading of the lever on
the scole?

Migh’r moisture have affected the mass reading of
a sample thot was assumed fo be dry?

Did the coarseness of the filter paper vsed in a funnel
allow fine particles to pass throuvgh unaccouvnted for?

Just becavse it is impossible to be completely accurate and
precise doesn't mean that youv shovldn't make your best
effort to be as accurate and precise as possible.

Significant Figures

Sometimes it is impossible to get an exact measvrement,
especially if you don't have sensitive tools. Perhaps

your equipment only produces measurements in whole
numbers and, for example, can't go to one-tenth (0.1) or
one-hundredth (0.01). The precision of a measvrement is
determined by the number of digits reported. The more
precise the measvrement tool, the more precise and accurate
the measurements will be. For example, 215 cm is a more

accurote reading thon 2.1 cm.
34



The numbers reported in a measvurement are called
SIGNIFICANT FIGURES. These are all of the known
figures plus one estimated digit. This estimated digit is
colled the SIGNIFICANT DIGIT, and scientists reach it
by vsing estimation or by rounding numbers.

A SIGNIFICANT DIGIT is the number that
provides the most exact measvrement possible. |-

For example, in this thermometer, it appears
thot the lines are set to be Z degrees apart.
The arrow between the two lines indicates
that the temperature can be read to be
between 138 and 140 degrees. Becavse yov
can't be sure of the exact femperature, yov
will need to estimate the answer to 159 degrees.

ESTIMATION: A rough guess of the measurement using
observation and reasoning.

ROUNDING: Picking the closest number to the specified
place valve based on the accuracy of the equipment. For
example, if yov are rounding to the tens place and the
number is 5 or higher, you round vp. If the number is 4 or
lower, you round down.
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CALCULATING PERCENT ERROR
PERCENT ERROR is the difference between a measvred
valve and a known valve expressed as a percentage. Percent
error shows how far the experimental valve is from the
accepted valve, when compared with the size of the actual
valve. This is important becavse percent error fells yov abouvt
Your measurement’s accuracy.

To calcvlate percent error, subtract the accepted valve (#)
from the experimental valve (€) (or vice versa, becavse yov
will report the absolvte valve of this difference). Divide that
difference by #, the accepted valve. Then multiply by 100.

le-#]

Percent error =——x 100

|#]

Accepted value is known to be true and
can be found in a standard reference.

Experimental value is the value
that you actually measured.

The percent error can be small or large. For example, if the
accepted volve of the data is 3561 g and the measured valve
is 35.6Z g, the percent error is 0.14%. However, if the accepted
valve is 5 g and the measvred valve is 0.5 g, percent error

is 90%, which is much Iarger.
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@ CLECLYour (OLEDCE

1. €xplain why it's important to share the resvlts of your
investigation with other scientists.

2. Must a hypothesis always be proven correct for an
investigation to be successful? Explain Your answer.

3. Explain the difference between precision and accuroacy.
4. What does it mean to calibrate an instrument?
5. \Whaot shovld yovu include in o conclusion?

6. Describe a sitvation where Yov migh’r need 10 vse
estimation or round numbers.

1. Why is it important to include percent error in
Yyour report?

ANSWERS 317



CLECK Your QIUSWERS

1. #s a scientist, it's important to share your resuvlts
with others in your field. That way +he9 con learn
£from them, cri+ique them, and even bvild on them.

s,

~
—

2. No. (& prediction is an idea of whot might happen.)
Disproving a hypothesis does not make the experiment
wrong. It can simply mean thot yov believed one idea
but observed conflicting resvlts.

3. Accumcg iS how close your measvrement is to a
standard or known valve. Precision is how consistent
your measvrements are to one another.

§. Calibration occurs when the readings of an instrument
ore correloted with a standard to check its accuracy.
This con also be known as "zero—ing."

5. In your conclusion, include a summary of what you
learned from the investigation, whether your resuvlts
supported your hypothesis, any sources of experimental
error, and any questions that yov might have for
future investigations. # conclusion can also include your
interpretotion of the results and how they relate to
existing scientific theory and knowledge.
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6. Sometimes it is impossible fo get an exact measvrement,
especially if you don't have the right tools. Perhaps
your equipment only measvres in whole numbers and
con't read to one-tenth (0.) or one-hundredth (0.01) of
o number. In these cases when a guess is necessary,
scientists use estimation or rouvnding numbers.

1. In every lob report, scientists need to report the
accuracy and precision of the measvrements vio percent
error. This is done so thot other scientists reading the
report understand the limitations of the results.
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The International Sgs’rem of Units, S| I
or S SYSTEM, is the preferred An abbreviation for the
method of measvrement in French term SYSTEME
¢ casvrementt INTERNATIONALE,
chemis’rrg. I+ has a base unit for which translates to
every type of measurement. “International System.”
TYPE OF MEASURE S| BASE UNIT
length (or distance) meter (m)
maoss grom (9)
weight (or force) newton (N)
volume (or copacity) liter (L)
temperoture Kelvin ()
time second (S)
pressure Newtons per square meter (N/m?)
(Pascal)
electric current ompere (A)
amount of substrote mole (mol)
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Scientists devised a system of prefixes that multiplies the
base unit by factors of 10. BY switching the prefix, an ST
unit con be used for large and small measurements.

SI PREFIX | MULTIPLIER | POWER OF TEN

giga (6) . 1000000000 10°
mega M) | 1000000 10¢
kilo (k) | 1,000 | 10°
hecto (h) | 100 | 107
deca (do) | 10 | 10!
(base vnit) | 1 i 100
deci (d) | 0l | 10
centi () | 001 | 102
milli (m) i 0.001 ! 102
micro () | 0.000001 | 10
nano (n) 0.000000001 10

Mnemonic for
SI Prefixes:

Greot Mighty King Henry
Died 8y Drinking Chunky
Milk Monday Night.
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DIMENSIONAL ANALYSIS
PIMENSIONAL ANALYSIS is o mathematical method vsed
to convert actval measured vnits into the vnits needed for
the answer to a problem.

A conversion factor

A CONVERSION FACTOR is the is also known as a
relationship between the two vnits. RATIO.

Suppose a model car measvres
15 cm long. How many inches is that?

First yovu need to know the conversion foctor from
inches (in.) to centimeters (cm).

The conversion £actor for inches 1o centimeters is 1in. = 2.54 cm.

The conversion factor con be written three ways:

lin. =254 cm
lin.

0% 1254 cm

oR 2.54} cm
1in.
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The factor thot yov use depends on the units that yov
originang have and the vnits thot yov need 1o find.

In this cose, Yov need 10 know how many inches, so Yov
. ~lin,
wovld vse this factor: 754 om
This is so the vnit in the numerator (inches) con concel the
some units in the denominator (centimeters).

Multiply the given length (15 cm) by the number of inches in
the conversion ond divide bg the number of centimeters.
The answer will be in inches:

lin. _ 15

Torom Lo ieain.

15 cm x
So, the length of the model car is 53055 inches.
Dimensional analysis is a method for solving problems

that involves canceling ovt the same units fo multiply by
a factor of 1.

%Z}ﬁ
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If Yov have some’rhing measvred in kilometers and need to
read it in centimeters, dimensional analgsis wovld involve
this process:

- Convert to meters.

1,000 m
Tkm

1km x =1000 m
n Then convert from meters to centimeters.

1,000 M x 10?% - 100,000 cm

DolDD-_ ooijo 0

\
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TYPES OF MEASUREMENT

The ST system hos o standard unit for every type of measvre.
LENGTH - METER (n): Distance between two points.

VOLUME = LITER (1): Amount of space that something
occupies.

MASS = GRAM (g): Amount of matter in a solid, liquid,
or gos.

WEIGHT - NEWTON (N): Force exerted by a moss by

o aroavitotional field. |
9 ) Wl'teh You measure 5°?‘h€0he'5

weig/uf, you measure the force
that Mey exert on the earth

Mass ond weigh’r ore NOT the some.

Weight relies on gravity (a force).
Mass is the amount of matter in an object.

Weight = (mass) x (gmvi+3)
OR
W = mq
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If yov go to the moon, yov will still
have the some mass, but yov will be
weugh’rless Tha+ is because the moon's

graw‘rg iSs — +ha+ of the €arth's.

TIME 5 SECONDS (s): Period

between events. The ST vnit is seconds,
but you can also use minvtes, hours, days,
months, and years.

DENSITY - GRAMS (perliter or Kg/m?, which isthe same as
g/L): amount of mass per unit volume. In chemistry, vnits of
density are often recorded as g/mL (grams per milliliter) or
g/cm’ (grams per centimeter cubed).

TEMPERATURE = KELVIN (K):

Temperature and
Measvure of the averoage kinetic heat are NOT
energy of the atoms or molecules the same.
in o system.

HEAT = CALORIE (cal): Total energy of the molecular
motion in a svbstance.

The ST units for temperature is Kelvin (K), but most scientists
instead vse Celsivus (C), another SI-derived vnit.
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The formvla to convert Celsivs to Kelvin is

Temferafure
in Celsius

T, = Toe+ 27315
Tem,;era'l'ure OR

in Kelvin
Toe=Te - 27315

Kelvin does not use a degree symbol.

In the US, Fahrenheit is used to measure temperature.
This is the formvula to convert Fahrenheit to Celsivs:

TemPerafure
in Fahrenheit

T°F=('|"oc><%)+32

OR

Tem,;erafure
in Celsius

T°c=(T°F—32)><%

Another way of saging this is:

°F=18°C + 32 and °C = “F];;Z)
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’ KELVIN  CeLSiuS  FAMRENHEIT
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D) molCCules
SfOP MOVIhg

comrlefely

PRESSURE: Measure of the force exerted
on o unit areo of surface.

The ST unit for pressure is Newtons per square meter
(N/m?)—also called Pascals. The more commonly vsed units

in chemistry are either Pascals (Pa) or atmospheres (atm).

(kPa stands for kiloPascal. 1,000 Pa = 1kPa.)

1 Pa = 1N/m*

1 atm = 101325 k'Pa = 101,525 Pa
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Standard atmospheric pressvre, the actval pressure ot
sea level, is defined as:

1 atm, 1.013 x 10> Pa, or 101.5 kPa

USING SIGNIFICANT FIGURES

Significant figures are important for accuracy and
precision. The digits reported must be to the place actually
measvred, with one estimated digit, based on the accuracy
of the equipment itself. This allows measuvrements to be
compared correctly. For example, if a gradvated cylinder
has visible lines that show the tens, ones, and tenths places,
the final measurement is reported to the hundredths place.
This is the last "actval* measvrement line that we con see
(tenths), plus an estimotion of one place beyond (hundredths).

Measurements must be in 122 em
exact signi?ican’r €igures, [C(E(—>
which are determined bg the T

0 ) 23 4 5¢ 78 9 bW o3 WIsSKEN]
precision of the measvring '

\ 2 3 Y s 6
tool; in this case, a ruler. I 1 1 1 |
The pencil can correctly | ,
be measvred to the tenths 6.0 in
position in both inches and
centimeters.
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Rules for Significant Figures
1. Al nonzero digi‘rs ore signiFican’r; +he9 alwags count.

For example, a recording of 45Z mL has three signifcant
figures (sig figs).

2. Zero valves that are *sandwiched* between nonzero
digi‘rs ore signi?ican’r; +he.9 alwags count. I+ doesn't
motter whether there is a decimal in the measvrement
or not.

For example:

23608 g has five sig figs.
008 g has three sig figs.
8.04 g has three sig figs.

3. 2ero volves thot are not "sandwiched* between nonzero
digi’rs:

If o decimal point is present, read the valve from left
fo right. Start counting significant figures beginning
with the first nonzero digit. Count the 2eros at the end
of the number.
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fFor example:

0.35 g (two sig figs)

0.098 g (two sig £igs)

0.0980 g (three sig £igs)

0.09800 g (fovr siq figs)

0098000 g (five sig ﬁgs) This number of significant

iqures means greater
accuracy —and uSua“y more

6.0 9 Gwo Sig Figs) expensive equirmenf used.
.00 g (three sig £igs)

If a decimal point is NOT present, read the valve from
righ’r to left: Start coun+ing signi?iccxmL €igures with the
£irst nonzero digit

fFor example:
Start counting with this number.

580 g (‘two Sig Figs)

Don't count this.

5800 g (two sig figs)
6060 mm (three sig £igs)
500 mq (one sig fig)
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DIFFERENT ACCURACIES

What happens when two measvrement devices have
different accuracies? For example, a balance measvres
mass to two significant figures and a gradvated cylinder
measures volume to four significant figures. How many
sighificant figures can You include in your recorded
measurement and still maintain accuracy? (\

The total number of significant figures in the final reported
value can be no more than the significant figures in the
least accurate measurement. In other words, the calculated
answer can be no more accurate than the measurement
made by the least accurate piece of lab equipment.

| FOR EXAMPLE:

The least number of sig figs is two, so
this is the least accurate measurement.

-~y

If an object has mass of 32 g and a volume of 18.01 mL,
its densh“g (mass divided bg volume) is given oS having
two signiﬁcan‘r Figores.
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@ CLECLYour (OLEDCE

1. Whot is the difference between mass and weighﬁ

2. Whot are the two different vnits that can be vsed to
express pressure?

3. Whaot is the formvla to convert Celsivs to Fahrenheit?
Convert 65 degrees Celsivs to degrees Fahrenheit.

4. What is a conversion foctor and how it is vsed? Give
the conversion factor for inches to centimeters.

5. Convert 345 feet 1o centimeters.
6. What is the difference between heat and temperature?
1. \»/hg do yovu need to vse sigmi?icamL Figures?

8. When rounding, how do yov know when to rovnd uvp
or down?
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CUECK Your QSWERS

1. Mass is the amount o€ motter in o solid, liquid,
or gas. \A/eic:)hwL iS the force exerted bg 0 Mass in
o gravi+a+ional field.

2. Two different units that are vsed to express pressure
are atmospheres and Pascals (Newtons per meters
squared).

3. The calcvlation to convert Celsivs 1o Fahrenheit is
Top = (Tee X % ) + 32. The calcvlation to convert
05 degrees Celsivs to degrees Fahrenheit is

Tur = (65 X % )+ 32 Top = 1

4. # conversion factor is the relationship between
two units.

Conversion factors con be written one of three ways:

o 1in. 2.54 cm
lin. = 2,64 cm OR 754 om OR Tin

5. The conversion foctor is 5,280 £t = 1.609 km ond
1km = 100,000 cm,

1.609 km _ 100,000 cm

S0 345 £ x 5780 ¢t X Tem

=105 em.
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6. Heat is total enerqy of the molecvlar motion in o
substance. Temperature is o measure of the average
kinetic energy of atoms or molecvles in a sgsw‘em.

1. Significant figures are important for accuracy
and precision. The digits reported must be to the
place actvally measvred, not guessed. This allows
measurements o be compared correctly.

8. When rounding, i€ the number ot the end is 5 or grea‘rer,

the number is rounded vp. If the number at the end is
4 or less, the number is rovnded down.
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Chapter &

LAB SAFETY AND
SCIENTIEIC TOOLS

LABSAFETY

The most important rule to remember
in o chemistry lab is SAFETY FIRST! USE COMMON SENSE.
IT COULD SAVE
YOUR LIFE.
Be cavtiovs. i ‘

Always pay attention.

Follow both written and
verbal directions.
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GENERAL LABSAFETY RULES

The FoHowing rules must be s’rric’rlg £followed in any
Iaboron‘org se’r‘ring.

Do not enter the lab withovt your teacher or another
qualified adult present.

Wear safety goggles ot all times, even during cleanup.
Prescription glasses are okay when worn under sofety

goggles.

Wear your lab coat or apron and gloves when instructed.
This is to keep Yyou safe from chemical spills or burns.
Dress appropriately. No

sandals or open-toed shoes, S
loose clothing, or dangling ﬁ@g\’
or excessive jewelry. Make NS

sure long hair is tied back; Y

otherwise, it covld catch on
fire easilg.
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Don't eat, drink, or chew gum in the lab. Be sure t0 wash
your hands before yov leave the lab. Yov don't want to
accidentally eat anything left over from your experiment.

Keep your lab area clean and organized by putting your
coat and backpack under Your seat or in a specially
designated place.

If Yov or someone else is

in ; NO RUNNING OR
injured, notify the teacher THROWING THINGS I\ \HE LAG.
immediately. KEEP EVERYONE SAFE

Leave your lab area the way yov £found it, with clean
instruments and glassware.

Waste Disposal

Every experiment will generate some sort of waste. There
could be leftover mixtures, solids that yov produced, or even
just bits of paper from o litmus fest. Everything has a place
where it con be properly discarded.
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Follow these directions
to discard waste:

1. Onlg ovthorized hovsehold chemicals ond solvtions and
water can go down the sink. Otherwise, if it has any type
of chemical in it, don't allow it to 9o down the drain.

2. Use the proper waste container for the Type of waste
that you have:

Solid waste must be discarded 1o o solid waste
container.

Broken glass must be placed info a broken glass collector.
Never discard broken glass with regular frash.

Chemical waste that is in the
form of a liquid or solution
must go into the appropriately
lobeled waste bottle or be
nevtralized when appropriate.

(DO NOT mix waste.)

3. Only place regular trash into garbage cans.
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When Working with Chemicals

Reod every label twice to moke sure

that you have the proper chemical. l 3

DO NOT conduct unavthorized experiments.

| chemicals used

Do not toke reagent bottles away from their places. Carry
liquids fo Your bench in clean fest tubes or beakers, and
carry solids in clean glassware or on weighing poper.

Toke only the amount of reagent indicated. Larger
amounts will not be more effective and may lead to
uncontrollable reactions. (Plus, it's wasteful, and many
chemicals are expensive.)

Never return vnused chemicals to stock bottles. Dispose
of them properly, according to instructions.

Never vse the same pipette for different chemicals.
Do not insert your pipette or dropper into the reagent
bottles. Use the one that is labeled for that reagent.

If an acid is fo be dilvted, pour acid slowly into the water
with constant stirring to minimize spattering and disperse
heat. Never add water directly fo acid.
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SAFETY EQUIPMENT

€ach chemistry lab is equipped with many different pieces
of safety equipment. know how to use the equipment and
where it is located.

If an accident happens, TELL THE TEACHER!
EYE WASH : Use if o chemical spills or

splashes into your eye. Immediately rinse your
eye for a minimum of 15 minvtes straight.

§ THERMAL TONGS
OR MITTS : Use these to handle hot
equipment such as beakers and flasks.
Hot glass looks the same as cool glass.

/

c

FIRE EXTINGUISHER : Use to put out
electrical, chemical, or gas fires. To use,
remember the acronym PASS (Pull, Aim,
Squeeze, Sweep).

I£ o person is on fire, wrap them in
the blanket and have them "STO™P,
DROP, and ROLL "
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SAFETY SHOWER : Use only i€

a chemical is spilled directly on clothes
or skin. Before entering, remove all
contaminated clothing. Once in the
shower, rinse yourself for a minimum
of 15 minvtes.

Final Tips

When yov are working Wwith:

HEAT
cﬂ‘P‘c‘\
&
Never leave a heat sovrce vnattended. £ wyf‘
ST
X

Never heot some+hing in a closed container.

CHEMICALS

o e 2 Don't ever taste them or smell (
them directly,

]

(
) \S
THE BEST WAY TO SMELL A %\\
CHEMICAL IS BY WAFTING IT SS QN
TOWARD YOUR NOSE wWITH
YOUR HAND.
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Never use chemicals from
on unlabeled container.

ELECTRICITY

€nsure that cords are not frayed
or damaged and keep them neot so
that no one trips on them.

Do NOT allow water fo get near > /<
electrical ovtlets or equipment.

LABTOQLS AND INSTRUMENTS

# BERKER looks like o glass cup with a spout ot the top
rim to make povring liquids easy. Lines on the sides indicate
rouvgh measuvrements, most likely
milliliters, but these are not exact and
shovld only be vsed when estimating
volume or when approximate amounts

ore needed.
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An ERLENMEYER FLASK looks like o

’ beaker, but it's narrower at the top. This
makes it easier to place a stopper in it so

/ that you can save the contents for later.

/ \ The measurements on this £lask wovld also
L\——_—:) be approximated to the nearest milliliter.

VOLUMETRIC FLASKS ore rounded ot | |
the bottom and have o long, skinng neck.

They are vsed for more precise volume

measurements than an €rlenmeyer flask,
especially when preparing solutions of a / \
specified concentration. They only have

one mark for a very specific volume. \ V/

) “sron .
(=~ STOPPERS are usvally rubber tops that £it into
flasks or test tubes. Sometimes, they are closed ot
the top and have small holes that allow them to be
fitted to another piece of equipment.

# TEST TUBE iso glass tube that's rounded
ot the end. Think of it as a Iong, hollow Finger.

g

Buf dcn'f Puf a test fube ON your ‘Fihger. Ouclw.l \

/MW # TEST TUBE BRUSH is used to

clean ovt the inside of test tubes.
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FUNNELS ore cone-shaped objects with
stems. They are vsed to help povr liquids or
solvtions from one container to another.

Be SURE to use the riglf,' funnel for the riglfl‘ container.

FILTER PAPER is o piece of round, flot
poper that is vsed for filtering solids or
precipitates to separate them from

liquids or solutions. They must be folded
properly to fit into the funnel.

Be SURE to fold the filter paper in half first, then again,
pep 9
then Peel back one layer before putting into the funnel.

# GRADUATED CYLINDER is used to measure
quuids or solvtions and is Fairlg occurate to the
0.1 place.

\When measuring o |iquid or solvtion,

be SURE to read the bottom of the

MENISCUS  the curved surface of memiscus
the liquid.
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# PIPETTE is o long, thin tube with a
suction attached. This allows yov to drow
up the correct amount of liquid, check the
measurement on the side, and transfer
the liquid to another container.

4

# BURETTE AND STAND is o long, thin
Pipe with a valve and stopcock at the end.
The burette is held in place by a ring stand ¢
with a burette clamp that holds the burette.
The burette has precise calcvlations so

that you can deliver the correct amount U
of solution for the experiment, usvally

accurate to the 0.01 place. — —

# BUNSEN BURNER is used for heating things.
It is actvally an open flame that is fed by a gas
line. Bunsen burners are hooked to the gas line
via rubber tubing. The amount of gas is controlled
by turning the valve at the hookup point or by
adjusting the Bunsen burner itself.

4

Do NOT turn the flame vp too high!
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A& RING STAND is o circle of metal attached ’

to a stand that can hold beakers or flasks vp S

in the air when supported by a wire gavze or

clay triangle. Adjust the height by moving

the knob on the side of the stand. >
\//

{ {(& # HOT PLATE is for heating things,

but unlike the Bunsen burner, it does not

3 have an open flame. & dial controls the

temperature of the heating plate.

An ELECTRONIC BALANCE is used to measure the mass
of a substance. Just put the substance onto the balance
(always in a container or on a piece of
weighing paper) and read the number
on the digital display. Never place
chemicals directly onto the pan of

an electronic balance.

A DOUBLE PAN BALANCE is vsed to compare the
weight of two different objects. To make it work, yov

must first know the mass of one )
—

of the objects. Place the second
object in the other pan, and when
the two pans are level, the masses
are the same.

I
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WEIGHING BOAT OR
WEIGHING PAPER is vsed to
hold the substonce o0 be massed.

Make sure to get the mass of the boat FIRST before yov
add yovur substance. Then you can subtract and get the
actval mass of the substance. If your balance has o "TARE"
button, push this to "zero" the balance and avtomatically
subtract the mass of the boat first.

SCOOPULAS AND SPATULAS are small x

metal or plastic curved tools to help transfer
solid substances from one container to another. N

)
/\Pesﬂe
# MORTAR AND PESTLE is vsed 1o grind

larger pieces into powder. The mortar is the
round bowl and the pestle is the tool vsed to
grind the solid.

\/ mortar

# THERMOMETER is for measuring temperature,
usvally in Celsivs.
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@ CLECLYour (OLEDCE

1. What is the most important thing o remember in
a chemistry lab?

2. Whot required sa¥e+9 gear must be worn in the lab?
3. Whaot is the best way t+o smell a chemical?
. What do you do if yov splash a chemical into your eyes?

5 & stand is vsed to hold o beaker over o
Bunsen burner.

6. Whot do Yov do with vnused or leftover chemicals?

1. Whot is o pipette? What is one thing yov must NEVER do
while vsing it?

8. Describe how yovu wovld saFelg dilute an ocid with water.

9. How do yov gei- the correct mass of a substonce when
using o weighing boot?

ANSWERS (3



CUECK Your QSWERS

1. Safety first! Always pay ottention to what yov
are doing. Read labels. Double-check everything,
No goofing of£. Be professional.

2. Goggles ond o lob coat are required sa{-‘e‘rg geaor. Hair
must be tied back, and no open-toed shoes or sandals
are permitted in the lab.

3. Waft it toward Yyour nose with your hond. Do NOT stick
your nose into or direcﬂg over the beaker/flosk/bottle.

4. If you spill a chemical into your eyes, have someone
notify the teacher while yov go to the eye wash and

rinse out your ege(s) £or a minimum of 15 minutes.

5 A ring stond is vsed 1o hold a beaker over a Bunsen
burner.

6. Never return vnused chemicals to stock bottles. Dispose
of properly in the appropriately labeled container.
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1. 4 pipette is a long, thin fube with a suction tube attached.
This allows youv to draw vp the correct amount of liquid
(check the measurement on the side) and transfer the
liquid to another container. NEVER use your mouth o suck
up the liquid into the pipette.

8. If an acid is o be diluted, pour acid slowly into the
woter, with constant stirring. Never add water to acid.
The acid is more dense than water and will sink to the
bottom, beneath the water, which will reduce the amount
of acid splashing ovt of the container as it is being
povred.

9. Find the mass of the weighing boat empty first, then add

the substance. Svubtroct the mass of the weighing boot
£from the total +o ge’r the mass of the substonce.

n
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PROPERTIES OF
MATTER AND
CHANGLS IN FORM

MATTER is anything that occupies space and has
mass. If Yov can see, touch, taste, smell, or £eel it, then
it's motter.

PROPERTIES OF MATTER
A PROPERTY describes how an object looks, feels, or acts.
All properties of matter are classified as either physical

or chemical.
Physical Properties

# PHYSICAL PROPERTY con usvally be observed with
our senses. Physical properties include:
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COLOR (quality of an object or substance with respect to
the reflection of light)

SIZE (an object's overall dimensions)

VOLUMNE (the amount of space a substance or object
occupies)

DENSITY (ratio of mass and volume in a substance)

BOILING POINT/MELTING POINT (temperature ot
which something boils or melts)

MAGNETISM (whether or not something is magnetic)

SOLUBILITY (how easily something dissolves in another
| svbstance)
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EXTENSIVE AND INTENSIVE PROPERTIES
Physical properties are broken down into two different
categories: INTENSIVE ond EXTENSIVE
PROPERTIES.

Intensive properties do NOT depend on the
amount of the substance present; for example,
density. The density of a substance (at room
remperature) is the same no matter how
much of the substance that you have.

Extensive properties depend on the amount
of matter being measured. For example,
mass, length, and volume measures depend
on how much of the object that you have.

/

For example, yov con have 10 mqg or 10 kg of
substance, but it makes no difference if yov
are measuring the intensive property
of that substance. However, it makes
a huge difference if yov are

measvring the extensive property.
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INTENSIVE PROPERTIES INCLUDE:
e Color e Boiling point

® Odor e Density

e Temperature o State of matter

® Freezing point o Malleability

® Melting point o Ductility

EXTENSIVE PROPERTIES INCLUDE:

® Size e Volume
® Length o Mass
® Vidth e Weight

Extensive properties can be added together. For example, two
pennies will have more mass than one penny. Thot's becavse
the mass of two is greater than the mass of one.

Chemical Properties

# CHEMICAL PROPERTY is any characteristic that can be
determined only by changing a substance's identity, possibly
through a chemical reaction.

Chemical properties include: REACTIVITY with
other chemicals, TORICITY, FLAMMABILITY, and
COMBUSTIBILITY.
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REALTIVITY: the likelihood of o substance to undergo
a chemicaol reaction

TORICITY: how poisonous or damaging a chemical
substance may be to organisms

FLAMMABILITY: whether a substance will burn when
exposed to a flame

COMBUSTIBILITY: the measure of how easily a substance
will burn in oxyagen

Determining Properties of Matter

Can you identify the properties of this
substance withovt changing it?

No Yes

Chemical property "Physical property
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PHYSICAL AND
CHEMICAL CHANGES

The changes that matter experiences are classified as either
physical or chemical.

# PHYSICAL CHANGE is any alteration fo the size,
shope, or state (solid, liquid, or gas) of a substance. The
final changes toke place without altering the substance's
molecvlar composition.

The €inal substance is made of the saome motter as before
the change.

FOR EXANPLE: When onice ] @
o

. cube melts, it has undergone o} ‘v

change from solid to liquid. It's ﬂé‘q
still the same svubstance: water.

Ice = water: Same 'Hwing!

# CHEMICAL CHANGE occurs when matter changes into
0 new substance and has a new chemical property. Chemical
changes DO alter the molecvlar makevp of the substance.

The €inal substance is NOT made of the same motter os

before the chomge.
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! FOR EXAMPLE: Burning a log
changes it from a solid piece
of wood fo ash and gases. Yov
cannot change the ash back into
the solid log; therefore, a chemical

chomge has occvurred.
Log = log ashes: NOT the same.

How do you know when something
has undergone a chemical change?

Look for one of these signs:

CHANGE in COLOR: This is similar
to what occurs when Yyov leave a sliced
apple out of the refrigerator,

ond it turns brown.

CHANGE in ODOR: A smell is given off. It
can be an unpleasant smell, like rotten food.

FORMATION of a GAS: Mixing
Two substances thot emit a gas, such as
vinegar and baking soda, which releases
bubbles. Bubbles show thot a gas has formed.




Mixing two substances that form
a hew solid, such as when ice-
melting pellets (calcivm chioride)
combine with baking soda

(sodium carbonate) in a solvtion to
create chalk. That is a new solid,

colled o PRECIPITATE.

PRECIPITATE
A new solid that is
formed during a
chemical reaction.

used to remove
'aundry stains

\3 é:‘ CHANGE in ENERGY: A chemical

reaction that can be in the form of
Zj \{? heat and/or light thot releases enerqy,

A physical or chemical reaction that releases heat and

energy is EROTHERMIC. An example is making ice cubes.

# physical or chemical reaction that absorbs heot and/
or energy to complete its reaction is ENDOTHERMIC.
For example, boiling water, melting ice cubes.

An experiment that requires boiling an eqq

produces an example of a chemical change.
The liquid yolk and white (clear liquid) inside
the eqg become solid. That means that new
white-and-yellow svbstances were formed.
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1. How is o physical property different from a chemical
property?

WECLvour K IOWLEDEE

2. What is the difference between an intensive and
extensive property? Give an example of each.

3. If you turn strowberries, blueberries, and yoqurt into o
smoothie, what change have the ingredients vndergone?
If yov turn eqggs, flour, and milk into biscvits, whot
change have these ingredients undergone?

4. If yov burn a wooden log in o caompfire, will you have
more or less mass than what yov started with?

5. Which of the €o|lowing ore NOT considered to be motter:
tree, sunligh’r, grass?

6. Are fireworks an example of an endothermic or
exothermic reaction? How do yov know?
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7. Which of the €ol|owing iS o chemical change ond which is
o physical change?

M ;
il

Y
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CLECK Your QIUSWERS

1. You can see, touch, smell, hear, and detect a
physical property without changing the identity,
A chemical property becomes evident during or

ofter o chemical reaction.

2. Extensive properties depend on the amount of matter
being measured. Intensive properties do NOT depend
on the amount of the substance present. Extensive
properties are mass, volume, size, weight, and length.
Intensive properties are boiling point, density, state of
matter, color, melting point, odor, and temperature.

3. The ingredients in the smoothie have undergone o
physical change becavse they are only mixed and could
still be separated ovt. The ingredients in the biscvit will
have undergone o chemical change becavse they have
reacted to form a new substance.

4. The burnt log will not have the same mass as the original
log. To recover all of the mass of the initial log, yov
wovld have fo trap the gases that are released during
combustion. The mass of the log before burning will
equal the mass of the log after burning, plus the mass of
the gas thot is produced.
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3. Sunligh’r iS ot matter becavse it doesn't have
substance. # tree and grass are matter becavse
+heg do have substance. Matter can be measured
using mass and volume.

6. Fireworks are an example of an exothermic reaction
becavse ’rheg give off heat and Iigh’r. \When burning,
the fireworks are hot o the touch.

1. A. ‘Phgsical
B. Chemical
C. 'Phgsical
D. Chemicol
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Chapter

STATES Q
MATTER

STATES OF MATTER

Matter exists in three main STATES (or phases):

Solid
Liquid
Gas (or vapor)

The ourromgemernL of the MOLECULE
MOLECULES ond how they Group of atoms
behave determine the state bonded together.
of the substance.
ATOM
Small building block
or unit of matter.

Atom
Mo'ecule
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The molecvles within a substance are attracted to one another,
which keeps them close. But, each of those molecvles has energy
associated with how much they move about within the substance.
The amount of movement of the molecvles and the distance
between the molecules within the substance determine its stote.

Moatter tokes the form of these stotes:

SOLID: Molecvles are tightly packed together and don't
move abouvt much within the substance.

LIQUID: Molecules are some distance apart and can move
about and bump into one another within the substance.

GAS: Molecules are far apart and con move about freely
within the substance.

A SOLID hos a fixed structure, o definite shape. Its shape
and volume do not change. Its molecules are packed
closely together in a particvlar pattern and cannot

move abovt freely. Molecules are able to vibrate back

and forth in their places, but they
connot break the rigid structure.

Exomples: ice, wood, and metal




# LIQUID is o substance that flows freely. It does not
have a defined shape, but it does have a fixed volume. The
energy movement of its molecvles causes them to overcome
the attractive forces between them. This allows the qupid to
take the shape of the container

thot holds it. Atthough the particles OO O Q o
do move freely, they are still OO O O
relotively close to one another. O O O

Examples: water, oil, and blood

The speed ot which molecvles move in a liquid is called
VISCOSITY. Viscosity is the resistance to £low, sometimes
referred to as the FRICTION between the molecules of
the flvid.

A& GRS is composed of molecules that are spread far apart.
Gas (or vapor) does not have o fixed shape or volume. Tts
volume and shape are dependent on its container.
Unlike a liquid, a gas will expand to fill up the entire
container in which it is ploced. Gos @)
molecvles have relatively HIGH KINETIC
ENERGY, which means that they move

@)
o ©

quickly and are able to overcome the O @
attraction between them and separate. O O o
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I£ you blew vp a balloon, and then let
it 9o, the gas inside wovld immediately
spill out and disperse into the air.

€xamples: air, steam, and smoke

STATE | Solid Liqpid Gas

FEATURES | Fixed shape ' fixed volume;  Shape and
-and volume | shape coan volume
change and | not fixed;
flow depends on
the container,
can flow

MOVEMENT "Vibrote, but | Free moving Move qpicklg

OF PARTICLES _have fixed and far apart
- positions
| COMPRESSIBILITY [Cannot be | Can be Can be
~compressed | compressed, | compressed
a little
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COMPRESSIBILITY

Measures the change in volume
resulting from applied pressure.

PHASE CHANGES

A state of matter is not always permanent. The changes in

temperature or pressure affecting motter are colled
PHASE CHANGES. These are phase changes:

MELTING occurs when solid turns into liquid. The
MELTING POINT is the temperature at which the solid
melts. Heat increases the kinetic energy (movement) of

the molecules inside the solid. The increased ,Zé/:i

energy and movement breaks the ' AT
ottraction between the molecvles and ¢ [N

allows them to move away £from one another.

——

FREEZING is what happens when liquid becomes solid. This
is covsed by reducing the temperature. As the temperature
decreases, the molecvles inside the liquid have lower kinetic
energy (movement). When the molecvles can no longer
overcome their attraction to each other, they form an

ordered structure, or a solid. The point ot which a liquid
becomes a solid is called the FREEZING POINT.

0



#t standard atmosphere pressure:
Above 100°C, water is a gas (or vapor).
Between 0°C and 100°C, water is a liquid.
Below 0°C, water is a solid.

VAPORIZATION occurs when liquid
turns to vopor (gas). Vaporization or PN
evaporation happens when molecules
break the surface and are in contact

with the air.

Sweat is a liquid that forms on your bodg j E

o regulate your temperoture when yov are hot. I yov
don't wipe it of£, it will dry. Where did the liquid go?
It has absorbed energy from your body and then
voporized, or evaporated, into the air.

When Yyovu boil water, some of the |iquid turns into steom.

That is becavse the heat increases { “
the kinetic energy of the molecules, ]

ond +he3 move foster ond then ==

farther apart. The resvlt is [——D

vaporization. U_-
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CONDENSATION is the opposite of vaporization—it occurs
when gas turns to liqyid. \When a 9as cools, the molecvles
slow down, attract each other, and then move closer. Theg

stick together and become a liquid.

I£ you place a lid on o pot of é é

boiling water, yov wovld see drops B —
of water form on the inside of the =

lid. That is condensation. The hot | ——
steam hits the colder lid ond turns
the steam back to liquid.

SUBLIMATION is when a solid becomes a gas, without
ever becoming o liquid. That is the important part. Normally,
states go from solid fo liquid to gas, but sublimation skips

a step. Sublimation is rare, becavse it requires specific
conditions o occur, such as the right temperature and
pressure. Dry ice sublimes when the solid carbon dioxide (CO,)
turns from ice direcﬂg into CO, gos.

F

WHEN A GAS/VAPOR CHANGES TO A Sﬁ
SOLID, THAT IS CALLED DEPOSITION.

FOR EXAMPLE, A DEPOSITION IS FROST
ON A COLD WINTER MORNING OR
SNOW FORMING WITHIN CLOUDS.
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SUBLIMATION

v
VAPORI\ZING .

MELTING EVAPORAT NG o
— — o
— «— |0 o
FREEZING () CONDENSING o) o
Q
LIQUID GAS
DEPOSITION

DISPLAYING PHASE CHANGES
# PHASE DIAGRAM is o way to show the changes in
the state of a substance as it relates to temperature

and pressure.

Here is an example of a basic phase diagrom. The shope
is the same for many substances:

C D
LIQUID
Soup
T HIGH PRESSURE
1w LOW TEMPERATURE
=
4 GAS
« B HIGH TEMPERATURE
Low PRESSURE
A

TEMPERATURE —p»
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& phase diagrom is usvally set up so that the pressure in
atmospheres is plotted against the temperoture in degrees
Celsivs or Kelvin. The diagram is divided into three areas
representing the solid, liquid, and gaseous states of the
substance.

Every point in the diagram indicates a possible combination
of temperature and pressure for the substance. The regions
separated by the lines show the femperature and pressure
that will most likely produce a gas, liquid, or solid. The lines
thot divide the diagram into states show the temperature and
pressure of which two states of the substance are in equilibrivm.

HOW TO READ A PHASE PDIAGRAMN:
An AB line represents the rate of sublimation (goes up) and
deposition (goes down). On this line, solid is in equilibrivm
with gas.

The BC line is the rate of evaporation (goes vp) and
condensation (goes down). On this line, |iquid coexists with gos.

The 8D line is the rate of melting (qoing vp) and freezing
(going down). On this line, solid coexists with liquid.

Point B is called the TRIPLE POINT, where solid, liquid,
and gas con all coexist in EQUILIBRIUM (together).
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Another way of showing what happens during o phase
change is o use a heating or cooling curve. This graph
shows the temperature of the svbstance vs the amount of
heat absorbed at constant pressvre.

MELTING EVAPORATION
\ ] L v, ]
&N f ]
: , ] N\
ol =
1!
v | , <GAs
oq4' :
] ]
G I e 4
(@) t ¢
u 804 :
« L
I?‘ 4!
< ; ! @omo
o 4o I :
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-20
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ABSORBED HEAT

#As substonces heat, +he3 obsorb enerqy ond change
stote.
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# SOLID is on the lower left end of the graph. That means
that it has low temperature and very little absorbed heot.
The graph shows that the temperature of the solid goes
from -40°C to O°C.

But as the heat increases, the red line goes vp the graph
to the point at which enough enerqgy is absorbed that the
substance turns into a LIQUID . The range shown on the
groph is 0°C t0 100°C. \When the substance heats vp to 100°C,
more energy is absorbed, and the substance changes from
liquid to GAS.

@ ©
003°.95L 0 o

— 000 06 —p = _ o
00200 e o
o0 ~“© © oo

SOLID LIQUID GAS

Whg does the red line s’rag £flot before it chomge.s
state again’.’

The substance must absorb enovgh heat so its molecules can
move enovgh o overcome the forces of attraction among
them and then change state. All the energy is being put into
either the melting or evaporating process and not into any
increase in femperature.
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@ CLECLYour (OLEDCE

1. Name two reasons why a phase change might occur.
2. Do molecules move within a solid?

3. Which of the phases of solid, liquid, and gos are
compressible?

is the opposite of freezing. is the

opposite of condensation. is the opposite of

deposition.
5. Nome three types of phase changes.

6. In o phase diagrom, which fwo properties are typically
plotted aqgainst each other on the x- and y-axes?

7. Ina heaﬁng or cooling curve, whot does it mean when
the line stays flat for a while before going up or down?
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CLECK Your QIUSWERS

- The state of an object is not always permanent.
Changes in temperature or pressvre affect matter,

and these are called phase changes.

. In a solid, molecules are packed closely together in
o particvlar pattern, and they cannot move about
freely. Although the molecvles are able to vibrote back
and forth in their places, they cannot break the rigid
structure.

. Liquids and gas can be compressed becavse they don't
have a fixed shape. Solids have a fixed shape and
cannot be compressed.

. Melting is the opposite of freezing. Voporization is the
opposite of condensation. Sublimation is the opposite of

deposition.

| Ang three of the \Collowing: mel’ring, {»‘reezing, sublimation,
deposition, vaporization, and condensation.
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6. & phase diagram is usvally set up so that pressure in
atmospheres is plotted against temperature in degrees
Celsivus or kelvin.

1. The line stays flat in a heating and cooling curve
before it changes state, because the substance must
absorb enough heat so its molecvles can move enough to
overcome the forces of attraction.
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Chapter

ATOMS

Motter describes everything that has mass and takes vp
space. Matter is mode vp of ATOMNS.

Atoms are the smallest units of matter that have the properties
of a chemical element. Atoms are so small that yov can't see
them with your eyes or even through a standard laboratory
microscope.

Atoms are made vp of even smaller (subatomic) particles.
Some of these particles have an electrical charge associated
with it. # CHARGE is o physical property. Charges allow

the particles o move through (or remain still in) an
electromagnetic field.
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Types of Particles
Electrons: Particles with a negative (-) charge
Protons: Particles with a positive (+) charge

Nevtrons: Particles have no charge-, +he3 are nevtral.
There is no notation to indicate a nevtral charge.

nucleus

Protons and nevtrons are
locoted in the NUCLEUS, or
center, of the otom. Becavuse

x /
protons have o positive (+) a

charge ond nevtrons have no

Frofoh

heufroh

charge, the nuclevs has an electron

overall positive charge. R—-energy level
Model of an atom

Electrons occupy “clovds” at certain energy levels and exist
at a specific distance from the nucleus.

Electrons, protons, and neutrons are actually not the
smallest known particles of matter. There are smaller
particles: leptons, muons, tau particles, and quarks.
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# NEUTRAL ATOM (on atom without an overall charge)
will have the same number of protons and electrons. Becavse
the number of electrons (-) is the same as the number of
protons (+), the atom has no overall charge.

# POSITIVE ATOM (on otom with a positive charge)
will have more protons than electrons.

# NEGATIVE ATOMN (one with a negative charge)
will have more electrons than protons.

ELEMENTS AND COMPOUNDS

Atoms are vsvally classified as elements, also known as pure
substances. There are hundreds of atoms.

# PURE SUBSTANCE is made up of only one type of otom
or one type of molecule. # pure substance can be either an
element or a compound. Oxygen, hydrogen, and sodivm are
all examples of pure substances.

# MOLECULE is +wo or more otoms joining together
chemically.
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A COMPOUND is o molecule that contains ot least +wo
different elements (or atoms) that are chemicallg combined
in o fixed ratio.

Water, represented by the chemical symbol #,0, is a
compound becavse it contains two different elements:
hydrogen (#) and oxygen (0).

Toble salt, represented by the chemical symbol NaCl, is
also a compound becavse is contains sodivm (Na) and
chloride (CI).

# CHEMICAL SUBSTANCE is
something that can't be separoted
into its components by physical

methods. For example, a diamond

starts out as a piece of coal but was
subjected to intense heat and pressure.
Although it changes form from coal o a
diamond, it's still made of the same suvbstance:
carbon.

%Z}ﬁ
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COMPOUNDS AND MIXTURES
# COMPOUND is REACTED CHEMICALLY, meaning that
each of its individuval parts no longer retain their own

properties.
_FER—E%_AFPT{ Sodium (Na) is o W
highly reactive silverish metal, and s

chlorine (Cl) is a toxic yellow-green gas
ot room temperature. But when they
combine chemically to become NaCl, the
result is table salt, something that you
can safely eat every day,

The combinations of the parts of a compound are fixed.
\Woater is alwags H,0: one atom of hgdrogen (B and two
atoms of oxygen (0).

A MIRTURE is made of two or more different
substances that are combined. The substances
are not chemically bonded, which means

that a mixture can be separated

D

%

into its original parts. An example
of a mixture is salod dressing
made of oil, vinegar, and maybe
herbs or lemon juice.
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There are two types of mixtures:

HETEROGENEOUS mixtures contain substances thot are
not uniform in composition. The parts in the mixture can be
separated by physical means.

For example: Pizza is a
heterogeneous mixture
because every bite contains
something different.

HOMOGENEOUS mixtures are the same throughout and
cannot be separated by physical means.

fFor example: Milk is composed of water,
fot, proteins, lactose (the sugar component
of milk), and minerals (salts). These
substances cannot be separated.

Separating Mixtures

Sometimes yov want to separate mixtures so that yov con
recover their original components. To do that, you must
separate them by physical methods.
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I£ youre talking abovt a pizza, You can just pick off
the pepperoni, savsage, and green peppers.

But you still have the cheese,
savce, and crust.
Those are more
difficult to separate.

"Physical methods vsed to separate a mixture include:

Filtration Distillation
Extraction Chromatogrophy
Evaporation

FILTRATION separates an INSOLUBLE solid (one that
does not dissolve) from a liquid or solvtion. # mixture of solid
and liquid solvtion is poured through a filter, and the solid
collects on the filter paper.

FUTER PAPER

FILTER FUNNEL
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CHROMATOGRAPHY is o separation process that requires
two different phases of matter. It can be vsed to separate
two solids that are mixed to creote the same liquid (like the
ink in o pen). & thin layer of silica is placed onto a plote. # dot
of the liquid being separated is added to the plate. The plate
is then placed into a solvent (liquid phase) that slowly moves
up the plate (solid phase), separating the parts of the liquid.
Chromatography is used to test whether a liquid is a substance
or o mixture. It does not separate the entire sample.

.—»5—-'*

o - — e

=

EVAPORATION separates o SOLUBLE solid (one that
does dissolve, such as table salt) from a liquid, usuallg
water. The solvtion of the solid and quuid is boiled until the

liquid evaporates into the air. The salt is left behind in its
original form.

SoLVTION ﬁ\\‘ j
AV

[: &, }‘ _1 HEAT

] ! 107
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EXTRACTION is the act  SEPARATORY
FUNNEL

of isolating one compound
£from another. The mixture
is brought into contact with
o solution in which the \: SOLUTE IN
substance wanted is soluble  gropcock @% AGUEOUS PHASE
(will dissolve), but the other

substances present are insoluble

(won't dissolve).

«edvt. ./ SOLUTEIN
: « « '/ ORGANIC PHASE

PISTILLATION is the action of purifying a liquid by the
process of heating and cooling. It can be vsed to separate
Two liquids that have different boiling points by heating them
o evaporate one of them and then cooling it to condense it
while the other remains a liquid. This method is mostly vsed
to purify liquids.

PURE WATER
VAPOR

\Z/’W// 7o)
S»:‘Sg& W
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@ CLECLYour (OLEDCE

1. How are motter and atoms reloted?

2. What are the three basic subatomic particles that moke
up an atom? Give their charges.

3. €xplain the difference between a molecvle and
a compound.

4. What is the difference between a mixture and
a compound?

5. What is the difference between a homogeneovs and
heterogeneous mixture? Give an example of each.

6. \Which two separation methods can be vsed to separate
a solid $rom a liquid?

1. What is the best way to separate two solids thot are
mixed to moke the same liquid?
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CLECK Your QIUSWERS

1. Motter is an3+hing thot has moass and tokes
VP space, wWhereas an atom is the smallest unit
of motter.

2. The three basic subatomic particles that make vp an
atom are electrons, protons, and nevtrons. €lectrons
are particles with a negative (-) charge. Protons
are particles with a positive (+) charge. Nevtrons are
particles that have no charge (they are nevtral).

3. A molecule is two or more atoms thot are chemicallg
joined together. & compound is a molecvle that contains
ot least two different elements (or atoms).

4. # mixture is made of two or more different substances
thot are mixed together but are not chemically bonded. #
compound is mixed chemically, which means thot each of
its individval parts no longer refains its own properties.

5. # heterogeneous mixture is one in which the substances
are not evenly mixed and can still be separated, for
example, pizzo. # homogeneous mixture is a mixture thot
is the same throughout, for example, milk.
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. Two methods that can be vsed to separate a solid from
a liquid are filtration and distillation.

. Chromatography is the best method for separating two
solids that are mixed to make the same liquid.

M






Atomic Theory
and Electron
Configuration



AN

THEORY DEVELOPMENT

John Dalton

JOHN DALTON was the first Yol VR 2 2 S
scientist. He is often referred

to as the father of atomic
theory based on scientific theory. In 1803, he proposed
the theory of the atom.

scientist to develop an atomic

observation. He believed thot:

All motter is made of atoms.

Atoms connot be broken down further.

Atoms within an element are the some; atoms from
different elements are not.

14



For example, hydrogen atoms () are different from
oxygen otoms (0).

Atoms are rearranged during o chemical reaction, but
ore not lost (the LAW OF CONSERVATION OF MASS).

Q- c”— &

Atoms of Atoms of Atoms of the
Oxygen ‘Hydrogen hew comFound,
Water (H,0)

Compounds are formed when atoms from two or more
elements combine. In any one compound, the ratio of
the number of atoms to one another is a whole number
(LAW OF MULTIPLE PROPORTIONS).

fFor example, in CO,, the ratio of carbon to oxygen
otoms is 1:Z.

_ carbon (E) iox)’geh (O)

' The Law of Multiple Proportions states that if
two elements combine to form more than one compound,
the masses of one element will combine with
the other element in a whole-number ratio.
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Dalton's theory didn't get everything right. For example,

it was later confirmed that atoms can be broken down

into subatomic particles (known as electrons, nevtrons,

and protons), but it was a great start becavse otoms and
molecules are still the smallest particles a substance can be
and still retain its chemical and physical properties.

4. 4. Thomson

Part of Dalton's theory was J. J. Thomson was an
disproved when SIR JOSEPH English physicist who
JOHN (3. J) THOMSON discovered | 18 credited with the

_ discovery of the electron
the electron in 1897. Thomson and proposed the
vsed the idea of RADIATION, “plum pudding” model
energy thot is transmitted in the of the atom.

form of waves, particles, or roys.

Using electromagnetic radiation theory, Thomson buitt
o CATHODE RAY TUBE to prove that negatively charged
particles (electrons) were present in atoms.

A cathode ray tube is o closed
glass cylinder in which most of
the air has been removed. Inside
the tube are two ELECTRODES,
o CATHODE, which is the negatively A neon sign is a
charged electrode, and on ANODE, cathode ray fube.
which is the positively charged electrode.
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When a high voltage is applied between the electrodes,

a beam of electrons travels from the anode to the cathode.
Thomson was able to determine the ratio of electric charge
o the mass of a single electron. That number is

-116 x 10 Covlomb (C)/g.

the unit of

electric charge

Thomson imagjined that atoms looked Q +°+ e
like o "bowl of plum pudding,” e Q Q+ =
meaning the electrons just "sat* in e
o pudding of protons. The negative Q Q + =
charges of the electrons were + ©
conceled out b‘:’ the positive J. J. Thomson believed that
charges of the pro+ons. electrons were like Plums inside

a Posi'l’ively clyar-ged "Pudding."

Ernest Rutherford

ERNEST RUTHERFORD, a British physicist, ook Thomson's
idea a step further by using radioactive particles. He shot
positively charged ALPHA PARTICLES (particles made

up of two protons and two nevtrons) through a piece of
gold foil. He noticed that some of the alpha particles went
straight through the foil, but others bounced back. What
wovld covse the alpha particles to bounce back? Rutherford
theorized that:

17



Atoms are made of mostly empty space (which is why
most particles went "straight through* the gold foil).

Atoms hove o positively charged center (which cavsed
the positively charged particles to "bounce back).

His second idea came from the theory that becavse "like
repels like" (meaning positive charges repel positive charges),
the positively charged alpha
particles were most likely hitting NUCLEVUS

the center of the atom, which Positively charged
central core of an atom;

contains nearly
named that center of the atom all of its mass.

the NUCLEVS.

DEVELOPMENT OF THEORY
OF ELECTRON CHARGES

€lectrons are motter. All motter has mass; therefore,

N

was also positively charged. He

electrons must have mass. But how do Yov measure the mass
of some+hing as small as an electron?

Ro Ao Mﬂhkan Robert Andrews Millikan

In 1909, R. A. MILLIKAN was an American physicist
who received the Nobel Prize

erformed an experiment
P P in Physics in 1923 for his

in Which he was able to find ek i e e 6 e
the size of the charge on elementary electric charge.
on electron.
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MILLIKAN OIL-DROP EXPERIMENT

COVCI"

° Doo ° 0 @ Distance
Oil spray 5 MicroscOPe

\v\s’—v"’f\t 11 I 4 g

Several
Uniform electric field

v/

thousand

volts -

Metal plates

Millikan placed o negoative charge onto o drop of oil. ke then
determined how much electric charge must be applied to
suspend the oil drop in an electronic field between two metal
plates. By balancing the gravitational and electric forces on
the oil drop, he could determine the charge. #fter multiple
experiments, he found that the charge on an electron was
-160Z x 10 C.

Using Thomson's charge/mass rotio of the electron, Millikan
determined the mass of on electron.

Mossofon _  charge 16027 y 10

= = = = -8
electron charge/mass -176 108 110 x 10 9

The charge of both the electron and proton, known as
the ELEMENTARY ELECTRIC CHARGE (E) OR (Q),
is -16022 x 107 C.
19



Because Rutherford knew the charge of the proton, he
covuld plug it into his equation and calcvlate it in reverse fo
determine thot the mass of the proton is -1612 x 107" kq,

James Chadwick

JAMES CHADWICK spent his James Chadwick was
life studying the nucleus of the a British physicist
Rutherford atom and found the who discovered the

. neutron in 1932. He was
mass of the nucleus to be twice awarded the Nobel Prize
as large as previously thought. In in Physics in 1935.

oddition, Chaodwick noticed thot the

Rutherford atom was nevtral, yet

the protons had a positive charge. These pieces of information
led Chadwick to theorize that there must be small particles
other than protons present in an atom's nuclevs: ones withovt
a charge. He named these subatomic particles NEUTRONS.

Measured masses and charges of
the three elementary particles

PARTICLE CHARGE (O _
Electron -1.60 x 10 91 x 103
‘Proton 160 x 10™ - 1612 x 1077
Nevtron 0.00 1674 x 102
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@ CLECLYour (OLEDCE

1. Who was the first scientist o develop the atomic
theory?

2. True or false: The atoms in sodium (Na) are different
£rom the atoms in chlorine (Cl).

3. €xplain the difference between a cathode and an anode.
4. Which scientist built a cathode ray tube to prove that
negoatively charged particles (electrons) and positively

charged particles (protons) were present in atoms?

5. Whot experiment did Rutherford perform with regard to
atomic structure? What did his research prove?

6. Does the nucleus of an atom have a charge’.’ I€ so, whot
is it?

1. \Who determined the charge of an electron?
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CUECK Your QSWERS

1. John Dalton

2. True. They have different numbers of protons, nevtrons,
and electrons.

3. & cothode is a nega’rivelg charged electrode, and an
anode is a positively charged electrode.

4. J .J. Thomson

5. Rutherford shot an alpha ray through a piece of gold
foil. He noticed that some of the rays went straight
through the foil, which was expected, but others bounced
back. He proved that every atom has a nuclevs.

6. Yes. The charge is positive.

1. Millikan, with his oil-drop experiment
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WAVES,
QUANTUM THEORY,
AND PHOTONS

WHAT IS A WAVE?

# WAVE isa vibrating disturbance through which energy
is fronsmitted. Waves are described bg their heigh‘r ond
length, which are measvred by AMPLITUDE ond

FREQUENCY.
Leng‘Hv of the wave T
from peak to peak PEAK/CREST:
or froug’» to frougl': TOF o'r H.,e wave

m N\ FREQUENCY:
Number of waves
that pass 'I‘/srougl,

one sFeciﬁ'c Fo,'hf

AMPLITUDE:
Vertical distance from
the middle of the wave
to the Peak or frougl't TROUGH
Bottom of the wave
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The units of measvrement for a
wavelength vary. They can be
measured in meters, centimeters,
nanometers, or Angstroms.

An Angstrom is a unit of length
equal to 107 meter, or
one-hundred millionth of a centimeter.

= L

THE ELECTROMAGNETIC
SPECTRUM

Up until 1900, scientists believed that the energy of
on electron acted like o wave, meaning it was able to

move vp and down. An example of this motion was found
in ELECTROMAGNETIC (EM) RADIATION.

€M radiation is all around vs and takes many forms.
Most of the waveleng+hs ond €reqpencies of €M radiation
are invisible to the naked eye. Examples of common €M
rodiation are:

Flame from X-rays

Rays from a burhing fire 5
the sun E
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The collection of all types of €M radiation is called the
EM SPECTRUM. The €M spectrum has seven different parts:

radio vitraviolet
microwaove X—mg
infrared gomma roy
visible

The visible light spectrum from low to high energy can be memorized
using this mnemonic:

Roger Makes Instruments: Violins, Ukuleles, Xylophones, and Guitars.

(Radio, Microwaves, Infrared, Visible, Ultraviolet, X-rays, Gamma rays)

Humans can only see one small part of the EM spectrum and
that is the visible spectrum. This rainbow-colored portion

is made vp of the colors thot humans con see: red, orange,
yellow, green, blue, indigo, and violet. The arrow and scale
show that the color violet has a short wavelength and higher
frequency, and the color red has a longer wavelength and a
shorter frequency,

The colors arranged in order from longesi— to shortest

wavelengths are: Red, , , Green, Blue, Indigo,
and Violet, also represented by their acronym, ROYGBLV.
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The Electromagnetic Spectrum

\»/aveleng‘rh (meters)

RADIO
— ]

MICROWAVE
11010

INFARED
102 +0 1 x 107

VISIBLE
T1x 10710 4 x 107

ULTRAVIOLET
3x10710 1078

X-RAY
1078 +0 1012

GAMMA RAY
102 —»

About the size of:

Buildings

K,
Grains of sugar 7 -
ﬁﬁ

Protozoon

)
Bacterio O

Atomic nuclei @



The positioning on the chart \

indicates the size of each type of WSO ELS T
listen to the

wave. & radio wove is long ond radio, or use a

wide, like o jump rope that is being microwave, you are

using EM waves.

waved vp and down. & gamma roy

is +in9, like the nucleus of an atom.

PLANCK'S THEORY

German physicist MAX PLANCK discovered thot electrons con
also act like particles, becavse when they hit a metal surface
they emit electrons. Planck heated solids vntil they glowed
red hot and then observed thot they emitted €M radiation.
He found that M radiation was emitted in small packages.
He colled these packages QUANTA (singular: quantum).

A QUANTUMN is the smallest quantity of energy that can
be emitted or absorbed in the form of €M energy.

Simple explanation: €very day, yov deal with things in
specific quantities. If yov want to buy a candy bar, it costs
89 cents (§.89). With a tax of 1%, You would owe $0.062.3, or
abovut b 1 cents in fax. But you can't give someone 1 of

4 4
0 penny

%Z}ﬁ

127



THAT wWILL BE
95.23 CENTS,

A qyarﬂ-um is like a penny. A PLEASE.

penny is the smallest cash coin
available in the U.S. Yov cannot
give someone half of a penny.

Yov also can't have any unit of

enerqy smaller than a cluam“um.

What is a quan‘rum *worth*?
Plonck measvred the energy of o quan‘rum with this equa’rion:
€=hv

where h is Planck's constant ot 6.626 x 103* Jovles (J)/s, and
Vis the €requencg of the Iigh’r obsorbed or emitted.

Planck's constant relates the energy Ajoule is an \
in 1 quantum of €M radiation o the ST unit of energy.
frequency of that radiation.

OR, if yov are vsing the speed of light, ¢, the equation for
a quantum can look like this:

he A is called l]ambda
A A = wavelength

becavse V = C/A
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The speed of light ¢ = 3 x 10° m/s.

QAQuontum +heor9 is the s+ud3 of motter ond energy on the
otomic and subotomic levels. Quantum +heor9 ollows scientists
to understand how electrons behave and to make predictions.

Important! According to quantum theory, enerqy is always

emitted in whole-number multiples of hv, for example, hv,
Z hv, and 3 hv, but not 196 hv or 3.2 hv.

THE PHOTON

ALBERT EINSTEIN took

Albert Einstein was a
Planck's theory to the next German physicist who
level. €instein shot o beam of developed the theory of
light onto o metal surfoce, relativity. He was awarded

the Nobel Prize in

which cavsed electrons to Physics in 1921 for his
be emitted. This emission is discovery of the Law of
called the PHOTOELECTRIC Photoclectric Effect.

EFFECT. €instein found that
the number of electrons thot were ejected from the metal
was proportional to the brightness of the light.

Photoelectric effect:

Brighter _ more elecirons
light ejected
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However, the energy of the light must be above a certain
frequency (called the THRESHOLD FREQUENCY) for electrons
1o be ejected. If the energy is below the threshold frequency,
none of the electrons will be ejected.

rons
it or PRO
v &)

The box contains Free—?lood-ing electrons. As the energy in
the form of light enters the box, it pushes out electrons.

In other words, electrons inside metal atoms are held
together tightly, so it fakes a lot of light to push an electron
ovt. If the light doesn't have enough oomph (or isn't a high
enough frequency) it can't make the electron budage.

%Z}ﬁ
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" FOR EXAMPLE: Imagjne thot you are holding on to a

basketball as +igh+ly Qs Yyov can with fwo hands. Another

person wants to push the basketball ovt of your grip. That
means that they must apply a lot of force to get yov to
let go of the ball. If they push ot the ball lightly, yov keep

holding on 1o the basketball.

But if they push hard enough, they can knock it out

of your hands.

That basketball represents the electron. The hard push

represents a beam of energy that is above the threshold

4reqyencg.

Einstein suggested that the beam of light thot could eject an
electron was o particle of light called o PROTON.

He said that photons possess energy €, which is given by

the eqpa’riom
€E=hv OR €-= %

where ¢ is the speed of light,
and ¢ = 3 x 108 m/s.

Energy is equal to the
wavelength multiplied
by the frequency of light
absorbed or emitted.
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So that means:

A photon = a quantum

Photons are the smallest unit of energy (like o quom’rum) ond
have the Following choracteristics:

Theg aore nevtral and stoble and have no mass.

They interact with electrons and have energy and speed
that is dependent on their frequency.

They can travel ot the speed of light, but only in a
voacuum, such as space.

All light and €M energy are made of photons.

%Z}ﬁ
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@ CLECLYour (OLEDCE

1. What is quantum theory?
2. Why is it important to study quantum theory?

3. What are the three properties that yov can measure in
a wave?

4. Con a partial photon be emitted from on object?
5. Is a photon the same as an electron?

6. Whot are three characteristics of photons?
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CLECK Your QIUSWERS

1. Quantum theory explains the behavior of matter
ond energy on otomic and subatomic levels.

2. Guantum theory allows scientists fo predict and
understand how electrons will behave.

3. The three properties you can measure in o wave are
amplitude, frequency, and wavelength.

4. #& partial photon cannot be emitted from an object
because photons are only emitted in whole numbers,
such as 1, Z, 3, efc.

5. No, photons differ from electrons becavse a photon is
the smallest vnit of energy, like a quan’rum. Photons
ore massless.

6. Photons are neviral, stable, and have no mass. They
interact with electrons and have energy and speed thot
is dependent on their frequency. They can travel ot the
speed of light, but only in a vacvum, such as space. All
light and €M enerqy is made of photons.
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Different types of otoms are called ELEMENTS.

Elements are unique and are made of one type of atom.

There are 118 known elements.

Elements can have different numbers of protons and
electrons. This explains all of the differences in the
physical properties of matter.

Some elements exist at room femperature as a gas,

some ore liquid, ond some are solid.

#All elements are listed oand

organized in a chart called
the PERIODIC TABLE.

136

Dmitri Ivanovich Mendeleev was
a Russian scientist who invented
the periodic table in 1869.




The periodic toble is arranged in o grid format. €ach element
sits in a specific place in the grid, according to its ATOMIC
NUMBER. The number of protons in an element defines its

position in the periodic table, according to modern periodic law.

ATOMIC NUMBER

The number of protons

also the humber that an atom contains.
of electrons

STRUCTURE OF
THE PERIODIC TABLE

The periodic table contains three mojor categories of
elements:

Metals are positioned to the left of the table, metalloids are
in the middle, and nonmetals are positioned to the right.

Each element on the periodic table is assigned o CHEMICAL
SYMBOL, which is one or two letters long. The first letter
is alwoys vppercase and the second letter (if there is one)

is lowercase. for example:

Sodivm = Na
Magnesium = Mg
Sulfur = S
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H

1 «PERIOD >
1

Hydrogen
1 1.’6‘038 2
3 4
L" Be 3 — Aform'c Number
2 Lg’;,’;;” B;'é';'z"z'" L,' —4 . Chemical Symbol
11 12 Lg_"q';;" +— Element Name
Nd M 9 { Average Atomic Mass
Sodium Magnesium
3| 2990 | 24305 3 y 5 3 7 8 9
19 20 21 22 23 24 25 26 217
K C a S Cc T: V C r M h F (4 C o
y Potassium Caleiym Scandium Titanium Venadium | Chromium | Manganese Iron Cobalt
39.098 40.078 44956 47.867 50442 51996 54938 55.845 58933
37 38 39 40 41 42 43 44 45
RE|Sr| Y | Zr INB{Mo| Tc | Ru | RA
5 Rubidium Strontium Ytrium Zirconium Niobium | Molybdenum | Technetivm | Ruthenium Rhodiumm
85468 8162 88906 91.224 92906 9595 989062 101.07 IOZ.WA
S35 6 12 13 74 15 6 17
Cs | Da Hf | Ta |W | Re | Os | Ir
3 Caesium Barium \ Hafnium Tantalum Tungsten Rhenium Osmium Iridium
13291 137.33 17849 18095 18;.84 186.21 190.23 192.22
g7 g8 104 105 106 107 108 109
Fr | Ra Rf |Db | Sq | BA | Hs | Mt
7 Francium Radium Rutherfordium| Dubnium | Seaborgium |  Bohrium Hassium Meitnerium
(223) (226) (267) (268) (269) (264) (269) (278)
1 S7 S8 9 60 6l 62
[ -]
= \ﬂ La|Ce|Pr|Nd|Pm|Sm
ot Lanthanum Cerium  [Praseodymium| Neodymium | Promethium | Samarium
(L] 13841 140.12 140491 144.24 (145) 150.36
Y N 2 T P N T
A c|Th|Pa| U |N P Py
Actinium Thorium | Protactinium |  Uranium Neptunium Plutonium
(226) 232.04 231.04 238.03 (237) (244)
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= ALKALI METALS

= ALKALINE EARTH METALS
= LANTHANIDES

= ACTINIDES

= HALOGENS
= NOBLE GASES
= NEw AND PENDING DISCOVERIES

18

2
He

Helium
5 TRANSITION METALS 13 19 15 16 17 | 400
= UNKNOWN PROPERTIES ) A 7 g q 10
OST-TRANSITION METAL
= POST-TRANSITION METALS B C N O F N 0
- METALLOIDS Boron Carbon Nifrogen Oxygen Fluorine Neon
- OTHER NONMETALS 10.806 12.009 14,006 15999 18998 20.180
13 14 15 16 17
AL Si|P| S |C A.-
Aluminum Silicon leosrkcrus Sulfur Chlorine Argon
10 1 12 26982 | 28084 | 30974 | 32059 | 35446 39948
28 29 30 31 32 35 36
N:i | CulZ h Ga Ge AS S e Br Kr
Nickel Copper Zinc Gallium Germanium | Arsenic Selenium Bromine Krypton
58.693 63.546 6538 69.723 12.63 14922 1896 79904 83198
46 47 4 49 S0 52 53 54
Pd A 9 Cd|In|Sn S b Te | I | Xe
Palladium Silver Cadmium Indium Tin Antimony Tellurium Todine Xenon
106.42 107.87 1024 114.82 g 12176 12760 126.90 131.29
8 19 &1 82 &3 &4 &5 86
Pt A u 'H 9 T |Pb i | Po Af Rn
Platinum Gold Mchur)’ Thallium Lead Bi!muf‘t Polonium Asfafine Radon
195.08 19697 200.59 204.38 2072 20898 (207) (210) (222)
110 111 112 13 114 1S 116 117 118
Ds | Ry | Cor | Nb | Fi [Mc| Ly | Tm | Og
Darmstadtium| Roentgenium | Copernicium | Nihonium Flerovium | Moscovium | Livermorium | Tennessine | Oganesson
(281) (281) (285) (286) (289) (289) (293) (294) {290) |
63 64 (A) 66 67 68 69 70 [
Eu Gd Tb D)’ Ho Er Thn YB Lu
Enrofium Gadolinium Terbium D)’Sfro:ium Holmium Erbium Thulium Ytterbium Lutetium
15196 157.25 15893 162.50 16493 167.26 16893 173.04 17497
a5 [ 96 | 97 [ 98 [ 99 | 100 | 1o | 102 | 103
Am Cr | Bk | Cf | Es | Fm [Md| No | Lr
Americium Curium Berkelium | Californium | Einsteinium Fermium | Mendelevium | Nobelium | Lawrencium
(243) (247) (247) (251) (252) (257) (258) (259) (262)
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In many cases, the letters in a chemical symbol correspond
o the name of the element. . .. But not always.

For example:

Oxggen is O
Zinc is 2n
but Lead is Pb

€ach square in the periodic table
contains the same information
obovut the element:

Atomic number
Chemical sgmbol
Element name
Average otomic mass

Atomic number

Chemical symbol

Element name

190

DON'T YOU KNOWw?
PB IS AN ABBREVIATION
FOR THE LATIN woRD

FOR LEAD, PLUMBUM.

O SO

ATOMIC MASS
the average mass of
a typical atom of
that element.

Average atomic mass



The periodic table is organized by
rows and columns. & horizontal row
is called o PERIOD . A vertical
column is called a GROUP or
FAMILY . The structure of the
table is based on mass.

PERIOD

the row of elements
across the periodic table
(horizontal).

The elements are arranged
from left to right by increasing
atomic number. As Yov go across
from left to right, each element
has one more electron and one

GROUP or FAMILY

a column of elements in
the periodic table. Groups
have similar physical and

chemical properties.

more proton than the element to

the left of it.

FOR EXAMPLE: Hydrogen (H) has one electron, helivm
(ke) has two electrons, lithium (Li) has three electrons, and
so on. Elements in the same column have similar physical

and chemical properties.

%Z}

A
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NEUTRAL ELEMENTS,
ISOTOPES, AND IONS

Ino NEUTRAL ELEMENT, the number of protons equals
the number of electrons. This means that the element has a
charge of 0.

The atomic number tells you the number of protons. If the
element is nevtral, it also tells Yov the number of electrons.

To £ind the number of nevtrons, svbtract the atomic number
£from the moss number (avemge otomic mass rovnded to the
nearest whole number).

mass otomic  number of
number number ~—  neuvtrons

Atomic number

20 €
-
Calcium

40.08

Averase atomic mass

(round the atomic mass to

4008 = 40 'Hve nearesf w’)o'e huhnber)

40-20=120 (subtract the atomic number

from the mass number)

Calciuvm has 20 nevtrons. It is a nevtral element.
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COMMON ELEMENTS

We vse a number of elements on the periodic table
every day.

fFor example:
ALUMINUM (AL) is vsed in
moking planes, pots, and pans.
Lo
3% =
R GOLD (AVU) is vsed to make jewelry, and

diomonds are composed of carbon (C).

SODPIUM (NA) is combined with chlorine (Cl)
to moke toble salt.

EAT NEON (NE) is used to make
AT heon signs.

IRON(FE) is vsed to moke steel
9irders for bridges or buildings.




ISOTOPES

ISOTOPES ore otoms of the same element. For example,
carbon-14 is an isotope of carbon. Isotopes always have the
same number of protons with different atomic masses.

More nevtrons = more mass = heavier otoms

Fewer nevtrons = less mass = Iigh+er otoms

The atomic mass is included in the information
for each element in the periodic table.

f

€ach isotope of an element is identified with o MASS
NUMBER . which is the sum of the atomic number (number of
protons) and nevtrons in the nucleuvs.

Mass number = atomic number + number of nevtrons

To write an isotope, yov must know:

the mass number
otomic number
element sgmbo|

charge (if it has one)
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The formot looks like this:

mass humber

chorge
atomic number (element symbol)

FOR EXAMPLE: Carbon-14 has six protons and eight nevtrons.

[ More nevtrons = more mass = heavier otoms

. The isotope is written like this:

mass number

12 C element symbol

atomic number

i Carbon-14 has no charge, so there is no sgmbol next o the
| element sgmbol or number.

(D

FOR EXAMPLE: An oxygen isotope, 0% is written as

]4 2_ Ifa ckarge is +1 or
(D -1 wé wr‘i"'e + or -
, (without the 1) as
. The isotope has o -2 charge. the superscript.
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Hydrogen has three isotopes:

Protivm has one proton and is the stable atom of hydrogen.
It is written as

Al

atomic number

Devterivm has one proton and one nevtron and is an isotope
written as

1 Pro'l'on + | neutron %H

Tritium has one proton and two nevtrons and is an isotope
written os

1 proton + 2 neutrons ¢ ?H

A model of hydrogen's isotopes would look like this:

PROTIUM (\H) DeuTeRIuM (W) TRrtivm GH)
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Isotopes are vsed in:

SMOKE DETECTORS: The
americium-241 isotope initiates a small
current that, when interrupted by
smoke, couses the detector to go off.

NUCLEAR REACTORS: The isotope
U-235 is used in nuclear reactors
becouse under certain conditions, it
can split and give o££ a large amount
of enerqy.

BATTERIES IN NASA SPACECRAFT:
Isotope plutonium-238 is vsed for

batteries to power long-term space
ravel. As plutonium-238 decays, it gives
off heat that is converted to energy.

IONS
If on atom has a charge it is called an ION.

# neqgoatively charged ion (-), or ANION  results when
on otom gains one or more electrons.
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# positively charged ion (+), or CATION, results when an
otom loses or gives 0wy one or more electrons.

Think: Cat + Iron

# positive ion, or cation, will be attracted to
o negative ion, or an anion.

A positive ion will be repelled by another positive ion.

A negoative ion will be repelled by another negative ion.

Tons with different charges ond their ottractions:

/ 14111

neutral

attraction reFuls;on no attraction, no rePulsion
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@ CLECLYour (OLEDCE

1. How many known elements are there?

2. Which number on the periodic table tells the number
of protons in an element?

3. What is the name of a row across the periodic
table? What is the name of a vertical column in
the periodic table?

4. Who is known as the father of the periodic table? On
what measurement did he base his structure of the
periodic table?

5. \What is the difference between atomic number ond
atomic mass? Why is this difference so important o

the periodic table?

6. \What is the difference between an anion and a cotion?
Give examples of each.

ANSWERS 149



CLECK Your QIUSWERS

1. There are 118 known elements.

2. The atomic number tells yov the number of protons in
an element.

3. A row in the periodic table is called a period. # column is
called o grovp or a family.

4. Dmitri Mendeleev is known as the father of the periodic
table. He based the structure of the elements on mass.

5. frtomic number is the number of protons that an atom
contains. ftomic mass is the weighted average based
on relative abundance of isotopes. Henry Moseley, a
British chemist, reorganized Mendeleev's table by atomic
number, not atomic mass. Everything "fell” into place.
Moseley determined that atomic number increases in the
same order as atomic mass.

6. An anion is a negatively charged ion. # cation is a
positively charged ion. Examples of anions are: chloride,
nitrite, sulfate, and phosphate. Examples of cations are:
lithium, sodivm, and potassivm.
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Chapter 1Z

TYPES OF ELEMENTS
The periodic table is governed by PERIODIC LAW, which
states:

‘Phgsical ond chemical

properties of the elements Periodic law is considered to
be one of the most important
concepts in chemistry. It

predictable way when the helps chemists to predict how
elements are arranged an element will behave.

recur in a sgs’remaﬁc ond

in order of increasing
otomic humber.

If you khow an element’s Pos-'fion on the
Fen’odic table, you can Predic'l' its Prorerf:’es.
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Elements in the periodic table are split up into three
coteqgories:

METALS NONMETALS METALLOIDS
METALS are:

Solid ot room temperature (except for mercury [Hg),
which is o liquid ot room temperoture)

DUCTILE (can be pulled into +hin wires)
LUSTROUS (or "high luster*/shiny)

Good conductors of electricity and heat
MALLEABLE (con be hammered into thin sheets)

Prone to lose electrons easilg
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NONMETALS have properties that are opposite from those
in metals. They are:

BRITTLE

Dull or not shiny

"Poor conductors of electricity and heot
Solid, liquid, or gaseous at room temperature
Able to gain or share electrons easily

METALLOIPS have properties that are a mix of metal and
nonmetal properties. They are:

Solid ot room temperature
Dull or shiny

A mix of good conductors and poor conductors of
electricity and heot

Characterized by having physical properties that tend
to be metallic and chemical properties that tend to be
nonmetallic
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1

H

Periodic toble showing the three cod-egories

Hydrog!h
1.0078
2 Yy > METAL
L 0 B - METALLOID
! e
Lithiurm Bﬁ-y"ium 3 NONMETAL
694 9.0122
11 12
Na | Mg
Sodium Magnesium
22990 24.305
19 20 21 22 23 24 25 26 217
K{Ca|Sc|Ti|V|[C|Mn|Fe]|Co
Potassium Caleiym Scandium Titanium Venadium | Chromium | Manganese Iron Cobalt
39.098 40.078 44956 47.867 50442 51996 54938 55.845 58933
37 38 39 40 41 42 43 44 45
Rb | S| Y | Zr [Nb|{Mo| Tc | Ru | RA
Rubidium Strontium Ytrium Zirconium Niobium | Molybdenum | Technetium | Ruthenium Rhodiumm
85468 8162 88906 91.224 92906 9595 989062 101.07 10241
35 26 12 13 74 15 6 17
Cs | ba Hf | Ta |W | Re | Os | Ir
Caesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium
13291 137.33 17849 18095 183.84 186.21 190.23 192.22
g7 14 104 105 106 107 108 109
Fr | Ra Rf |Db | Sq | BA | Hs | Mt
Francium Radium Rutherfordium| Dubnium | Seaborgium |  Bohrium Hassium Meitnerium
(223) (226) (267) (268) (269) (264) (269) (278)
31 S8 9 60 6l 62
\ﬂ La|Ce|Pr|Nd|[Pm|Sm
Lanthanum Cerium  [Praseodymium| Neodymium | Promethium | Samarium
13841 140.12 140491 144.24 (145) 150.36
K 89 q? 93 q4
Ac TA Pa UIN P Py
Actinium Thorium | Protactinium | Uranium Neptunium Plutonium
(226) 232.04 231.04 238.03 (237) (244)
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2
He
Helium
40026

S 6 1 g 9

10
BIC|IN|O|F |Ne

Boron Carbon Nifrogen Oxygen Fluorine Neon
10.806 12.009 14006 15999 18998 20.180

13 14 15 16 17

AIS;PSCIA.-

Aluminum Silicon PImoSFAorus Sulfur Chlorine
26982 28.084 30974 32059 35446 3‘7 q48

29 30 31 32 33 34 35

g
Iili Cu| Zn Ga Ge AS Se Br Kr

Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Kr)’pfon
58.693 63.546 65.38 69.723 1263 14922 18496 19904 83198

47 48 49 30 b 32 53

46 S4
Pd |Ag|Cd|In|Sn|Sb|Te| I |Xe

Palladium Silver Cadmium Indium Tin Antimony Tellurium Todine Xenon
10642 107.87 1024 114.82 ugn 12176 127.60 12690 131.29

19 80 81 82 g3 &4

8 &5 86
Pt |Au|Hg | TI |Pb Bi | Po | At | Rn

Platinum Gold MtrCur)’ Thallium Lead B:'Imuf’t Polonium AIf‘dfiht Radon
195.08 19697 200.59 204.38 2072 20898 (209) (210) (222)

110 n 112 13 114 115 116 i 1§

Ds | Rg | Cn|NA| i [Mc|Lv| T | Og

Darmstadtium| Roentgenium | Copernicium | Nihonium Flerovium | Moscovium | Livermorium | Tennessine | Oganesson

(281) (281) (285) (286) (289) (289) (293) (294) {30) /

c4 (A 66 67 68 69

10 71
Eu Gd Tb D)’ Ho Er Thn Yb Lu

Gadolinium Terbium D)’Spro:ium Holmium Erbium Thulium Yterbium Lutetium
151 qG 151.25 15893 162.50 16493 167.26 168.93 173.04 17497

| 45 96 q7 98 99 | 100 | 101 | 102 | 103

Am|Cm Bk | Cf | Es | Fm [Md| No | Lr

Americium Curium Berkelium | Californium | Einsteinium Fermium | Mendelevium | Nobelium | Lawrencium

(243) (247) (247) (251) (252) (257) (258) (259) (262)
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FAMILIES IN
THE PERIODIC TABLE

& family (or group) in the periodic table is a set of elements
that share the same properties. The characteristics of each
element's display is determined

by the number of VALENCE \
VALENCE
ELECTRONS . Volence electrons
decide h + i + ELECTRON
ecide how an atom will reac An electron located
in o chemical reaction. in the outermost shell.

Everg element wants to have o

FULL OCTET, which is typically,

but not alwags, eight electrons in the ovter shell. To get

o full octet, an element will gain or lose valence electrons,
the electrons in the ovtermost shell.

Each shell (n) Oxygeh =& electrons
is numbered.
G valence electrons
in outermost shell
inner shell—

lowest energy level
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The OCTET RULE says that elements must combine in such
o way that each atom has eight electrons in its valence
shell, so that it has the same electronic configuration as
a noble gos.

There are five major qroups in the periodic table:
Each rouP
Alkali Metals: Group 1(IA) s numbered.
Alkaline €arth Metals: Grouvp 2 (ITA)
Transition Metals: Grouvps 3-12
Halogens: Grouvp 17 (VITH)

Noble Gases: Grovp 18 (VIITA)

Groups 13-16 contain metalloids. Metalloids are the smallest
group. Unlike the major groups, metalloids contain two
cotegories: metals and nonmetals.
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ALKALI METALS
Elements in this group have the following properties:

Have one valence electron that they will give vp
easilg to ge‘r on octet, so that the ion has a 1+ charge

Are soft, metallic solids thot are also shing
Are good heat and electrical conductors

Have low densities and relatively low melting points,
decreasing with atomic mass

ALKALINE EARTH METALS
Elements in this grovp have the following properties:

Contain two valence electrons thot they will give vp,
so that the ion has a Z+ charge

Are metallic solids, which are harder than alkali metals

Are more dense, have higher melting points, and are
better conductors than alkali metals

TRANSITION METALS
Elements in this group have the following properties:
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The number of electrons thot Jrheg can lose varies;
multiple charges are possible

Are hard metallic solids, very good conductors,
and have high melting points

Are shing, dense, and lvstrous

HALOGENS
Elements in this group have the following properties:

Hoave seven valence electrons and want to gain
on electron

Are reactive nonmetals

Have melting points and boiling points that increase
as the atomic number increases

NOBLE GASES
Elements in this group have the following properties:

Have eight valence electrons (exception: Helivm (He),
which has two valence electrons)

Rarelg react with other substances becavse 1‘h29 hove

o complete ovter energy level
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Whot abovt the two rows of elements that are

below the main periodic table?

These elements actually £it into the
table right after Group ZA. They are
often shown below the main table,
becavse the table wovld be o0 long
fo £it on the page. These elements
are known os LANTHANIDES
ond ACTINIDES.

Actinides, clements
89 to 103, are mostly
man-made elements that

don’t exist in nature
(except for uranium
and plutonium).

Lanthanides, also called rare-earth metals,

comprise elements 57 to 71. They have properties that
are similar to lanthanide, which occurs at the beginning
of the row, and that’s why they are called lanthanides.

/

PROPERTIES THAT

DETERMINE TRENDS

When you look ot the periodic table, yov can see TRENDS,
or general directions of understanding, that explain the

properties of each element.

The properties to be aware of include:

otomic radivs, ionic radivs, ionization energy, reac’rivi‘rg.
elec’rronega’rivﬁg, ond valence electrons.

160




It is important o understand how the protons in the
nuclevs affect the electrons in the ovter shells. This is called
EFFECTIVE NUCLEAR CHARGE.

Protons sit in an atom's

nuclevs and have positive EFFECTIVE
charges. In an otom with NUCLEAR CHARGE

The net, or total, positive
charge felt by an electron in an
positive charge is distributed [ atom with multiple electrons.

among the electrons, so thot
the full positive pull is not felt
bg any one electron.

more thoan one electron, thot

In an otom with multiple levels of electrons, the higher-
energy valence electrons are shielded from the full force
of the positive pull from the protons by the electrons in
the lower levels.

SHIELDING EFFECT is the
REPULSION
balance between the positive \
. OUTER
attraction of protons on O ——=20 iectrons

ATTRACTI
valence electrons and h ON\t /
e repvlsion forces
th pulsion & NUCI.EUS‘ O
£from inner electrons. \
Oe¢——
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JUST LIKE THE
RADIUS IN MATH!

Atomic Radius

ATOWNIC RADIUS is a measure of the size
of the atoms. It is the typical distance from
the center of the nucleus to the ovtermost
electron.

The measurement (in a Sfrdfgl'o"' line)
from the center of the objecf to its edge.

<> ATOMIC RADIUS OF H,

The line shows the radius of the two ’)ydrogeh
atoms that make up the H; molecule.

AS You move across a period from left to right, atomic radivs
decreases. This is because the effective nuclear charge
increases as electrons are added into the energy level, which
is the same distance from the nucleus.

Atomic radivs increases from fop to bottom in a group as the
effective nuclear charge decreases, dve o more electrons in

more energy levels.
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For example, magnesivm has a larger atomic radivs (is bigger)
than chlorine. Magnesivm is to the left of chlorine in the
periodic table.

MAGNESIUM CHLORINE

¢ = inner electrons, ¢ = outer electrons, P = protons,

/V= heufrohs. T‘:e arrows S‘ww 'Hw Fu“ o‘f ‘Hie huC|ei_

fonic Radius
IONIC RADIUS is the measvre of the distance between
the center of the nuclei of two ions that borelg touch.

rqnion"' r-c(rl'ior\

\ EE—— 4

IONIC RADIUS
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Tonic radivs INCREASES for nonmetals moving across o
period, becovse the effective nuclear charge (the force of
attraction exerted by the protons) decreases as the number
of electrons exceeds the number of protons. So, it gets
bigger becavse the ion gains electrons.

For a neutral atom, the atomic radius and ionic radius are
equal. In an atom that has a charge, they are unequal.

The ionic rodivs decreases for metals moving left to
right across a period, becavse they lose electrons and the
effective nuclear charge increases.

So, the greater the nuclear charge, the more power being
used to pull the electrons more tightly fogether, which mokes
the radivs smaller.

Tonization Energy

IONIZATION ENERGY (I€)is the energy required to
remove one or more electrons from a nevtral atom in the
gas phase. Not all atoms can give vp electrons easily. In
materials that hold electrons loosely, the electron that is
forthest from the nuclevs is relatively easy to pull of£.
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I€ decreases from top to bottom in a grouvp. #s yov

move down o group, size increases as electrons are
added in energy levels farther from the nucleus. The
bigger the atoms, the less ionization energy that is needed
1o pull the electrons off, because the farther away
electrons are from the nuclevs, the weaker the attraction
of the nuclevs.

I€ increases going left o right across the periodic table.
As You move across a period, the effective nuclear
charge increases as electrons are added ot the same
distance from the nuclevs, making it harder o remove
the electron.

%Z}ﬁ

Electronegativity

Atoms want 1o be in a stable state, and sometimes the
only way to find that stability is to bond, or connect,
with another atom. The connection between two atoms
is called its CHEMICAL BOND . A chemical bond is
the force that binds fwo or more otoms together by
their electrons.
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! FOR EXAMPLE: Two elements of chlorine bond to form Cl,.

Becavse their elec+ronega+ivi’ries ore equal, the bond will look
like this:

The line indicates that the two atoms are bonded.

Cl-Cl

€och atom of Cl contributes one electron to the bond.

ELECTRONEGATIVITY is the tendency of an atom to
ottroct electrons in a chemical bond.

Electroneqgativity increases from bottom fo top in a column.
Electroneqgativity increases from left to right across a group.

+
- & U & W R

ELECTRONEGATIVITY INCREASES

166

1A ELECTRONEGATIVITY INCREASES 8A
1 2
H |2A 3R YA 5A 6A 7A|He
3 4 S 5 7 g 9 10
Li|Be - BICIN|O|F|Ne
I 12 13 " 15 16 17 18
NaMgnnssun,/\unAl Si{P|S|ClHA-
9 20 2 2 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K{Ca|Sc|Ti [V |Cr|Mn|Fe[Co| Ni|Cu|Zn|Ga|Ge|As|Se|Br K-
37 38 39 40 4 42 43 44 45 4¢ 47 48 49 50 51 52 53 54
Rb|Sr| Y |Zr|Nb|Mo|Tc |Ru |Rh|Pd |Ag|Cd|In|Sn|Sb|Te| I |Xe
55 56 72 73 74 75 7e 77 1% 71 80 81 82 83 84 85 86
Cs|Ba Hf | Ta|W|Re |Os| I | Pt|Au Hg| Ti [P Bi [Po |At|Rn
87 88 104 105 106 107 108 109 10 m 1n2 u n4 s 1e ni jite
Fr |Ra Rf Db| Sq|BA |Hs [Mt| Ds|Rg |Cn[NA| FI |Mc|Lv | T |Og
57 58 59 60 6! 62 63 64 &5 66 67 (14 69 70 n
La|Ce|Pr|Nd[Pm|Sm| Eu |Gd|Tb Dy Ho | Er [Tm|Yb |Lu
&9 90 9 92 93 94 95 96 97 98 99 100 101 102 103
Ac|Th|Pa| U |Np|Pu|Am(Cm Bk |CF| Es |Fm [Md|No|Lr




Noble gases do not have elec’rronega’rivh‘g valves since Jrhey
do not bond. F is most elec+ronega+ive, Fr is least.

REACTIVITY TRENDS

REACTIVITY measures how likely an otom will react, or
bond, with another atom. This depends on ionization enerqy
(how difficult it is to get rid of that outer electron) and the
number of valence electrons (how badly the atom needs fo
gain an extra electron).

Metals and nonmetals have opposite trends.

METALS

* Reactivity increases as you move DOWN in a group. Reactivity
| decreases as yov move ACROSS a period, from left fo right.
This is becavse metals react by losing electrons.

NONMETALS
Reactivity decreases as yov move DOWN in a group. Reactivity

increases as Yyov move ACROSS a period, from left to right.
Nonmetals react by gaining electrons.
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ATOMIC RADIUS

Recap

Trends in the periodic table

IONIZATION ENERGY
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1 2
:_’T ELECTRONEGATIVITY -
3 4 5 (3 7 g 9 10
Li|Be BIC|N|O|F|Ne
1 12 13 i 15 16 1 18
Na M9 Al Si Ar
il 20 2 22 23 24 25 26 27 28 29 30 3 3. 5 \:—‘
K Cd Sc TI V Cr Mh Fe Co N: Cu Z ; Br Kr
37 38 39 40 4 42 43 a4 45 4i QP 50 3 54
Rb Sr Y Zr Nb Mo| Te R \ 9 d (4 I Xe
55 56 12 3 7 0 18 7 82 83 84 85 86
Cs|Ba\\ [H s R 9| 11 |Pb|Bi |Po|At|Rn
81 88 5. 106 P 1o §its n2 m 14 us e u ug
- | R SRE STMt| Ds| Rg | Con|NA| FI [Me| Ly [ Tn |Og
58 59 60 6! 62 63 64 65 (13 67 (14 69 10 T

La Ce Pr Nd Phn Shn Eu Gd Tb D)’ H° Er Trn YB Lu

89 90 91 92 93 94 95 9% 97 %€ 99 100 101 102 103

Ac Th|{Pa| U NP Pu Am Cin| Bk CF| Es |Fm |[Md|No | Lr
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@ CLECLYour (OLEDCE

1. Whot low governs the periodic table?

2. What is a metalloid? Give a few examples of their
properties.

3. Name five families of the periodic table.

4. What is the difference between atomic radivs and
ionic radivs?

5. Explain the ferm ionization energy and describe its
trends in the periodic table.

6. \What is reactivity and what factors are important in
its determination?
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CLECK Your QIUSWERS

1. The periodic table is governed by periodic law.

2. Metalloids contain properties that are o mix of
metal and nonmetal properties. They are solid ot
room temperature, can be dull or shiny, can be good
conductors (whereas others are poor conductors of
electricity and heot), and have physical properties
that tend to be more like those of metals and chemical
properties that tend to be more like those of nonmetals.

3. Five periodic table families are alkali metals,
olkaline-earth metals, tronsition metals, halogens,
ond noble gases.

4. Atomic radivs is the measure of the size of the atoms.
The typical distance is measured from the center of
the nucleus to the outermost electron. Tonic radivs is the
measvre of half of the distance between the nuclei of
two ions.
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5. Tonization energy (I€) is the energy required to remove
one or more electrons from a nevtral atom in the gas
phase. 1€ decreases from fop to bottom in a grouvp and
increases going from left fo right across the periodic
table.

6. Reactivity measvres the likelihood of an atom to react,
or bond, with another atom. Reactivity is dependent on
ionization energy and the number of valence electrons
that an element possesses.
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Chapter 13
FLECTR(

ENERGY LEVELS

The first scientist to come vp with a plan
on the structure of the atom was NIELS BOHR.

Bohr wanted to know where the electrons
were located in the atom. He proposed the idea
thot electrons zoomed

around the nucleus like ORBIT
The curved path that an object

takes around another object.

the planets zoom around
the sun, in an ORBIT.

Bohr called these orbits
ENERGY LEVELS.
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Bohr's rules for enerqy levels:

€ach energy level has a specific ENERCY LEVEL
size and energy. The energy of The possible location

the level is related to its size: the around a nucleus
where an electron
smaller the level, the lower the

may be found.
energg.

€ach enerqy level is a fixed distance £from the nuclevs.
The levels are numbered, s+ar+ing £rom the nucleus and
moving ovt.

Bohr +hough+ thot the onlg way electrons covld gain or lose
energqy was to move from one enerqy level to another.

Bohr's model of the element calcium (Co):

Nucleus composed

o‘F 20 Profohs ahd ) .
20 neutrons orbits
A G -
~ A 4
electrons
-6
(©]

173



€lectrons in the ovtermost energy level are colled
VALENCE €LECTRONS.

When an electron moves from a higher energy level
(farther away from the nuclevs) to a lower level (closer
to the nuclevs), it releases energy, emitting a photon in
the process.

Scientists later realized that Bohr's model was incorrect. The
model soid that energy levels were specific distances from
the nuclevs, but that was proven to be incorrect. However,
Bohr was the first to suggest a structure for how the
electrons occupy the atom.

PARTICLE OR WAVEY?

Scientists were still confused about how electrons behaved.
Did they act like waves? Or were they quantum packages,
like particles? LOUIS D€ BROGLIE said they were both.

de Broglie proved thot waves can behave like particles
and particles can behave like waves.

The scientist WERNER HETSENBERG said that we cannot
know exactly where an electron is located when it behaves
like a wave. That is becavse waves extend into space,
which means they go on and on.
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Heisenberq developed the HELSENBERG UNCERTAINTY
PRINCIPLE, which stated that it is impossible to know,
simultaneously and with certainty, both the momentum
and the position of a particle.

This means that the structured orbits, or energy level paths,

thot Bohr came vp with were wrong. The orbits/energy levels
were not well-defined paths, but more like an area of space
where the electron might be located.

Austrian physicist ERWIN SCHRODINGER
pulled all of these theories fogether into
one equation known as the Schrédinger
equation. This equation is the basis for
QUANTUM MECHANICS, the science
that explains the interactions of atoms
and svbatomic particles such as electrons,
protons, and nevtrons.

Important things o know about Schrédinger's equation:

It vses both wave behavior and particle behavior in
the same equation.

The probability of finding an electron in a certain place
is proportional to the square of the wave function.
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The most likely place to £ind a photon is where the
intensity of the light is the greatest.

The formvula connot tell yov where the electron is exacﬂg,
but it gives yov the probability of where it can be found
ot any given time.

The enerqy states and wave functions are described bg
o Set of qyani-um numbers.

Recap S
Electrons move cons‘ranﬂg within an otom. IN CHEMISTRY.
IT'S ALL ABouT

THE ELECTRONI
You can nhever know exac’rlg where

electrons are.

€lectrons will alwags head for the
lowest enerqgy level first and fill up
the shells from the nuclevs ovtward.

€lectrons in the ovtermost energy
levels are called valence electrons.
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@ CLECLYour (OLEDCE

1. Whot happens when an electron moves from o higher
energy level to a lower one?

2. Who was the first scientist to propose that an electron
covld act both like a wave and a particle?

3. Whot does the Heisenberg Uncertainty Principle stote?
. Who founded quantum mechanics?

5. \»/hg wos Schro'dinger's eclua’rion ) revolu’rionarg?
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CLECK Your QIUSWERS

1. When an electron moves from o higher enerqy
level ¥o a lower one, it loses energy by emitting
a photon. Bohr was the first scientist to make
this suggestion, which allowed for every type of
observation to be accounted for.

2. de Broglie was the first scientist to propose that an
electron covld act both like a wave and a particle.

3. The Heisenberg Uncertainty Principle stotes thot it is
impossible to know, simultaneously and with certainty,
both the momentum and the position of a particle.

y. Schrédinger, Heisenberg, ond Mox Plonck have been
considered the founders of quom’rum mechanics.

5. Schrb‘dinger's equa’rion wos revoluﬁonary becavse it uses

both wave behavior and particle behavior in the same
equation.
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CHEMICAL BONDS

When two or more atoms combine, +he9 £orm a chemicol
BOND the force that holds the atoms together. Atoms form
chemical bonds to complete their

OCTET
MEANS A
GRoUP of
EIGHT.

ovter energy levels and become
more stable. Onlg the electrons
in the outer shell (valence
electrons) form chemical bonds.
Atoms form bonds according fo
the octet rule.

Octet Rule: Elements combine in such a way that each atom
has a complete outer energy level, which is eight for many
elements. For this to happen, atoms give up or take electrons
from each other to balance out their electron count.

180



The valence number of most atoms con be determined by
their location on the periodic table. The number of valence
electrons is the same as the grovp number.

fFor example: VALENCE
ELECTRON

Sodium (No) is in the first group in
the periodic table and has one
valence electron. It looks like this:

Chlorine (Cl) is in the seventh group
ond hos seven valence electrons.
I+ looks like this:

VALENCE
ELECTRON

Exceptions: Transition metals vsvally have either two or
three valence electrons, aH-hough some con hoave as many
os five or Six.
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Atoms bond to complete their ovter energy level and become
more stoble. Noble gases are the most stable elements. They
already have full energy levels (two electrons for helivm
(He) and eight electrons each for neon (Ne), argon (#r),
krypton (kr), xenon (Xe), and radon (Rn)). All other elements
want to be stable like them. The type of bond that atoms
form determines how stable they will become.

The three main types of bonds ore:

IONIC: One atom donates electron(s), the other accepts the
electrons, and o bond is formed bg ottraction between the neuu|3
£formed ions. This occurs between metal and honmetal ions.

COVALENT : Two atoms share electrons between them.
This occurs between two honmetals.

METALLIC: Atoms are connected vio a "sea of electrons.”
This onlg occurs between metals.

IONIC BONDS

Tonic bonds occur when two atoms are connected 1o eoch
other by ELECTROSTATIC ATTRACTION, when two
oppositely charged objects are attracted to each other.
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Tonic bonds happen between a metal cation and o
nonmetal anion.

A cation is a positively ELECTROSTATIC
e ATTRACTION

Occurs when oppositely
charged ions are attracted to
one another.

An anion is a negatively
charged ion.

Metals vs Nonmetals

Metals have fewer valence electrons than nonmetals
and fend to lose them o complete their octet. The energy
required to remove an electron from a nevtral otom is
colled its TONIZATION ENERGY.

Tonizotion energy (I€) + metol atom =
metal cation (+) + electron (e)

When Yyou odd ionization energy to o metal ion, the metal
will lose an electron and become a metal cation.

Nonmetals have more valence electrons and tend to gain
more to complete their octet. The energy given o by an
otom when it gains electrons is called its ELECTRON
RFFINITY.
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Nonmetal atom + electron (e”) =
nonmetal anion (=) + enerqy (electron amnh‘g)

# nonmetal atom will add an electron to £ill its valence shell,

making it a nonmetal anion plus energy

: FOR EXAMPLE: Sodium (No) and chlorine (Cl) bond
to moke table salt (NaCl).

: Sodi ;
Sodivm has one valence odium lence Chlorine
lectron
electron (red electron) A O\gleetre)

thot it donotes to \
chlorine. @d/

Sodivm ion is 1+
(it donated one electron).

B
Chlorine ion is -1 < / @
(it gained the extra \// K /j
electron from sodivm). Ionic bond O\"

\When the two ions bond, +he3 form the ionical19 bonded,
stable compound NaCl. The red electron £from the sodivm is
donoted to the ovter shell of the chlorine atom.
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SIMPLE AND POLYATOMIC IONS

# SIMPLE ION is formed from a single ion. Examples of
simple ions are those atoms in groups 1and Z of the periodic
toble, which lose their electrons easilg. Theg do this becovse it
iS easy to lose one or two electrons to gain o full valence shell.
Examples of simple ions:

hydrogen (k), lithium (Li"), sodium (Na), potassivm (k9),
beryllivm (Be), magnesium (Mg*), and calcivm (Ca)

A POLYATOMIC ION is formed when +wo or more otoms
join together.

Examples of polyatomic ions:

NH,: Ammonivum ion, comprised of one atom of nitrogen (N)
and four atoms of hydrogen (H)

OH: Hydroxide ion, comprised of one atom of oxygen (0)
and one atom of hydrogen (H)

NH, combines with Ol o make N#,O0H (ammonivm hgdroxide)
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Ammonium hydroxide is o nevtral compound thot is
ionically bonded.

Note about stability: Atoms that gain or
lose electrons to create a full outer energy level
are more stable than a neutral atom.

/

SFOR EXAMPLE: €xplain how calcium and oxygen bond to
form o compound of calcium oxide (Ca0).

The arrows show thot the two electrons from calcivm are
donoted to the oxygen otom, so thot the oxygen ond the

colcivm have full octets.
oo 2-

Ca 501~ Ca":0;

Step 1: Check the periodic table to determine the number of
valence electrons.

Ca is in group Z. Tt has two valence electrons (shown
by the black dots around each chemical symbol in

the drawing).

0 is in grovp 4: It has six valence electrons.

186



Step Z: Determine who will donate and who will accept the
electrons.

I£ an element has less than three electrons in its ovter
shell, it will donate—or give away—these electrons. If the
element has more than five electrons, it will accept or add
new electrons.

Co will give up its electrons o get o full octet: Co™.
The Z+ shows thaticalcium has given vp +wo)of its
electrons. €ach electron is -1, so if they give vp two
electrons their charge will become -Z.

O will accept electrons fo get a full octet: 0%

The Z- means thot/oxygen has accep+ed'+uuo electrons
from calcium and has gained o -Z charge.

The compound that calcium and oxygen will form is Ca0.
There are no numbers in the final compound, because +Z
and -2 cancel each other out.

%Z}ﬁ
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! FOR EXAMPLE: Determine how ions bond to form
a compound of sodivm hydroxide (NaOH).

1.

Check the periodic table to determine the number
of valence electrons.

Na is in group 1, so it has one valence electron.

Okt is an ion that accepts an electron, so its charge
iS how -1,

. Determine who will donate and who will accept

the electrons.

No will give up its electron to get a full octet of No+
(when the superscript is 1, you just show the sign
and not 1+ or 1-).

Hydroxide accepts one electron fo result in a charge
of OH-.

. The compound that they will form is NaO#.

The total positive charge of the cations will be equal to the total
negative charge of the anions that are being accepted by the
anion. So, the overall charge on an ionic compound is zero.

T
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Tonic compounds:

Hoave electrostatic attroctions that are qyi‘re s+rong
ond difficult to break.

Have high melting and boiling points.
#Are hard and brittle.
#Are salts, which means thot ’rheg ore mode from

a metal and o nonmetal. Exceptions include oxides
(metal + oxygen) and hydroxides (metal + hydrogen).

Salts are neutral compounds that
have high melting and boiling points.
When dissolved in water, they can

conduct electricity, because in a
solution they dissociate into ions.

Tonic compounds are arranged in o CRYSTAL LATTICE,
a three-dimensional structure that is created when a salt
compound forms.

Nonmetal anions are Iarger in Size than metal cotions.
Therefore, the cations fit into the spaces between the

anions as they line up.
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A crgsi-al lottice may be drown
like this:

Na is the cation

Cl is the anion

Tonic bonds form due to the lorge difference in
elec‘rronegaﬂvh‘g among the ions.

@ Na

O «a

ELECTRONEGATIVITY

is not the same as electron affinity:

Electron affinity is the energy change when
an electron is accepted by a neutral atom.

Electronegativity is the ability of an atom to
attract itself to the electrons in a chemical bond.

The difference in elec‘rronegaﬁvii-g is easy to see when two

elements {rom opposite sides of the periodic chart bond.

For example, £luorine (F) is from group 1 and it bonds with
lithium (Li) from group 1. Lithium forms a bond by donating
an electron. Fluorine forms a bond by accepting an electron.
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Electroneqgotivity increases across the period, from left to
right. Lithium is not as
electroneqgative as fluorine
(which is very electroneqgoative),
and they make a strong
ionic bond.

Tonic bonds will form so that their total charge iS nevtral,
even if that indicotes more thon one of the some element
is required.

»FOR EXAMPLE: Suppose magnesium (Mg) wants to bond
with chlorine (CI).

Mg is in group Z, so it wants o give up two electrons to
complete its octet. This means that the Mg ion has a charge
of Mg™.

Clis in group 1, so it wants to accept one electron to
complete its octet.

The Cl ion has o charge of Cl.
So, if Mgz* combines with Cl-, it will still have an overall charge

of 1+ because magnesivm wants to give vp two electrons but
chlorine can only toke one.
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BUT, if yov had two Cl ions, they would each accept
one electron.

Now, it looks like this:
Mqg* + Z CI 9 MqCl, (o stable compound)

Lonic compounds conduct electricity when they are dissolved
in water.

Water cavses the ionic compound to break vp into ions
aqain. This is colled DISSOCIATION. Once the cations
and anions are free fo £loat around, they can conduct
electricity

COVALENT BONDS

Covalent bonds form when two or more atoms want to
share electrons. The sharing must allow for all otoms to
obtain o full octet (complete their outer energy level).

Covalent bonding occurs mostly between nonmetals thot
are close to each other on the periodic table. This is becavse
elements will have similar electronegativity. In other words,
they both want to gain electrons.
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For example, carbon (C) has four valence electrons. To form
an ionic bond, it wovld have o gain or lose four electrons
(that's o lot). Not only wovld that need to occur, but it would
also have to £ind another element that wanted o gain or
lose fovur electrons. This is not
very likely. Carbon solves

this problem by sharing its
electrons with another otom.

HEY, ANYONE
WANT THESE?

NO, THANKS.
wWE HAVE ENOUGH.

A [Q

PROPERTIES OF COVALENT BONDS

Low melting and boiling points (except for network
covalent bonds).

Softer than ionic bonds.

Don’t conduct electricity.

Don’t dissolve well in water.

More flammable than ionic compounds.

%Z}ﬁ
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The eosiest woy to see how covalent bonds work is to look
ot o LEWIS DOT DIAGRAM.

The Lewis dot diagrom is named for GILBERT N. LEWIS,
an American physical chemist, who in 116 was the first o
drow an actval image of a compound showing the bonding
pair of electrons and the lone (nonbonded) pair of
electrons for each element.

# Lewis dot diagrom vuses a dot *+* as the symbol for each
valence electron. Because most atoms +ry to have eight (the
octet rule), the valence electrons are shown as pairs on each
side of the element symbol.

This is the Lewis dot diagram £or neon (Ne). L
I+ hos eigh+ volence electrons around it, : N Q:
becavse it is a noble gas with eigh’r ddercs

v o0

electrons in its ovter energy level. electrons

°
This is o Lewis dot diagram for phosphorous (P). .
It has five valence electrons. °
°
o0
This is o Lewis dot diagram for chlorine (Cl), o °
in group 1. It has seven valence electrons. ° C\
oo
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When phosphorous and chlorine combine, they form o
covalent bond. They share three electrons.

iCle P -Cl — :CLPeCl:

Ch

.—

Chlorine's valence electrons are in red.

Phosphorovs's valence electrons are in blue.

"Phosphorous has only five electrons in its valence shell, so it
needs to bond with three atoms of chlorine that each provide

one otom for the bonding pair.

The sharing of electrons occurs where You can see both
red and blue electrons on one side. These are caolled

BONDING PAIRS.

The pairs thot are not bonded are colled LONE PAIRS.

L o .
: \ BOhd:hg Pairs

.
7l
Lone Pa:rS .

one Pa:rS
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1. Pick an atom.

periodic table).

HOW TO PRAW A LEWIS DOT DIAGRAN
FOR A SINGLE ATOM

2. Count the valence electrons (most likely from its group on the

3. Draw the valence electrons as dots in pairs around the symbol.

Diatomic Molecules
Sometimes, atoms will form

covalent bonds with themselves

o become more stable. These
are colled DIRTOMIC
MOLECULES.

Room temperature is used to
compare diatomic molecules,
because that is the most
common condition under
which they are used.

The seven diatomic molecules ot room temperature are:

Nitrogen
Oxygen
Fluorine
Todine
Bromine
Hydrogen

Chlorine

196

N,

903
gOS
903

solid
liquid
gos
gos




Hydrogen only needs two electrons in its
outer energy level to be complete and filled.

Yov con indicote bonding bg including +wo dots or a single
horizontal line between the two otoms.

.o coV oo
el - C G

DOUBLE AND TRIPLE
COVALENT BONDS

Some atoms will form multiple covalent bonds to complete
their ovter enerqy levels, thus becoming more stable.

A DOUBLE BOND occurs when two atoms share
£four electrons.

& TRIPLE BOND occurs when two atoms share six electrons.

In a Lewis dot diagram, a double bond is shown
with two lines, =. A triple bond is shown with
three lines, =, indicating six shared electrons.
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Oxygen (0,) forms a diotomic molecule with a double bond.

Shared electron pairs

Oxggen has six valence
electrons. When it shares
two electrons with
another oxygen atom, it QO
ochieves an octet. That
bond can be shown in
different ways.

Ol Wyl
Oxygeh (02) molecule

([ 3N ] [ I ] [ I} [ N )
[ ] [ ) [ ] [ J P [ ]
° ° ° ° — °
In the models above, the shared electron pairs are shown as
dots between the two oxyagen otoms or with the +wo lines,

which indicate a double bond that is equal to fwo pairs of
shared electrons.

# triple bond is formed in the compound carbon dioxide (CO,).
Carbon has four valence electrons. /“CARBON DIOXIDE
Oxygen has

Six valence
electrons.
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.~ WAYS TO INDICATE COVALENT BONDS:

Single covalent bond

1PN

H:C:H = H-CH
Methane H

OJ;) = O_lO N?I;N = N_lN

Oxygen gas Ni'l'rogen gas

EXCEPTIONS TO
THE OCTET RULE

Most atoms bond according to the octet rule, but there are
some exceptions:

Molecvles in which one or more of the atoms have fewer
t+han eigh’r electrons

» aP’,lies to IsydrOgen and helium on'y

THEDUET RULE For helium and hydrogen, o full valence
shell consists of onlg two electrons. They will bond with
themselves to form diotomic molecules with onlg two otoms.
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He + H — HiH

Hgdrogen bonds with itself to have two electrons in its
volence shell.

Helium will do the same, but will onlg share two electrons
ond have one electron in its ovter shell.

Some Grovp 3 Elements:

Boron (B) has three valence electrons. It wants to find an
element that has five electrons, but boron is a small atom.
Five extra electrons don't £it easilg around its nuclevs, so it
settles for a covalent bond with its three valence electrons.

Boron (B) combines with hydrogen (W) in H H
the €o|lowing woy to form BH.: o o

.
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@ CLECYour (OLENCE

10.

What is the octet rule? Why is it important?
Whot are the three main types of chemical bonds?

Between what two types of atoms are ionic bonds found?
What about covalent bonds?

Whot is the difference between ionic and covalent bonds?

\»/hg ore elements thot bond covalen‘rlg £found close to
each other on the periodic table?

Nome three properties of covalent compounds.

Whot is the difference between bonding pairs and
lone pairs?

Define a diatomic molecule and give an example.

How many covolent bonds are used in the formotion
o€ N,7 Drow the Lewis dot diagram for N,.

Nome two elements whose ovter energy levels are

complete with two electrons.
ANSWERS 201



CLECK your QUSWERS

1. The octet rule stotes thot elements want to
combine in such o way that each atom has eigh+
electrons in their valence shells. I+ is the basic guide

£for the woy in which atoms combine.

2. The three main types of chemical bonds are ionic,
covalent, and metallic.

3. Tonic bonds occur between o metal ond a nonmetal.
Covalent bonds usuallg occur between two nonmetal
otoms.

4. Ionic bonds form when atoms donate or accept
electrons. Covalent bonds form when atoms share their
electron-bonded pair.

5. €lements that are close to each other on the periodic
table have similar e|ec+ronega+ivi+ies. In other words,
+heg both want to gain electrons.

6. They have low melting and boiling points, are softer
than ionic bonds, don't conduct electricity becavse they
don't have any free electrons, don't dissolve well in
water, and are more flammable than ionic compounds.
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1. Bonding pairs are shared between two atoms. Lone
pairs are electrons for only one atom.

8. A diotomic molecule occurs when otoms form covalent
bonds with themselves to become more stable. Examples

ore H,, Cl,, N,, etfc.

9. A covalent triple bond is vused in the formation of N,.
‘N +-N: = :N:Ne

10. Hydrogen (H) and helium (He) are examples of two
elements whose outer energy levels are complete with
two electrons.
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Chapter U

VALENCE SHELL
ELECTRON PAIR
REPULSION
(VSEPR) THEORY

REPRESENTING MOLECULES

Lewis dot diagroms work well o show the bonding of
electrons between otoms, but +he3 ore two-dimensional (2-D)
ond do not show the ourrcmr\gememL

of otoms in a three-dimensional
Molecular geometry is the

(3-D) space. Thot 3-D
3-D arrangement of atoms
arrongement illustrotes the within a molecule.

MOLECULAR GEOMETRY

of the molecule.
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VALENCE SHELL ELECTRON PAIR REPULSION
THEORY (VSEPR) allows scientists to predict the 3-D shape
of a molecvle that is centered around a central atom. VSEPR
shows a molecvle's appearance in three dimensions. Electrons
don't like 0 be next to each other; they repel, because they
are all negative. But there are several electrons, so they
have to £ind the positions with the smallest repulsion.

VSEPR vses the €o|lowing rules:

Electron pairs in the valence shell of an atom will repel
or move away from each other.

Nonbonded electron pairs are found closer to the atom

and exhibit more repulsion than bonded pairs.

Tefrahedral ee
Trfgohal biryramidal

Trigonal Flanar o0

Octahedral

in 2 VSEPR diagram: They are represented with a single bar.

/ Double or triple covalent bonds are treated just like single bonds
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How the Structures Are Formed
Atoms arrange themselves to be as far away from each
other as possible. For example, beryllium £lvoride (Bef,)
has two bonds. The flvorine (F) atoms want o be as far

away from each other as possible /’j:’f_‘“

(otherwise, their electrons m

will repel), so they occupy

positions ot o 180-degree E%' E
angle o make a linear

(straight) structure. Imagjne
having to walk two dogs who
didn't like each other. They
wovuld want 1o be as far away
from each other as possible.

8F; has three bonds, so being
linear doesn't work. Think of

NOow/, THIS
IS Just
RIDICULOUS!

geome’rrg class. If the F otoms

need to arronge themselves arouvnd iy
o boron (B) atom to maximize the :

space between them, they will
occupy positions to create

120—degree angles
between them.

repel each other to maximize the distance between them.
206
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POLAR VS NONPOLAR BONDS

Covalent bonds are classified as being either polar or
nonpolar. POLARITY, o physical property of the compound,
is important because it determines other physical properties
of the compound, such as boiling point, melting point,
solubility, and intermolecular interactions.

Atoms using NONPOLAR BONDS equally share the electrons
between them, dve to the similar elec+ronega+ivi’r3 valves of
the otoms in the molecvle.

POLAR BONDS have unequal
sharing of electrons between atoms,
due to the different elec’rronega’rivﬁg
valves of the atoms in the molecule.

All ionic bonds
are polar bonds.

In o polar covalent bond, the electrons are shared, but they
can be found more on one side. It's like sharing a blanket
where you have two-thirds of it and the other person has
one-third.
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In o polar covalent bond, the side that is closer to the bonded
pair of electrons is slightly more negative. This means thot
the other side of the bond is slightly more positive. This small
difference in charge is called o DIPOLE.

Because the charges are partial (less than 1), they are
written as §+ and 3-.

0 (read as delto) meons slighﬂg

3+ means slightly positive

0- meons slighﬂg neqgative

s &
H-C\

The notation shows that the # side is slightly more positive
and the Cl side slightly negoative, because hydrogen fends to
give up an electron and chlorine tends to gain one.

How con Yyov tell whether the sharing is equal?
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Electroneqgotivity values coan be used to classify o bond as
polar covalent, nonpolar covalent, or ionic. Below is o list of
the electronegoativity valves for each element. You can use
the volves to compare element electronegativities.

o He
21

'y : M
1.0 16 20 15

Na . MOSi P S . Ar
01 15 1.8 &l 2.5

k.Sc Ti V Cr Mn Fe Co Ni Cv Zn Ga Ge #As Se.kr

0.2 13 15 16 1 15 18 18 18 19 16 18 18 20 24 30

Rb Sr.Zr Nb Mo Tc Rv Rh Pd Ag Cd In Sn Sb Ta.Xe

0.2 1.0 14 1.6 1.8 19 22 12 21 19 11 11 1.8 19 21 5
Cs Ba..Ta W Re Os Ir P+ Av Hg Tl Po Bi Po At Rn

03 01 15 11 Wil | 2 | A | 2 e 18 18 18 20 22 24

01 01

e G5 5666 56 6 O
vences [ T 4 5050

fr Ra . RE Db Sg Bh Hs ME U Uw Uib

Electronegativity data is not available for the elements not shown.
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This drawing o€ hydrogen chloride (HCI) shows the DIPOLE
MOMENT of the molecule, which is indicated by an arrow
with a line across one end. The vertical bar ot the left end
of the arrow shows the element that is

donating the electron. The arrowhead S+ -
end shows the direction in which the .o
electrons are moving, foward the - C‘ ®
element that is accepting the electron. H °
Because no arrow is heading in the °°
opposite direction, HCl is considered to l 3

be a polar molecule.

The arrow also points o the more electronegative atom,
indicating where the electrons are most likely to be found.

Diatomic molecules such as 0,, #,, and N, have no difference
in electroneqgativity values because the electronegoativity of
each atom is the same. These molecvles are nonpolar, but the
otoms do not need 1o be the same £or the bond to be labeled
nonpolar.

Carbon's electronegativity Nonpolar covalent bonds

is 2.5 and hydrogen's valve 0l 0 OIS i
_ electronegativity difference of
is 21 between 0 and 0.4.
15-121=04
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04 rounds down to zero. Polar covalent bonds form

Therefore, a bond between between atoms with
: an electronegativity difference
a a
carbon and hydrogen is of between 0.5 and 1.7

nonpolar.

MOLECULAR POLARITY
IN BONDS

Molecvlar polarity depends on the shape of the molecule and
how the electron pairs occupy space.

Bonds are polar if the atoms have an electronegativity
difference greater than 0.5. The entire molecular
is polar if the shape is asymmetric.

For example, if you write Ck, with the

structural formula, it looks like this, H
which appears 1o be linear. But if !

you opply VSEPR, it looks more like o H ‘C;." H
tetrahedron, showing electron pairs H

that are far apart from one another Lewis dot structure
in-a 3-D model.

friahgu'dr ’;)/rarm'd
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dotted line

In the model, the straight bonds strarght
are in a 2-D plane, The dotted line | bends | | )
represents the atom away from yov, ‘

and the bold line represents the H ,C\'"'H
closest o yov. \" / H

bold line
Becavse of its geometry, the molecule
. VSEPR structure
is nonpolar overall.
Nonpolar molecvles include: SNAP

Symmetrical molecules are
o, Nonpolar and Asymmetric
molecules are Polar.

Ang of the noble gases

Ang diatomic molecvles,
such as H, and Cl,

Many carbon compounds,
such as CCl,, CH,, and C.#,

Can a molecvle be nonpolar @ L
but the bonds are polar ’g
ot the same time? -

YES
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It is possible for the individval bonds in a molecule to be polar
while the overall molecvle is nonpolar. That means some of the
bonds within the molecule have slight dipoles, but overall, the
molecule itself distributes the dipoles equally in space.

For example, in carbon dioxide (CO,), carbon forms a double
bond with each oxygen. But each oxygen has six lone electrons.
These are very electronegative and pull the electrons in the
covalent bond toward them, causing o dipole o form.

This does not mean that it's o polar molecule.

double bonds:
Slaaring 4 electrons

F

C O

3

0
&~ —+—>
Mmoo+ M

di’;ole

moments

notation for overall
diPole moment clmnge

{
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The geometric shape, which is linear, cancels out the dipole
moment, making the overall charge 0. Therefore, it is a
nonpolar molecule.

Characteristics of ionic, polar, and nonpolar bonds.

Comparison of Lonic, Polar, and Nonpolar Bonding

IONIC COVALENT
i Tons g Polar ! Nonpolar
L (metal + nonmetal) = (two different £ (two identical
| | nonmetals) | nonmetals)
- Complete transfer = Unequal sharing  €qual sharing
| of electrons | of electrons k of electrons
- Fullionic charges . Partial ionic ! No charges
| | charges
| No+Cl- | B +—> Cl ! B - B

%Z}ﬁ
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@ CLECYour (OLENCE

1. What is molecular geometry and why is it so importont
in chemistry?

2. How do nonbonded pairs behave differently from
bonded pairs of electrons?

3. What are the five basic VSEPR arrangements?
4. Drow the Lewis dot diagmm and VSEPR diagram of Chl,.

5. What is the difference between a polar and a
nonpolar bond?

6. Define o dipole. Whot symbols are vsed fo show that
a dipole is present?

7. How does elec+ronega+ivi+9 difference determine
bond polarity?
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CLECK your QUSWERS

1. Molecvlar geometry is the three-dimensional
arrangement of atoms within a molecvle. It helps
to determine the structure of a molecule, which
determines its properties.

2. Nonbonded electron pairs are found closer to the atom
and exhibit more repulsion than bonded pairs.

3. The five basic VSEPR arrangements are linear, trigonal
planar, fetrahedral, frigonal bipyramidal, and octahedral.

g, H I"\
H:C:H .
H n’ C\HH

5. Nonpolar bonds have an equal sharing of the electrons
between the atoms. Polar bonds have an unequal
sharing of electrons between atoms.
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6. # dipole occurs when the side that has elements with
more electronegativity is slightly more negative. That
means the other side of the bond is slightly more
positive. This small difference in charge is called a
dipole. Because the charges are less than 1, they are
written as delta plus (3+) and delta minus (3-).

7. Polar covalent bonds form between atoms with an
electroneqgativity difference of between 05 and 1.
Nonpolar bonds do not have a large difference in
electroneqgativity.
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Chapter 1Il6

METALLIC BONDS
AND

INTRAM

OLECULAR

FORCES

METALLIC BONDS

Metallic bonds are formed

when two metal atoms share
the electrons between them.
Metallic bonds are different
from covalent bonds, becovse

the bonding electrons are
PELOCALIZED, which
means thot +he3 are free
to move around. Metallic
bonds are said to have

0 sea of mobile electrons
or an ELECTRON SEA.
218
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ELECTRON SEA

The body of delocalized, or

free-floating, electrons that

surround cations (positive
metal ions in metallic bonds).

The red circles reFresehf the
nucleus of each metal atom.
The blue dots represent the
electrons, which float 'freely
around the nuclei.




Metallic bonds are found between metals or in metal allogs,
o mixture of metals. Examples are:

Gold bars Q\% Copper wire

Steel girde%

Properties of Metallic Bonds
Metals exhibit properties based on the bonds that they
contain. Metals:

Aluminum £oil

ore good conductors for both elecﬂicin“g ond heot; becavse
their electrons can move abovt, +heg easilg carry a charge.

have high melting points and boiling points; metallic bonds
are strong and require o lot of energy to break them.

hove high density. MALLEABLE
Able to be pressed or
hammered into sheets.

PUCTILE
The strength of a metallic bond Alglet obe suecned
depends on the number of electrons

that are £ree t0 move abovt the
metal and the size and charge of
the cation (metal).

ore molleable and ductile.
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DEFINITION

OCCURRENCE

MELTING/BOILING

POINTS

HARDNESS

ELECTRICAL

CONDULTIVITY

220

COVALENT

Shared
pair of
electrons

Between
two
nonmetals

Low

Not very
hard,
except for
diomond,
silicon, and
carbon

None

METALLIC

€lectron
sea

Between
+wo metals

High

Hard

High

TYPE OF BOND

TONIC

Transfer of
electrons in
the valence
shell

Between a

metal and
0 honmetal

High

Hard

Onlg when
in quuids or
dissolved



Some compounds that contain POLYATOMIC TONS moy

have more than one type of bonding. For example, calcium
carbonate (CaC0,), found in bones and seashells, has covalent
bonds holding the CO;* ion together in the polyoatomic ion
that is known as carbonate. The Ca'? ions are aottracted to
the negaﬁve COs% ions, creating an ionic bond.

Other compounds that contain both bonds include MgSO,,
Na#HCO5, and NoO#.

INTERMOLECULAR FORCES

Two types of forces or attractions describe how molecules
and atoms interact.

INTRAMOLECULAR FORCES hold the molecule or
compound fogether. These are covalent; ionic, and metallic bonds,
which determine many chemicol properties of the substance.

INTERMOLECULAR FORCES, the forces between the
molecules, influence their physical properties, such as boiling
point or melting point.

Intra means inside or within molecules and refers to
the forces that interact within a single molecule.

Inter means outside or external to the molecules,
such as two molecules bonding together.
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Intermolecular forces from weokest to s+ronges‘r=

London dispersion
Dipole-dipole interactions
Hydrogen bonding

\Weoker intermoleculor forces are also called
VAN DER WAALS FORCES, after the Dutch physicist
JOHANNES VAN DER WAALS, who discovered them.

London Dispersion Forces

LONDON DISPERSION FORCES (LDFs) are extremely weok
attractive forces that are created by the movement of electrons,
which attract to the positive nuclevs of another atom. This leads
o temporary dipoles that loosely "stick" atoms together.

London forces are femporory. The constant motion of
electrons within the otom allows it fo form a femporary dipole.

London dispersion forces are present in both polar
#AND nonpolar molecules.

More electrons mean stronger LDFs.
London dispersion forces are named for the physicist

FRITZ LONDON, who discovered them in 1930.
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Dipole-Dipole Interactions
DIPOLE FORCES are the attroction forces that occur
between two polar molecvles. These polar molecules have

dipole forces, becavse the
electrons are pulled fo the DIPOLE MOMENT

When electrical charges with

opposite signs are separated
he covalent bond, creating a by a distance, they form an

DIPOLE MOMENT . Positive electric dipole. The dipole
atfrocts negative, and DU I IR g

size of the dipole.
negoative attracts positive.

more elec‘rronega‘rive end of

A dipole force is the attraction between the positive end of one
polar molecule and the negative end of another polar molecule.

NG

HCI (hydrochloric acid) has H

o dipole moment that looks

like this: *S H_ C‘ =S

The strong electronegativity of chlorine pulls the electrons
away from the hydrogen. Either end of this polar molecule
wovld be attracted to water (H,0), which is also o polar

molecule. Ha N H &t
+8 H—cl -8 \ O/

2—
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The wo hydrogen-positive dipoles will be attracted
to the negative dipole in the chlorine otom.

The larger the dipole moment, the larger the attroctive
force. Dipole-dipole forces are ELECTROSTATIC.

Hydrogen Bonds
HYDROGEN BONDS ore the strongest of the

Van der Woaals forces. Although it has the word bond

in its name, a hydrogen bond is NOT an actval chemical bond.
It is much weaker than an ionic, covalent, or even metallic
bond.

Hgdrogen bonds are the
intermolecular forces between
hydrogen (#) and £luorine (F),
oxygen (0), or nitrogen (N).

When bonded to water, electrons are pulled toward the
more electronegoative fluorine (F), oxygen (0), or nitrogen (N)
atoms, creating o small dipole.

Valves for electron neqgotivities (listed on the
eled—ronegaﬁvh‘g chort) are:

F=40 0=34 N =30 B=22
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When dipoles of two different molecules of ammonio (NHs)
line up (the hydrogen of one ammonio atom is on the same
plane as the two electrons around the nitrogen atom in the
ammonia molecule), o hydrogen bond is formed:

The black dashed lines show the bond ot angles that are on
o different plane fo nitrogen. The black triangles show that
the element is on o different plane, as though it's coming
toward Yyov. The red dashed line shows that the element
is positioned foward the back. The
circular shapes around the two sets Hydrogen bonding
of electrons show that they are only occurs with
fluorine, oxygen, or
bonded to each other and not to nitrogen atoms.
o hgdrogen otom.

/|

%Z}ﬁ
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INTERMOLECULAR FORCES
AND STATES OF MATTER

Intermolecular forces play a part in the state in which
an element is found.

There ore three stotes of motter:

SOLIDS have strong intermolecular forces that keep
particles locked into place, but the particles can still
vibrate back and forth.

LIQUIDS have intermediote intermolecvlar forces that
are strong enovgh to keep particles close but allow them
+0 move obovt.

GASES have weak intermolecular forces, because the
particles are spread out and can freely move as they wish.

In general,
Weaker forces = lower boiling points
and melting points
Stronger forces = higher boiling points
and melting points
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PFOR EXAMPLE: \Which of the following substances has the
- lowest melting point? Which has the highest melting point?

| NH; Ne MqO

- Mognesium oxide (MgQ) is an ionic compound, becouse
- magnesium gives vp two of its electrons to oxygen to
| form an ionic bond.

| & s’rrong electrostatic force of ottraction exists among
. magnesium oxide molecvules.

Mg._.0 g :0
- MqQ is the compound with the highest melting point
. becawse it is an ionic compound.
- Neon (Ne) is a noble gas and can only have . °t
- London dispersion forces, the weakest o N Q o
- intermolecvlar bonds. These are based on o o
- instantaneovus dipoles, which are created
- by the movement of its electrons.

| Ne has the weokest forces and the lowest
- boiling point.
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Yov con also vuse the elec‘rronegaﬁvi’ries chart to check the
elec’rronega’riviﬁes of each element.

NH,: The elec+ronega+ivi+9 of Nis 3.0.
The elec+ronega+ivi+3 of His 2.2

5-12712=08

This will be a dipole, becavse the difference is greater
than 04.

This is the Lewis structure: H -— N -— H
|

The # otoms are covalen’rlg bonded
to the N otom, meaning the structure H
contains hgdrogen bonds.

NH; has o covalent bond and has o lower melting point
than Mq0.
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@ CLECYour (OLENCE

1. What is a metallic bond and how is it formed?

2. Nome three properties that determine the strength of
a metallic bond.

3. Whot are the two types of forces that describe how
atoms interact, and how do these forces differ?

9. Nome the three types of intermolecular forces according
o their increasing strength.

5. Define a dipole interaction and gjive an example of one
molecvle thot may undergo a dipole interaction.

6. Between which two otoms con a hgdrogen bond form?
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CLECK your QUSWERS

1. Metallic bonds are formed when two metal atoms
share the electrons between them. The bonds are

5}

~
—

creoted in an “"electron seo."

2. The three properties determining the strength of o
metallic bond are the number of electrons thot are free
to move about the metal, the charge of the cotion (metal),
ond the cation size.

3. Intramolecular forces hold o molecule or compound
together and form covalent, ionic, and metallic bonds.
Intermolecvlar forces are weoker than intfraomolecular
forces, occur between the molecules, and influence their
physical properties, such as boiling point and melting point.

4. According to increasing strength, the three types of
intermolecular forces are London dispersion, dipole-
dipole interactions, and hydrogen bonding,

5. # dipole force is the attraction between the positive end
of one polar molecule and the negative end of another
polar molecule. Examples are HF and HCl.

6. Hgdrogen bonds are the intermolecular forces between
hgdrogen ond fluorine (F), oxygen (0), or nitrogen (N).
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Chemical substances are named
according to NOMENCLATURE
developed by scientists.

NOMENCLATURE

Rules for naming
chemical compounds.

NAMING IONIC COMPOUNDS

Tonic compounds are formed when a metal cation (+) bonds

with o nonmetal anion (-).

MONATOMIC IONS get their
nome from the elements.

232

MONATOMNIC ION

An ion containing
only one atom.




Rules for naming monotomic ions:
Cotions: Add ion after the name of the element.

ELEMENT CATION NAME | ION SYNBOL

Sodivm (Na) Sodivm ion No*
Potassivm (k) Potassium ion ke
Calcivm (Co) Calcivm ion Co?
Aluminum (A1) Aluminum ion Al

Anions: Change the ending of the element name to ide, ond
odd jon ofter it

ELEMENT ANION NAMNE ION SYMBOL

Chlorine (Cl) Chloride ion Cl-
Fluorine (F) Fluoride ion F
Svulfur (S) Svlfide ion St
"Phosphorous (P) "Phosphide ion P

The positive charge of o fransition-
metal ion con be written with Roman
numerals (I, IT, IIT,...) thot are

When you write an
ion, you write its
symbol and charge.

placed inside parentheses () in the

nome. This is called the STOCk SYSTEM.
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The Roman numerals match the number of the positive charge.

ELEMENT | ION SYMBOL | STOCK SYSTEM NAME

Copper (Cv) Cu* = ~ Copper (I) ion
Cu ! Copper (I1) ion

Iron (Fe) FeZ Iron (IT) ion
Fe3 Iron (IIT) ion

Cobalt (Co) Co* Cobalt (IT) ion
Co*> Cobalt (ITT) ion

xLead (Pb) Pb* Lead (IT) ion
Pb* Lead (IV) ion

*Tin (Sn) SnZ Tin (IT) ion

Sn* Tin (TV) ion

*Although lead and tin are not transition metals,
they still use Roman numerals in their names.
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Some metals have more thon one oxidation stote, which

means thot Jrhey con form more than one ion. These are

sometimes written with the original Lotin endings {0 indicate
the ion that has the higher oxidation stote and the ion thot
has the lower oxidation stote, given the two most common

charges for that particvlar element.

| Lotin endings thot indicate oxidation stote:

| ous = lower oxidotion state, ic = higher oxidotion stote

ELEMENT

Copper (Cv)
Copper (Cv)
Iron (Fe)
Iron (Fe)
Tin (Sn)

Tin (Sn)

ION
SYMBOL

Cv?

Cuz

Fe®

Fe*

Sn#

Sn*

STOCK
SYSTEM

Copper (I) ion
Copper (LI) ion
Iron (IT) ion

Iron (III) ion

Tin (II) ion

Tin (IV) ion

LATIN
NAME

Cuprous ion
Cupric ion
Ferrous ion
Ferric ion

Stannous ion
Stannic ion
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BINARY COMPOUNDS ore created when bi = two

two elements bond.

When a metal cation and a nonmetal anion bond
together with an ionic bond,

e name the metal first and the nonmetal second.
e subtract the ending on the anion.
¢ add ide to the ending.

BINARY COMPOUNDS

COMPOUND  METAL NONMETAL COMPOUND
CATION ANION

NoacCl Sodivm Chlorine Sodium chloride
CaBr, Calcium Bromine Calcium bromide
#1,04 Aluminum Oxggen Aluminum oxide
Znl, Zinc Todine Zinc iodide
CuF Copper (I) Fluorine Copper (I)
flvoride
CuF, Copper (II)  Flvorine Copper (II)
£flvoride
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|
| FOR EXAMPLE: \What is the name for the chemical |

| compound LisN?

Metal cation: lithivm N

-l o=
|

Nonmetal anion: ni+rogen M

==

1. Nome the metal first and the nonmetal second: |
lithivm ni+rogen |

apmn euEn

|
|
| 12. Subtract the ending on the anion (-ogen):
: lithivm nitr-

]

| 3. Add ide ending .
The compound name is lithium nitride. %

WRITING FORMULAS FOR
BINARY COMPOUNDS
\What to know:

Type of ion (is it a cation or anion?)

Charge of ion
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The information is in the periodic table, based on its position
and grovp number.

The total positive charge = the total negative charge
in a nevtral compound.

The charge on the cotion becomes the svbscript on
the anion.

The charge on the anion becomes the subscript on
the cation.

Use the CRISS-CROSS RULE: subserigh

The subscript is the number printed below the symbol (Oy).
The subscript tells how many otoms are in the compound.

A ond 0% Mgz* ond S*
Alz O3 Mgz Sz

Reduce 10 the lowest terms.

Final formula: 41,0, MqS (both 2s redvuce to 1)
LA
Nomes: Aluminum oxide Magnesium sulfide
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TERNARY COMPOUNDS

* ter means ~three

A TERNARY COMPOUND is made vp of three or

more elements. For example,

o metal + a nonmetal + a nonmetal = ternary compound

Poly.‘ Greek 'For- "mah)/"

Two POLYRTOMIC IONS may also form a ternary
compound, such as ammonivm nitrate (found in fertilizer).
’Polgod-omic ions are ions that are formed from more thon

one element.

Examples of polyatomic ions:

Acetate C.H30,°
Ammonivm NH,:
Carbonate CO5Z
Hypochlorite Clo-
Chlorite ClO,"
Perchlorote ClO,
Nitrite NO,-
Nitrote NO,"

Svlfite S0,-
Svlfate S0,
"Phosphite PO,*>
"Phosphate PO
‘Permanganate MnO,
Todote 105"

Hgdrogen carbonate HCO,-
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& TERNARY SALT is o compound made up of three
different elements. # fernary salt is named according fo
the polyatomic ion with which it is bonded.

Naming and Writing Ternary Salts
The first name is the metal ion.
The second name is the nonmetal polyatomic ion.
The standard ending is -ate.
Metal ion + nonmetal polyatomic ion + ate

i FOR EXAMPLE:
CoZ + SO « CaSO,
Calcium ion + sulfate ion = calcium suvlfate

Sn% + NO{ -> Sn(NO3)z

Tin (II)/stannovs ion + nitraote ion =
stannous nitrate or tin (II) nitrote

Always Flace Pdr'eh'H)GSGS when more
than one of a Fo'ya‘f‘omic ioh is needed.

Sn(NOs),, NOT SnNO,,
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Sometimes, several polyatomic ions may be in the some
Familg. Chlorine can form different states when bonded
with oxygen to form ions:

ClO, is the perchlorate ion (per means “above" or more
oxygen atoms than the "ate).

Cl0;~ is the chlorate ion.

ClO, is the chlorite ion (one oxygen otom less than the
most common).

ClO~ is the hypochlorite ion (hypo means "below* or one
oxygen atom less than the "ite*).

States of polyatomic ions from greatest to least:
Per_ate > ate > ite > hypo__ite

%Z}ﬁ

241



TERNARY ACLIDPS ore ocids formed from hydrogen (H+)
polyatomic ions.

Temarg ocids vse Latin endings to dis+inguish among
oxidation levels:

# per___ate complex ion is named as a per__ic acid.

#n -ate complex ion is named as an -ic acid.

#n -ite complex ion is named as an -ovs acid.

A hypo_ite complex ion is named as a hypo__ous acid.
For example:

HCIO, contains the perchlorate ion and is named perchloric
acid.

HCIO; contains the chlorate ion and is nhamed chloric acid.
HClO, contains the chlorite ion and is named chlorovs acid.

HCIO contains the hypochlorite ion and is named
hypochlorous acid.
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YOU'RE AT
THE END.

TERNARY BASES ore metal ions thot combine with the
hydroxide (OHN) ion.

Ternary bases vse an -ide ending,

fFor example,

BaZ + Ok < Ba(OH),

Barium ion + hydroxide ion = barium hydroxide
Fe + OH~ = Fe(OH),

TIron (IT) OR ferrovs ion + hydroxide = iron (II) hydroxide
OR ferrovus hgdroxide

Note the parentheses around the hydroxide ion. Although there is
no subscript at the H, you still need to add the parentheses. You
cannot just add the 2 using the criss-cross rule. The polyatomic

ion (OH") must stay together with parentheses so that the overall

total positive charge equals the overall total negative charge.
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NAMING MOLECULAR
COMPOUNDS

Molecular compounds occur when wo nonmetals covalently
bond with each other. Nonmetals tend to be close together on
the right side of the periodic table.

Rules for naming nonmetal compounds:

1. Keep the first element's name as is.

2. Name the element with the higher elec‘rronega’rivﬁg volue
second.

3. Add on -ide ending,

. If more than one element is present in the compound, vse
a prefix to indicate the number of elements.

Mono =1 Hexa = b
Di=2 Hepta = 1
Tri=3 Octo = 8

Tetra = 4 Nona = 9

Penta =5 Deca =10
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5. If thereis only one of the first element, do not add the
"mono" prefix.

6. If there are adjocent vowels that are the same,
drop one of them.

| FOR EXANFLE: What is the nome of the compound STy
Si is silicon. I is iodine.
. Rule 1: keep silicon as is.

, Rule 2: Todine has a higher elec‘rronegaﬁvi’rg valve than
) silicon, so list it second.

| Rule 3: Add the -ide ending.
| Rule 4: There are four iodine atoms, so it's tetra iodine.

Rule 5: There is onlg one silicon, so do not add the "mono*
prefix.

. Rule 6: Does not apply.

. Answer: Sil, = silicon tetraiodide
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@ CLECLYour (OLEDCE

1. Whot are the nomes of the €ol|owing ions: Fe* Pbx Sn*,
ond S&7?

2. Whot is the formula for permanganic acid?
3. What is the name of BCly?
4. Give the nome of N,0,.

5. What is the name of the compound that the two ions
Co™ and I' combine to form?

6. \Whot is the formula for hypochlorous acid?

7. \What is the formvula for ferric hgdroxide?
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CUECK Your QSWERS

1. Iron (ITT) ion OR ferric ion, lead (IT) ion OR
plumbous ion, tin (IV) ion OR stannic ion, and
svlfide ion.

2. HMnO,. Becavse it has o per__ic format, it's a ternary
ocid formed with hgdrogen. The middle "moangon" is
from the polyatomic ion manganate (MnO,). The -ic
ending meaons thot it is at the current oxidation stote.

3. Boron trichloride

q. Dini’rrogen tetroxide

5. Cal,: Calcium iodide

6. HCIO. "Hypo* means that it contains a hypochlorite ion
(CI0") attached to a hydrogen otom.

7. Fe(OH)s. "Ferric” refers to Fe (IIT) or Fe?* and the

hydroxide polyatomic ion OH-, of which three are needed
to cancel ovt the +3 oxidation number of the iron (III).
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Scientists use an International System of Units (ST)
measurement colled o MOLE to represent the number of
particles in a substance. It would be impossible to measure
each individval atom becavse they are so small.

The abbreviation for mole is mol.

MOLE
The SI base unit used to measure the
amount of a substance. The number
of carbon atoms in exactly 12.000 g
of the carbon-12 isotope.

Why carbon-12? Carbon-12 has exactly six protons
and six neutrons in its nucleus and is relatively easy to
measure accurately every time. It was given the exact
atomic mass of 12 and is used as the standard for all
other atomic, molecular, and formulaic masses.
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The number of atoms in 12 groms (g) of carbon-12 is eqya| to
Avogadm's number or 6.022 x 10%°> atoms (or molecvles).

Saging yovu have a mole of some‘rhing—no motter
what it is—means thot Yyou have 6.022 x 102 (that's
602, 200, 000, 000, 000, 000, 000, 000) of it.

1 mol of pennies would
cover the entire Earth for
a deP'Hs of 0.3 miles.

Avogadro's number was not actvally discovered by the
credited Ttalian scientist AMEDED AVOGADRO. Although
he did propose the hypothesis that two samples of

gas of equal volume ot the same temperature and
pressure wovld contain the same number of molecules.
The hypothesis was accepted in 1811. But it wasn't until
1909, when french physicist JEAN BAPTISTE PERRIN
first used the number in his experiment, that Avogadro's
hypothesis was proven. Perrin nomed the number after
Avogadro to recognize him for his scientific contribution.
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ATOMIC AND MOLAR MASS

1 mol of carbon-12 hos exac’rlg 6.022 x 10** atoms and
0 moss of 12 9. The mass in groms of carbon-12 is its

MOLAR MASS.

The ATOMIC MASS of
one atom of carbon-1Z is

12 ATOMIC MASS UNITS
(ANY).

When calcvlating, always
use the correct number of
significant figures (sig figs)
in the answer. Go bg the
number of siqg £igs in the
least accurate number given.

MOLAR MASS

The mass (in grams) of
1 mol of units of a substance
or grams/mole.

ATOMIC NASS

The mass of one atom expressed
in atomic mass units.

ATOMIC MASS UNITS
(ANU)

The mass that is exactly equal
1
to — of the mass of

12
one carbon-12 atom.

For example: If a measurement is given to be 15 m, it is
only accurate to two significant figures. €ven if you vse
Avogadro's number when calcvlating, yov must still report
your answer using only two significant figures.

How do yov vse this information?

I£ you know the molar mass (gjven in the periodic table) and
Avogadro‘s number, you can Figure ovt the mass of o single

otom in groms.
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FOR EXAMPLE: Whot is the mass of a single atom of
sodivm (Na)?

The molar mass of sodivm (No) is 2299 g/mol.

Avogadro's number is 6.022 x 102,

1 mol of Na 22299 _ s
60ZZ x 102 otoms ~ Tmol No = 3818 x 107 g

1 atom Na x
for each Na atom.

Divide.

2299 + 6.022 = 38171.

Round: 3.818.

The molar mass relationship can be vsed as a conversion

foctor between moles and the number of atoms in a
substance with these eqpod-ions:

T mol substonce Y Tmol Y

molor mass svbstonce Y OR 6.022 x 10> otoms |
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Calculating Molecular Mass
Molecvlor mass is the sum of the atomic masses in the
molecvle and is given in atomic mass vnits (amv).

If Yyov know the atomic mass of When ad(%ing’ nu_mbers, the
rule for sig figs is to round

each element, yov can vse it to to the least number of
calculote moleculor mass. decimal places.

To calcvlate the molecvlar mass of water (H,0), follow
these steps:

1. Separote each element by number, based on the subscript
o the right of each element.

H,0 has two hydrogen (H) atoms and one oxygen (0) atom.

2. Get the atomic mass for each element from the periodic
table.

Atomic mass of H = 1.0078 amv
Atomic mass of 0 = 15999 omvu

3. Add them ’roge’rher. (You can also round to the hundredths
place for easier calcvlation.)

The molecular mass is equm to the sum total of each atom

present (in amu).
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2 (otomic mass H) + 1 (atomic mass O) = molecvlar mass

2 (1.01 amv) + 1 (16.00 oamv) MO'drdm;s:es
rounde 0o
the hundredths
2.0Z +16.00 = 18.02Z omv place

! FOR EXAMPLE: \Whot is the molecvlor mass of
glucose (C.H,0,)7

6 (otomic mass of C) + 12 (atomic moass of H) + b (atomic moass
of 0) = molecvlar mass of C.#,0,

6 (12.009 amv) + 12 (1.0018 amv) + b (15999 amv) = 180.14Z omv

The molecular mass of C.H;,0, is 180.14Z amv.

WERE GOING TO
NEED A LOT MORE
CARTONS . ..

Calculating Moles
Yov can convert to find

the amount of moles in

0 gjiven svbstance.

A dozen eggs A mole of eqgs
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If you have 15 g of magnesium (Mg) in
o sample, how many moles of Mg atoms are in the saomple?

Start with whot Yov know.

You need to convert 15 9 into moles.

1. Find the molar mass in ) ]
o Green = numbers found in

the periodic table. the periodic table

1 mol Mo = 24305 Blue = numbers given in

9 ' 9 the problem

2. \Write the conversion = Avogadro’s number
factors.

1 mol Mg oR 1 mol Mg

24305 g

3. The given number is in groms, so use the conversion
foctor on the left so that the vnits divide ovt (grams
divided by groms = )}

Tmol M
74.305 q Mg

= 62 mol Mg Dxl__1__ ¢

15 g Mg x 20305~ 24305

The vnits of 9 Mg in the numerotor will divide with the vnits
of 9 Mg in the denominator, which will leave moles as the
vhit for the final answer.
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Calculating Grams
Yov can convert 1o find the number of groms in o
given substance.

" FOR EXAMPLE: How many grams of iron (Fe) are in
850 mol of Fe?

Start with whot yov know.
Given number: .850 mol fe
Convert .850 mol into groms.

1 mol Fe = 55845 g (from the periodic toble).

55.845 g

850 molfe x T ol Fo

- 415 g Fe

Calculating Atoms of One Element
Sometimes Yyou need to convert twice to get to the
requested unit. For example, from grams o moles

to atoms.
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| FOR EXAMPLE: If you have 6.58 g of carbon, how many
atoms of carbon are there?

. 1mol C =12.009 q
| To £ind atoms, convert:

| Grams of C to moles of C o atoms of C

1 molC 9 6.022 x 102 otoms

058 € x 7009 g € Tmol C

. =330 x 102> atoms of carbon

Calculating Atoms of
One Element in a Compound
Sometimes, you need to

know how many atoms The formula of a compound shows

of a single element are ONLY whole-number (integer)
multiples of the moles, that is,

1,2,3,4,5....1tis not typical to

present in a compound.

Each element in the have a fraction of a mole present
compound has in a chemical formula.
o svbscript.

The suvbscript tells yov how many moles of that element are

present in the compound.
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1 mol of CO, has 1mol carbon atoms and Z mol oxygen atoms.

1 mol §

#,S0,
2 mol HA R—4 mol O

#,S0, has Z mol H#, 1 mol S, and 4 mol 0.
Once youv know how many moles of an element are present

in a compound, Yyou can figure ovt how many atoms it
may have.

FOR EXAMPLE: How many nitrogen (N) atoms are present
in 32.68 g of caffeine (CghioN,0,)7

1. Stort with the given values ond then moke this
conversion:

Groms of coffeine to moles of coffeine to moles of ni+rogen
to otoms of ni+rogen

2. Calcvlate grams per mole of coffeine vsing the
periodic table:
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Groms of coffeine (given) =3268 g

8 (atomic mass of C) + 10 (atomic mass of H) + 4 (atomic mass
of N) + 2 (atomic mass of 0) = g/mo| caffeine

8 (12.009) + 10 (1.0018) + 4 14.0006) + 2 (15999) = 194.172 g/mol
coffeine

3. Determine the number of moles of N present in
1 mol of caffeine.

The formula for caffeine is CgbtioN,O,.

The subscript indicates that there are 4 mol of N in 1 mol of
4 mol

Tmol CgbtioN,O;

coffeine, so yovu have this conversion foctor:

§. Putitall +oge+her into one equa’rion. Divide vnits
ovt os yov go.

1mol CgHpN,O;, 4 mol N
194172 g CgbtoN,0, 1 mol

32.68 g CghtioN40, x X

6.027 x 102 otoms
Tmol N

= 4054 x 102°> atoms o€ N present in
32.68 9 of the CgH,N,0, compound
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Using Molecular Mass

to Calculate Moles or Atoms

of a Compound from Grams

Natural gas is composed of methane (Ch,). If you hove
152 9 of methane, how many moles of CH, do yovu have?

1. You have 152 9 but need to convert to moles. Yov must
first calcvlate the molecvlar mass of CH,:

(12.009 g C) + 4 (10078 g H) = 1040 g, the molecular mass of CH,

. . 1 mol CH
L MNOL L1y
2. \Write the conversion foctor 1040 o CH,

3. Complete the calcvlation:

1 mol CH
_mottry _
152 g Chiy X 16040 o CH, 469 mol CH,

4. To colculote the number of atoms:

6.022 x 10 atoms
T mol CH,

469 mol CH, x = 282 x 10** atoms of CH,
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@ CLECLYour (OLEDCE

1. How many otoms are in 1 mol of any substance?

2. What is the difference between molor mass and
otomic moss?

3. How many atoms are in 4.65 mol of chromivm (Cr)?
4. How many otoms are in 7181 g of glucose (CH,0,)7
5. Calcvlote the molecvlar mass of M93Nz.

6. How many moles of ethane (C.Ht,) are in 56.2 g of ethane?
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CUECK Your QSWERS

1. The number of atoms in 1 mol of any substance
is equal fo Avogadro's number or 6.02Z x 10** atoms
(or molecvles, if it is a compound). This valve is often
stated using three significant figures: 6.0Z x 107>,

2. Molar mass is the mass (in grams) of 1 mol of units of a
substance or 9rams/mo|e. Atomic mass is the mass of
one atom expressed in atomic mass units.

3. (4.65 mol) (6.022 x 102 atoms/mol) = 2.80 x 10%* atoms

4. (181 9/180.18 g/mol) (6.022 x 10*> atoms/mol)
= 2.61 x 10 atoms

5. 3(24.31g) + 2 (1401 g) = 10095 g/mol

6. 56.2 9/30.08 g/mol = 1.81 moles
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Chapter 19

FINDING
MPOSITIONS

COMPOSITIONS BY MASS

To £ind the purity of a compound or the amount of all of the

different elements, by percentage, scientists calcvlate the
PERCENT COMPOSITION BY MASS.

To calcvlate the percentage of brown
eqgs present, divide the humber of

brown eqgs (4) by the total number of O O O O
eqgs (12). O O OO

412 =33
33% of eqgs are brown.
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To £ind the percent composition,

1. Divide the mass of each element in 1 mol of the compound
by the molar mass of the compound.

2. Multiply by 100%.
3. Give the answer in mass (groms).

The formula to find percent composition is:

n x molar mass of element .
% 100%,
molar mass of compound

% Composition of element =

where nis the number of atoms of the element in 1 mol of
the compound.

e FOR EXAMPLE: Ammonivm nitrate (NH,NO,) is used as

a fertilizer fo add nitrogen to soil. Calcvlate the percent
composition by mass o€ N, H, and O in the compound.

1. Determine the number of moles of each element in the
compound from the subscripts:

N = Z (The two individval Ns (subscripts of 1) combine to
moke o total of Z mol.)
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2. Add the molar mass of NH,NO, using the information in
the periodic table:

4 (1.008 9) +3 (15999 g) + 2 (14.000 g) = molar mass of NH,NO,
in g/mol

4032 9 H + 47997 9 0 +28012 9 N = 80.041 g/mol, the molar
mass of Ne,NO,

3. Colcvlate the percent composition for each element:

: TI,e amount o‘f‘H Presenf g

in the ccmPound.

. N _40008 Q) 7900 - 5 03,
% Composition of H 80041 G x 100% = 5.051%

L molar mass of comround

% Composition of 0 = 2 ég’g:':'g ) % 100% = 539066% O

% composition of N = Z gc‘)*-gg“’g ) % 100% = 34997 % N
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Hint:
Add all of the percentages
of each element to make

sure they come up f°°
aFProximafely 100 A’-

Determining Percentage of a

Single Element in a Compound
Sometimes, scientists need to know the percentage of o
single element that is found within the whole compound.

: FOR EXAMPLE: Determine the percentage of oxygen in
water (H,0).
1. Calcvlate the molar mass valves (periodic table):

0 = 15399 g/mol, H# = 1.008 g/mol, #,0 = 18.015 g/mol

2. Colcvlate the percent of the element:

% 0 = molar mass of O

= 00
molar mass of H,0 x 1007

15999 o/mol 0

o _ 9,
18.015 g/mol H,0 % 100% = 88.81%

The percentage of oxygen in water = 88.81%
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:L FOR EXAMPLE: The formula for rust is Fe,0,. How many
grams of iron (Fe) are in 22.8 g of rust?

1. Calcvlote the percentage of iron (Fe) that is in the rust
using molar mass valves listed in the periodic table:

% Fo = molar mass of all Fe % 100%
molar mass of Fe,0,

2(55.85 g/mol Fe)

159,691 g/mol Fe,0; 100% = 633%%

2. Colcvlote the groms of Fe in the 22.8 g somple
of rust:

Multiply the mass of the rust by 6994%:

228 9 x 0.699 = 159 9 of Fe in FQ7_03 Don't for et to

include the zero
to show 3 sig figs.

The mass percentage of an element in a compound is
always calcvlated by

total molar mass of the element in the compound
x 100
molar mass of the compound

Don't €orge+ to add all of the atoms of the element to ge’r
the numeradtor.
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FINDING THE

EMPIRICAL FORMULA

An EMPIRICAL FORMULA of o compound is determined
by the simplest whole-number ratio of every atom in the
compound.

EMPIRICAL FORMULA

A formula showing the proportions of
an element present in a compound.

! FOR EXAMPLE: CH, is the simplest ratio of C,H, The

ratio of the svbscripts 2:4 is simplified to 1:Z. The empirical
formula is sometimes, but not always, the same as the
molecvlar formvlo. It's calcvlated vsing the percent

composition of the compound.
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“FOR EXAMPLE: \Whot is the empirical formula of o
compound with the following percent compositions?

184% C, 215 % N, ©0.1% k

1. Suppose you have a 100 g sample of the compound. This
means that there is

184 9 C, 215 g N, and ©0.1 g K in that compound.

2. Convert groms of the element to moles of the element
using the molor mosses.

1 mol C
=153 mol C molar mass from
12.01 9 ] Periodic table

184 9 C x

Tmol N _
215 g N x 401 =153 mol N

1mol k _
001 gk x g = 154 mol k¥

3. Divide each mole valve bg the lowest number of
moles listed.

& chemical formula shows onlg whole-number in+egers.

Divide each mol valve bg the lowest number: 1.53 mol.
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Round to the nearest whole number.

[Sa]
W

n
—_

W

n ;M »
W\

W
n

—_
N

= 1.01, which rounds 1o 1

[Sa]
W

4. Write the empirical formula using
whole-number infegers.

The final empirical formula is K,.GN, = KCN.

270



@ CLECLYour (OLEDCE

1. What is the percent composition of a compound and
why is it important?

2. Whot is the process for finding percent composition?
3. What does the empirical formvla mean?

9. What percent of oxygen is present in 5.6 g of adrenaline
(CqbtsNO5)?

ANSWERS 2N



CUECK Your QSWERS

1. Percent composition of a compound is the
percent by mass of each element in that compound.
Scientists use percent composition to determine the
purity of a compound or the amount of all of the
different elements by percentoge.

% Composition of _ n x molar mass of element .
= x 100%
an element molar mass of compound

3. The empirical formvula gives the simplest whole-number
ratio of atoms in a compound.

4. 3(15999)/(2 (12.01) + 13 (1.008) + 14.01 + 3 (15999)) x 100
= 26.20%

2620 x 56 =159 0

272



Chemical Reactions |
and Calculat,iops

OL
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Chapter 2(0)

QRN

CHEMICAL REACTIONS

When chemicals combine, +heg moake o hew substance. This
process of combining substances is called o CHEMICAL
REACTION. During a chemical reaction, two or more

substances called REACTANTS interoct or have on effect

on one another. The bonds
between their atoms are
broken, and new bonds
are created, forming new
svbstances.

CHEMICAL REACTION
A process during which
substances are changed into
one or more new substances.

Chemical reactions can show vp in different ways, and they

leave evidence of occurring.
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gvidence of o chemical reaction con be:

a changge in color

the creation of a solid (precipitate is formed)
the release of light

the formation of a gas

a change in temperature

When a chemical reaction happens, scientists ask:

How did the substonces react?
How did the reactants change?

Scientists use CHEMICAL EQUATIONS 1o represent the
changes that occur when chemicals react.

# chemical equation is the symbolic !
representation of a chemical reaction. equation was
Chemical equations use CHEMICAL written by JEAN
SYMBOLS (the same as those in the BEGUIN in 1615
periodic table) to name each element.

Instead of on "=" sign, chemical equa‘rions vse an arrow (=)
called o YIELD SIGN.
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The chemicals on the left side of the yield sign are called the
REACTANTS . Chemicals on the right of the yield sign are
colled the PRODULTS. The "+ sign means "reacts with."
The arrow indicotes thot a reaction is toking place (bonds
are breaking and reforming) and is read as "Yields."

reactant + reactant - products

The number preceding the chemical symbol, the coefficient,
tells the number of moles in that substance.

[Coefﬁ‘cienfs 1

2C0+0,2CO,

Reactants:
S‘l’arﬂ::g Products:
materials substance(s) formed as

of a reaction a result of a reaction
This chemical equation is read as carbon monoxide (CO)
reacts with oxygen (0) o yield carbon dioxide (CO,).

The number of moles of a substance is indicated by the
number in front of the element/molecule. No number means

1 mole. In the equation Z CO + O, = Z CO,: 2 mol CO react with
1mol 0,, 9ie|ding 2 mol CO,.
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Chemical eqyaﬁons £ollow the LAW OF CONSERVATION OF MASS.

LAW OF CONSERVATION OF MASS

. The mass of the products = the mass of the reactants

This means that chemical equaﬁons must be balanced.

The number of moles of each element on the
left side of the equation must equal the number of
moles of the element on the right side of the equation.

BALANCING CHEMICAL
EQUATIONS

# balanced chemical equation happens when the number
of the different atoms of elements on the reactants side
is equal to the number of atoms on the products side. The
equation has the same number of each type of atom on
both sides.

Balancing chemical equa’rions involves trial and error.

%ﬁz}ﬁ
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Steps for balancing
chemical equations:

1. Look for multiples of the coefficient.

You can only change the number of molecules, not the
molecvle itself. This means change only the coefficient,
not the subscript.

For example, hydrogen can react with oxygen to form water.
I£ you have twos, 11y to double that humber to a four.

B, + 0, = H,0
can be balanced as

24, + 0, = 24,0

Find coefficients thot give equal numbers of each type
of atom.

2. Write the unbalanced equation.

For example, hydrogen (H;) reacting with oxygen (0,)
yields woter (k,0):
B, + 0, = H,0
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3. Count the number of moles of each element on
both sides of the equm‘ion:

reactants < products

H, + 0, < H,0
H=2 | H=12
0=2 ] 0-=1

8. Ask 3ourse|€ whether the number of moles on
eoch Side are eclual.

Are the number of moles
on eoch side eqyal’.’

No Yes

Balance the equation: e equation is balanced.

(Step 5)
Z mol # = 2 mol balanced
Zmol 0 =1mol O not balanced

The equa’rion is not balanced.
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3. Multiply the element or compound, whose valve is 0o
small, by enough to equal the particles on the
other side.
H, + 0, = #,0
H, = H,
0, =0

° Mul’riplg ,0 bg 2.
B, + 0, = 24,0

e Thot gields Z # on the left and 4 H on the righ‘r, ond
2 0 on the left and Z O on the righ’r.

B, + 0, = 28,0

e Multiply the H, in the reactant by Z fo get 4 # on the
left and 4 # on the right.

The balanced equation is Z#, + 0, = Z,0.
1 28, + 0, = 24,0
D H-2x2-4|H-2x2-4
1 0=2]0=1x2=2
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6. Check. Count the number of moles of the elements
on both sides of the o.qyaﬁon. (Remember thot the
coefficients multiply.)

1H, + 0, = 7#,0
| 24,0

4rno|‘Hj K2mo|0

The equa’rion is balanced.

The vnbalanced chemical equon‘ion con be drown like this:

2+ 0, = #,0

“Q-.‘l.

The balonced eqyod-ion con be drown like this:

28, + 0, 5 2,0
I GUESS I HAVE TO
EAT ONE TO MAKE
THIS BALANCED.
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TYPES OF CHEMICAL
REACTIONS

SYNTHESIS: Two or more substances combine to moke
one new product.

A+BaAB

© O-0
FOR EXAMPLE: H, « Br, o ZH®Br

1 mol hgdrogen reocts with 1 mol bromine and 9ie|ds 7 mol
hgdrogen bromide.

- DECOMPOSITION: One substance breaks apart into two
- or more different products. Decomposition is the opposite
- of a synthesis reaction.

i ABaA+B

- @ —00

| FOR EXAMPLE: 2Hg0+7Hg + O,

- Z mol mercury oxide decompose o Z mol mercury ond
- Tmol molecular oxygen.

282



One element in a compound is
replaced by another element. €lements that tend to form
cations will replace the cation in a compound. Elements that
tend to form anions will replace the anion in a compound.

AB+Co A+ BC

G- O0-0Gs

FOR EXAMPLE: ZnCl, + CuaCuCl, + Zn

1 mol zinc chloride combines with 1 mol copper to yield 1 mol
copper (II) chloride and 1 mol zinc.

| COMBUSTION: Oxygen reacts with all other elements
in the original compound, forming oxides.

CO:: &b
&b

(This usuallg occurs wWhen a hgdrocarbon reocts with oxygen |
to produce a carbon dioxide and water.)
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DOUBLE REPLACEMENT/METATHESIS: Two compounds
react in an‘aqueovsisolvtion, and the cations and anions of
the two reactants "switch places* to form two new compounds
or products.

L water AB + CD => AD + BC

&G —&®G

FOR EXAMPLE: AgSO, + ZNaCl - AqCl; + Na,SO,

Silver svlphate reacts with sodium chloride in an aqueous
solvtion fo yield silver chloride.

REDORX REACTIONS: This is the transfer of electrons
between two substances. In this #ype of chemical reaction,
the oxidation states of an atom, ion, or molecule changes
during the course of the reaction.

FOR EXAMPLE: Zn + 29 2n « H,

Zn is oxidized (oxidoation number: O« +2).
H+ is reduced (oxidotion number: +1=0).
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PHYSICAL STATES OF
REACTANTS AND PRODUCTS

Sometimes, it is helpful fo know the physical state of a
substance in an equation. Are the reactants solids? Liquids?
Gases? In what state is the product?

It is helpful fo know the states of the reactants, becavse
elements and compounds are available in different states.
You must pick the right state to get the product that you
want to produce.

We use a subscript to show the physical state of
0 substance in a chemical equation.

(s) = solid The type of subscript that
is used to show the physical

() = liquid state is different from the
(@ = gos subscript in 2 compound.
(ag) - aqueous This subscript is a letter in

parentheses, not a number.

(present in water)

For example, in this equation, the reactants and products are
allin the gas state.

- ZCig + Oyqp = ZCOyqq).

L
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! FOR EXAMPLE: Potassium bromide reacts best with silver
nitrote if ‘rheg ore both in 0Queovs £form (dissolved in water).

FBY}W + ‘A’%NO;:,(GQ)-) l‘NOg,(uq) + ‘A’%Br(s)
The chemical equaﬁon shows thot:
¢ the reactants are in an aQueous form.

* the product contains both aqueous and solid elements.

IT SAID AQUEOUS.
YOU NEED THIS.

I THINK
THERE'S SOMETHING
MISSING.
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@ CLECLYour (OLEDCE

1. \»/hg do scientists vse chemical eclua‘rions?
2. Whot does it meon for a chemical equod-ion to be balonced?

3. Whoat is the difference between a chemical reaction and
o chemical eqya’rion?

9. What are the main types of chemical reactions?

5. What type of reaction is occurring in each of these?
A. CaCl, + ZNaNO; =« ZNaCl + CaNO;
B. NH,NO, & N, + ZH,0
C. CHy, + 20, = CO, + ZH,0

6. Balance the following equations:
A. NoHCO; < Na,CO, + #,0 + CO,
B. Cu + HNO; = Cu(NO,), + NO + H,0
€. POy + H,0 = H,PO,

1. Why is it important fo know the physical state of the
reactants and the products?

8. Whot does aqueous meon?
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CLECK Your QIUSWERS

1. Scientists vse chemical equations to represent
the changes that occur between chemicals when
+heg reoct.

2. For the chemical equation fo be balanced, the number of
moles of each element on the left side of the equation is
equal fo the number of moles of the element on the right
side of the equation.

3. # chemical reaction is a process in which reactants are
changed into products. # chemical equation vses chemical
symbols to represent thot process.

4. The main types of chemical reactions are synthesis,
single replacement, decomposition, double replacement,
redox, and combustion.

5. A. Double replacement
. Decomposition
. Combustion

n W

6. A. ZNOHCO3 => Nazco:t, + Hzo + COZ
. 3Cu + BHNO; = 3Cu(NOs), + ZNO + 4H,0
. ?4010 + ‘DHzO = 4H';P04

~ @



1. It is important fo know the physical state of the
reactants and the products becavse this lets yov know
how the experiment was actvally carried ovt.

8. Aqueous means that a substonce has been dissolved
in woter.
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Chapter 2

CALCULATIONS

Scientists perform chemical calcvlations, or
STOICHIOMETRY, +0 measure the amount of reactants
and products in a chemical reaction. Stoichiometry answers

these quesﬁons:

How much product will be formed when specific
amounts of the reactants combine?

How much of the reactants are recluired to create
a specific amount of product(s)?

STOICHIOMETRY
The calculation of reactants and
products in a chemical reaction
(pronounced stoy-kee-aa-muh-tree).
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Stoichiometry comes from
two Greek words: stoicheion
(meaning “element”) and
metron (meaning “measure”).

Mole-to-Mole Stoichiometry

In mole-to-mole stoichiometry, we start with moles and end
with moles. The coefficients of each substance in a reaction
are represented by moles.

That means that in the eqyod-ion N, + 3H, < ZNH; there are
3 mol H,

2 mol NH;

1 mol N,

This equa’rion is read as 1 mol of nifrogen gas combines with
3 mol of hydrogen gas to form Z mol of ammonia gas.

The rotios in the ectua’rion con be written as

3 mol H, 2 mol NH, 1 mol N, 2 mol NH,
Z mol N, OR 3 mol H, OR Z mol Nét, OR Tmol N,

These rotios con be vsed in calcvlotions with DIMENSIONAL
ANALYSIS.
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DIMENSIONAL ANALYSIS
A problem-solving method that uses the idea that any number, compound,
or element can be multiplied by a ratio from the chemical equation
without changing its value; used to convert units of measurement.

| FOR EXAMPLE: In the equation N, + 3H, - 2NH; how
many moles of NH; will be produced when 4.0 mol H, reacts
completely with N,?

Solve the problem by multiplying the given information by
a ratio from the chemical reaction.

Moles of N#; produced:

Z mol NH,

4.0 mol H, x SO R,

= Z._l m0| NH3

Mass-to-Mass Stoichiometry
In these calcvlations reactants and products are gjven in
mass. Questions like this are asked:

"Given x amount of reactant, how much product will form?-

Yov can toke the equa’rion N, + 3H; - ZNH; one step further to
calcvlote the grams of NH, produced, by using the groms in
1 mol NH; (found in the periodic table):
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Groms in 1 mol NH5: 14019 N + 3 (1008 g H) = 11.03 g

21 mol NH; x —-038— - 46 g 0f NH; produced
3

To solve mass-to-mass
stoichiometry problems:

1. \Write a balanced equa’rion £or the chemical reaction.

2. Start with the mass of the reactant given in the
problem. Convert the amount of reactant to number
0of moles.

Mass of Reactant < Mole Reactant

3. Use the mole rotio from the balonced equa’rion to convert
to the moles of product created.
Mole Reactant < Mole Product

. Convert the moles of product o grams of product.
Mole Product < Mass Product

You don't actually calcvlate each section of the problem

individually; instead, you calcvlate the entire problem as
a whole.
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(periodic toble)

Mass (g) of compound A Moles of compound A
molar mass
(chemical ' Mole ratio
equation of Ato 8
coefficients)
(periodic table)
Mass (g) of compound B Moles of compound B
molar mass

mass A < mole A = mole B - mass 8
FOR EXAMPLE: Butane, o hydrocarbon (C4Hh), undergoes
combustion to produce carbon dioxide and water.

With 236.5 9 butane, how many groms of carbon dioxide are
formed in the reaction?

1. \Write o balanced equation.

This combustion reoaction involves a hgdrocarbon, which
means that oxygen (0,) is a reactant and carbon dioxide
(CO,) and water (H,0) are the products.

Cybtyo + 0, 5 CO, + H,0
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The balanced equation is

2C4Ho + 130, - 8CO, + 10,0

2. Convert the amount of butane +o moles.

Calcvlate the molar mass of butane.

C4kto molar mass = 4 (12.01g) C + 10 (1008 g) & = 58.1Z g

2365 q butane x IR - 4049 ol butane
129

3. Use the mole to calculate the moles of CO,.

Get the mole rotio from the equa’rion Z mol butane = 8 mol
carbon dioxide:

4069 mol butane x 2-Mol carbon dioxide _ 4, 99 1151 o,
Z mol bvtane

4. Convert moles to groms of product.
Calcvlate molar mass of carbon dioxide.
CO, molar mass = 1(12.019) C + Z (15999) O = 4401 g

44019 CO, _
1627 mol €0, x -3 o = 160 g CO,
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{ 160 9 CO, is created from 236.5 9 of bvtane )

To calcvlate the atoms of CO,, multiply the number of moles
of CO, by Avogadro's number:

0.02Z x 102 atomS £g1ag » 104 otoms of co, )

16.21 mol CO, x Tmol €O,

! FOR EXAMNPLE: Hydrogen suifide gos burns in oxygen to
produce sulfur dioxide and water. With 56.Z g of oxygen for
this combustion reaction, how many groms of water will the
reaction produce?

Balanced equa‘rion: 72H,S + 30, 5250, + 24,0
Known information:

There are 56.2 g 0, (informoation given)

0, = 32.00 g/mol (from the periodic table)

H,0 = 18.0Z g/mol (from the periodic table)

Conversion factor: 9 0, =ssmol 0, s mol H,0 5 q #,0

1-mot 0, » 2 mol #,0 y 18.0Z g H,0
32.00 9 0, 3.mot 07 1 mol #,0

#2119 H,0 \
\produced/

56.2 G 0, X
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Mass-to-Volume S$toichiometry
Sometimes in gas reactants or products, the measurements
may be given in volume, not mass.

Standard temperature and pressvre (STP) =
zero degrees Celsivs (0°C) or
213 Kelvin (K) and 1 atmosphere (atm)

At STP this conversion factor is trve for gases:

1 mol any gos = 224 L (L = liter) OR

1 mol any 9os R 2241L
1724 L 1Tmol any gos

The molar volume of a gas at STP is equal to 22.4 L
for 1 mol of any ideal gas at a temperature equal to
273.15 K and a pressure equal to 1.00 atm.

IDEAL GAS

A theoretical gas that consistently obeys the gas laws.

%ﬁz}ﬁ
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To solve mass-to-volume
stoichiometry problems:

1. Write o balanced chemical equod-ion for the reaction.

2. Convert amount of reactant o number of moles.

3. Use the mole ratio from the balanced equation to
convert the amount (in moles) of product created.

. Convert the moles of product to liters of product using
the STP conversion factor for gases.

298
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Volume of B

(periodic table)
Mass of A
molar moss
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Magnesium reacts with hydrochloric acid, producing gas
and magnesivm chloride.

Whot volume of gas ot STP is produced in this reaction
when 54.6 g of HCl and abundant Mg are present?

Write the balanced equation:
Initiol equation: Mg, + HCl = MQCl, + Hyg
Balanced equation: Mg, + ZHCl=MqCl, + Hy

Molar mass of HCl = 11.008 g) B+ 1(35.459) Cl = 30406 o) HCl

. 1 mol HCl 1 mol H,
Volume of H, generated: 546 g HCl x 3646 g HCI X mol HCl
y 17241 gos _ 168 L
Tmol H,

SEOR EXAMPLE: Convert from volume o moss:

123 L of H, gas is created when zinc is added to svlfuric acid.
How much 2inc, in mass, is needed for this reaction when it
occurs ot STP?
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Known: 123 L #, gos

Balanced equa‘rion: Zn + §,S0, = H, + ZnSO,
Conversion: L of H, < mol &, s mole ratio of #, to Zn=9gZn

12Z5L H; x

Volume-to-Volume Stoichiometry
€qual volumes of all gases are the same at standard
temperature and pressure (STP). You con get the volume

Sulfuric acid = #,50, = 98.08 g/mo|
Zinc = Zn = 65.58 g/mol

H, = 2.01 g/mol

1 mol of gas ot STP = 224 L/mol

Lmot#, 1molZn _ 6538 q Zn £ 359 9 of2n\ |

rotios £rom the balonced equm‘ion.

“FOR EXAMPLE: 363 L of oxygen react with ammonia to
produce nitrogen gas and woter ot STP. What volume of

nitrogen gas (in liters) will be produced?

1. \Write the balanced equation.

301 + 4NH3 = ZNZ + (OH'zO

300
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2. \Write what is known:

363L0,
1mol of gas = 124 L

3. \Write the conversion factor.
L O, s mol O, s mol N, = liter N,
4. \Write and solve the equation.
2mol'N, A 224LN, 4

1.mol 0, y N
303L 0, x 27241 X 2 ol 0, X T motN; 242 (2 Sig ﬂgs) L

N, is produced

LIMITING REAGENTS

When carrying ovt a reaction, yov must vse the number
of reactants that yov have available. Sometimes, whot yovu
have does not equal the exact proportions in the equation.
You may have less of a certain

reactont. The reactant that is vsed In a chemical reaction,

up first in a chemical reaction is not having lenoughhof
t [imits t

called the LIMITING REAGENT. d reactant HHimits (e

amount of product
that can be made.
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EXCESS REAGENT

Reactants that are left over when the limiting reagent is gone.

LIMITING REAGENT

Reactant that is used up first in the reaction.

: FOR EXAMPLE: Suppose that you have a recipe thot
makes 1Z cupcakes, but You need 3b cupcakes for a party.
You Will need o friple the ingredients for the recipe to get
enough (or moke the recipe three times).

Suppose that yov need

Two eqgs for each set of

1Z cupcakes and you only have
five eggs. When yov've vsed
up all the eggs (assuming yov
don't get more), your "reaction"
is over. No more cupcokes.

Use balonced equa’rions ond s+oichiome+r9 to iden‘ri€3 the
|imi+ing reagent

FOR EXAMPLE: A reaction creates methanol (CH;0H) from
carbon monoxide and hgdrogen gases. There are 3 mol CO
ond 8 mol #,. Which is the limi’ring reagen’r?
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1. Write the balonced equation.
CO + ZH, = CHOH

2. Using the amovunt o€ moles given for each reactont,
calcvlate how many moles of methanol will be
produced.

3 mol CO x 1mol Ch;OH _ 3 mol CH;0# produced
1Tmol CO

1 mol Ch-0H
RELLAL AN LI ML
8 mol H, x 7 mol &, 4 mol CH;0H produced

3. TIdentify the limiting reagent.

Becavse CO will produce less CH;0H, it is the limi’ring
reagen’r.

Thot mokes H, the excess reagen’r.

Percent Yield

Once you know the limiting reagent, yov can calcvlate the
Yield of the produck(s). The yield, or amount, of the product
produced if ALL of the limiting reagent was vsed vp is
called the THEORETICAL YIELD.
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In reoctions occurring in an actval lab where there are
experimental errors, it is normal for some of the reagents to
remain vnused. So, we can calcvlote the ACTUAL YIELD.

Why is the actual yield unequal to the theoretical yield?
Sometimes the reagents didn’t completely mix, the
temperature wasn’t high enough, or some of the reagent
stuck to the side of the beaker. Some reactions are reversible,
so reactants re-form over the course of the reaction.

The actual yield is usually less than the theoretical yield.

To £ind ovt the e{-‘ﬁciencg of the reaction on a scale of
140 100, scientists determine the PERCENT YIELD.

¥ uiold - _actual yield 8

b yield = Hreoretical yieid * 0%

To calcvlate the percent THEORETICAL YIELD I
yield of a reaction: Amount of product that would

be produced if the limiting

_ reagent completely reacted.
1. Write the balanced

equation. ACTUAL YIELD
Amount of product actually
2. Colculate the theoretical produced in a reaction.

yield of the product from PERCENT YIELD
the amount of the reactant Ratio of actual yield to

given. theoretical yield.
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If yov are given the amount of each reactont, calculote the
Iimi’ring reactont. Use thot amount o calcvlate the theoretical
yield of the product.

3. Use the actval yield given and the theoretical yield that
yov calcvlated to determine the percent yield.

“FOR EXAMPLE: Calcivm flvoride (CaF,) reacts with svlfuric
acid (H;S0,) to produce calcivm sulfate (CaSO,) and hydrogen
fluoride (HF). 56 g of sulfuric acid reacts with 85 g of calcium
flvoride to produce 15 g of hydrogen flvoride. What is the
percent yield of hydrogen flvoride (HF)?

1. Write the balanced equation.

CQFZ + HzSO4 -> CQSO4 + Z-H'F

2. Colculote the Iimi’ring reagen’r in groms (becovse yovu have
the amounts of both of the reactants).

Known:
56 9 #,S0, and 1 mol H,S0,4 = 918.08 g (from the periodic table)

85 g CaF, and 1 mol Caf, = 18.08 g (from the periodic table)
1 mol HF = 20.01 g (from the periodic table)
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1 mol #,S0, L mol HF « L0019 HF
98.08 g H,S0, = 1mol H,S0, = 1 mol HF

56 9 HzSO4 X

= 1284 g HF = 23 g HF (Z sig fig)

1mol Caf,  _Z mol HF 20019 HF _
1608 g < 1mol CoF, * Tmol o ~ 213 FF

85 9 Caf, x
= 44 g HF (Z sig fig)

The Iimi’ring reagen’r is #,S0,. Therefore, 23 9 HE is the
theoretical 9ield.

3. Colcvlate percent yield.

0 viold < B OHE 100w ey
b gield = 33 4 X 100% - 651

This reaction is 65% efficient. «

This procedure also works for calcvlating percent yield of
a goas at STP
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@C

1. What is s+oichiome+r97.

[ECL vouR (SOLILEREE

2. How many grams of oxygen gas are needed o produce
815 g water, given the €o|lowing vnbalanced chemical
reaction: #, + 0, < H,07

3. How many liters of sulfur dioxide gas are needed to
react with 2Z.52 g 0, goas ot STP given the following
equation: ZS0yq + Ozq = ZS05¢7

4. Whotis a Iimi’ring reagen’r?

5. Calcvlate the mass of MO produced if 180 g of Mq
reacts with 12.25 g 0, gas according to the following
eqya’riom ZMg +0, & ZMgO. (Hint: You must calcvlate the
limiting reagent first)

6. 215 g of HCl are mixed with 12.00 g of CaCO;, according
to the balanced equod-ion shown below. Calcvlate the

theoretical 3ield of CO,.

ZHC‘ + CGCO3 => CGC\Z + Hzo + COZ
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CUECK Your QSWERS

1. S+oichiome+r3 is the quanﬁ‘raﬁve s‘rudg of the
reactants and products in a reaction.

815 g ¥,0 x 1 mol H,0 N 1 mol O, 9 320090,
1 18.016 g #,0 ~ Z mol #,0 1mol 0,

- 11190,

25290, % 1mol O, % 2 mol SO, y 124L SO,
1 3200 g 0, 1Tmol O, 1 mol SO,

= 353 L of svlfur dioxide gas

4. The reactant that is used vp first in a chemical reaction
is colled the limiting reagent.

1.80 9 Mg 9 1 mol Mg 9 7 mol MgO y 403 q Mgo
1 743 9 Mg 7 mol Mg 1 mol Mgo

=299 9 Mgo

12.25 9 0, y 1mol O, x Z mol Mgo % 403 9 Mgo
1 32.00 g 0, 1mol O, 1 mol Mq0

=309 q MgO. Since the |imi+in9 reagent is Mg, the

mass of Mg0 produced will be 239.

308



275 HCl _1mol HOl _ 1mol CO, . 4401 CO,
1 3646 g HCl * Z mol HCI ~ 1mol CO,

6.

= 166 g CO,

12.00 g CaCOs x 1 mol CaCO, x 1 mol CO,
1 100.09 9 CaCO; = 1mol CaCO,

4401 CO, _ ‘ L _
Tmol CO, 5.28 g CO,. Since the limiting reagent is HC,

the theoretical 9ield to CO, is 166 9.
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Chapter 22

IDENTIFYING COMMON GASES

You can identify some gases by the way they respond to
certain stimuli.

Hydrogen: a wooden splint lit with a match ot the end
will make a popping sound when put into o test tube of
hydrogen gas. # glowing splint will also burst into flame
and relight.

Oxygen: a glowing wooden splint (smoldering when placed
into o test tube of oxygen gas) will relight.

Carbon dioxide: o glowing wooden splint placed into a test
tube of carbon dioxide gas will completely go ovt. Carbon
dioxide gas also reacts in limewater to form a clovdy
precipitate.
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Ammonia: has o bi’ring smell thot migh’r moke Your eyes
woter. It also turns red LITMUS PAPER blue.

Gases are one of the three main phases of matter (solid,
liquid, gas). Unlike solids and liquids, the molecvles in a gas
are spread far apart. Becavse of their weak intermolecular
forces, the gas molecules
move independently of
each other. (They bounce
all over the place.)

Goses are mosﬂg found on the Far—righi— side of the
periodic table.

TYPES OF GASES
Group 18, the noble gases, exist as MONOATOMNIC goses,
0 sing|e otom that is not bonded to ang’rhing else.

Helivm (He), oxygen (0), and hydrogen (H) are monoatomic gases.

The other elements exist as PIRTOMIC goses, fwo atoms
of the some element bonded +oge+her, such as 0,, #,, and Cl,.

Oxggen can also form ozone (0;) when one monooatomic
oxygen molecule (0) combines with a diatomic oxygen
molecvle (0,).
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Common Gases at Room Temperature

H, (hydrogen)

He (helium)

CH; (methane)

NH; (ammonio)

Ne (neon)

HCN (hydrogen cyanide)
CO (carbon monoxide)
N, (nitrogen)

NO (nitrogen oxide)
C,H, (ethane)

0, (oxygen)

PH, (phosphine)

H,S (hydrogen svifide)
HCl (hydrogen chloride)

F, (flvorine)

314

Ar (argon)

€O, (carbon dioxide)

N.0 (dinitrogen oxide)
C.H; (propane)

NO, (nitrogen dioxide)
0, (0zone)

C.H;, (butane)

S0, (svlfur dioxide)

8F; (boron triflvoride)
Cl, (chlorine)

kr (krypton)

CF,Cl, (dichlorodiflvoromethane)
SF, (svlfur hexaflvoride)

Xe (xenon)



UNITS OF MEASUREMENT
FOR GASES

Gos molecvles are in constant motion. Theg exert o force on
evergw‘hing +he9 come into contoct with, even other gases.

Gas can be measured in different ways. The common units
used in gas measurements and calculations include:

Volume: in liters (L)
Temperature: in Kelvin (K)
Amount: in moles (mol)

Pressure: in atmospheres (atm) (other units are also used
to measure pressure)

PRESSURE is dependent on
both the force being exerted
and the size of the area to
which the force is applied.

PRESSURE

The force per unit area.

Formula for pressvre:
force F

areo &
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I£ you have a balloon filled with helivm
and You open the end of the balloon, the gas will rush through
the opening ot a certain force. If you squeeze the opening
so only a tiny hole is available, the gas has greater force
coming ovt. The gas shoots ovt much faster and much harder.
Thot is becavse You have increased the pressure of the force
by reducing the size over which it can be felt.

The ST vnit for pressure is Newtons per square meter (N/m?),
but these other units can also be vsed:

pascal meters squared
1Pa = 1N/m? 1 atm = 101.325 k'Pa 1kPa = 1,000 Pa

Newton a'l'mos’;here kilolgascal

Atmospheric Pressure

All gases that are found on €arth feel its gravitational

pull. The air closest to €arth is denser than the air ot higher
altitudes. That is the reason why airplanes are pressurized.
The air that is ot the altitude ot which a plane flies is too
thin to breathe.
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As Yyou ascend info higher o A
altitudes, the oxygen is thinner,
and it is difficult to breathe.
The cabin in a plane must

be pressvrized to the same

level of otmospheric pressure
P P In the event of aloss of

thot's on the ground so cabin pressure, pull the

passengers con breathe oxygen mask foward you
and Place over your nose

withovt needing aodditional and mouth.

oxygen.

The denser the atmosphere, the greater the pressure that

it exerts. Scientists use STANDARD ATMOSPHERIC
PRESSURE, the pressure of sea level, to keep measurements
all the same so they can be compared.

STANDARD ATHOSPHERIC PRESSURE

1.00 atmospheres (atm) or 1.013 = 10° Pa or
101 kPa or 760 mmHg or Torr

# BAROMETER is the instrument vsed to measure atmospheric
pressvre.
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EVANGELISTA TORRICELLI (1608-104T)
was the Ttalian physicist and
mathematician who invented the
barometer. His name is vsed today

as one of the vnits, the Torr, to read

the boarometer.

9'433 fube —_

MerCury ~

Ai’mosrhen‘c

P ressure

vaCuum

l—-7GO mm

scale

Standard atmospheric
pressure is equal to the
pressvre that supports

a column of mercury (Hg)
exactly 160.0 mm high

ot 0°C ot sea level.

Sometimes yovu need to convert from one vnit 0f measvre

for pressvre to another.

! FOR EXAMPLE: Convert 645 mm#q to atmospheres and kPo.

045 mmHg X

045 mmHg X ———
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@ CLECLYour (OLEDCE

1. How is o gas different from o solid or |iqpid?

2. If yov place a glowing splint into a test tube of gas and
it goes out, what type of gas is in the test fube?

3. Where on the periodic table are most gases found?

4. What is the difference between a monootomic and
o diatomic gas’.’

5. Whot are the four ways that o gas can be measured?
6. \What is the equation for pressure?

1. What is standard atmospheric pressvre? Name two
different units that can be vsed to express it.

8. Convert 98,500 Pa to atmospheres.
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CUECK Your QSWERS

1. Gases are less dense, have molecules that are
farther apart, and are in constant motion.

2. Carbon dioxide

3. Gases are found in group 18 (noble gases), and some
are in the nonmetal and halogen groups.

4. A monoatomic gas is composed of just one atom.
A diotomic gas oceurs when two atoms of the same
element are bonded +oge+her.

5. Goses can be measvred by volume in liters (L),
temperoature in Kelvin (K), amount in moles (mol),
ond pressure in atmospheres (atm).

6. Pressure is force per unit area. P = F/A.
1. Standard atmospheric pressvre is the pressure ot sea

level and O°C. The units that are vsed to express it are
1 atmosphere OR 1013 x 10° Pa or 101 kPa OR 160 mméaq,

1 atm _
8. 98,500 Pa x 0B < 10° Pa 72 otm
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Chapter 2%
KINETIC

HOW GASES BEHAVE
KINETIC MOLECULAR THEORY explains .
®- -9

how ideal gases behave.

@

KINETIC MOLECULAR
THEORY OF GASES

Theory that a gas consists of molecules
in constant random motion.

@

o’. @D
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Principles that comprise
Kinetic Molecular Theory
(ideal gases)

- 11, Goses are made of particles that remain in a state of
constant random motion.

2. Gos particles do not have any attraction or repulsion
(infermolecular forces) and will move continvously in
a straight line until they collide with either another
particle or the side of the container holding them.

3. Gos particles are extremely small—smaller than the
spaces between them—which is why a gas is mostly
empty space.

4. The average KINETIC ENERGY of the gos depends
on the femperature of the gas and nothing else.

3. Collisions between particles are ELASTIC; they do not
fransfer energy from one particle to another, and no
energy is lost.
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Kinetic energy is the energy of movement.

If yov are running, yov are using
kinetic enerqy.

POTENTIAL ENERGY is the stored energy that an object
has becavse of its position relative to other objects.

I£ you are sitting in a chair, you have potential enerqy,.

The chair is holding you of£ the floor, and you could possibly
fall o££ of it. Your enerqy is stored because of your position.
The act of falling off the chair is kinetic enerqy.

Gos particles are in constant X—%%
motion; therefore, they have < | s l/
high kinetic enerqy. o | <o ‘ 7
Container ™1~ S o—O—
- ~
Gas molecule <) N
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Collision of Gas Particles
Temperature directly affects kinetic energy.

As femperature increases, gas particles move more quickly.
As temperature decreases, the gas particles slow down.

temperature I and kinetic energy I
temperature l and kinetic energy l

The more Kinetic energy a gas has, the more collisions its
particles will have. If the kinetic energy is high, the particles
will be moving around o lot, resulting in more collisions. As the
kinetic enerqy decreases, the number of collisions decreases.

Formula for determining the level of kinefic energy (K€)
ke = mv2 i

m=mosSS V= veloch‘g

The grea+er the number (n) of gos molecvles, the grea+er
the number of collisions.

It's like if You are in a swimming pool with ol

three people—you will be able to avoid - MQ’ >
one another. If another fifty kids i
enter the pool, you'll be bumping
into kids much more often.
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@ CLECCYowr (LOWLERELE

1. Whot is the kinetic molecular +heor9 of a gas?

2. True or false: The average kinetic energy of a gas
depends on the tfemperature and nothing else.

3. True or false: Collisions between particles are completely
inelastic, meaning thot they do transfer enerqy from
one particle to another and no energy is lost.

4. \What is the difference between kinetic enerqy ond
potential energy?

5. Whot hoppens fo the molecules of a gas when its kinetic
energy is increased?

6. Under whoat conditions does the ideal gos low work best?
\When does it not work as well?
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CUECK Your QSWERS

1. Goses cons‘ran’rlg move in s‘rraigh’r-line motion,

with very small particles at large distances away
£from one another. Theg have no intermolecvlar
forces of attraction.

2. True
3. folse

4. Kinetic enerqy is the energy of movement. Potential
energy is the energy that an object has because of its
relative position to other objects.

5. The amount of collisions increases between the molecules
themselves and with the container.

6. The ideal gas law is fairly accurate in that it provides
valves thot are typically within 5% of the actval real-
life volvues of the gas, under STP. It does not work
well when the pressure of the gas is very high or the
temperature is very low.
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GAS LAWS are mathematical rules abovt how a gos will

behave vnder certain conditions.

BOYLE'S LAW

Boyle's law describes the relationship between pressure

ond volume.

Boyle's Law is named after
Tth-century British chemist
ROBERT BOYLE, who first
suggested the relationship
between pressure and volume
of o gas.

Boyle’s Law: The pressure of
a fixed amount of gas (p) at
a constant temperature (¢) is
inversely proportional to the
volume of the gas (V).

P = B,

P ~ 1/, assuming that temperoture and amount of gos

remain the same.
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#s the pressure on a gas I the volume of the gas l
#s the pressure on a gas l the volume of the gas I

Boyle's Law equation shows how the initial pressure () and
volume (V) of a gos are equal o the final pressure (7;) and
volume (V;) of a gos.

PVi= PV,

Bogle's Low is onlg trve if the number (n) of molecules and
temperature (T) are kept the same.

Graph of Boyle's Law: As volume increases,
pressure decreases
517 (ihversely
3 ProPor‘Honal),
£
Ele,

Vi A
Volume (L)

*FOR EXAMPLE: # sample of gas has a volume of 15.25 mL
ot 4.25 atm pressure. What will be the pressvre if the volume
is increased to 22.0 mL at a fixed temperature and amount

of gas’.’
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4.25 atm At the same
1525 mlL @ +etherafure

T 4]

_Pz=

Pix V(425 otm) x (525 m0) _ e par

V, 12.0.mtC

New pressvre (F,) = 295 atm

CHECK: Becavse the volume increased, the pressure

shovld decreaose.

CHARLES LAW

JACQUES CHARLES was an
18th-century French physicist
and the first to study the
effect of temperature on

the volume of a gas. Throvgh

Charles’ Law: The volume
of a fixed amount of gas at a
constant pressure is directly
proportional to the absolute

temperature of the gas.

experiments, he determined
that volume and temperature
are directly proportional to
each other.

Absolute temperature
must be recorded
in Kelvin (K).
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V ~ T, assuming that pressure and amount of gas remain the

same.

As the temperature on a gas T, the volume of the gos T.
#As the temperature on a gas l the volume of the gos l

Charles’ Law shows how the initial femperoture (T))
and volume (V) of a gas are proportional to the final
temperature (T;) and volume (V;) of o gos.

<
n
RS

GrdPA o‘r Clmrles' Law

x B

; ,‘. As the femrerah.re increases
Py A. the volume increases.

™~ ;

T ' A = 200K, 400L

B = 300K, 6OOL

# | e i )
100 200 300 You 500

Tethura"'ure T (k)

Absolute temperature is always written in Kelvin (K)
and has no negative values. To convert from Celsius
to Kelvin, use the formula °C + 273 = K.
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: FOR EXAMPLE: A somple of helivm in a balloon has o
volume of 12.5 mL and o temperature of 15.0°C. When the
amount of gas and pressure remain constant, £find the new
volume of helivm if the temperature is decreased to 45.0°C.

Known: V, = 12.5 mL T=175°C+ 213 =348 K

V=7 T,=45C+ 213 =318 K

VT, _ (125ml) (318 ¥

T 248 K =114 mL

Solve for V;:

CHECK: Becovuse the temperature decreased, the volume
should also decrease.

GAY-LUSSAC'S LAW

JOSEPH GAY-LUSSAC was an 18th-century French physicist

and the first person to study the effect of temperature on
the pressure of a gas. Through experiments, he determined
that pressure and femperature are directly proportional

to each other.

Gay-Lussac’s Law: The pressure of a fixed amount of gas
at a constant volume is directly proportional to
the absolute temperature of the gas.
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P~T assuming thot volume and amount of gos remain
the same.

As the temperature on a gas 1. the pressure of the gas 1
#As the temperature on a gas l the pressure of the gas l

Gag-Lussac's Law equaﬁon shows how the initial
temperature (T) and pressvre (P) of a gas are proportional
to the final femperature (T;) and pressure (P,) of the qgos.

)
LT

G‘raPA o'F Gay-LuSSac.s Law

d aJ"SSa-'d

As the fem,;erafure
increases, pressure
increases.

+ [l ) f )
100 200 300 You 500

Teh‘lPur‘a')Lure T (k)

%Z}ﬁ
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| FOR EXAMPLE: 330L of o qgos is held in a fixed container
ot 215 atm and 35°C. What will be the pressure of the gos
if the temperature is increased to 50°C?

known: B=2050tm  T=35°C + 273 = 308 K
-7 T,-50°C + 273 - 323 K
Solve for Py T2 - LB M BLIK) 5 55 gy,

T 308 k

CHECK: Becovse the temperature increased, the pressure
should increase.

COMBINED GAS LAW

The combined gas low puts the Boyle, Charles, and
Goy-Lussac lows together and is used when temperoture,
pressure, and volume may all change.

COMBINED GAS LAW

Boyle + Charles + Gay-Lussac

Whot's important to remember about the combined gos law
is that the amount of gas (moles) stays the some.
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The formvla for the combined gos law is

- AV RY
A » , |

315 L of a gas of 40°C and 07181 atm is
brought to standard temperoture and pressure (STP).

What will be the new 9as volume?

Tdentify whot you know (convert to Kelvin).

KEnown:

P, = 181 atm
T,=40°C+ 2713 =313 k
Vi=325L

P, = 100 otm
T,=213k

STP is 1 atm at 0°C
(or 273 K)

n Solve for missing information vsing the combined gas
equation.

_ L PV _ (273K (181 otm) 325 L

TP  (33©000atm) LIL

Vi
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CHECK: Becouse the temperature decreased and the II

pressure increased, the volume should decrease.

FOR EXAMPLE: The volume of a container is increased
from 50.0 to 6Z5 mL, which cavses the pressure of the gas to

- increase from 100 to 1,250 mmbtg. If the initiol temperature
was 65°C, what is the final temperature of the gas?

known:

P, =100 mmHg/'I(pO mmHg = 97 oatm
T, = 65°C + 2713 = 338 k
- V,=50.0mL/1,000 = .05 L
- P =1250 mmkg/ 160 mmbtg = 164 atm
=7
"V, = 625 mL/1,000 = 625 L

Solve for T;:

TRV, (3381 (4 otm) 625L o, |
Vi P 050 LTz oty —— 21— 1500 (with
yA Sig €igs) k

L
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AVOGADRQO'S LAW

Ttalian scientist AMEDEO AVOGADRO, the same person who is
credited for coming vp with Avogadro's humber, determined
thot the volume of gases (V) ot the same temperature and
pressure contains the same number (n) of molecules.

Avogadro’s Law: At constant temperature and
pressure, the volume of a gas is directly
proportional to the number of moles of the gas.

n ~ V, assuming that femperature and pressure of the gas
remain the saome.

#s the amount of gas I then volume of the gas I
#s the amount of gas l then volume of the gas l

Avogodm's Low shows how the initial volume (V;) and
amount (n,) of gas are proportional o the final volume (V)
and amount (n,) of gas.

Vi Vv,
—_— = — OR V'Inz = Vzl’h
hy, N,
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0.00 L of a gas contains 0.841 mol of
molecvles. What will be the new amount of the gas if the
quantity is decreased fo 380 L, assuming pressure and
temperature are held constant?

Known: V= 6.00 L

V, =380 L
n = 841 mol
nz = 7
Vi _ (380L) (847 mol) _
Solve for n;: v 600 L 0536 mol of gas

IDEAL GASLAW
The IDEAL GAS LAW is o combination of Bogle's Loaw,
Charles' Law, Gag—Lussac‘s Law, and Avogadro‘s Law.

IDEAL GAS LAW

Boyle + Charles + Gay-Lussac + Avogadro

The ideal gas law describes the relationship among
pressure (P), volume (V), femperature (T), and the amount (n)
of gas. It explains what wovld happen for an ideal gos,
with three assumptions:
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The gas particles have no forces acting among them
(meaning they don't feel attraction or repulsion forces).

The gas particles do not fake vp any space, becavse
their atomic volume is completely ignored.

The behavior of the gases £follows Kinetic Molecvlor Theorg.
The ideal gas equa’rion is €air|9 occurote for most ranges
of temperoture and pressure. For more accurate readings

for conditions of high pressure and low temperature, vse
Von der \Woals equation.

The ideal gas law: PV = nRT

P = pressure R = gas constant
V = volume (must be in liters) T = femperoture (must be
n = amount of gas in moles in kKelvin)

Ris a universal constant that relates energy
and temperature. Because energy can be defined as
pressure X volume, R is used to quantify the relationship
between temperature and amount of gas.
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Solving for the universal gas constant (R) vsing 1 mol
of gas ot standard temperature and pressure, the
valve of R will change depending on the pressure valve
and unit.

Calculation vsing atmospheres:

If You assume thot the 9as is ot STP, then yov can solve
for R

PV _ (100 otm) (224 L) _

R T = 00mo) BB

0821 L atm/mol k

R can be represented with any of the following units:

R = 0.08Z1L atm/mol k (most commonly vsed)
R = 8.3145 J/mol k

R = 8.2057 m* atm/mol kK

R = 62.3637 L Torr/mol ¥ or L mmHg/mol K

%12}7;3»
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! FOR EXAMNPLE: A somple of nitrogen gas is kept in
a container with a volume of 3.3 L and a temperature
of 34°C. A pressure of 56 atm is exerted on the gas. How
many moles of the gas are present?

1. Identify what you know.

T=34C+17273=301k
P =506 atm

V=35L

R =0.0821L atm/mol k

2. Solve for n.

_PV_Gboatm (331)
“RT ~ (00820 GoTw) > Mol present

n

USING THE IDEAL GAS LAW
TO FIND DENSITY AND
MOLAR MASS

You can move around the parts of the formula for the ideal
gas law to determine density and molar mass, assuming
that yov maintain the original relationships.

PV = nRT
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For example: Density = mass/volume, atthough volume is in
the ideal gas law, while mass is not.

Solvtion: n, the number of moles of a goas, iS determined
bg dividing the mass (m) of the gas bg its molar
mass (M):

m
n - o
M
I£ yov replace n with the above, yov get PV = (%) * RT
If Yyou use d-= % then You can rearrange the equod-ion to
. MRT
Py

To include density (d):
F"GSSH"Q \ ‘/.molar mass

_m _PM
density™ > " "\ RT
gas constant femrerai’ure

%
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FOR EXAMPLE: Calcvlote the density of carbon monoxide
in grams per liter ot .89 atm and 6Z2°C.

1. Identify what you know.

P =89 atm

T=02+«273=335 K

R =.0821 J/mol k

M=12.019 + 1o g = 28.01 g (from the periodic table)

2. Solve for d.

PM, _(890tm ) 2801Q) _ g o/

d= BT " 10871 9/mol ¥) (335°8)

DALTON'S LAW OF
PARTIAL PRESSURE

JOHN DALTON was an Enghsh

scientist known as a pioneer Dalton’s Law of Partial
of modern afomic theory. To Pressure states that

. _ ' the total pressure of a
determine the relationship of mixture of gases is the
pressure, femperature, volume, sum of the pressures of

each individual gas.

ond amount in o mixture of
goses, use o laow based on
Dalton's experimental work.
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I£ you have two different gases represented by Aand 8,
the total pressure is equal to the sum of their pressures.

Pro = Bt R

PFOR EXAMPLE: A cylinder of compressed natural gos

- has o volume of 19.0 L and contains 1215 g of methane

| (CH,) and 238 q of ethane (Cot). The temperature is 28.0°C.
Determine the total pressure in the cylinder and the partiol

. pressure of each gas.

| 1. Calculote the moles of each 9as using the
s periodic table.

1 mol CH
= =
1 Mol CH, = 1213 g X —11 .05 15.58 mol

1 mol C;H,
= =
| Mol C,H, = 238 g x 3003 g 193 mol
| [2. Determine the pressure of each gos individually vsing
s the ideal gos law.

_ nRT _ (1558 mol) (0821 L otm/mol k) (28 + 213 k)

Freinane = v 0L

= 98.3 atm
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o _ PRT _ (193 mol) (0821L otm/mol k) (28+273 K)
FTRMET TV 190 L

=103 otm

3. #dd the pressure of each gos.

_PTOThL = _PMETHhNE + _PETHRNE

= 985 atm + 10.5 atm = 108.6 atm

AIR IS A MIXTURE OF
MANY DIFFERENT GASES:
78% NITROGEN,
21% OXYGEN, AND
1% OTHER GASES.

e -~ E—— >

— i = < - —

W TN Y WS =
”~ (r (=
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@ CLECLYour (OLEDCE

1. What are the gas lows and why are they important?

2. Which gas low shows the relationship between volume
and temperature?

3. Whot is the ideal gos laow and why is it important?
"Provide the equation itself.

. Why do we apply Dalton's Law of Partial Pressvre?

5. 115 L of a gas is at 186 atm. What pressure is obtained
when the volume is changed to 12.5 L7
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CUECK Your QSWERS

1. Gos laws describe the movement and obervations
obovt gases.

5,

~
—

2. Charles's Law shows the relationship between volume
and temperature.

3. The ideal gas equation is a combination of Boyle's Law,
Charles's Law, Gay-Lussac's Law, and Avogadro's Low.
It is important to be able to make adjustments to every
aspect of experiments: pressure, femperature, volume,
and amount (moles) of the gas. PV = nRT.

4. Dalton's Law of Partial Pressure allows for the total
relationship of pressure, femperature, volume, and

omount of mixed gases to be determined.

5. (115)(1.86)/(12.3) = 1.08 atm
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Solutions and
Solubility

9 |
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Chapter 25
SOLUBILITY

SOLUBLE VS INSOLUBLE

A mixture is o substonce mode bg combining elements or

compounds in a way that doesn't produce a chemical reaction.
There are +wo kinds of mixtures: HOMOGENEOUS ond
HETEROGENEOUS.

Homeo is Greek — | Homogeneous mixtures are uniform (evenly

i G mixed) throughout, and components are
evenly distribvted. This type of mixture
cannot be separated by physical means
such as filtration, evaporation, or decanting,

Sometimes, homogeneous mixtures ore
colled SOLUTIONS.

Examples: seawater, lemonade
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Hetero is Greek —> | Heterogeneous mixtures are mode vp
or different. .
of substances that are not evenlg mixed

and con be separated by physical means.

Examples: pizza, frvit salad, and oil
and water

evehly mixed not evehly mixed

When two substances combine within a solvtion, they
can be either SOLUBLE or INSOLUBLE. A substance
thot is soluble will completely dissolve in the solvtion.
An insoluble substance does not completely dissolve in
the solution.
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Things to know!
Aqueous solution: a solvtion in which the solvent is water

Precipitate: an insoluble substance the separates from
the solution

Precipitation reaction: a reaction that resvlts in the
formation of a precipitate

SOLUBILITY is the ability of a solute to dissolve in a
solvent. A SOLUTE is the substance that dissolves in
a solution. A SOLVENT is the substance thot dissolves.

For example: If yov add a tablespoon of
chocolate powder to a glass of milk and stir:

The milk is the solvent.

The chocolate powder is the solvte.
The chocolate milk is the solvtion.
That solvtion did not produce o precipitate, becavse the

chocolate powder was soluble in the milk; it completely

dissolved.
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| FOR EXAMPLE: When you add silver N“NO3\
nitrate (AgNO,) to salt (NaCl) that is already
dissolved in woater, a new, white, powdery
precipitate will form.

That's becavse one of the products of the
reoction, silver chloride (AgCI), iS insolvble in woter.

AQNOs4g + NOCliagy = AQClisy + NONOs(og

SOLUBILITY ON A
MOLECULARLEVEL

Water is a clear, colorless liquid. ITf you covld examine

it at the molecvlar level, yov wovld see a grovp of water
molecvles floating around. The water molecules may move
abovt and bump into each other or remain bonded together.

I£ some table sugar (sucrose, CyH,,0;) is added to the water, the
molecules of sucrose stort moving among the woter molecvles.

. & & & S
The sugor is the solvte. & @<— ugar
@ @ molec‘.ule
& & $ ® Woater

The waoter is the solvent.

/ molucule
R 8 &
R

Molecules of woater svrrovnd @ § . @
the sugar molecules. g
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The molecvles within the solid svucrose molecule start to move
about and break apart. This movement is called RANDOM
MOLECULAR MOTION. As the sucrose molecules separate
from each other, they spread ovt and begin fo dissolve in
the woter. As the sucrose molecules become increasingly
separated from each other, random molecvlar motion
continves to separate them among the solvent (water)
molecvles, speeding vp the dissolving process.

The faster the sucrose molecules move apart, the faster
the dissolving process.

RANDOM MOLECULAR MOTION

The unpredictable movement and breaking
apart of molecules or atoms within a solution.

The process will look like this:
<Y
\~‘__-____-———/

\A/a"’er Sugdr

solution

Sugar
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TYPES OF SOLUTIONS

In o solvtion, the solvte and solvent are not chemicallg
bonded to each other.

Solutions can be a mix of
gos-gos
liquid-liquid
solid-solid
or any combination of gas, liquid, or solid

; FOR EXAMPLE: Salt (NaCl) mixes with water (H,0) in
the ocean. Identify the solute, solvent, and type of
solution.

Answer: Becavse the concentration of water in the ocean
is much higher than the concentration of salt, salt is the
solvte. Waoter is the solvent, and the salt water is a liquid-solid
mixture.

e \With iced tea mix and water, iden’riFg the solvte, solvent,
and type of solution.

fAnswer: There is much more water than iced tea mix, so
the water is the solvent and the iced tea mix is the soluvte.
The mixture is a |iquid—solid solvtion.

353



! FOR EXAMPLE: Carbon dioxide (CO,) is
mixed into cola o form soda. Iden+i€9 the
solute, solvent, and type of solution.

Answer: Becavse there is more cola than
carbon dioxide, CO, is the solvte, cola is
the solvent, and the carbonated soda is
a gas-liquid solution.

Solvtions are classified into three main types:
SATURATED
UNSATURATED
SUPERSATURATED

A soturated solvtion contains the maximum amount

of solvte possible. If yov add any more soluvte, it

Wwill settle at the bottom of the solvtion becavse it
connot dissolve.

)

An unsoturoted solvtion contains less than the
maximum amount of solute possible. Youv could
odd more solvte, and it wovuld dissolve.
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# supersaturated solvtion holds more solute than
is normally possible in a saturated solvtion. This
hoppens when the solvtion is heated to a high
temperature, more solvte is added to satvrate the
hot solution, and then the solution is cooled quickly

withovt forming a precipitate.

COLLQIDS AND SUSPENSIONS

# COLLOID is o homogeneous
solution that is made vp of larger
particles but the svbstance remains
evenly distributed throughout.

Water is made vp of hydrogen
and oxygen ions dissolved in the
woater. It is homogeneous, but not
a colloid. Particles of milk are
much larger than the hydrogen
and oxygen molecules of water.
Milk is a colloid. Tt is made vp of
about 871% water and 13% other
solids, such as fat, proteins, lactose,
and minerals. Just like water, milk
is a homogeneous mixture; it is the
soame throughovt.

COLLOID

Combination of two
substances, where
the molecules of one
substance are much
larger than those of
the other substance
but they are still evenly
distributed throughout.
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There are four types
of colloids:

SOL is o colloidal suspension * mixture that looks
uniform when stirred
with solid particles in a liquid. or shaken but separates

into different layers
wAen allowed to settle

Muddy water: Mud contains
,drger Par‘h’cles that are Par‘l’ia”y
dissolved in the water.

EMULSION is o colloidal suspension
thot is formed between two liqyids.

FOAM is a colloidal suspension that is formed
when multiple gas particles are trapped in
a liquid or solid.

Fodl'h SOdP
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REROSOL is o colloidal suspension containing
smalll solid or liquid particles that are evenly
spread throvghout a gas.

Spray can

SUSPENSIONS form ofter mixing;

quuid + liqpid
solid + liquid
quuid + Q0s

In a suspension, the two substances are combined
physically, not chemically. They need an ouvtside force to
get them to mix, such as stirring or shaking. When they

are allowed to sit for a while and settle, the two svbstances
will separate again.

One of the most common suspensions is oil and vinegar
(salad dressing). Other common suspensions include sand
in water or dust/droplets of oil in air.
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Oil-and-vinegar suspension: The larger particles are the
oil, and the smaller particles are the vinegoar. #s the two
substances separate, the oil will form on top becavse it is
less dense (lighter).

evenly mixed
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@ CLECLYour (OLEDCE

1. Whot is the difference between a svbstance that is
soluble and one thot is insoluble?

2. A solvtion contains less than the maximum amount of
solvte possible. What type of solution is it?

3. A solvtion is heated to a high femperoture with
added solvte, and then cooled quickly withouvt forming
o precipitate. What type of solvtion is it?

4. What is a colloid?

5. #re solvtions a result of a physical or chemical change?

6. \Whot is the difference between o foom and an aerosol?

1. Define the term suspension and give an example of
a suspension.
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CLECK Your QIUSWERS

1. # substance that is soluble will completely dissolve
in the solvtion. An insoluble svubstance is one thot
does not dissolve in the solvtion.

2. #n unsaturated solution
3. # supersaturated solvtion

4. A colloid is a homogeneovus solution thot is composed
of larger particles but is still the same svbstance
throughovt.

5. Solvtions are a result of physical changes.

6. Foom is created when multiple gas particles are
trapped in a liquid or solid. An aerosol contains
small solid or liquid particles that are spread evenly
throughovt the gas.

1. Suspensions are heterogeneous mixtures that have solid
particles in a £lvid. Suspensions form from mixing two
liquids, a solid and a liquid or gas, or a liquid and a
gas. In a suspension, the fwo substances are combined
physically, not chemically. Example: salad dressing,
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Chapter 26

SOLUBILITY
RULES AND
CONDITIONS

SOLUBILITY AND
IONIC COMPOUNDS

Aqueovus solvents are great for dissolving ionic compounds.

The woter cavses the ionic crystal bonds to separate and

split up into their original ions. This process is colled
DISSOCIATION OF IONS. The polar ends of the water
molecvle have a strong pull on the positive and negative ions
within the crystal, cavsing them to break apart.

This equa‘rion describes a dissociation reaction (shows whot

happens when a salt molecvle (NaCl) dissociates in water):
Sodium cMor:’de

H.0  ~Chloride

NOCligy —=mp N0 (g + Clag

Sodium 3‘1



PRECIPLITATION REACTIONS are one of the most common
types of chemical reactions that occur in an aqueous solution.
During o precipitation reaction, an insoluble solid, called a
precipitate, is formed.

Sometimes, ions are not involved in the formation of a
precipitote. These ions are called SPECTATOR IONS.
When spectator ions are present, write an equation thot
shows only the ions taking part in the reaction. Ignore the
spectator ions.

This type of equation is colled o NET IONIC EQUATION.

A net ionic equation does not include spectator ions. It
only shows the ions that are taking part in the reaction.

Rules for writing ionic
and net ionic equations:

1. Write a balanced eqyod-ion £for the reaction.

2. Use the solubility toble to determine whether o
precipitate will form. Label all reactants and products
with (aq) if soluble or (s) if insoluble, based on the
solubility rules.
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3. \Write the ionic equation for the reaction. Dissociate all
reactants and products labeled (aq). Do not dissociote
any reactants or products labeled (s).

. Identify and cancel ovt the spectator ions.

5. Rewrite the final equa‘rion as o "net ionic eqyaﬁon"

without the spectator ions.

Moke sure the total charge to the left of the arrow equals
the total charge to the righ’r of the arrow.

For the reaction:

A’gNOB (aQ) + Nac‘(aq) = A’gc‘(s) + NaNO}(aq)

A’g* + NO{ + N+ Cl- => ‘A’%Cl + Nex™+ N03_(-:ross out SPQC‘,'afor ions

The net ionic eqya‘rion is:
A'9+(aq) + Cl_(aq) -> A'9C|(s)
The spectator ions

nitrate ond sodivm did
not affect the reaction.

Spectator lons are ions that are
not chemically changed over
the course of a reaction. A net
ionic equation includes only
the ions that are chemically
changed in the overall reaction.
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SOLUBILITY RULES

Solubility rules help yov to determine whether a substance
is soluble or insoluble.

SOLUBILITY RULE ) EXCEPTION
1. All alkali metals and None
ommonivm salts are soluble.
2. All nitrates, chlorotes, and None

perchlorates are soluble.

. #ll silver, lead (II), ond

mercury (I) salts are
insoluble.

. #ll chlorides, bromides,

ond iodides are soluble.

. #ll carbonates, oxides,

sulfides, hyroxides,
phosphates, chromates,

ond svlfites are insoluble.

. #ll sulfates are soluble.
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#gNO; and #q(ZH;0,)
ore common soluble salts
of silver.

Except when combined
with #g’, Pb*, and kg™

Calcivm svlfide, strontivm
sulfide, and barivm
hgdroxide ore soluble.

Calcivm svlfote, strontivm
sulfate, and barivm
hgdroxa’re ore insoluble.



FOR EXAMPLE: ®oth iron (III) nitrate Fe(NO5); and
sodivm hydroxide (NaOH) completely dissociate in water.

- Whot will be the net ionic eqya‘rion if yov mix iron (I1IT)

_ hgdroxide and sodiuvm nitrate in on 0Queovs solvution?

1 1. Write the balanced equation.

[ Fe(NO5); + 3NaOH = Fe(OH); + 3NaNO,

- 2. According fo the solubility table, Fe(Ok); will form

a precipitate. All other substances dissociate in

an aqueous solvtion.

. 3. Write the ionic equation.

i Fe's‘(aq) . 3N03_(aq) . 3N0‘(aq) . 30H_(aq) = FQ(OH)3(S) + 3NO3_(aQ) + z>I\kr(ca<z)
. 4. Tdentify and cancel out spectator ions.

| Fe¥ap + INOy (ap + AN (4 + 30H (4 = Fe(OH)s) + 3NO5 (5 + SNy

5. \Write the net ionic equation.

l FQBI'(QQ) + 3OH_(QQ) -> FQ(OH)3(5)
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ELECTROLYTIC PROPERTIES

Solvtes in an 0Queous solvtion are classified as either

ELECTROLYTES or NONELECTROLYTES.

An elec+ro|9+e is a substance thot when dissolved in water
will conduct elec+rici+3.

A nonelec+r0|9+e iS a substance thot when dissolved in water
will not conduct elec’rrich‘g.

Yov can vse an ELECTRICAL CONDUCTIVITY TESTER to test
for conduc+ivi+9.

—®
100

©
(CD)

E‘Hmnol HCI Aceﬁc acid solution
No conducﬁvﬂ'y 'Higl) conducfivify Low conduc"'ivi"’y

€ach of the beakers above contains a solution and two
electrical plates. One plate is positively charged, and the
other is negatively charged. The plates are hooked to an
electrical ovtlet and a light bulb. Once the charge runs to the
plotes, the positive ions are ottracted to the negoative plate,

and the negative ions are attracted to the positive plate.
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The beaker on the left is a NONELECTROLYTE. This means

that none of the ions move toward the positively charged or

negm‘ivelg charged side.

The beoker on the righ’r iS 0 weak elec+ro|9+e, ond the
beaker in the middle is o s+rong elec‘rrolg’re.

The more the ions in the solvtion move, the 9rea+er the
presence of electrolytes and the greater the electrical
charge created for the ligh’r bulb.

FACTORS THAT AFFECT
SOLUBILITY

Temperature affects the rate of solubility in solids. When

temperature increases, the particles in a solid move around faster.

This makes solids dissolve more quickly and solubility increases.

TN

When the temperature is reduced, particles of both the solute
and solvent move more slowly and solubility decreases.

Gases respond to temperature in the opposite way. When the
temperature increases, the gas also moves faster but it escapes
the liquid phase and leaves the solution (solubility decreases).

When the temperature decreases, solubility increases.
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Pressure affects gases when mixed with liquids.
As pressure decreases, solubility of the gas decreases.
As pressure increases, solubility of the gas increases.

/

Gases can be dissolved in li?uid, too!

I Temperature I Solubility of solids
l Temperature l Solubility of solids
I Pressvre t Solubility of gases in liquids

¥ Pressure § Solubility of gases in liquids

Cola is created by increasing the pressure
of carbon dioxide gas molecvles so that
they dissolve in the liquid cola. #+ normall
pressvre, the CO, particles convert to gas
and will move out of the cola, cavsing it to
go "flot"
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@ CLECLYour (OLEDCE

1. What is dissociation of ions?
2. Why is woter a good solvent for ionic compounds?

3. Most sulfate salts are soluble in water. Name three
compounds that are the exception to this rule.

4. True or false: Salts containing grovp 1ions are soluble
in water.

5. What type of solvtions are the following?
A. fir
B. Milk
€. Salt water from the ocean

6. \Write the net ionic eqya’rion for
ZnCl; + Na,S = ZnS + ZNaCl.

7. \What is the difference between on elec‘rrolgi-e ond
o none|ec+rol9+e?

8. How do pressure and femperoture affect the solvbility
of a gos?
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CUECK Your QSWERS

1. Dissociotion of ions occurs when woter covses
the ionic crystal bonds fo separate and split vp
into their originol ions.

2. The polar ends of the water molecvle exert a force of
attraction on the positive and negoative ions within the
crystal, thus causing them to break apart.

3. Svulfate salts that are insoluble in water include CaSO,,
8aS0, PbSO,, AngO,,, ond SrSO0,.

4. True: Salts containing group 1ions are soluble in woater.
5. A. Air is a mixture.
B. Milk is a colloid.
€. Ocean salt water is homogeneous.
6. The net ionic equation is Zn% ) + S g = ZnSy,
1. An eled—rolg’re iS a substance thot when dissolved
in woter will conduct elec‘rricii-g. A nonelec’rrolg’re is

o substance that when dissolved in woter will not
conduct elec’rrici’rg.
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8. A gas dissolved in liquid will have greater solvbility ot
LOWER temperatures and HIGHER pressure. The energy
of the gas molecules causes them to escape more easily,
like soda left out on a hot summer day,

HEY, AREN'T
THEY GOING TO
JOIN US?

NO THEY'RE JUST
SPECTATORS.
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Chapter 20

CONCENTRATIONS
OF SOLUTIONS

MIXING SOLUTIONS

When mixing o solvtion, Yyovu need to know

1. the amount of solute and solvent to use.

2. the CONCENTRATION of the solvtion.
The concentration tells the amount of solvte
thoat is dissolved in the solvent.

Concentration can be calculated in different ways.

One way to calcvlote concentrotion is

: __Mmoles of solvte _ n
Molarﬂ-g () or mol/L. Liters of solvtion V
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This measvre of concentration is most often vsed to prepare
solvtions for which the total volume of solvtion is known and
occounted for.

To calcvlote moles of the solvte, use the molor moss
of the element or compound fo convert from groms
+o0 moles.

| FOR EXAMPLE: \Whot is the molarity of a solvtion
prepared with 45.6 g NaNO; and 250 mL water?

1. Convert the mass of NaNO; o mol NaNO;,

1 mol NaNO,

145955019 NaNO;

=536 mol

1 2. Convert milliliters to liters.

1L

I 250 mL x 1000 mL

=250 L

3. Colcvlote molarity (w).

_ 536 mol

250 L 214 mol/L
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MOLALITY gives yov the number of moles of solvte dissolved
in exacﬂg 1 kg of solvent.

Molality (M) = moles of solute
mass of solvent in kq

= mol/kg

MOLARITY vs MOLALITY
Molarity is the number of moles of a solute dissolved in a solution.
Molality is the number of moles of a solute dissolved in a solvent.

/

Molality is important when COLLICATIVE )
yov are adding solvte o a PROPERTY
solvent in an experiment and A physical property of a

figuring out the COLLIGATIVE solution that depends on

PROPERTIES of the solution. the ratio of the amount of
solute to the solvent, not

the type of solvent.

Molority is TEMPERATURE
DEPENDENT (when the

temperature increases, the volume slightly increases as well).

Molality is not temperoture dependent (there is no volume
measvrement in the calcvlation).

374



Salt increases water's

boilihg Foin'l’. SaH’y (

r
@ }
water takes longer
to boil. ’ §§

|

When a solute (ice cream)
is added to the solvent
(cola), the freez;ng Poinf

goes down.

Molalh‘g is used when the MASS of SOLVENT (not the total
solution's volume) must be known for a given calculation
(such as colligative property formulas).

Colligative properties include:
freezing-point depression
boiling-point elevation
vapor-pressure reduction

VGFOI'

P ressure

VaPor

P ressure

Solvent alone Solvent + solute

When a solute is added to the solvent,
then vapor pressure of the solvent reduces.
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! FOR EXAMPLE: Calcvlate the molality (M) of a colcivm
hgdroxide solvtion that has 354 9 of calcium hgdroxide
dissolved in 218 9 of water.

1. Convert the mass of calcivm hgdroxide 0 moles.

1 mol CQ(OH)Z
7409 g Coa(OH),

354 g Ca(OH), x = 478 mol Ca(OH),

2. Convert groms of woter o kilograms.

1kg

218 g X 1000 3

- 0278 kq

3. Calcvlate molality.

v - 418 mol Ca(OH), _ 14, mol/kg

218 kg woter

Percent Composition by Mass

I£ we assume that 1 mL of a water-based solvtion has a
mass of 19, 1L of the solution has a mass of 1000 g, becavse
the density of water is 19/1mL.

moass of the solvute 100
mass of the solvtion

/ % composition by mass =

T

376



Determine the % composition by mass of
o 151 q kCl solvtion that contains 32 9 salt.

320 q kCl
151 9 solvtion

% composition = x 100 = 20% KkCl solvtion

Parts per Million

This measvre of concentration is most often used in very
dilute solutions. Parts per million (ppm) describes the ratio
parts of solute per 1million units of solution.

o ) units of solvte
/ Parts per million (ppm) = one million units of solution

T

L FOR EXANPLE: If o water sample contains 150 ppm
calcium carbonate (CaCO0s), this means that for every 1 million
vnits of water, 150 units will be calcivm carbonate.

Solubility

This measvre of concentration is sometimes the unit given in
charts and tables or specified in the solubility rules.

. : _ mass of the solvte (in grams)
/ Solubility: grams/liter (g/1) volume of solvent (in liters)

T
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DILUTIONS

Chemists sometimes need to dilute or reduce the concentroation
of their solvtions. Dilvtion occurs when more solvent is added
to a fixed amount of solute. The solution is mixed to ensure
that the solvent is spread equally throughout.

A VOLUMETRIC FLASK is made fo contain =
an exact volume at a specific temperature.

Volumetric £lasks, vsed for precise dilutions and
preparation of standard solutions, have one line =
of measvrement indicating the exact amount of
volume contained.

How do yovu know how much solvent to add?

Use the dilvtion formula:
M1V1 = Msz

M;: molari‘rg of the stock or the more concentrated solution
M,: the final or diluted concentration

Vi: the volume of the concentrated solution o be added

V;: the total volume of diluted solvtion to be prepared

M,V;: the molariﬂ.’ and volume of the solvtion before dilution
M, V;: the molari’rg ond volume of the solvtion affer dilution
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| FOR EXAMPLE: How many milliliters of 6.0 M sodivm
hydroxide solvtion are required to prepare 2.0 L of o
~ 1.0 M sodivm hgdroxide solvtion?

i TIdentify whot you know.

- M1V1 = Msz

! M1 = (00

L =7
Mz = ]O M
V,=20L

| MV, 10x20 _

. 2. Solve. V, = Mo 60 33 L or 330 mL
STOICHIOMETRY

WITH SOLUTIONS

For volume s+oichiome’rr9. vse molari’rg, NOT gos volume
s’roichiome’rrg.

*FOR EXAMPLE: A chemist dissolved 8.84 g of NaCl

in water and then poured the solution into a 500 mL
volume flask, adding enovgh water to make the solvtion
exactly 350.00 mL. What is the concentration of the
solvtion?

Look for molari’rg.
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Start with the NaCl becavse that is what is placed into the
water. Convert groms of NaCl to moles.

1 mol NaCl
8.84 9 NoCl x £845 9 NoCl - 15 mol NaCl

Divide the moles of NaCl bg the amount of water in 350.00 mL.

15 mol NaCl/350 L = 429 m,
the concentration of the solvtion -

- FOR EXANFLE: How many grams of potassium hydroxide
(kOH) are contained in 32.0 mL of a solution whose
concentration is 2.56 m?

Use molari’rg ond formvula moss.

256m _ 56.11
O3L L KOH x == OSZmon—Q—WOH 460 q KOH
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@ CLECLYour (OLEDCE

1. Whot does concentration tell 300’.’

2. Which measure of concentration is commonlg vsed when
creating solvtions? How is it expressed?

3. What is molality and why is it important?

4. Define the term colligative property and give two
exomples.

5. & chemist dissolved 1235 g of MgSO0, in water and
then poured the solution into a 150 mL volumetric
flask, adding enovugh water to moke the solvtion exactly
750.00 mL. What is the concentration of the solvtion?

6. Determine the amount of CacCl, (in grams) that is found in
455 mL of a solvtion with a concentrotion of 3.3Z2 m.
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CLECK Your QIUSWERS

1. Concentrotion tells yovu the omount of solvte that
is dissolved in the solvent.

s,

=
s

2. To prepare solvtions, the molarity measure of
concentrotion is most often vsed in both chemis’rrg
ond biologg. Molari+g iS measvured in moles/liter.

3. Molality gives you the number of moles of solute
dissolved in exactly 1kq of solvent. Molarity is important
when conducting an experiment when you are adding
solute o0 a solvent and when determining colligotive
properties of the solution.

4. # colligative property is a physical property of a solvtion
thot depends only on the rotio of the amount of solute to
the solvent, not the type of solvent. Colligative properties
include freezing-point depression, boiling-point elevation,
and vapor-pressure reduction.

5. The concentration of the described solution is 01434 m.

6. The amount of CaCl, is 16.8 9.
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Chapter 283

PROPELRTILES
OF A@W@ AND

ACID OR BASE?

The Swedish chemist SVANTE ARRHENTIUS was first to
clossify ACIDS and BASES. \When examining their
properties in an aqueovus solvtion, he found that:

Acids are svbstances thot dissociote
(separate) in water to produce
hydrogen (B ions.

Bases are substances that dissociote
Svanfe Arrliehius

in woter to produce hydroxide (OH) ions. (1859-1927), was
awarded the Nobel
Prize for Clxermsfry
in 1q03
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NEUTRALIZATION hoppens when an acid and base
mix and the hydrogen ions and hydroxide ions combine to
produce water. The anion and cation of the acid and base
combine to form a salt.

NEUTRALIZATION

The formation of a salt and water.

BRONSTED-LOWRY ACIDS
AND BASES

The #rrhenivs definition of acids and bases only explained
acids and bases that actvally contained H* and OH". His
definition was limited becavse it didn't explain everything
found in water (like ammonio).

Danish chemist JOHANNES BRONSTED and €nglish physicist
THOMAS MARTIN LOWRY come vp with a way o address
the holes in the Arrhenivs definition.

They created the BRONSTED-LOWRY THEORY, which

defined acids and bases by their ability to accept or
donate a proton.
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Hydrogen (H*) is also called a proton because the H atom
consists of only one proton and one electron, but the H' ion
lost its electron, and the only particle left is a proton.

/

# Bronsted-Lowry acid is a proton donor: It donates
a ' ion to a Bronsted base.

# Bronsted-Lowry base is a proton acceptor: It accepts
a H* ion from o Bronsted acid.

HC‘(aq) L NHS(aq) = NH‘:*(aq) . Cl-(clq)

In this reaction, HCl donates a H ion to ammonia (N#),
so the HCl is an acid. NH; is the base becavse it accepts the
H* ion from the acid 1o become NH,".

\Woter can be considered a Bronsted base. In this
reaction, HCl + #,0 < H;0* + CI-

\Woter can also be a Bronsted acid. In this reaction,
NH; + H,0 < NH,* + OH-
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the HCI (hydrochloric acid) donates a proton to water to
create H;0°, the hydronium ion. So, HCl is the acid and water
is the base, becavse it accepts a proton.

To remember these acid and base roles, use the following
acronym;

BAAD
Boses Accept; Acids Donate

PROPERTIES QF ACIDS
AND BASES

Almost every liquid has properties of an acid or a base.
Woys to tell an acid from a base:

Properties of acids
0 sovur taste (never taste angw‘hing in the lab!)

changes the color of litmus paper.
Blue litmus will turn red, and red litmus will s+ag red.

%Z}ﬁ
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reacts with certain metals to produce hydrogen gas
conducts electricity in an aqueous solvtion

reacts with carbonates and bicarbonates to produce
carbon dioxide gos

Properties of bases
a bitter taste

changes the color of litmus paper

(Blue litmus stays blue; red litmus turns blve. Substances
that are close to nevtral will not change litmus color; red
stays red and blve stays blve))

conducts elec+rici+9 in an 0Queous solvtion

feels slippery

NEUTRALIZATION
REACTIONS

\When acids and bases react, +he3 form salts. A salt is the
combination of a cation () from the acid and an anion ()
from the base. When the two bond, they have a nevtrol
(zero) charge.
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NEUTRALIZATION REACTIONS

Reactions in which an acid and a base react to form a salt.

fFor example, in the reaction

kOH + HCl -(KCl+ #,0

KCl is the salt that is formed.

The dissociation reaction wovld be:
K+ OB + B+ CI- 3 K* + CI" + B,0

K and Cl are spectator ions and will cancel ovt, leaving
only water.

Examples of nevtralization reactions:
Metal oxides and metal hgdroxides:
Acid + metal oxide (bose) = salt + water

Acid + metal hgdroxide (base) = salt + water
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Carbonotes and hgdrogen carbonotes:
Acid + metal carbonate < salt + water + corbon dioxide

Acid + metal hgdrogen carbonate < salt + woter +
corbon dioxide

Your stomach contains
hydrochloric acid (HCI),

a very strong acid that helps
to break down food. If you have
indigestion (an upset stomach),

you might take an antacid
tablet. That tablet is made of
magnesium hydroxide—a base.

You are neutralizing excess
stomach acid by adding a base.

390



@ CLECLYour (OLEDCE

1. Whot is an acid?
2. What is a base?
3. Under whot circumstonces does nevtralization occur?

4. How can yov tell an acid from a base using litmus
paper?

5. What properties do acids and bases have in common?
6. What is a salt and how it is formed?

7. How did Bronsted ond Lowrg's definitions of acids
ond bases differ from the Arrhenivs definition?
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CUECK Your QSWERS

1. #Acids are substances thot dissociote in woter
1o produce hydrogen ions.

2. Bases are svbstances that dissociote in woter to
produce hydroxide ions.

3. Nevtralization occurs when an acid and base mix
ond the hgdrogen ions and hgdroxide ions combine to
produce water.

¥. For an acid, blue litmus will furn red, and red litmus will
s’rag red. For a base, blue litmus s+ags blue, and red
litmus turns blue.

5. Both acids and bases conduct elec+rici+9 in an 0Queous
solution.

6. A saltis the resuvlt of an acid and o base reac’ring.
7. Bronsted and Lowry defined acids and bases bg their
ability to accept or donate a proton, while the Arrhenivs

definition explained acids and bases that contained
hydrogen and hydroxide ions.
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Chapter 29)

H SCALE AND
CALCULATIONS

The concentrotion of hgdrogen ions and hgdroxide ions in

an aqueous solvtion con+aining on acid or base indicates the
s+reng+h of the solvtion. The concentrotions are usuallg N)
small that it's difficvlt o read them.

THE pH SCALE

In 1909, SOREN SORENSON, a Danish biochemist, came vp
with o way of simplifying and identifying the concentration
of acidity or base in a solvtion: pH. pH is an advanced
algebra function called the "p-function,” which means "toke
the negative of the base 10 logarithm.” The ph scale was
created so that people could easily see the degree of acidity
or ALKALINITY (base) in a substance.

The ph scale ranges from O to 14. Any substance thatis a 1
is considered to be nevtral, meoming that it is neither an acid

nor o base.
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Common Substances

and Their pH Values
| pH . EXANMPLE
increasing|9 ocidic n ba’r‘rerg ocid

| A “ gastric acid
1 s ~lemon jice, vinegar
| Acids have soda
= a PH < 7
i tomato juice
| bananas

milk
ApH of T
is neutral. 1 noutral woter

eqgs

baking soda

BCSQS l'idvt a

PH>7.

milk of magnesia

ommonio solution

increasinaly alkaline

Soopy water

bleach
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pH is o measvre of the acidity or amount of hydrogen ions
(B in o solution (in moles per liter).

The equod-ion vsed to show this is

Square brackets
PH = -‘Og[H"] rePresenf molarify.

This is read as "ph is equal o the negative log of a certain
number of hydrogen ions." p is base 10 log,

What is a Iog’.’

"Log" is short for LOGARITHM. 4 logarithm is a mathematical
action thot tells how many fimes the base is multiplied by
itself to reach thot number. Tt answers the question: How
many times do I have to multiply one number (a base) to get
another number?

FOR EXANPLE: How many Zs do T multiply to get 87
Zx 1 x1Z,o0r?2°=8 This would be written as log,(8) = 3.
We read this as "log base Z of 8 is 3"

9 og,(8)=3

Nore. This one.

Base
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Chemists use logarithms for pH because sometimes the
number of hydrogens in one substance can be one frillion
(1,000,000,000,000, or one million million) times different
from another substance.

1,000,000,000,000 expressed as an exponent is 10, which is
much easier to write.

CALCULATING pH
AND pOH OF ST&ONG
ACIDS AND BASES

Chemists sometimes need to calculate the ph of a solution
based on an experiment that they are performing. They
need to know the molarity of the solvtion. The ph tells you
the neqgative log of the concentration of the H* ions, and you
have to solve for concentration from the formvula. If yov
have a base, you will need to determine the negoative (-) log
of the concentration of OH- ions. For thot, yov need to find
the pOH, which is the pH of the -log of the concentration of
the hydroxide ions.

POH = -log(O#)
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I£ you know the pOH, use this equation to solve for
the (OH):
(OH-) = 10-POH

pH = -log(H)

I£ you know the pH, then you use this equation to solve
for the [H):
(4] = 10+

#t 25°C, the relationship

ic: If you start with

between pk and pOH is ol = —loglit], divide each
side by —1 so that you have
pH + pOH = 14.00 —pH = log[H']. Then, apply

base 10 to each side,
the “10 to the log” cancels

out, and the result is
temperature changes, so 107" = [H'].

25°C is vsvally vsed os the
standard temperature for
most problems.

pH and pOk change when

%Z%ﬁ
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FOR EXAMPLE: The concentration of o nitric acid solvtion
is 2.1 x 10" M. What is the pH of the solvtion?

pH = -log (H)
pH = -log (2.1 x 10%) = 3.8

The pH 0of the solution is 3. This is an acidic solvtion.

Nitric acid (HNOy) is a strong acid, meaning that it dissociates by
100%. So, the concentration of H' ions (required by the equation) is
considered to be equal to the initial concentration of the HNO; itself.
The molarity of the HNOj solution is the molarity of the H" ions.

If the pOH of an ammonium hydroxide solvtion is 8.6,
calcvlate the molari’rg of O ions in the solvtion.

POH = -log (OH-)
(OH) = 10-P% = 10%¢ = 2.5 x 10T M

POH is equal t0 8.6 so it becomes the superscript to the 10th
exponent.

The concentration of a sodivm hgdroxide (NaOH) solution
iS 4.56 x 10-* M. Calculate the pH of the solvtion.
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NaOH is o base. So the molarity calculoted is equal to (OH).
1. Find the pOH.

POH = -log (OH) = -log (456 x 10*) = 3.341

2. Find the pH.

phHt = 1400 - pOH = 1400 - 3.34 = 10.6b

CHECK: Ts the pH greater than 17 It should be, becovse
NaO#H is a base.

Normal rain is slightly acidic and has o pH 0f 5.6. This is
becavuse the carbon dioxide reacts with woter in the air
o form o weak carbonic ocid, shown os:

/ COZ + Hzo = HzCO:J,

Sulfur dioxide mixes with oxygen in the atmosphere to
create a svlfate ion,

2250, + 0, = 2 SO5"
thot when mixed with water leads to

S0, + H,0 = H,S0, (sulfuric acid).
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But when sulfuric acid is added into the rain, it cavses this
reoction:

H,S0,- 78" + SO,
which creates acid rain. With a pH of 4.2 to 44, acid rain can
couse domage fo plants and animals, and even statves

ond buildings.

SFOR EXAMPLE: Colcvlote the pH of a strong base
solvtion.

If yov vse 05 g of potassivm hydroxide (KOH) to moke
a total of 2.5 L of aqueous solution, what will be the ph?

1. Write the dissociotion equod-ion to determine the
relationship between the reactant and the (OH-).

POH = -log (OH-)
KOH = k' + OH"
In this case, 1 mol kKOH produces 1 mol OH-.

2. Determine the concentrotion of hgdroxide ions (OH).
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1 mol KOH _ 00089 _
56T g/mol  25L 00056 M

| 050 g KOH x

.50 g of KOH is given in the problem.
. Convert 9 KOH 0 mol KOH.
. Divide mol kO# bg the given volume to ge+ molari’rg.

3. Find the pOH.
 pOH = -log(0036) = 244
| - Solve for ph.

PR =14-244=1506




pH in our lives
' Some plants, like radishes, sweet
! potatoes, and blueberries, love acidic
© soil. They prefer soil with o pH
. between 4.0 and 55.

€ach type of food is required to meet
a certain pH for it to be sold. The pH
is determined by the flavor that is

desired. €ven a slight change to the /YoM
PH can cause the food fo taste bitter GEAEEIES 3
or sovr. i

” Shompoo is required fo have o specific pH

SHAMPOO] o be sold.
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@ CLECLYour (OLEDCE

1. What is pH?

2. What does the pH range fell yov?

3. What is pOH and how is it related to pH?

4. Calcvlate the pOH and pH of o .06 M NaO# solution.

5. Wos your answer o 44 correct? How wovuld yovu check
to moke svre thot it was?

6. Calcvlate the H* concentration in a solvtion that has
a pH of 50.

1. Calcvlote the groms of KO needed to prepare 768 mL
of solvtion with a pH of 11.0.
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CUECK Your QSWERS

1. pH is a measure of hydrogen ions (H) in a
solvtion (in mol/liter). Tt is a negative logarithmic
relationship. (I does not directly equate to H' ions.)

2. #Acids have o pH < 1, bases have o pH > 1, and o pH of 1
is nevtral.

3. pOH is the negoative log of the concentration of Ok
ions. &t 25°C, the relationship between pH and pOH is
PH + pOH = 14.00.

4. pOH = -log [OH) = -log (076) =112
pH = 1400 - 112 = 12.88

5. To check your answer, yov would see if the ph is greater
than 1. That means thot the sodivm hydroxide solvtion is
a base, which is trve.

6. (H) =10"" =105° = 000010 M (check the zeroes)

7. pOH = 3.0 (OH) = 107" = 10-C

102 M x 0168 L = 768 x 10* mol x 56.1 g/mol = 0.043 g
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Chapter 30

CONJUGATE
A@W@ AND

When acids and bases react, they reach CHEMICAL
EQUILIBRIUM —o point where the reaction is‘reversible;
and the products and reactants are reacting of the some
speed to establish a ratio of concentration of products/
reactants. The ratio reaches a constant valve. Many

chemical reactions are reversible. .
the products can re-form

into the reactants

A FORWARD REACLTION is indicated by an arrow
pointing from left to right: ==

& REVERSE REACTION hos oan arrow that points
from right fo left: €=
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When yov put them together, that creates a double
arrow, =, which indicates chemical equilibrivm.

In this reoction, Ais an ocid:
A + H,0 = H,0* + A

The acid (A) gives away a proton, and the base accepts a
profon. In the forward reaction of this experiment, hyaluronic
acid (H#) donates o proton to H,0, turning it into #;0°. That
means that water is the base, becavse it accepts a proton.

In the reverse reaction, the A becomes the base and the
hgdronium ion (K07 is the acid. Hgdronium donates a proton
to the A to form H#A.

The two parts of the reaction CONJUCATE PAIRS
thoat lose and gain a proton One acid and one base that
ore CONJUCGATE PAIRS differ from each other by
the presence or absence of
one hydrogen ion that has
one conjugate pair transferred between them.

H"A' + Hzo ‘—_' H3O* + A

| I Conjugate pairs differ

'H)e oHrer conjugafe Pa,‘,— in their formulas by
exactly one proton.

506



H# and # are conjugate pairs becavse they are changed
by the acceptance or donation of one proton.

H,0 and #;0° are EQUILIBRIUM REACTION

conjugate pairs becovse Occurs when the rate of the
they are changed by the forward reaction is equal to

. the rate of the reverse reaction.
acceptance or donation

of one proton.
SFOR EXAMPLE: Given the following reaction, determine its

conjugate pairs:

NH’5 + Hy_o = NH4* + OH-

1. Identify the compounds thot donate o proton and those
that accept a proton.

NH; becomes N#, so it accepts a proton. That makes it
o base.

H,0 becomes O, so it donates a proton. This makes it
an acid.

NH, donates a proton in the reverse reaction, and this
makes it an acid.
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OH- accepts a proton in the reverse reaction, and this makes
it a base.

2. Ask: Is the reaction reversible? Yes, becavse the double
arrow = mokes the conjuga’re pairs:

one conjuga'l'e Pair

NH3(aq) + HZO(I) = NHy + OH—(aq)

s T

the other conjugafe Pair

The reaction will form the weaker base, N,0H,
and the weaker acid, NH.

“FOR EXAMPLE: Identify the conjugate pairs in the
following reactions:

H, PO, + NH; = HPO, « NH

NH; acts as a base becavse it accepts a proton from , PO,
HPO,~ is basic and accepts a proton from N, which is
acting as an acid. This mokes NH;/NH, an acid-base pair
becavse they differ by one proton. H,P0, and BP0, are
also an acid-base pair.
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HCIO + CH::,NH?_ = CH5NH5’ + ClO-

HCIO is acting as the acid and donating the proton to form
ClO-, o base; CH;NH, is o base accepﬁng a proton to become
CHsNH5", an acid.

\Water can act as a base in one reaction and as an acid
in another. Substances that can act as both acids and
bases are AMPHOTERIC. Other exomples of amphoteric
substances include polyatomic ions that contain both an
H' and a negative charge in their formulas. They can both
donate the H' and accept an H".

STRENGTH OF ACIDS AND BASES
Chemists vse an ACID DISSOCIATION CONSTANT (or k),
o determine the strength of an acid. The more ions that an
acid has, the stronger an elec+ro|9+e it will be, and the higher
the ratio of ions to reactants.

K, is also known as the ACID IONIZATION
CONSTANT or the ACIDITY CONSTANT.
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The formula to find K;:

- (products)
* (reactonts)

I For exomple: H# + H,0 = H,0* + A

- Note: Solids and pure liquids, like water, are not included in
L K, expressions becavse their concentrations are constant.

_ b - (H0) (A
()

I The brackets indicote the molari’rg of each of the
I substances. Sometimes, the concentrotions are ex+reme|3
[ small, like 107 or 10-. That mokes K, tiny,

The s+reng+h ond molarh‘g of the acid determine the
acid's K,. An acid con be s+ron<3 but dilvted, or weak but
concentrated.

A strong acid almost completely dissociates in water
and has a large K, (a value greater than 1). A weak acid
does not completely dissociate in water and has
a small K, (a value of less than I).
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Types of acids and their conjugate bases:

ACID
_ S+rona #cids

 HCI (hgdrochloric ocid)
. (s’rrongesi')

 H,S0, (sulfuric acid)

. HNO; (nitric acid)

. \Weak Acids

. H3PO, (phosphoric acid)

. CH3COOH (acetic acid)

_ H,C05 (carbonic acid)

 HCN (hydrocyanic acid)
(weakest)

! CI (chloride ion) (weakest)

CONJUGATE BASE

| HSO04; SO, forms two
| conjugate bases as hydrogen |
| ions are successively

| removed from the acids

I NO* (nitrate ion)

H, PO, (dihgdrogen
phosphate ion)

CH,CO0- (acetate ion)

HCO5 (hgdrogen corbonate

ion)

CN- (cganide ion) (strongest)
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@t

1. What is the difference between an Arrhenivs acid and
on Arrhenivs base?

WECLvour K IOWLEDEE

2. What is a conjugote pair and in what type of reaction is
it found?

3. Whot is the conjugote acid or the conjugate base of
the following?

A. HF

B. CH,COOH
€. NOsy

D. HCOy

4. What is the acid dissociotion constant?

5. What does the term amphoteric describe? \What
substance con be cateqgorized as amphoteric?
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6. In the reaction &, P0, + NH; = HPO,- + NH,',
H, PO, and HPO, are considered an acid-base pair
becavse

ANSWERS 913



CLECK Your QIUSWERS

1. Arrhenivs acids are substances that dissociate in
water o produce hydrogen (H) ions. Arrhenivs
bases break uvp in water to produce hydroxide (Ok) ions.

s,

~
—

2. Conjugate pairs are the combination of one acid and
one base that differ from each other by the presence
or absence of the hydrogen ion that has transferred
between them. They are only found in reversible
equilibrivm reactions.

3. A. [ is the conjugate base after the HF acid loses an .
B. CH3COO0" is the conjugod-e base after the CH;COOH loses
on H+.
C. HNO, is the conjugote acid after NO;™ accepts an H-.
D. H,CO; is the conjuga’re acid aofter HCO;™ accepts an H-.

4. The acid dissociation constont is the measvre of the
s+reng+h of an acid in o solution.

5. The term amphoteric describes substances that can act
as both acids and bases.

6. H,P0, and HPO,~ are considered an acid-base pair
becoavse they differ by one proton.
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Chapter 3

TITRATIONS

FINDING CONCENTRATIONS

A TITRATION determines the concentration of an
unknown solution. During a titration, the TITRANT, or
reagent (o solution with a known concentration), is slowly
added (or titrated) into a solvtion of unknown concentration
until the endpoint of the reaction is reached. The endpoint is
reached when a color change has occurred. If you know the
concentration of one of the solutions, you can calculate the
concentration of the other.

Titration setup: burette

titrant

solution
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The burette contains the solution of known (standardized)
concentration. The concentration of the solution in the
flask is unknown. An INBDICATOR is added to the
solvtion in the flask and lets the chemist know when to
stop the titration, becavse it cavses a color change when
moles are equal. The resvlting solvtion is known as the
STANDARDIZED SOLUTION, becavse its molarity is
determined mothemotically after the titration.

During a titration, the reagent is added slowly so that yov
con see the first moment that the indicator changes color.
Sometimes, thot means adding one drop of the reagent ot a
time when approaching the endpoint.

INDICATOR

A substance that changes color to indicate a change in pH.
For acid-base titrations, it is usually phenolphthalein (ppth),
which changes from colorless to pink at a pH of about 8.1.

TITRATION CALCULATIONS

FOR EXAMPLE: A 4500 mL solvtion of 0.20 M sodivm
hydroxide (NaOH) is needed to nevtralize 25.00 mL of
hydrochloric acid (HCI solvtion). What is the concentration
(in molarity) of the HCI solvtion?
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1. \Write a balanced chemical equm‘ion £or the nevtralization
reaction.

An acid oand a base will combine 10 form o salt. The salt
formed must be sodiuvm chloride, NoCl.

Look for the point at which the moles of H' = the moles of O~
\Write a net ionic equon‘iom

NAOH + HCL - NACL + H,0

2. Calcvlote the number of moles of HCl thot are consumed
in the reoaction.

0.20 mol y 1 mol HCl
TL NoOH = 1 mol NaOH

0.0450 L NaOH x =.0090 mol HCl

3. Convert to molarity of HCI.

The s+oichiome+r9 of the balanced equod-ion tells vs thot
1 mol NoOH reacts with 1 mol HCI.

§. Colculote the molarity of HCI.

0090 mol HCl

07500 L wel - 020 MK
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Titrotion s+oichiome+r9 can be summarized os
MaVa = Mbe
onlg i€ the acid and base react in o one-to-one ratio.

M, = molarity of acid (HCL = x)

V, = volume of acid (HCL = 25 mL)
M, = molarity of base (NaOH = 0.20)
V, = volume of base (NaOH = 45 mL)

The previous example couvld have also been set up as:

(x)(25) = (2)(45)

25x = 9.0

X=.360M Note: For this calculation, the volume can
be in milliliters as long as both volumes are
in milliliters.
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@ CLECLYour (OLEDCE

1. What is the purpose of performing a titration?
2. Describe the setup of a titration experiment.

3. What is an indicator and why is it important?

1. Why is accuracy so important during a tfitrotion?

5. Which of the two solvtions is known as the
s‘randardizing solvtion?

6. How would yov prepare 500 mL of a 40 M sulfuric acid
solution from a stock solvtion of 2.5 M svulfuric acid?

7. #50.0 mL sample of HCl is titrated to the endpoint

with 25.00 mL of a .50 M NaO# solution. What is the
concentrotion of the HCI?
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CLECK Your QIUSWERS

1. A titration is an experiment performed to
determine the concentration of an vnknown
solvtion.

2. # solution of known concentration is placed into a
burette and slowlg odded to a solvtion o€ unknown
concentrotion in the beaker or £lask below it.

3. #An indicator is a substance that changes color to
indicate when the reaction has reached the endpoint;
thot is, the moles of reacting substances are equal. For
an acid-base titration, this point is usvally signified by a
change in color and in pH.

4. The very first color change signifies the end of the
reaction. If yov overshoot the endpoint, you moy have
1o repeat the titration experiment again, becavse yov
will have passed the point at which moles of reacting
substances are equal.
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5. The solvtion of known concentration is contained in the
burette. In this solvtion, yov alreadg know the amount
ond concentration with accuracy.

6. M1V1 = Msz

(2.5)(x) = (4)(500) = 80 mL. Meoasure 800 mL of 25M
sulfuric acid in a pipette. Place a small amount of water
in o volumetric flask and then add the concentrated
ocid. (Alwags be careful when adding acid fo wodter.)
Last, add water vntil the bottom of the meniscus

(the curved vpper surface of the liquid) rests on the
measurement line of a 500 mL volumetric £lask.

1. MV, =MV,

(x)(50) = (5)(25) =25 M HCl
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Chapter 3

CHEMICAL EQUILIBRIUM

Many chemical reactions are reversible. That means thot they
proceed in both directions: The conversion of reactants to
products and of products to reactants happens ot the same time.

Chemical equilibrium is a dynamic process, meaning thot

it keeps changing. # reaction can proceed in the forward
direction, the reverse, or both. A reaction can also be "shifted"
o favor one direction over the other by manipulating
conditions. ,
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Reversible reaction:

A+ B C+ D (forward reaction)
A+ B & C+ D(reverse reaction)
An equilibrivm reaction:

A+ B= C+ D

Chemical equilibrium is achieved when the rates of the
forward reaction and reverse reaction are equal, and the
ratio of products to reactants remains constant.

/|

Examples of equilibrium reactions:
| PRECIPITATION REACTION
CoZ + 20H" = Ca(OH)q

| The calcivm ion is added to two hgdroxide ions to form
- calcivm hydroxide as o precipitate.
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ACID-BASE REACTIONS

Weok acids and bases undergo eqyilibrium. S+rong ocids
ond bases dissociote 100% and are considered 1o be
"one-woay" reactions.

for example:

NQOH(QQ) + HC‘(QQ) => NQC‘(S) + H'zo

Sodiuvm hydroxide combines with hydrochloric acid to
produce sodivm chloride and water. Hydrochloric acid is

a strong acid (and NaOH is a strong base) and dissociotes
completely, so the equation goes in only one direction.

NH':I, + HZO —= NH‘{ + OH-

Ammonia is a weak acid and does not dissociote completely

into water o form ammonium ions and hgdroxide ions.
This means that the reoaction is reversible.

%Z}ﬁ
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These are oxidizing—reducﬁon reoctions, where the
oxidation number of o molecvle, atom, or ion changes bg
either gaining or losing on electron.

For example: ZFe>, + Zny &= ZFe® 4y + 2N 4

Two ions of Fe (IIT) combine with zinc in an aqueous
solution to form two ions of Fe (II) and one ion of zinc.
The zinc donated two electrons, one to each of the Fe (IIT)
ions, and this turns them into two Fe (II) ions.

CHEMICAL AND

PHYSICAL EQUILIBRIUM

A CHEMICAL EQUILIBRIUM REACTION hos different
substances for the reactants and products.

For example: HNO, = #* + NO,-
PHYSICAL EQUILIBRIUM REACTIONS hove

one substance thot changes phase (it moves, in some
combination, from solid o liquid to gas).
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In this equa’rion, woter moves from |iquid to gas in
o physical equilibrivm reaction:

B0y &= H.0
Chemists use chemical equilibrivm reactions to predict how

reactonts will behave in o CLOSED SYSTEM. The system
is the environment being studied.

Conditions for equilibrivzm:
Ecluilibrium con onlg be obtained in a closed sgsw‘em.

The rote of the CLOSED SYSTEM
forward reoction is No substances are added or
removed from the system, but energy

equal fo the rate of can be transferred in or out.

the reverse reaction.

CATALYSTS do not shift the position of equilibrium, but
+he9 increase the raote ot which equilibrium iS achieved.

\

The concentration of the CATALYST
reactants and products A substance that can affect
remain constant but are e rf‘te Of.a Chemlc.al

reaction without being
not necessarily equal. changed itself.
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There are three sgsi-ems:

An open system A closed system An isolated
allows for free only allows for system does
exchange of matter exchange of not allow any

and energy. energy. exchange.

A
Ma'H’er (wafer varor)

v

Ehergy

CLOSED

En(rgy OPEN Ehergy
> SYSTEM

systEm | € SYSTEM

ISOLATED

WHY ARE YOU SO
CLOSED OFF? TRY TO BE
MORE OPEN, LIKE THIS.

In this reoction, o color chomge 0oCccurs, showing thot
a reaction is taking place:

N;04gy = ZNOy(q)

(colorless gas) (brown 945)
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Dinitrogen tetraoxide (N,0,) is a colorless gas. Nitrogen
dioxide (NQ,) is a brown gos. When dinitrogen fetraoxide is
injected into an empty flask, some of it immediately starts
o turn brown. This indicates that it is forming nitrogen
dioxide. #s the reaction continues, the brown color gets
increasingly darker and then begins to fade slightly.

The fading hoppens because some of the nitrogen dioxide

is turning back into dinitrogen tetrooxide (the reverse
reaction). The reaction continues until a constant light-brown
color is reached, signaling equilibrivm.

THE EQUILIBRIUM CONSTANT

Chemists want o be able t0 determine the concentroation o€
each of the products and reactants ot any time during an
equilibrium reoction.

The ratio of the concentations of products to reactants
in an equilibrium system is colled the EQUILIBRIUM
CONSTANT, K.

The equilibrium constant is the mathematical expression of the
LAW OF MASS ACTION, which states that for a reversible
reaction ot a constant femperature, the ratio of reactant to
product concentrations has a constant valve, K.
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- (products)
(reactants)

The square brackets represent
molarity (mole/liter), which can
apply to solutions and gases.

In these reactions, aA + bB = cC + dD.

.. [0 )¢
(4" (B)*

i£ €>1 the equilibrium iS on the side
of the products;

if K <1, there is o higher concentration
of reactants than products;

if K =1 concentrations of the products
and reactants are equal.

The coefficients of the balanced equation
become exponents in the K expression.

There ore different equilibrium

constants for different reactions. 2= acid
b = base
€ = concentration
K, = acid dissociation constant P = pressure
K;; = the solubility
_ [#:0 (A) 'product
T (HA) K, = ion constant
for water

£or this reaction:

HA + #,0 = H,0" + A
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(B(0H)

K, = base dissociation constant = (B0H)

for this reaction: BOH = B* + OH-

K, and K, are reloted to each other bg the ion constant
for water K,, where K,=10 x 10™
K, =K, x kK,

K. ond K, are equilibrium constants of gas mixtures,
al+hough K. can also be vsed for reactions occurring in
aqueous solutions, such as complex ion reactions.

For the equation a#y + bBy, == cCy + dDy,

K. vses molar concentrations (shown b9 the brockets ()) and
can be vsed for solvtion equilibria or gos equilibriw

L . (O D)
“= e (B)°

K, uses partial pressures of the gases in a closed system,
shown by P and parentheses: P().

L . PCr P(DY
P Par PP

The relationship between K, and K, depends on the type
of system.
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In homogeneous equilibrium, all reacting
species are in the same phase (i.e., gas). This
equation is only for gas equilbrium reactions.

/

I FOR EXAMNPLE: \Write the expressions for K, and/or K,
e HF(aQ) + HZO(I) = H3O‘(aq) + F_(aq)

Yov onlg determine K, becavuse this is not a gOaseous mixture.

0
c CH [H)F)[F) No solids or llqllidS

(including water)
in Kexpressions.

L] ZCOz(g) ZCO(g) + 02(9)

(co)z (0,) (PCO)E (PO,)
ko= "o 25 = —pco,e

In the #ollowing reoaction,
INO( + Oyq == ZNOy,

solve for K, given thot the temperature is 315k.
K, = K. (RT)AM.

n = Z moles of product gas - 3 moles of reactant gas = -1

K, = (08217 (5.35 x 10%) (315°%K) = 314 x 10¢
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Becavse solids are not included in K expressions, a solubility
product, or K, for solutions must be found.

Kvs @

Becovse equilibrium reoctions are reversible, sometimes
chemists want to know which side of the reaction is favored.

K,,is the solubility product for dissociation reactions.
It is equal to the product of solubilities of the products
of a dissociation reaction.

For the reaction M(OH)yy == Mg™ + ZOH-

Ko = (Mg [OR)?

Chemists need to know, gjiven initial amounts of substances
involved, does the reaction proceed toward products or will
it favor the reactants? K is the equilibrium constant, and it

helps to answer that question.

K predicts a point of equilibrivm, where the rate of the
forward and reverse reactions are equal. The REACTION
QUOTIENT (@) tells yov, based on any given INITIAL
combination of concentrations of reactants and products,
how the reaction will proceed toward equilibrivm.
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NO, THAT IS NOT
THE Q@ I MEANT.

Q, the reaction
quotient, measures the
equilibrium constant
for any single point in
the reaction and tells
whether the reaction is
complete or not.

FOF +h|S P.q'UQﬂOI’\, aﬁ(g) + bB(g) = CC(g) + dD(g),

_ (@) [(D)*
(4)° (8)>

The equod-ion to find QA is the same equod-ion os K BUT
in the equaﬁon solving for @, concentrations are all
initial concentrations, not equilibrium concentrations.

QA

A s like a snapshot in time of K

If @ > K, the reaction proceeds oo}

toward the reactants. The system shifts

LEFT € to make more reactants. Q K
5, 8

If @< K, the reaction proceeds
toward the products. The system shifts
RIGHT = to make more products.

If @ = K, the reaction is already
at equilibrium.
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FOR EXRANELE. At the start of this reaction,

ZSOZ@ + 02(9) “= 150,, the initial amounts of gases (in moles)
are .35 mol SO,, 3.25 x 102 mol 0,, and 641 x 10-* mol SO; in
o 450 L solvtion.

If the K, for this reaction is 3.5 at room temperature,
determine whether this sgs‘rem is ot equilibrium. If itis not,
predict which way the reaction will proceed.

1. Find the initial concentration molari’rg of each
substance.

% - 078 M SO,

3.25 x4,1é)C-)ZLMO| 9 . 0o122M0,

04 x fbj‘(*)'to‘ S0s . 000142 M SO,

2. Solve for Q.

Q- (800" [0000MZ): _,. . 1.

"~ (S0,)40,) (0718)%(00122)

Q. < ¥ therefore there are too many reactants and not
enovgh products, so the reaction will shift right.
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CONCENTRATION vs
TIME GRAPHS

You can see how a reaction will progress by looking at its
concentration vs time groph.

This graph shows the
equilibrivm occurring in Bl
the reversible reaction * — Reverse
by the joined (purple) :

s’rmigh+ line. Thot's

‘ Equi'ibrium
becavse ot equilibrium, :
the reaction rote of ]

both the forward and ik

. . Tihne (S)
reverse reoctions is
the same.

240y

4?

This groph shows
concentration vs time
plotted. The amount
of reactants starts
high and then topers
0f£. That's because the "
reactants are being vsed Tore (1)

Up. The initial amount of

products is low and increases as products are created.
The straight lines of the reactants and products show
that the reaction has reached equilibrivm.

Reactants

i
t
¢
i
T
i

Eclui'ibrium

.
4

Producfs

“‘0!.’.”-‘.’.“'39”09

3
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In this graph, more 1

reactonts are produced ws

i
{
Q )
than products ot 3 -
equilibrium. % ‘ Equilibrium
g'_ [
7 Products |
m T
Time (s)

A real-life example of chemical equilibrium can be found

in the human body. Hemoglobin (Hb) in the blood binds

to oxygen (0,) in red blood cells from the lungs and is
transported through the body via red blood cells. When

the mixture reaches a part of the body that needs oxygen,
oxygen leaves the red blood cell and goes into the tissue.

As long as oxygen is available in the lungs, this equilibrium
continues. But if a person were to go high up in the mountains
where atmospheric pressure is lower, less oxygen is available
to bond with the hemoglobin and the reaction shifts left,
toward the separated hemoglobin and oxygen and away

from the product, oxygenated hemoglobin.

The physical result of
the shift is that the C(_i\h
person may feel

light-headed.
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@ CLECLYour (OLEDCE

1. What type of process is an equilibrivm reaction? Give
an example of fwo types reactions that may be ot
equilibrivm.

2. What is the difference between a chemical equilibrivm
reaction and a physical equilibrivm reaction?

3. What are the three different kinds of systems that you
can have? €xplain how they each deal with energy and

the surrounding environment.

4. Define K,, K,, ond K,. Tell how +he9 ore ma’rhemaﬁcallg
reloted.

5. What are K and K7

6. Whoat is @7 If @ > K what does thot tell Yov obovt the
reoction?
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CLECK Your QIUSWERS

1. Chemical equilibrium is a dynamic process,

meaning that the reactions within a system can
go in the forward direction, the reverse, or both.
Examples of equilibrium reactions are precipitation,
weak acid-base, redox, and gas.

2. # chemical equilibrivm reaction has different substances
for the reactants and products. But physical equilibrivm
reactions have one substance that changes phase (it
moves in some combination from solid fo liquid to gos).

3. An open system allows for free exchange of matter and
energy. # closed sgsi—em onlg allows for exchomge of
energy. An isoloted sgs’rem does not allow any exchomge.

4. K,=the equilibrium constant for water, K, = equilibrium
constant for acids, K, = eq_uilibrium constant for bases.
K, = K, x K,

5. K. ond K, are constants of gas mixtures. K, vses molar
concentrations, denoted by brackets [ ]. K, uses partiol
pressures of the gases in a closed system, denoted by
parentheses ().
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6. A is the reaction qyo‘rien‘r, similar to K but ot initial
conditions. If Q > K the reaction favors the reactants.
The sgs’rem shifts LEFT (&) to make more reactants.

991



Chapter 3

LE CHATELIER’S
PRINCIPLE

Reversible reactions in equilibrium con shift dve to foctors
that include:

temperature volume
pressure concentration

L€ CHATELIER'S PRINCIPLE can be vsed to predict the
effect that o change in one of these factors will have on
the sgsw‘em.

HENRY LOUIS L€ CHATELIER wos o gl e,

ruuuu vy 1
~— 4

French chemist who devised a way

to predict the effect thot a changing
condition has on a system in chemical
equilibrivm. He called it LE CHATELIER'S
PRINCIPLE.
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Le Chatelier’s Principle states that if an external stress is applied
to a system at equilibrium, the system will adjust to reestablish
a new equilibrium. The system will shift in the direction that
relieves the stress, to reduce the stressor.

The principle explains that equilibrivm reactions are
self-correcting. If reactions are thrown ovt of equilibrivm,
or balance, they will shift in one direction to get back into
equilibrivm.

CHANGING CONCENTRATION

Given the reaction
Z-A'(aq) + B(aq) = C(aq) + Z-D(aq)n
What happens if you increase the concentration of A7
The reaction will shift RIGHT to form more products becouse
o stress has been placed on the reactant side, cavsing the
extra particles of Ato collide with 8 and make C and D
What happens if you decrease the concentration of 87
The reaction will shift LEFT to form more reactants because

the reactoant has been removed; the system will compensate
to replace it by converting product into reactant.
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Whot hoappens if You remove C from the reaction as soon
as it is formed?

The reaction will shift RIGHT to form more products, which
will mean more C.

What will happen if yov add a common ion of another
compound fo the original solution?

FQSCN_(GQ) = FQS*(GQ) + SCN-(aq)
What will happen if Yyou add NaSCN to this solvtion?
The NaSCN will dissociote o form more SCN- ions, which

creoates on excess of SCN- in the sgsi—em. This will cavse the
reoction to shift LEFT 1o create more reoctants.

If you Take a substance, the reactions shifts
Toward that substance to restore it.

If you Add a substance, the reaction will shift
Away from that substance to remove it.

%Z}ﬁ
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Changing Pressure
Changes in pressure only affect reactions that are gaseous.

Using this reoction, assume these are all gases:
Lk + By = Cg + Dy

What will happen if the pressure is increased?

There are three molecvles of gas on the left-hand side and
Two molecvles of gas on the right of the reaction. The reaction
will shi¢t in a direction thot is least affected by the stress,

so that the pressure is reduced. That means that the reaction
will shift RIGHT toward the product side, where there are
fewer gas molecules (the fewer the gas molecvles, the lower
the pressvre).

What will happen if the pressure is decreased?

The reoaction Wwill shift LEFT to form more 9as molecules (the
more gas molecvles, the higher the pressure).

What will happen if the moles of gas are equal on
both sides?

There will be no shift. The entire system will just be under
more pressure.
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The beokers below illustrate the reaction 3ty + Nyg 2= ZNHs

increased
FreSSure

e “R=@a| |2
—&} N WA}V@(@//V
= v
U % N\ \\ A\
ammonia | ¥ ?4’/ ﬁ'ﬁ%ﬁ“ 7 @Q@(( I
particle 12882 37 TRE| (BB ey
A B C

In beaker # there are five molecvles of nitrogen and
fourteen molecules of hydrogen, for a fotal of nineteen gas
particles of reactants. There is only one ammonia particle,
which represents the products.

#s the pressure is increased in beaker B, the particles move
closer together and collide fo react more often.

Beaker C shows that the new equilibrium has more ammonio
particles becavse that reduces the total particles in the system.

Changing Volume

Changjing the volume of a gaseous equilibrivm system has

the same effect as changing the pressure. The change is
defermined by the number of moles of each substance present.

What happens if there are the same number of moles/
molecvles on each side of the equilibrium reaction? In this

case, changing the pressure or volume has NO effect.
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Changing Temperature
If energy is vsed (absorbed) by the reactant to create the
product, then the reaction is ENDOTHERMIC.

In an endothermic reaction, heat is a reactant.
In an exothermic reaction, heat is a product.

If energy wos given o£f (released) during the creation of
the product, then the reaction is EROTHERMIC.

Enerqy is measured in AH, or enthalpy, reflects the
k-J (KILOJOULES) and is amount of heat given off or
shown bg AW for absorbed in a reaction carried
ENTH’ A_L—PY out at constant pressure.

/ released

¥
I 250 kJ is evolved when A and B react comrlefely to give Cand D

| A+1B= C+ D A#H =-150 kJ mol |

250 kJ is absorbed when C and D react comrlefely to give Aand B

What happens if You increase the temperature in a reaction?

If Yov use the above equaﬁon ond increase the heat, the
reoction wovld shift LEFT to absorb more heat.
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What happens if You decrease the femperature in a reaction?

In the reoaction above, if yovu decrease the heat, the reaction
wovld shift RIGHT 1o release more heot.

T The temperature of a system in dynamic equilibrivm
favors the endothermic reaction and will increase the
yield of the forward reaction. The system counterocts the
change that yov have made by absorbing the extra heot.
(Favors means that you will make more product)

| B temperature of a system in dynamic equilibrivm
fovors the exothermic reaction. The system counteracts
the change that yov have made by producing more heat
and shifting to the right to create more product.

Surroundings Surrouhdings

R
Sysfem Sysfem
ENDOTHERMIC é_j EXOTHERMIC
T AH>0 T — AH<O J*’
| 1

Surrouhd;hgs 9ef coo'er Surrouhdihgs gef warmer
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@ CLECLYour (OLEDCE

1. What is Le Chatelier's Principle?

2. If you have the reaction Zg + Bg = Cg + ZD(g, What
will happen if You increase the pressuvre?

3. Given the reaction 4#, + B 2= 2C¢ + 3D, if You increase
the concentration of & what will happen to the reaction?

4. What is the difference between an exothermic reaction
ond an endothermic reaction?

5. How is the equilibrium offected if you odd heat to an
exothermic reaction?

6. How is equilibrium affected if you increase the pressure
in the following reaction?

2505(9) = ZSOz(g) * Ol(g)
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CLECK Your QIUSWERS

1. Le Chatelier's Principle states that when an
external stress is applied to a system in chemical
equilibrivm, the equilibrivm will change to reduce the
effects of the stress.

2. Here, nothing will happen if you increase the pressure.
The number of moles of reactant are equal to the
number of moles of product.

3. The reaction will shift RIGHT to make more products.

9. In an endothermic reaction, energy is vsed (absorbed)
by the reactants fo create the products. In an
exothermic reaction, energy is gjiven off (released)
during the creation of the products.

5. Adding heat to an exothermic reaction will cavse the
reaction to shift LEFT becavse heat is a product of
the reaction.

6. Three molecules of gas are on the right-hand side, and
two molecvles of gas are on the left. The reaction will
shi¢t LEFT so that the pressure is reduced and the stress
on the system is minimized.
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Chapter 3

THE FIRST LAW OF
THERMODYNAMICS

ENERGY
Everg chemical reaction obegs both the LAW OF CONSERVATION
OF MASS and the LAW OF CONSERVATION OF ENERGY.

The low of conservation of energy states thot the total
energy of an isoloted sgs’rem is constant.

This means thot within an isoloted system, energy can
be changed or transformed, but it cannot be created or
destroyed. This is also known as the FIRST LAW OF
THERMODYNAMICS.

THE FIRST LAW OF THERMODYNAMNICS

Energy can be converted from one form to
another but cannot be created or destroyed.
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ENERGY is the capacity to do work. In chemistry, work is
defined as change in enerqy, resvlting from a process.

Types of Energy

RADIANT ENERGY is the energy of
electromagnetic waves. For exomple, we
receive energy £from the sun via radiotion.

THERMALENERGY €nerqy associoted
with the random motion o€ atoms and molecules.

CHEMICALENERGY ener%
stored within the bonds of chemical
compounds/substances.

POTENTIALENERGY (PE) Enerqgy
that is available becavse of the object's
position; also called stored energy.

KINETIC ENERGY (KE) €nergy thot
is produced by o moving object; also
called the energy of motion.




Almost every chemical reaction absorbs or releases enerqy,
usuallg in the form of heot

Heat is the transfer of thermal energy between two
svbstances ot different temperatures.

Heat can flow: I+ moves from o svbstance that is hot to
o svbstance that is cold.

Heoat con be absorbed: The substance tokes in heat.

Heot con be released, or given of ¥, during an energy

change.

THERMOCHEMISTRY is the study of the heot change in
a chemical reaction. Thermochemistry is a part of a bigger
subject, called THERMODYNAMICS . Thermodynamics is
the study of the relotionships between heat and other forms
of energy within a system.

%Z}ﬁ
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Things to know!
Thermal energy ond heat are NOT the same +hing.

Thermal energy depends on the kinetic energy of the
substance. Heat is the transfer of energy £from one
substance to another.

Temperature is a measure of the average thermal energy
of an object.

CALORIMETRY, SPECIFIC

HEAT, AND HEAT CAPACITY

To measure heat changes in both physical and chemical

reactions, scientists use CALORIMETRY . Calorimetry

is the process of measvring the amount of heat released

or absorbed during a chemical reaction. # special container

in o closed system colled o CALORIMETER is used. This

method determines, through scientific experiment, if a

reaction is exothermic or endothermic.
Stirrer

Thermometer
The main type of calorimeter

is o COFFEE-CUP CALORIMETER, f;’;,f:t""ﬂ
which stays at constant
Reaction "X i Nested
pressvure. mixture ' ‘ insulated
Cu')S
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To calcvlote the heot change, You need to know the specific
heat of the substance.

SPECIFIC HEAT (C) is the amount of heat required
to raise the temperature of 1g of the substance by 1°C
(units are jovles/grams/°C). Specific-heat capacity con
be reported in the units of calories per gram degree
Celsivs, too.

Use this equa’rion to find the amount
of heat thot has been absorbed or
released (heat energy, Jovles):

1 calorie = 4.184]

q = mcAt

Atis a change in femperature in kelvin () or Celsivs (C):

!

final tfemperature - initial femperature = £, = finiia

m is the mass of o substance (kg)
¢ is the specific heat (J/kgk)

%Z}ﬁ
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HEATING AND COOLING CURVES

Another way of showing what happens during a phase change
is to use a heating or cooling curve. This graph shows a heating
curve that illustrates the temperature of the substance vs
the amount of heat absorbed, and its phase changes.

3,500-] GGS /

1000 ¢

- D Now
o o i

& 8 & 8
S &6 & &

(:)o) aanJaJwa_L

500

Heaf dbSorbed (kj)

#As substances heat vp, they absorb energy and change
state. A solid state is shown on the lower left-hand end
of the graph. Thot means it has low temperoture and
very little absorbed heot.

#As the heat is increased, the line rises until enough enerqy
is absorbed that the substance turns into o |iquid. The
same occurs when the stote changes from quuid to goas.

The line s+ags £flot during the change of stote becouse
the substance needs to absorb enough heot o weaken the

forces of ottraction.
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This graph shows the phase changes of 1kqg of water as it
passes from ice ot -50°C to steam ot temperatures above 100°C.

,g;‘l 100
= B D
2 /
= so0d C/
By f
-3 254
O B

O-

254 {A

HEEE .
T T I 1

400 800 1200 1600 2000 2400 2800 3200

Heat absorbed (kJ)

Reoding the curve:

Rise in temperature as solid ice absorbs heat.
fbsorption of heat of fusion to melt the solid.

Rise in femperature as liquid water absorbs heat.
Woater boils and absorbs heat of vaporization.
Steam absorbs heat and increases its temperature.
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SOLVING FOR SPECIFIC HEAT
A ball of copper weighing 32.5 g is placed into a constant-
pressure calorimeter. The initial temperature of the copper
is 122°C. The volume of water in the calorimeter is 125 mL.
The water temperature rises from 25.0°C to 28.6°C.
What is the specific heat of the copper ball?

(The specific heat of water is 4.184 j/g/°C.)

1. Find Quater- »
se

density = lg/ml
The calorimeter is an isoloted sgs+em, ) to convert
125 mlto 125 g

; heat released by the copper ball |

ot wn2r=o OR - v = Quater H \
QC ‘l + Qc Q * b heat absorbed by water

Quater = mcAt = (125 9) (4184 3/9/°C) (28.6°C - 25.0°C) = 1882.8 J
2. Solve for specific heat of Cu.

The heat absorbed by the water is equal to the heat lost by
the copper. That makes the copper exothermic.

Qoo = -mcAt=(325) c (286 - 122) = -490
Cuv = 318 J/g/°C

The heat of the copper ball = -1882.8 J/g/°C
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ENTHALPY

Scientists have developed a way to determine how much
heot energy is in o system, colled ENTHALPY. Enthalpy is
represented by H.

Enthalpy is equal to the internal energy of the system plus
its pressure and volume.

H=E+ PV

The change in enthalpy (AH) tells yov how much enthalpy
(heat) was gained or lost in a system.

AH = AE+(A) PV
OR if the pressure is constant, use this equation:

AH = AE + _PAV~ Since the pressure is

constant no change

symbol, A.

Enthalpy of Reactions

\..
(AH) = X H (products) - X H (reactants) means “the sum of "
for a normal chemical reaction thot goes
from reactants = products.
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A > 0 : endothermic process (energy is absorbed by
the system)

AH < 0 : exothermic process (energy is released from
the system)

AH=0:no change to the system

Another way to think of enthalpy:

I£ you have $100 in your
wallet and yov buy two
movie tickets for a total
of $40, how much do Yyou
have let7? $60. The problem,
written as an enthalpy
equation, would look like this: A = 60 - 100 = -40. The answer
is negative becavse Yo vsed vp $40.

“FOR EXAMPLE: Calculate the heat evolved when 1356 g of
oxygen (0,) is vsed to burn white phosphorovs ot standard
temperature and pressure according to the equation.

_P-i(s) + 502(9) => ?40]0(5) AH = ‘3013 “J/mO‘
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1. Balance the equation.
Piao + 502 = PiOrogs)

2. Find the enthalpy ratio.

-3013 kJ/mol
5 mol O,

3. Solve for heat evolved. =% 1 mol 0, = 32.00 |

1mol O, » -3013 kJ/mol
31998 9 0, 5 mol O,

AH=1356 9 0, x

= -1554 kJ of heot given off when oxygen is
used to burn white phosphorous.

Why is enthalpy useful?

When wri+ing o thermochemicol equa‘rion, you can tell if
the reaction will be exothermic (absorb heat) or endothermic

(release heot).

In this equation, methane (CH,) undergoes combustion, and
the reaction looks like this:

CH«g) + Zo?_(g) = ZHzO(I) + COz(g)AH = -802q4 l‘J/m0|
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You can come vp with the following relationships:

1 mol of CH, = Z mol 0, = 1 mol CO, = 2 mol H,0 = AH
= -80294 kJ/mol

Rules for writing
thermochemical equations:

1. Always specify the physical state of the substance.
This is important becavse different states can have
different enthalpies. For example, the enthalpy of liquid
water to water vapor changes by 44.0 kJ/mol.

2. If yov multiply both sides of the equation by a number, n,
yov must also multiply the enthalpy by the same number.

For example, if you now have Z mol liquid woater converted
o Z mol water vapor, the enthalpy is 88.0 kJ/mol.

3. When the equation is reversed, the sign of H reverses. No
recalcvlation is needed becavse the products and reactants
have changed places. This can affect the enthalpy,

For example: If the reaction above is reversed, instead of
releasing 80294 kJ/mol, the reaction produces it.

963



When yov are working with equaﬁons, yov need to know the
STANDARD ENTHALPY OF FORMATION (AH°,) for each
substance.

The standard enthalpy of formation is equal to the change
in enthalpy when 1 mol of a substance in the standard
state (1 atm pressure and 298.15° k) is formed from its
pure elements under the same conditions. The standard
temperature is different in thermodynamic calcvlations,
becavse it is not the STP that is used for gases.

The enthalpy of a reaction is calculated using the formula:

H..n = (H products) - (H reactants)

Calculate the enthalpy of reaction for the following equation
(use a table of standard enthalpies to get the enthalpies for
each substance):

CzH4(g) + 3Oz(g) - ZCoz(g) * ZHZO(g)

1. Find the enthalpies of formation of the products.

AH; 0f CO, = =3935 kI/mol

AH; 0f H,0 = -241.8 kJ/mol
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That is the AH of formation (AH°;) for 1 mol of each
substance. You will need o multiply that number to equal
the number of moles in the eqya‘rion.

AH; 05 CO, = =3935 kJ/mol x 2 = -181.0 kJ/mol
AH; of H,0 = -241.8 kI/mol x 2 = -483.6 kJ/mol
2. Find the enthalpies of formation of the reactants.

AH°; 0 0, = 0.00 kI/mol (The enthalphy of a naturally
occurring element is alwags =0)

AH, 0§ CH, = -61.05 kJ/mol x 1= -6105

3. Colcvlote the enthalpy of the reaction by using the
following equation:

AH° = AH, (products) - AH; (reactants)
((<181.0 + (-483.6)) - (-61.05) = -1209.55 kJ

The reaction is exothermic becavse the change in enthalpy is
negative, indicating that enerqy is released.

%Z}ﬁ
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! FOR EXAMPLE: Colcvlate AH° for the combustion
of methone.

1. Write the balanced equation.
Chiyg + Z Oygp = COyq + Z H;0
2. Write the enthalpies for each substance.

AH°; 0f CO, = =3935 kI/mol x 1=-3935 kJ/mol
AH°; 0f H,0 = -2418 kJd/mol x 2 = -483.6 kJ/mol
AH; 0f CH, = 145 kI/mol x 1= -145 kJ/mol
AH; 0f 0, = 0, becavse it is elemental

3. \Write the equation to solve for AH

= (3935 Kk + 2 x (2418 KJ)) - [F145kJ + 2 x (0 kJ))
= -802.6 kJ

HESS'S LAW

Swiss chemist GERMAIN HESS found a solvtion for scientists
who covldn't directly perform a chemical reaction to
determine the standard enthalpy of formotion (AH®,) of

a substance.
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He devised HESS'S LAW, which calcvlates a reaction's enthalpy
change even when it cannot be measuvred direc’rlg. Tt's like
’raking on indirect rovte becouse You con't 9o s‘rmigh‘r.

Hess’s Law states that when reactants are converted into
products, the change in enthalpy is the same regardless
of how many steps it takes to get to the end product.

Hess's Law: Whether Zou go up four steps or just one,

you will still exPend the same fofal amount of energy.

“FOR EXAMPLE: Calcvlate the enthalpy for the
following reaction:

Nl(g) + 2.01(9) -> ZNOZ(g), given +h0‘|’
Nl(g) + OZ(g) = Z.NO(Q) = +18O |“\),
ZNOz(g) = ZNO(S) + Oz(g) ond AH° = +12 kJ
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1. Reverse the second equa’rion so thot it will €it with the
original eqya’rion.

Nug + Oaig =+ ZNO AH° = 180 kI
ZNO(Q) + 07_(9) => ZNOz(g) AH° = -1Z kJ

\When Yyov reverse the equa’rion, Yyov MUST reverse the sign.
so +112 kJ becomes -112 kJ.

2. Add the two eqpaﬂons Jroge’rher ond eliminate identical
items. This means thot Yyov are also adding the two

enthalpies fogether.

Nag + 205 = ZNOyg AH° = [(1180) + [-112) = +68 k)
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1. Define the Law of Conservation of Energg ond the First
Low of Thermodgnamics. How are +heg reloted?

[ECL vouR (SOLILEREE

2. Noame and describe three of the five types of energy.

3. Whaot is the difference between heot and thermal
energg’.’

Y. If o reaction is endothermic, is enerqy obsorbed or
released?

5. What is enthalpy and what does a change in enthalpy
tell you about the system?

6. Explain whot happens when the change in enthalpy (A#H)
is>0,<0,and =0.

1. \Whot is the standard enthalpy of formation (AH)?
8. What happens if you con't perform a chemical reaction

to determine the standard enthalpy of formation (AH)
of a substance? Which law do youv vse? Define the law.
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CLECK Your QIUSWERS

1. The Law of Conservation of Energg states thot
the total energy of an isolated sgs‘rem is constant.
The First Law of Thermodynamics states that energy
can be converted from one form to another but cannot
be created or des‘rroged. Theg both say bosicallg the
same thing, that within an isoloted system, energy con
be changed or transformed, but it cannot be created

or des’rroged.

2. Radiant energy is the energy of electromagnetic waves,
thermal enerqgy is energy that is associated with the
random motion of atoms and molecvles, chemical energy
is energy that is stored within the bonds of chemical
compounds/substances, potential energy is energy thot
is available because of the object's position, and kinetic
enerqy is the energy that is produced by a moving object.

3. Thermal energy depends on the kinetic energy of the
substance. Heat is the tronsfer of enerqy £from one
substance 1o another.

Y. An endothermic sgs’rem iS one in which heat is absorbed

by the reactants (AH s +).
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. # change in enthalpy (AH) tells yov how much enthalpy
(heat) was gained or lost in a system.

. A#> 0 is an endothermic process (energy is absorbed
by the system), AH < 0 is an exothermic process (energy
is released from the system), and A# = 0 is no change to
the system.

. The standard enthalpy of formation (AH) is equal fo
the change in enthalpy when 1 mol of a substance in the
standard state (1 atm pressure and 298.15° k) is formed
from its pure elements under the same conditions.

The standard enthalpy of formation valves for pure
elements is zero.

. If you can't perform o chemical reaction to determine
the standard enthalpy of formation, vse Hess's Law. This
states that when reactants are converted into products,
the TOTAL change in enthalpy for the overall reaction

is the SUM of the changes in enthalpy of the multiple
stages or steps that are necessary to reach the end
product.

97



Chapter L5,

THE SECOND LAW OF
THERMODYNAMICS

ENTROPY

To predict the SPOM’GHQH’Q ENTROPY (S)
of o reoaction (how, why, A measure of disorder
oand when a reaction will (uncertainty or randomness)

within a system; a principle
of thermodynamics that

thermodynamic function refers to the idea that the

colled ENTROPY (S). universe tends to move

toward a disordered state.

occvr), scientists vse o

Entropy is measured in
Jovles per kelvin.

@)
o
o
o) ooo%% © O O
°©%%e o ©
@ °o0° o °
order ) disorder
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SECOND LAW OF
THERMODYNAMICS

The easiest way to determine whether a reaction will be
spontaneous is o look ot its change in entropy. The
SECOND LAW OF THERMODYNAMICS explains this

relationship.

SECOND LAW OF THERMODYNAMICS

The state of entropy in an isolated system over
the entire universe will always increase.

This means every process will want o move from order to
disorder. Therefore, disorder is much more probable than
order. This also applies to chemical reactions.

During a reaction, the change in entropy is measured as
AS,em. Where AS;, > 0 and the system becomes more
disordered during the reaction.

A positive AS valve is nature's preference, compared 1o o
negative A# valve (exothermic).

In ASSBs < 0, the system becomes less disordered during
the reaction.
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Things to know!
Solids have the most order. Liquids are more disordered
than solids, and gases are more disordered than liquids.
So, in order of entropy:
solids < liquids < gas
Any process/reaction thot increases the number of
particles in the system increases the amount of

disorder.

more particles = greoter disorder

ITS ALL
ABOUT
ENTROPY.
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| FOR EXAMPLE: Determine whether the entropy is
increasing or decreasing in the €o|lowing eqya’rion&

(0) 2C0¢g + Oyg 5 2C0yy
(b) H.0¢) == H.0¢g)
(C) NQZCO;:,(S) => Nazo(s) + co?.(g)

(a) The entropy is decreasing becavse there are fewer
gos molecvles in the products (three molecules on the left;
two molecvles on the right). One product is created from
two reactants (synthesis reaction).

(b) The entropy is increasing becauvse the reaction is
undergoing a phase change from a liquid to a goas.

(c) The entropy is increasing becavse there are two molecules
on the right side of the equation and one is a gas.

The change in entropy of a reaction
is equal o the sum of the standard ASm_meanS a
entropy of the products minus the o G
sum of the standard entropy of the
reactants.

S, = 2 standard entropy of the products - 2 stondard

entropy of the reactants
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- FOR EXAMNPLE: Colcvlate the standard entropy change
of the following reaction:

2C0¢q) + Ozg = 2LOyy

1. Write the equation for AS,,.

standard molar ehfrch, measured in J/mol K
(Joules per mole Kelvin)

AS,,, = (S° CO, x Z mol) - ((S° COXZ mol) + S° 0,)
products - reactants
2. Fillin the S° given that

S° €O, = 213.64 V/mol K S° CO = 19791 I/mol K
S° 0 =12053 J/mol kK

Srn = (2132.64 I/mol K x Z mol) - (19791 J/mol K)Z mol) +
205.3 J/mol K] = -113.84 J/k

"mol" gei-s canceled, the S,,, is expressed in Jovles/kelvin.
The entropy indicates that the reaction becomes less

disordered. This is correct becavse there are fewer
molecvles in the products than in the reactants.
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SPONTANEQOUS OR NOT?

Some reactions have spontaneity becavse they become more
disordered (AS), but others are spontaneous becovse they
give off energy in the form of heot (they are exothermic).

The GIBBS FREE ENERGY (6) CIBBS FREE ENERCY
function relotes the entropy The energy from a chemical
and enthalpy of a reaction. reaction used to do work.

SPONTANEOUS means "yes, the reaction will happen.”

NONSPONTANEOUS meons "no, the reaction will not
happen.”

Spontaneovs, in this context, has nothing to do with the rate
or speed (how fast/slow) at which a reaction will happen.
Sometimes, the phrase THERMODYNAMICALLY FAVORABLE is
used, which means that in terms of heat and disorder, the

reaction occurs.

AG=AH-TAS
AG tells you whether or not it will for all reactions.
happen.
Tis H’e Ke'vih
G’ s Gibbs femFerdful'e O'F

free energy G=H-TS the system

His eh‘H’oG'P)' Sis en‘f‘roPy
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If Yyov wont to know the standard-state conditions (wWhere
T = 298K), the reaction becomes

AG® = AH - ATS®

Things to know!
AG”° < 0 is spontaneous.
AG° > 0 is not spontaneous.
AG® = 0 means that the reaction is ot equilibrivm.
Systems in nature tend to have exothermic heat AH),

ond tend toward more disorder (+AS), so +he9 have a
nega’rive Gibbs valve.
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@ CLECLYour (OLEDCE

1. To predict the spontaneity of a reaction, scientists vse
a thermodynamic function called

2. Order the physical phases of a substance from least
disordered to most ordered.

3. Does the vniverse tend to move more toward an orderlg
sgs’rem or o disordered sgsw‘em? \Which of these has
greater entropy?

4. What is the sign of the entropy change for the following
reactions?

A. U(s) + 3F2(9) = UFb(g)
B. ?Clw) + C‘z(g) -> _PC|5(S)

5. What is the Gibbs free energy £function and whg iS
it important?

6. I£ G° < 0, is the reaction favoroble? \What does
this mean?
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CUECK Your QSWERS

1. Gibbs free energy (AG) is vsed to predict the

spontaneity of a reaction.
2. From least to most disorderd: solid, liquid, ond gas.

3. The vniverse tends to move more towoard a disordered
system, which has more entropy (AS > 0).

4. A. AS < 0 becavse the number of gas particles
decreases.

B. AS < 0 becavse the number of total particles
decreases.

5. The Gibbs free energy () function relates entropy and
enthalpy of a reaction. AG = AH - ATS, where His
enthalpy, G is Gibbs free energy, Tis Kelvin temperature
of the system, and S is entropy, is important becovse it
determines whether a reaction is spontaneous.

6. AG® < Ois a favoroble reaction, meaning thot the
reaction is spontaneovs (it will happen).
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Chapter 6
D

EACTION
RATES

Scientists want to know how fast (or slow) a reaction
will proceed. To get that information, they determine its
REACTION RATE, the change in concentration of the
reactant or product over time. Reaction rate is measuvred
in molarity/second (M/s).

.\\‘;\\\\\\ N

Thermodynamics tells you the direction in
which a reaction is going (will it happen or
not?) but does not tell you anything about the
speed. Kinetics is the branch of chemistry that
deals with speed or rate of chemical reactions.

==

THERMODYNAMICS KINETICS
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Common reaction rates
and their speeds:

o
G. W N
Photosynthesis (how plants convert i
sunlight to energy) is relatively fast. //}
Coal turns to diamond M

under great pressure
and very slowly (about —_ k
one billion years).

Wet cement drying happens
slowly (it can take 28 days

to fully cure). ;——JMT ‘
.;"i CEMENT ] f,'i
VALY 7 .

N

Reaction rates are important because they give scientists an
idea of how long the reaction will take to complete.
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In the equation,
A = B Ais the reactant, and B is the product.

#s the reaction proceeds, the concentration of the reactants
(A) will decrease, and the concentration of the product (B)
will increase.

The AVERAGE REACTION RATE is determined bg calcula’ring
the change in concentration over time.

The formula for the averoge reaction rote for A < Bis

Rate - A4 op pote - ALB)

At At

where Aftis the change in time. (The chomge in the reactants
iS o negaﬁve, becavse the reactants ore being consumed.)

(A) ond (B] are given in molari’rg (mol/L), and 1 con be
measvred in seconds, minutes, dags, or the unit of time thot
iS most appropriate for the time scale of the reaction.

%22}7;37
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Reaction rates con be graphed. 4 reaction rote graph will
look like this:

Q10

Q.08 ¢

=
o
&

0.04 9

(7/19%4) “orppajuasuon

ooz ¢
Reacfahf

000 } 4
50 50 150 200 250

Time (s)

#t the start of a chemical reaction, the product concentration
(blue line) is zero. #s time progresses, the concentration of the
reactants (red line) decreases and the concentration of

the product increases. The point at which the rates of the
forward and reverse reactions are the same is the chemical

equilibrium.

COLLISION THEORY

For a chemical reaction to happen, the atoms must interact.
This vsvally means that they collide with each other. The
greater the concentration (the more molecvles that you have)
the more collisions that you will have.

484



Low concentration = fewer collisions High concentration = more collisions

Not all collisons will produce a new substance. Collisions require
the right orientation and proper enerqy to produce a new
substance.

m (070) ~——>  No reaction

— + @
‘v More CO, formation

When CO reacts with 0, gos, the C atom must be involved in
the collision for a new product, CO,, to be formed.

The way in which the collisions occur also plays a role in
the speed of reaction. If the atoms collide with minimum
energy and a favorable orientation, the atoms will have
an EFFECTIVE COLLISION, and this will resvlt in a reaction.
Factors such as increased temperature and surface area
increase the number of effective collisions in a chemical

reaction.
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Different woys that collisions can occur between molecules:

4
(o> «00) —> (/@3@3

Reactants moving

MoleCules bounce
too S,owly

(no reacfion)

7
(TS «00)) (/@) (P

Reactants not 'Facmg Molecules bounce
r:glvf way (ho reaction)
((@) (_CI)\\\ . §> + (55)
Reactants energetic Chemical
and oriented correcﬂy reaction

FACTORS THAT AFFECT
REACTION RATES

Reaction rate can be increased or decreased based on the
{-‘ollowing foctors:

TENPERATURE Increasing temperature increoses the
kinetic energy (movement of the particles), and they will
collide more, increasing the reaction rote.

Decreasing temperature vsvally slows down reaction rote.
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CONCENTRATION Increasing the concentration of the
reactonts increases the reaction rote, becovse there ore
more particles to react and collide.

Decreasing the concentrotion reduces the reaction rote.
SURFACE AREA Increasing surface area of the
reactant by crushing it or cutting it allows for more spaces
on the svubstance to interact and collide. This increases the
reaction rote.

Decreasing surface area decreoses the reaction rote.

%

This paper has qreater surface This wad of paper has less surface

area because there is more area exPosed, so it does not have as
of it that can interact with many oFPor‘l’uhifEes to react with
another objecf. another substance.

A boulder has less surface area than an equal mass
of pebbles! Surface area is the outside layer/exterior
of a substance. More of the total area of the pebble
is exposed to the outside than the boulder, which
has most of its area beneath the surface.
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CATALYST A cotalyst is a substance that is used to
increase the reaction rate, but it is not consumed during the
reaction. # catalyst increases reaction rate by decreasing
the ACTIVATION ENERGY.

An example of a catalyst is an enzyme. Enzymes are
proteins that act as catalysts in biochemical reactions.
The OXIDATION of glucose, the biological process by
which organisms obtain energy, depends on enzymes to
moake the process go faster.

Activation Energy
The ACTIVATION ENERGY (E.) is the minimum amount
of energy needed to start a chemical reaction.

Everg molecvle has its own
The lower the activation

energy, the faster a reaction
energy. If fwo molecules will proceed. The higher the

interact, their collision must activation energy, the more
slowly a reaction will proceed.

minimum amount of kinetic

have enough enerqy to

overcome the activation
energy needed for the reaction. The reaction must also
possess enough free energy (AG) to break the bonds between
the molecvles so that they can react. Therefore, activation
energy is reloted to free energy.
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AG = Gibbs free enerqy, or the difference in enerqy
between products and reactants.

A 1 """"""" Activated comFlex

Ehergy O‘f‘

Activation Produc‘l‘s

eher'gy

Activated energy
with a cafalysf

The groph shows that reactants must overcome the
activation energy before they can combine (into the
activated complex) and become products.

Withovt a ca’ralgs’r. the oactivation enerqy iS higher, shown
bg the blue curve.

With a ca’ralgst the octivation enerqy is lower, shown bg
the red curve.

The reoction must hove enough energy in its collisions to

break the bonds within the molecules and react to form
the product.
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Activation energy is also reloted to the activoation
enthalpy A#:

1‘ Transition state
AH
= |
2
:“2 Reactants
ProduC‘f'S

Reacf,'oy-, Coordiha‘l'e

Activation enthalpy represents the difference in energy
between the reactants at their normal state (shown by
the purple line ot the beginning of the curve) and their
transition state at the top of the curve (leads to the
activotion energy) in a reaction.

As E, and AH decrease, the reaction has a greater
chance of occurring. As E, and AH increase, the
reaction has less of a chance of occurring.

%Z}ﬁ
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REACTION MECHANISMS AND
THE RATE-DETERMINING STEP
Chemical reactions occur based on a specific REACTION
MECHANISHM, o series of steps that allows the reactants
o underqgo several reactions o form the desired product.
€ach part of the mechanism shows the point at which

bonds are broken within the molecules, and new bonds

are formed. €ach mechanism proceeds at its own rate of
reaction, which determines the overall rate of reaction

of the process.

Two +hings to know:

1. The overall rote of reaction must be equal {0 the sum of
eoch mechanism's rote of reoction.

2. The RATE-DETERMINING step of the reaction will
determine the reaction rote of the overall reaction.

RATE-DETERMINING STEP

The slowest mechanism (reaction)
within the overall chemical reaction.
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| FOR EXAMPLE: In the reaction NO, + CO = NO + CO;:
Nitrogen dioxide combines with carbon monoxide to yield
nitrogen oxide and carbon dioxide. This is not a one-step
reaction. Instead, it takes place in two smaller reactions.

€och reaction has its own rote.

The first reaction is NO, + NO, = NO + NOs. (This hoppens ot
o slow rate.)

The second reaction is NO; + CO & NO, + CO,. (This happens ot
o fast rate.)

We don't write the entire reaction as two steps, becavse
molecvles that are on the left and righ’r of the reaction
cancel ovt:

NO, + NQ, < NO + NO; (slow)

NO3 +CO = NOZ + COz (‘FQS"')

Final equation: NO, + CO = NO + CO,

The rote-determining step was the first reaction because it
is the slowest.
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@ CLECLYour (OLEDCE

1. Whot is the reaction rate and whot are its vnits?

2. What three conditions can speed vp or slow down the
reaction rate?

3. Define surface area. Give an exomple of it.

. What is activation energy and whot part does it play in
a chemical reaction?

5. How does the rate-determining step affect the overall
reaction rote?
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CUECK Your QSWERS

1. The reaction rote is the chomge in concentration of
the reactant or product over time. It is measvred

5,

—
—X =

in molarii-g/second.

2. Change in temperature, concentration, or surface area
can speed up or slow down reaction rate.

3. Surface areo is the ovtside lager/ex’rerior of o substance.
Sugar has more surface area when bough’r in a bag ot
the store thon if condensed into o hard candg.

4. Activation enerqy is the minimum amount of energy
needed to start a chemical reaction. The level of
activation energy affects the speed at which a
reaction will proceed.

5. The overall reaction rote depends almost entirely on the
raote of the slowest step.
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definition of, 20
differing, 52
experimental error and, 32
acid dissociation constant (Ka),
409-410
acid-base reactions, 426
acids
Brons+ed—Lowr9, 385-381
conjugote, 405-411
definition of, 384
dilvting, 60
nevtralization reoctions
ond, 388-390
properties of, 3871-388
strength of, 409-41
actinides, 160
octivation energy (€g),
488-490
activation enthalpy, 490
actval 9ield, 304
oerosols, 351
alkali metals, 157-158
alkaline earth metals, 157-158
alkalinh“g, 393
alpha particles, 17-118
ommonia, 313
amount of gas, ideal gas law
ond, 3371-340
ompere (A), 40
amphoteric acids and bases,
409
amplitude, 123
Engstroms, 124
anions, 1471-148, 183, 232-233
onodes, o111
opplied science, 8
aqueovs motter, reactonts and
products as, 285-286
aqueovs solution, 350
Arrhenivs, Svonte, 384
atmospheres (atm), 48-49
atmospheric pressure, 316-318
otomic mass, 140, 251-252
otomic mass units (amv), 251

atomic model, first modern,
21-28
atomic numbers, 137
atomic radivs, 162-163
otomic +heor9, 114-120
otoms
calevlating, 256251
chorge ond, 100-102
definition of, 86
description of, 100
particles and, 100-101
average reaction rote, 483
#vogadro, #medeo, 250, 336
fvogodro's law, 336-331
fvogodro's number, 250

B mamvvvar v A
backgrovnd research, 5-6
balancing chemical equa’rions.
21-1281
bar graphs, 21,23
barometers, 311
bases
Bronsﬁd—Lowrg.
385-381
conjugote, 405411
definition of, 384
nevtralization reactions
ond, 388-390
properties of, 388
strength of, 409-411
beakers, b3
Bequin, Jean, 215
binary compounds
noming, 236-231
writing formvlas for,
231-238
biochemish'g, definition of, 4
Bohr, Niels, 112113
boiling point
definition of, 15

intermoleculor forces and,

126
bonding pairs, 195
bonds/bonding
chemical bonds, 180182
comparison of types of,
114,220

covalent bonds, 182,
192-199, 21, 220
double and triple covalent
bonds, 197-199
exceptions to the octet rule,
199-200
hgdrogan bonds, 224-225
ionic bonds, 182-192, 201,
214,220
metallic bonds, 182, 218-221
molecvlar polarity and,
mn-214
nonpolar bonds, 207-211,
214
polar bonds, 207-211, 214
simple and polyatomic ions,
185-192
Bogle, Robert, 321
Bogle‘s law, 321-329
brittleness, 153
bromine, 196
Bronsted, Johannes, 385
Brons+ed—Lowr9 +heor9, 385
Bunsen burners, bb
burette and stand, bb

€ MV VAN A

calibration, 32

calorie (cal), 46

calorimeters, 455

ca|orime+r3, 455-4506

carbon dioxide, 312

carbon-12 isotope, 249-250

con“olgs-rs, 430, 488

cothode roy tube, 116111

cothodes, 16111

cations, 148, 183, 232-233

Celsivs (C), 40-41, 330

centi (c), 41

Chadwick, James, 120

charge, atoms and, 100-102

Charles, Jacclues, 329

Charles' low, 329-331

chemical bonds, 165-167, 180182

chemical calculations
definition of, 290
limiting reagents and,

301-306

995




mass-to-mass
s+oichiome+r9, 292-29%

mass-to-volume
s+oichiome+r9, 297-300

mole-to-mole s+oichiome+r9,

291-292
volume-to-volume
s+oichiome+r9, 300-301
chemical changes, T19-81
chemical energy, 453
chemical ectuaﬁons
balancing, ZT1-281
basics of, 215-211
chemical eq_uihbrium
basics of, 424-421
chemical and physical
eqyilibrium, 471-430
concentration vs time
grophs, 4371-438
conjugote acids and boses
and, 405-409
eqyilibrium constant,
430-4%4
K vs @, 434-436
reaction rates and, 484
chemicol ectuihbrium reaction,
LYA
chemical properties, 11-18
chemical reactions
balancing chemical
eqyaﬁons £or, 211-281
basics of, 214-211
compounds and, 104
definition of, 214
types of, 282-184
chemical substances, 103
chemical sgmbols, 131, 140, 215
chemical waste, disposal of, 59
chemicals
suFe+3 ond, 62-63
working with, 60
chemistr
description of, 2-3
types of, 4
chlorine, 196
chromatography, 101
circle grophs, 22,23
closed sgs’rems. 428-429
clothing, appropriote, 51
coffee-cup calorimeters, 455
colligative properties, 314-315
collision of gas particles, 324
collision +heor3, 484-486

496

colloids, 355-351
color
changge in, 80
definition of, 15
electromognetic (EM)
spectrum and,
125-126
combined gas law, 333-335
combusﬁbili’rg. 1118
combustion, 283
common elements, 143
common goses, 312-318
compositions
finding in compounds,
263-210
bg mass, 263-261
compounds
binarg, 236-238
calevlating atoms of one
element in, 257-259
calevlating moles of, 260
chemical reaction and, 104
definition of, 103
empirical formula and,
268-210
finding compositions in,
263-210
inorganic, 5
ionic, 189,192, 232-231,
361-363
molecvlar, 244-245
nonmetal, 244-245
organic, 5
percentoge of single
element in, Zbb—261
+ernar9, 139-143
compressibility, 10
computer models, 9
concentrotions
calcvlating when mixing
solvtions, 312-313
changing, 443-448
finding, 416—411
reaction rates and, 4871
time graphs vs, 437-438
conclusions
drowing, 74
in lab reports, 30
conclusive results, 31
condensation, 92, 94
conjugote acids and bases,
405-41
conjugote pairs, 406401

constants, designing scientific
experiments and, 17-18

controlled experiments, 11

conversion factors, 42-44

cooling curves, 95, 457-459

covalent bonds, 182, 192-199,
21,220

criss-cross rule, 238

crgsﬂxl lattice, 189-190
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Dalton, John, 21-28, 114116, 342
Dalton's law of partial
pressure, 342-344
dota
analgzing, 13
collecting, 20
in lab reports, 29
presenting, 21-22
de Brogllie, Lovis, 114
deca (da), 41
deci (d), 41
decomposition, 282
delocalized electrons, 218
delta (3) notation, 208
Democritus, 21
densit
definition of, 15
ideal gos low and, 340-342
measurements of, 46
dependent variobles, 18
deposition, 94
diotomic gases, 313
diatomic molecules, 196-197, 210
dilvtions, 318-319
dimensional omodgsis, 412-44,
291-292
dipole forces, 223
dipole moment; 210, 223
dipole-dipole interactions,
223-224
dipoles, 208
disciplines, 4
dissociation, 192
dissociation of ions, 361
distillation, 108
double covalent bonds,
1971-199
double pan balance, 61
double replacement/metathesis,
284
ductility, 152, 219
dvet rule, 199
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effective collisions, 485

effective nuclear charge, 161

€instein, Albert, 129

elosﬁcﬂ-g, 322

electrical conducﬁvi’rg tester,
3bb-361

electricity, safety and, 63

electrodes, 116-111

electrolytes, 366—361

electrolytic properties,
3bb-361

electromagnetic (EM) rodiotion,

124-128

electromagnetic (EM) spectrum,

124121
electron oFFini’rg, 183
electron charges, development
of theory of, 118-120
electron seo, 218
elecﬁonegaﬁvﬂ-g, 165-161,
190-191, 209-21
electronic balance, 61
electrons
cathode ray tube and, 116
charge and, 118-120
definition of, 101
delocalized, 218
energy levels and, 112-114
mass of, 119,120
theories on behavior of,
114-116
valence, 174, 181
electrostatic attraction,
182-183
electrostotic forces, 224
elementary electric charge,
119-120
elements
basics of, 136
calcvlating atoms of one,
256-251
description of, 102
man-made, 160
types of, 151-155
empirical formvula, 268-210
emvlsions, 356
endothermic reaction, 81,
4471-448
ener
change in, 81
definition of, 453
equation for, 131

first low of
Jrhermodgnomics ond,
452455
high kinetic, 88
ionization, 164-165
kinetic, 322-323, 451
law of conservation of, 452
levels of, 112-113
potential, 323, 451
types of, 453
enthalpy (W), 441, 460466
entropy (S), 412476
eqpilibrium
Le Chatelier's principle and,
4472448
states of motter and, 94
equilibrium constant (¥),
430-436
eqpilibrium reaction, 405—-409
equipment
in lob reports, 29
saFe+9, b1-62
Erlenmeger £losks, b4
estimation, 35
evaporation, 41,101
excess reogent, 302
exothermic reaction, 81, 441-448
experimental error
reporting, 33-34
sources of, 31-33
experimental valve, 36
experiments
conducting, 16-24
controlled, 11
dota analgsis ond, 23
dota collection from, 20
data presentation and,
21-22
designing scientific, 10-19
drowing conclusions from,
23
extensive properties, To-11
extraction, 108
eye wash, b1

F mavvvavaviasy e

facts, theory os explanation
0£.10

Fahrenheit (F), 41

fomily (periodic table), 141,
156-160

filter paper, 65

filtration, 106

fire blonket, b1

fire extinguisher, 61

Flammabilh“g, 11-18

fluorine, 196

foams, 356

forward reaction, 405-409,
425

freezing, 90, U4

freezing point, 10

Frequencg, 123

friction, 88

£ull octet, 156

funnels, b5

6 MmN VVANIAAMINAN
gomma roy, 125-126
qos equilibrium reactions, 433
qos laws
fvogodro's low, 336-331
Bog|e's low, 321-329
Charles' law, 329-331
combined gos law,
333-335
Dalton's law of partial
pressure, 342-344
definition of, 321
Gag—Lussac‘s law, 331-333
ideal gos law, 337-342
qgoses
changjing pressure and,
445-44(
changing volume and, 446
collision of particles of, 324
common, 312-318
description of, 88-89
entropy and, 414
formation of, 80
intermoleculoar forces and,
226
kinetic molecvlor +heor3
ond, 321-324
laws for, 321-344
reactants and products as,
285-2806
ot room temperature, 314
temperature and, 361
fypes of, 313
units of measurement for,
315-318
Goy-Lussac, Joseph, 331
Gag—Lussac‘s low, 331-333
Gibbs free energy (6), 411
giga (6), 41
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loves, 51
groduated cglinders, 65
grom (g)
calcvlating, 256
calcvlating moles £rom,
260
densi’rg measurements
ond, 46
0S measure of mass, 40, 45
group (periodic table), 141,
156160

H maavvvars v v
halogens, 157,159
heot
saFe+3 ond, b2
+hermod3mmics ond,
454—-455
heat capacity, 455-456
heot measurements, 46
heating curves, 95, 457-459
hecto (h), 41
Heisenberg, Werner, 114-115
Heisenberg uncer+ain+9
principle, 115
helium, 199-200
Hess, Germain, 4ob—461
Hess' law, 46b—468
heterogeneous mixtures, 105,
348-349
high kinetic energy, 88
homogeneous equilibrium,
433
homogeneous mixtures,
105, 348
hot plates, 61
hgdroch|oric acid, 390
hydrogen, 196, 199-200,
312, 3806
hgdrogen bonds, 224-225
hypothesis
designing scientific
experiments and, 16
in lab reports, 28
role of in research, 61

I A YA AT AN
ideal gas low, 3371-342

ideol gases, 297, 322
inconclusive results, 31
independent variables, 18
indicators, 416

inference, 24

q98

infrared waves, 125-126
inorganic chemis’rrg, definition
of, 4
inorganic compounds, 5
insolubilh“g, 348-349
insoluble solids, 106
instruments, 63—68
intensive properties, 1o-11
intermolecular forces,
121-228
International Sgs’rem of Units
(Sgs+éme Internationale; ST
System), 4041
intramolecvlor forces, 221
iodine, 190
ionic bonds, 182-192, 207, 214,
220
ionic compounds, 189, 19Z,
232-231, 361-363
ionic radivs, 163-164
ionization energy (I€), 164-165,
183
ions
definition of, 1471-148
dissociation of, 361
spectator, 362-363
isoloted sgs’rems, 429
isotopes, 144-141

J mAav VAT AN
jovle, 128

K mavvvaravaaav vvan

K vs @, 434-436

Kelvin (k), 40, 46-41, 329, 330

kilo (k), 41

kinetic energy (k€), 322-323,
457

kinetic molecular +heor3,
321-324

kinetics, +hermod9namics
versus, 481

K, 434

L mAav v AT A

lab coot, 51

lob reports, 28-30

lab safety, 50-63

lab tools and instruments,
63-68

lombda (A), 128

lanthanides, 160

Lavoisier, Antoine-Lavrent, 11

lows
of conservation of enerqy,
452
of conservation of mass,
1,15, 21, 452
of mass action, 430
of multiple proportions, 115
scientific, 11-12
theories versus, 12
Le Chételier, Henrg Lovis, 442
Le Chételier's principle, 442-448
length measurements, 45
leptons, 101
Lewis, Gilbert N, 194
Lewis dot diagram, 194-196
limiting reagents, 301-306
line grophs, 22,23
|iqyids
description of, 88, 89
entropy and, 414
intermolecular forces and,
226
reactants and products as,
285-280
liter (L), 40, 45
logarithm (log), 395-396
London, Fritz, 222
London dispersion forces, 222
lone pairs, 195
Lowrg. Thomas Martin, 385
luster, 152

| W VYV VIV VNIV VY.V V.V VI N
magnetism, definition of, 15
malleability, 152, 219
mon-mode elements, 160
moss

of electrons, 19, 120

low of conservation of, 1,

115, 211, 456
of nevtrons, 120
percent composition by,
263-261, 376-3T1

of protons, 120
mass action, law of, 430
mass measuvrements, 45—46
mass numbers, 144-145
mass-to-mass s+oichiome+r3,

292-2906
mass-to-volume s+oichiome+r9,
297-300

moterials, in lab reports, 29
mothematical models, 9



motter
definition of, Z, 14
intermolecular forces and
states of, 226-228
phase changes and,
A0-9
physical and chemical
changges to, 19-81
properties of, 14-18
states of, 8b—U
measurements
accuracy and precision
of, 20
dimensional analgsis.
47-44
experimental error and,
31-34
for gases, 315-318
types of, 45-49
vnits for, 40-41, 44
using significant figures,
49-52
mega (M), 41
melting, 90, 94
melting point
definition of, 15, 90
intermolecular forces and,
226
Mendeleev, Dmitri Ivanovich,
136
meniscus, b5
metallic bonds, 182, 218-221
metalloids, 131, 152155, 151
metals, 137, 152-155, 161,
183-184
meter (m), 40, 45
micro (), 41
microwave, 125-126
milli (m), 41

Millikan, Robert Andrews (R. &),

ng-19
Millikan oil-drop experiment,
n9
mixtures
description of, 104
separoting, 105-108
types of, 105
models
moking,
types of, 4
molali+9, 374
molar mass, 251-252, 340-342
molari+9, 374

mole (mol)
atomic and molar mass,
251-260
calcvlating, 254-255
calcvlating from groms,
260
converting to grams, 256
definition of, 249-250
0s measure of substrate
amounts, 40
molecvlar compounds, naming,
244-1245
molecvlar geome’rrg, 204-2006
molecvlar level, solubili’rg ono,
351-352
molecvlar mass, calcvlating,
253-254, 260
molecular polarity in bonds,
mM-214
molecules
definition of, 86, 102
representing, 204-206
states of motter and,
86—-81
mole-to-mole s+oichiome+r9,
291-292
monatomic ions, 232-233
monoatomic gases, 313
mortar and pestle, 68
multiple proportions,
law of, 115
muons, 101

N v vvars A A

nano (n), 41

negotive atoms, 102

net ionic equon“ion, 362-363

nevtral atoms, 102

nevtral elements, 142

nevtralization, 385

nevtralization reactions,
388-390

nevtrons, 101,120

newton (N), 40, 45

Newtons per square meter (N/
m;; Pascal), 40, 48-49, 316

nitric acid, 398

nitrogen, 196

noble gases, 157, 159, 18Z, 313

nomencloture, 232

nonelec’rro|9+es, 36b-361

nonmetal compounds, naming,
244-1245

nonmetals, 137, 152-155, 161,
183-184

nonpolar bonds, 207-211, 214

nonspontaneous reactions,
41-418

nuclear chemistry, definition
of, 4

nuclevs, 101, 118

0 MmNV VAN
observations
designing scientific
experiments and, 16
role of in research, 6
octetrule
description of, 157, 180
exceptions to, 199-200
odor, change in, 80
open systems, 429
orbit, 112
orgonic chemishrg, definition
of, 4
organic compounds, 5
oxidation, 488
oxidation state, 235
oxygen, 196, 312

P marnvyvvamanasm s vian
parallax error, 32
partial pressure, Dalton's law
of, 241-344
particles
alpho, 117-118
charge and, 100-102
collision of gos, 324
subatomic, 100, 16
fypes of, 101
parts per million (ppm), 311
Pascal (Pa), 40, 48-49
percent composition by mass,
263-261,376-3T1
percent error, calevlating, 36
percent yield, 305-306
period (periodic table), 141
periodic low, 151
periodic table
common elements, 143
description of, 136-131
element types, 151-155
fomilies in, 156-160
illustrotions of, 138-139,
154-155
ions, 147-148
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isotopes, 144-141
nevtral elements, 142
structure of, 1371141
Perrin, Jean Baptiste, 250
pH
basics of scale, 393-390
calcvlating, 396401
in daily life, 402
valve of common
substances, 394
phase changes, 90-%6
phase diagroms, 43-96
phenolphthalein (ppth), 416
photoelectric effect, 129
photons, 129-132
photosynthesis, 482
physical changes, 19
physical characteristics,
describing, &
physical chemistry, definition
of 4
physical equilibrivm reaction,
41
physical models, 4
physical properties, 14-T1
pipettes, bb
Planck, Max, 126
“Planck's theory, 127-129
POH, 396-401
polar bonds, 2071-211, 214
polarity, 207-214
polyatomic ions, 185-19Z, 2.2,
139-143
positive atoms, 102
potential energy (P€), 323,
453
precipitate, definition of,
81,350
precipitation reactions, 350,
3062, 425
precision
definition of, 20
importance of, 34
predictions
designing scientific
experiments and, 16
in lab reports, 28
role of in research, b
prefixes for ST System, 41
pressure
Boyle's law and, 321-329
changjing in reactions,
445-446

500

combined gos low and,
333-335
Dalton's law of partial,
341-344
Goy-Lussac's law and,
331-333
ideal gos low and,
331-340
measurements of, 48-49,
315
solvbility and, 368
procedure
definition of, 1
in lab reports, 29
products
chemical equations and, 216
exothermic reactions and,
40
physical states of,
185-286
properties of matter, 14-18
proton acceptors, 386381
proton donors, 386381
protons, 101, 120, 131
pure science, 8
pure substances, 102
pority, 263
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@ (reaction quotient), 434-436
valitative observations, b

qyan+a (singular qpan’rum),
121-129,132

qyanﬁ’ra’rive observations, b

qyan+um mechanics, 175

qyarks, 101

| WYV V.V VIV VIV V.V VYN
R (universal constant), 338
radiont energy, 453
rodiotion
otomic +heor3 ond, 16
electromagnetic (€M),
124-128
radio waves, 125-126
rodivs
atomic, 162-163
ionic, 163-164
random errors, 31, 33
rondom molecvlar motion, 352
rore-earth metals, 160
rofe-determining step, 491-492
rotio, 42—-44

reactants
chemicol eqpa’rions ond,
276
definition of, 214
endothermic reactions and,
447
physical states of,
285-2806
reaction mechanisms,
491-492
reaction quotient (@), 434-436
reactivity, 171-18
reacﬁvh‘g trends, 167
reagents
excess, 302
limiting, 301-306
redox reactions, 284, 429
research, background, 5-6
results
evalvating, 21-34
in lob reports, 29
role of in research, b
reverse reaction, 405-409, 425
ring stands, 61
rounding, 35
Rutherford, €rnest, 111-118, 120
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saFe+3, lab, 56—63

saFe+3 goqgles, 51

saFe+3 shower, b2

salts, 189, 388-390

saturated solvtions, 354

Schrédinger, €rwin, 115

Schrédinger eq_uaﬁon, 115

scientific inquiry, 5-8

scientific investigations, types
of, 8

scientific method, 5-1

scientific theories and laws,
10-12

scoopulas, 68

second (s), 40, 46

shielding effect, 161

SI System (Sgs’réme
Internationale; International
System of Units), 40

significant digits, 35

significant figures, 34-35,
49-52

simple ions, 185-192

single replacement, 283

size, definition of, 15



SNAP acronym, 2172
solids
description of, 87, 89
entropy and, 414
formadtion of, 81
intermolecular forces and,
226
reactants and products as,
285-280
solubilh‘g ond, 361
soluble, 107
sols, 356
solubili’rg
basics of, 348-358
colloids, 355-351
definition of, 15
electrolytic properties and,
36b-361
equm‘ion for, 311
factors affecting, 361-368
ionic compounds and,
361-363
on o moleculor level, 351
352
rules and conditions for,
361-368
rules for, 364-365
soluble vs insoluble,
348-351
suspensions, 357-358
types of solvtions,
353-355
soluble solids, 101
solvtes, 350
solvtions
concentration of,
312-380
description of, 348
dilvtions, 318-319
mixing, 312-311
s+oichiome+r3 with,
319-380
types of, 353-355
solvents, 350
Sorenson, Soren, 393
spotulas, 68
specific heat (C), 456, 459
spectator ions, 362-363
spontaneous reactions,
411-4718
s+abili+9, 186

standard atmospheric pressure,

49,311-318

standard enthalpy of
formodtion, 464
standard temperoture and
pressure (STP), 291
standardized solvtion, 416
states of motter, 860,
226-228
Stock sgs’rem, 133-134
stoichiometr!
definition of, 290
mass-to-mass, 292-296
mass-to-volume, 297-300
mole-to-mole, 291-292
with solvtions, 379-380
volume-to-volume,
300-301
stoppers, b4
subatomic particles, 100, 116
sublimation, 9Z, 94
substances, naming
formvulas for binar
compounds, 231-238
molecvlar compounds,
244-1745
naming ionic compounds,
232-1231
fernary compounds,
239-1243
supersoturated solvtions,
354-355
surface areo, reaction rotes
ond, 481
suspensions, 357-358
sgn+hesis, yAYA
sgs+emah‘c errors, 31-32
Sustéme Internationale
ST Sgs+em; International
System of Units), 40—41

T mAavvvavrsnAaAT A
tables, 21
tov particles, 101
temperature
absolvte, 329
changjing in reactions,
4474484
Charles' law and, 329-331
combined gos law and,
333-335
conversions for, 41, 330
definition of, 455
Gag—Lussac‘s low and,
331-333

ideal gos low and,
331-340
meoasurements of, 40—41
molari+9 ond, 314
reaction raotes and, 486
solubili’rg ond, 361
£or states of water, 1
+ermr3 ocids, 242
+ermr3 bases, 243
fernary compounds,
239-243
+ermr3 salt, 240
test tube brushes, b4
test tubes, b4
theoretical 9ield, 303
theories
description of, 10-11
laws versus, 12
thermal energy, 453, 455
thermal tongs or mitts, 61
thermochemical equa’rions,
462-466
+hermochemis+r9, 454
"+hermod3namicallg favoroable,"
m
+hermod9namics
£irst low of, 452-4M
kinetics versus, 481
reaction rotes ond,
481-492
second low of, 412-4718
thermometers, 68
Thomson, Joseph John (J. J),
Ne-117, 19
threshold Freqpencg, 130
time grophs, 451-438
time measuvrements, 46
titrants, 415-418
titrotion calcvlotions, 415-418
titrotions, 415-421
tools, b3-68
Torricelli, évanggelisto, 318
+oxici+9, 1118
transition metals, 157-159
trends in periodic table,
160-168
triple covalent bonds,
1971-199
triple point, 94
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viraviolet waves, 125-126
unsaturoted solutions, 354
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V maavvwvaaranaav vvan
valence electrons, 156, 174, 181
valence shell electron pair
repuision (VSEPR) theory,
204-214
Van der Waals equation, 338
Von der Waals forces, 222
Von der Waals, Johannes,
222
voporization, 91
variables, designing scientific
experiments and, 18
viscosity, 88
visible spectrum, 125-126
volume
Avogadro's law and,
336-331
Bogle's law and, 327-329
changing in reactions, 446
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Charles' law and, 329-331
combined 9as law and,
333-335
definition of, 15
ideal 9as law and, 331-340
measurements of, 45
volume-to-volume s+oichiome+r9,
300-301
volumetric £lasks, b4, 318

W A vvamsviaAv v
waste disposal, 58-60
water, temperature for states
of, A
waves
description of, 123124
electromognetic (EM)
spectrum and, 124-121
photons and, 129-132

Plonck's +heor9 ond, 127-129
weighing boot, 68
weighing paper, 68
weight measurements, 45-46

R mAav v vavrs AT
x-roy, 125-126

Y mAam A AN
ield
actval, 304
percent, 303-306
theoretical, 303
yield sign (), 215

Z mMANMVVAATAAAN AN

2ero valves, rules for signiﬁcan’r
ﬁgures ond, 50-51

"2eroing’ some+hing, 32
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