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ink about chemistry? Probably not, byt you
furnished by a lead storage battery,
a battery goes dead, what
| riends car 1o “jum p-start” your car, did you l':now that
you avoid such an unpleasant possibility? Whg,
ank. and how does it furnish energy to your cgy
hat comes out of the exhaust pipe,

hen you start your car, do you th !
should. The power to start your car1s 7 e
How does this battery work, and what does it contain. When
does that mean? If you use &
your battery could explode? How can
is in the gasoline that you put in yourt

so that you can drive it to school”? What is the vapor that ¢« ioht |
X . - o o 1 & A4 ' y y
and why does it cause air pollution? Your car’s air conditioner might have a substance

in it that is leading to the destruction of the ozone |il}"-"f' in the upper alm::;sphcrc. What
are we doing about that? And why is the ozone layer nnp(')rlunl amywey.

All of these questions can be answered by 11|1dcrnl:lnf|lng some chemistry. In fac,
we'll consider the answers to all of these questions in this text. '

Chemistry is around you all the time. You are able to read and understand this sen-
tence because chemical reactions are occurring in your brain. The food you ate for
breakfast or lunch is now furnishing energy through chemical reactions. Trees and
grass grow because of chemical changes.

Chemistry also crops up in some unexpected places. When archacologist Luis
Alvarez was studying in college. he probably didn’t realize that the chemical elements
iridium and niobium would make him very famous when they helped him solve the
problem of the disappearing dinosaurs. For decades scientists had wrestled with the
mystery of why the dinosaurs, after ruling the earth for millions of years, suddenly
became extinct 65 million years ago. In studying core samples of rocks dating back to
that period, Alvarez and his coworkers recognized unusual levels of iridium and nio-
bium in these samples—Ilevels much more characteristic of extraterrestrial bodies than
of the earth. Based on these observations, Alvarez hypothesized that a large meteor hit
the earth 65 million years ago, changing atmospheric conditions so much that the
dinosaurs’ food couldn’t grow, and they died—almost instantly in the geologic
timeframe.

Chemistry is also important to historians. Did you realize that lead poisoning prob-
ably was a significant contributing factor to the decline of the Roman Empire? The
Romans had high exposure to lead from lead-glazed pottery, lead water pipes, and a
sweetening syrup called sapa that was prepared by boiling down grape juice in lead-
lined vessels. It turns out that one reason for sapa’s sweetness was lead acetate (“sugar
of lead™), which formed as the juice was cooked down. Lead poisoning, with its symp-
toms of lethargy and mental malfunctions, certainly could have contributed to the de-
mise of the Roman society.

Chemistry is also apparently very important in determining a person's behavior.
Various studies have shown that many personality disorders can be linked directly
to imbalances of trace elements in the body. For example, studies on the inmates at
Stateville Prison in Tllinois have linked low cabalt Jevels with violent behavior. Lith-
ium sa[fs ha_\'e been shown to be very effective in controlling the effects of manic-
flcprﬁssn'e disease, and you've probably at some time in your life felt a special “chem-
istry” for another person. Studies suggest there is literally chemistry going on between
two people \‘\'ho are attracted to each other. “Falling in love” apparently causes changes
1“}'1@ chemistry _ot the brain; chemicals are produced that give that “high" associated
with a new relationship. Unfortunately, these chemical effects seem to wear off over
time, even if the relationship persists and grows,

Thrc ir‘npmlmncc fJf chemistry in ll.1e interactions of people should not really surprise
us, We know that insects communicate by emitting and receiving chemical signals
via m‘olcmflcs callcq pfi:(:mmmws. For example. ants have a very complicated set of
chemical signals to signify food sources, dan ger, and so forth. Also, various female sex
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attractants have been .

lations, It \l\\l\t:h:“l:c:: ll:'ﬂf:;-l!:il:"l! l‘l\‘c.d o lure males into traps to control insect popu-
were notaware of on g u‘\mli”‘"l“:‘-‘ ‘.l ||}I‘t11:1|1\ “Im. emitted chemical signals LHOL
important. The main goal of thi .h fw‘I' hus chemistry is pretty interesting and pretty
1stry so that you can hcl;cr ) "_" text 18 1o help you understand the concepts of chem-
o ¢ - appreciate the world around you and can be more effective
in whatever career you choose, -

Chemistry: An Overview

::::::"l‘l::\l‘:';:; :‘: Illlll':‘!li:l‘]L[‘:]l":_':;c(;::scl}:“.. people .lm\'c wondered about the answer to 1h.c
» : i ! For along time, humans have believed that matter 15
uu‘nm_ml of atoms, and in the previous thiee centuries, we have collected much indi-
r-ul u‘\u!cncg 1o support this beliet. Very recently, womething exciting has happened—
for the tirst time we can “see™ individual atoms. OF course, we cannot see atoms with
the naked eyved we must use a special microscope called o scanning mnneling micro-
scope (ISTAD Although we will nan consider the details of its operation here, the STM
Lises. al election curent (rom a tiny needle o probe the wurface of a substance. The
STM pictures of several substances e shown in Fig. 1.1, Notice how the atoms are
connected o one another by “hridpes,” which, as we will sce, represent the electrons
that mterconnedt atoms,

So. at this point, we are fairly sure that m
nature of these atoms is quite complex, and the
much like the objects we see in the world of our ¢
macroscopic world—he world of cars, tables, baseballs, rocks, oceans. and so forth.

One of the main jobs of a scientist is to delve into the macroscopic world and discover
its “parts.” For example, when you view a beach from a distance. it looks like a con-
tinuous solid substance. As you get closer, you sce that the beach is really made up of

<and, we find that they are

individual grains of sand. As we examine these grains of
composed ol silicon and oxygen atoms connected to each other to form intricate shapes
(Fig. 1.2). One of the main challenges of chemistry is to understand the connection
between the macroscopic world that we experience and the microscopic world of
To truly understand chemistry, you must learn to think on the
helping you learn to do that.

atter consists of individual atoms. The
components of atoms don’t behave
xperience. We call this world the

atoms and molecules.
atomic level. We will spend much time in this text

toryMCT
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Scanning tunneling microscope image

An image showing the individual carbon
of DNA.

atoms In a sheet of graphene.
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Figure 1.2 | sand on a beach looks
uniform from a distance, but up close
the irregular sand grains are visible,
and each grain is composed of tiny

Chapterl Chemical Foundations
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Critical Thinking

The scanning tunneling microscope allows us to “see” atoms. \_Nhat if you were sent
back in time before the invention of the scanning tunneling microscope? What
evidence could you give to support the theory that all matter is made of atoms and
molecules?

One of the amazing things about our universe is that the tremendous variety of
substances we find there results from only about 100 different kinds of atoms. You can
think of these approximately 100 atoms as the letters in an alphabet from which all the
“words™ in the universe are made. It is the way the atoms are organized in a given
substance that determines the properties of that substance. For example, water, one of
the most common and important substances on the earth, is composed of two types of

atoms: hydrogen and oxygen. Two hydrogen atoms and one oxygen atom are bound
together to form the water molecule:

oxygen atom
0 yeena (E?a water molecule

Q hydrogen atom

When an electric current passes through it, water is de

gen. These chemical elements themselves exist na
molecules:

composed to hydrogen and oxy-
turally as diatomic (two-atom)

oxygen molecule “ writlen O,

hydrogen molecule &2  written H,

We can represent the decomposition of water toi

Is component elements, hydrogen and
oxygen, as follows:

% “ one oxygen molecule
twowater (KA written O,

molecules o R
written 2H,0 CaTenl (‘5\:53
) two hydrogen molecules
K2 (D  written 2H,
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B e — e ‘formuuon of lh.c two-atom molecules. This reaction
il Homlaar e i ei - b)l?ur car can explode if you jump-start it improperly. When
et Gand'offien lh_msq) o L'S, current flows through the dead battery, which contains
SOEAE i Watar Sy 8 e h)’fimgcn and oxygen to form by decomposition of

er. A spark can cause this accumulated hydrogen and oxygen to explode,

forming water again.
> @D &

spark

a — 2H,0

2H, : &‘9

This example 1lll‘:slralcs two of the fundamental concepts of chemistry: (1) Matter is
wmp(_)s_ed of various types of atoms, and (2) one substance changes to another by re-
organizing the way the atoms are attached to each other.

These are core ideas of chemistry, and we will have much more to say about them.

Science: A Process for Understanding
Nature and Its Changes

How do you tackle the problems that confront you in real life? Think about your trip
to school. If you live in a city, traffic is undoubtedly a problem you confront daily. How
do you decide the best way to drive to school? If you are new in town, you first get a
map and look at the possible ways to make the trip. Then you might collect informa-
tion about the advantages and disadvantages of various routes from people who know
the area. Based on this information, you probably try to predict the best route. How-
ever, you can find the best route only by trying several of them and comparing the re-
sults. After a few experiments with the various possibilities, you probably will be able
to select the best way. What you are doing in solving this everyday problem is applying
the same process that scientists use to study nature. The first thing you did was collect
relevant data. Then you made a prediction, and then you tested it by trying it out. This
process contains the fundamental elements of science.

1. Making observations (collecting data)
2. Suggesting a possible explanation (formulating a hypothesis)
3. Doing experiments to test the possible explanation (testing the hypothesis)

Scientists call this process the scientific method. We will discuss it in more detail in the
next section. One of life’s most important activities is solving problems—not “plug and
chug” exercises, but real problems—problems that have new facets to them, that involve
things you may have never confronted before. The more creative you are at solving these
problems, the more effective you will be in your career and your personal life. Part of the
reason for learning chemistry, therefore, is to become a better problem solver. Chemists
are usually excellent problem solvers because to master chemistry, you have to master
the scientific approach. Chemical problems are frequently very complicated—there is
usually no neat and tidy solution. Often it is difficult to know where to begin.

The Scientific Method

Science is a framework for gaining and organizing knowledge. Science is not simply a
set of facts but also a plan of action—a procedure for processing and understanding
certain types of information. Scientific thinking 15 useful in all aspects of life, but in
this text we will use it 10 understand how the chemical world _operates. As we said in
our previous discussion, the process that lies at the center of scientific inquiry is called
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nature of the specific problem under stu } a
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However, it is useful to consider the following ge

tific method (Fig. 1.3):

Steps in the Scientific Method

1. Making observations. Observations may
liquid) or quantitative (water boils at 100
A qualitative observation does not involve a number. A ;
(called a measurement) involves both a number anda urnl.. .

2. Formulating hypotheses. A hypothesls is a possible explanation foran ob?ervanon,

3. Performing experiments. An experiment is carried ogt tq testa hyzothims. This in-
volves gathering new information that enables a scientist to desl fe W e'lher the
hypothesis is valid—that s, whether it is supported by the new in ormatlpn
learned from the experiment. Experiments always produce new observations, and
this brings the process back to the beginning again.

be qualitative (the sky is blue; water is a
°C; a certain chemistry book weighs 2 kg),
quantitative observation

To understand a given phenomenon, these steps are repeated many times, gradually
accumulating the knowledge necessary to provide a possible explanation of the
phenomenon.

Scientific Models

Once a set of hypotheses that agrees with the various observations is obtained, the hy-
potheses are assembled into a theory. A theory, which is often called a model, is a set
of tested hypotheses that gives an overall explanation of some natural phenomenon.,

It is very important to distinguish between observations and theories. An observa-
tion is something that is witnessed and can be recorded. A theory is an interpretation—
a possible explanation of why nature behaves in a particular way. Theories inevitably
change as more information becomes available, For example, the motions of the sun
and stars have remained virtually the same over the thousands of years during which
humans have been observing them, but our explanations—our theories—for these mo-
tions have changed greatly since ancient times.

The point is that scientists do not stop asking questions Just because a given theory
seems to account satisfactorily for some aspect of natural behavior, They continue do-
ing experiments to refine or replace the existing theories. This is generally done by us-
ing the currently accepted theory to make a prediction and then performing an experi-
ment (making a new observation) to see whether the results bear out this prediction.

Always remember that theories (models) are human inventions, They represent at-
tempts to explain observed natural behavior in terms of human experiences. A theory
is actually an educated guess. We must continue to do experiments and to refine our
theories (making them consistent with new knowledge) if we hope to approach a more
complete understanding of nature,

As s‘c‘i‘emisls observe nature, they often see that the same observation applies to
many different systems. For example, studies of inny merable chemical changes have
shown that the total observed mass of the materials involved is the same before and
after the change. Such generally observed behavior is formulated into a statement
called a natural law. Ifor example, the observation that the total mass of materials is
not affected by a chemical change in those mateials is called the law of conservation
of mass.

Note the difference betwcc.n a natural law and a theory. A narural Jaw js a summary of
obser\'m‘i (measurable) behavior, whereas a theory is an explanation of behavior, A law
summarizes what happens; a lhf—:m'}’ (model) is an attempt o explain why it happens.

In this section we have described the scientific method as it might ideally be applied

(Fig. 1.4). However, it is important to remember that science does not always progress
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Chemical connections
A Note-able Achievement

aproduct of the 3M

i ration. revolutionized casual
cq_rpon wmmunications and personal
\mtfeders' introduced in the United
remtlens in 1980, these sticky-but-not-
f:,.sticky notes have now found
countless USES in offices, cars, and
pomes throughout the world.

The invention of sticky notes
occurred OVET a period of about 10
years and involved a great deal of
cerendipity. The adhesive for Post-it
Notes was discovered by Dr. Spencer
. Silver of 3M in 1968. Silver found
that when an acrylate polymer
material was made in particular way,
it formed cross-linked microspheres.
\When suspended ina solvent and
sprayed on a sheet of paper, this
<ubstance formed a “sparse mono-
layer” of adhesive after the solvent

st Notes,

X 1 . J
Photo © Cengaga Learning All Tights reserved.

evaporated. Scanning electron Post-it Notes popped up. One Sunday remarkable stories connected to the

microscope images of the adhesive Art Fry, a chemical engineer for 3M, use of these notes. For example, a

show that it has an irregular surface, a was singing in his church choir when Post-it Note was applied to the nose of

fittle like the surface of a gravel road. he became annoyed that the book- a corporate jet, where it was intended

Incontrast, the adhesive on cello- mark in his hymnal kept falling out. He to be read by the plane’s Las Vegas

phane tape looks smooth and uniform, thought to himself that it would be ground crew. Someone forgot to

like a superhighway. The bumpy nice if the bookmark were sticky remove it, however. The note was still

surface of Silver's adhesive caused it enough to stay in place but not so on the nase of the plane when it

to be sticky but not so sticky to sticky that it couldn’t be moved. landed in Minneapolis, having survived

produce permanent adhesion, Luckily, he remembered Silver's a takeoff, a landing, and speeds of

because the number of contact points glue—and the Post-it Note was born. 500 miles per hour at temperatures as

between the binding surfaces was For the next three years, Fry low as —56°F. Stories on the 3M Web

limited. worked to overcome the manufac- site describe how a Post-it Note on the
When he invented this adhesive, turing obstacles associated with the front door of 2 home survived the

Silver had no specific ideas for its use, product. By 1977 enough Post-it Notes 140-mile-per-hour winds of Hurricane

s0he spread the word of his discovery ~ were being produced to supply 3Ms Hugo and how a foreign official

ters, where the accepted Post-it Notes in lieu of cash
when a small bribe was needed to cut
through bureaucratic hassles.

Post-it Notes have definitely

tohis fellow employees at 3M to see if corporate headquar
anyone had an application for it. In employees quickly became addicted to
addition, over the next several years their many uses. Post-it Notes are now

development v/as carried out to available in 62 colors and 25 shapes. :
improve the adhesive's properties. It In the years sinceé the introduction changed the \_'vay we communicate and
as not until 1974 that the idea for of Post-it Notes, 3M has heard some remember things.
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-1691) was born in Ireland. He became especially interested " Experimep,,
g L
these cylinders to show that a feather and a lump ?f = s FlmodTmani ence of
gt air resr‘ftance and that sound cannot be produced in a :c;c:;un.cﬁon ol fri ';’:JEnt;
it e o ofy gllairbstances should be abandoneg a.-:;& Ve
§ o ged that the ancient view of elements as r_nystfca 5 nnot be broken down into simpye ot
"~ clement should instead be defined as anything that ca :

substances. This concept was an important step in the development of modern chemist,,,

- , observations
smoothly and efficiently. For one thing, hypotheses and AT not g,

g h Lally
i i scription of the ideyl; ’
independent of each other, as we have assumed in the descrip dealizeq

i
: A . ses occurs bee;
entific method. The coupling of observations and hypothese CCause opeg W

an of Casers Setleme |

§ begin 1o proceed down a given theoretical path, O‘Uf _h)‘ljuz:]fse_s MéhUHa\'oidab]}.
1 ‘;‘, couched in the language of that theory. In other words, w crll;n » ﬂ(]) s:zhc W ,a[ “c eXpec
: :, to see and often fail to notice things that we do not L‘:“PL"-:L l ‘”‘-"’ ez' m'}h‘_‘camles:.
¥ ing helps us because it focuses our questions. l’iuwcvcr. -N’l.le sgmc 1me, this f()cu5jng
[ & Process may limit our ability to see other pnﬁmh]'c c).p]un.nmns.Th . .
? L Itis uls-.;inqmrl;lnl to keep in mind that ?Clcnllslh are human.h 'cyh a“?PreJUd!ce;;
“ § they misinterpret data; they become emotionally attached to their theories and thy,

© % lose objectivity: and they play politics. Science is affected by profit motives, b“dgets,
fads, wars, and religious beliefs. Galileo, for example, was forced to recant his agy,.
nomical observations in the face of strong religious Fesistance. ]_«3‘-'01-%1’. the father o
maodern chemistry, was beheaded because of his political af filiations. Great prog.ress in
the chemistry of nitrogen fertilizers resulted from the desire to produ.ccl explosives 1
fight wars. The progress of science is often affected more by t]u.: fral]ll?s of humap
and their institutions than by the limitations of scientific measuring devices. The 5

entific methods are only as effective as the humans using them. They do not automa;.
cally lead to progress.

Critical Thinking

What if everyone in the government used the scientific method to analyze and solve
society's problems, and politics were never involved in the solutions? How would this
be different from the present situation, and would it be better or worse?

1.3 | Units of Measurement

Making observations is fundamental to all science.
Surement, always consists of two parts: a number a
must be present for the measurement to

In this textbook we will use measurements of mass, length, time, temperature, electric
current, and the amount of a substance, among others.
that standard systems of units had to be adopted if me

cvery scientist had a different set of units, complete chaos would result. Unfortunately.
different standards were adopted in

different parts of the world. The two major systems
are the English system used in the United States and the metric system used by most of
the rest of the industrialized world. This duality causes a good deal of trouble; for ex-
ample, parts as simple as bolts are not imerchangeab]e between machines built using the
two systems. As a result, the United States has begun to adopt the metric system.
Most scientists in al] countries have used the metric system for many years. In 1960.
an international agreement set UP a system of units called the /nrernational System (le
Systéme International in French), or the SI system. This systemn is based on the men'.iC
system and units derived from the Metric system. The fundamental SI units are listed in
Table 1.1, We will discuss how to manipulate these units later in this chapter.

A quantitative observation, or mea-

nd a scale (called a unit). Both parts
be meaningful.

Scientists recognized long ago
asurements were to be useful. If

e 20U
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1.3 Units of Measurement

Chemical connections

Critical Units!

How important are canversions

from one unit to another? If you ask
the National Aeronautics and Space
Administration (NASA), very impor-
tant! In 1999, NASA lost a $125 million
Mars Climate Orbiter because of a
failure to convert from English to
metric units.

The problem arose because two
teams working on the Mars mission
were using different sets of units.
NASA's scientists at the Jet Propulsion
Laboratory in Pasadena, California,
assumed that the thrust data for the
rockets on the Orbiter they received
from Lockheed Martin Astronautics in
Denver, which built the spacecraft,
were in metric units. In reality, the
units were English. As a result, the
Orbiter dipped 100 km lower into the
Mars atmosphere than planned, and
the friction from the atmosphere
caused the craft to burn up.

Artist's conception of the lost Mars Climate Orbiter.

switch to the metric system. About
95% of the world now uses the metric
system, and the United States is slowly
switching from English to metric. For
example, the automobile industry has
adopted metric fasteners, and we buy

between life and death on some
occasions. In 1983, for example, a
Canadian jetliner almost ran out of
fuel when someone pumped 22,300 Ib
of fuel into the aircraft instead of
22,300 kg. Remember to watch your

NASA's mistake refueled the
controversy over whether Congress
should require the United States to

our soda in 2-L bottles. units!
Units can be very important. In
fact, they can mean the difference

Because the fundamental units are not always convenient (expressing the mass of a
pin in kilograms is awkward), prefixes are used to change the size of the unit. These
are listed in Table 1.2. Some common objects and their measurements in SI units are
listed in Table 1.3.

One physical quantity that is very important in chemistry is velume, which is not a
fundamental SI unit but is derived from length. A cube that measures 1 meter (m) on

E
g
£ Table 1.1 | Fundamental SI Units
' % _ Physical Quantity Name of Unit  Abbreviation
%‘ Mass kilogram kg
8 Length meter m
. Time second s
£ Temperature kelvin K
; . Electric current ampere A
Soda is commonly sold in 2-L b'ott'les— Amount of substance il et
an example of the use of SI units in Luminous intensity el o

everyday life.
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Table 1.2 | prefixes Used in the S Syst
are shown in blue.)

e —
R ks e g R
| Prefix_ symbol  Meaming Notation:
O i L ke B s A I s Bt S RS EE :
exa E 1000000000,000,000000 ig:
peta P 1,000,000,000,000,000 0%
tera T 1,000,000,000,000 10
giga G 1,000,000,000 10
mega M 1,000,000 o
kilo k 1,000 ig}
hecto h 100 1
deka da 12 10
deci d 0.1 10 :
centi (d 0.01 10_‘
milli m 0.001 10»}
mero: @ 0.000001 10
ne: o 0.000000001 10
plest g 0.000000000001 10-2
temig [ 0.000000000000001 10-15
. 0.000000000000000001  10-1¢

*See Appendix 1.1 if you need a review of exponential notation.

each edge is represented in Fig. 1.5. This cube has a volume of (1 m)* = 1 m?, Recog.
nizing that there are 10 decimeters (dm) in a meter, the volume of this cube is (] py
= (10 dm)* = 1000 dm". A cubic decimeter, that is, (1 dm)*, is commonly called a e,
(L), which is a unit of volume slightly larger than a quart. As shown in Fig. 1.5, 1000L
is contained in a cube with a volume of 1 cubic meter. Similarly, since 1 decimeter
equals 10 centimeters (cm), the liter can be divided into 1000 cubes. each with a vol.
ume of | cubic centimeter:

Table 1.3 | some Examples of
Commonly Used Units

Length A dime is 1 mm thick.
A quarter is 2.5 cm in IL = (1dm)® = (10 cm)® = 1000 em?
diameter.

The average height of
an adult manis 1.8 m.

Mass A nickel has a mass of
about 5 g.

A 120-Ib person has a
mass of about 55 kg.

Volume A 12-0z can of soda
has a volume of about
360 mL.

i [ o6 e o g

e Ll =ijen o Foaf il
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R ] ) ol S s T o

BRI ER 2 eI

Figure 1.5 | The largest cube has
sides 1 min length and a volume of

1 m3. The middle-sized cube has sides
1dmin length and a volume of 1dm?,
or 1L. The smallest cube has sides
1cm in length and a volume of 1cm?,

c‘“]: lem¥=1mL
orimL. e —

: ing 201
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Figure 1.6 | Common types of
laboratory equipment used to
measure liquid volume.

1.4 Uncertainty in Measurement 11
-
Calibration -]
mark indicates
&3 25mLvolume—
mL H
100 M i
90 : = Cﬂlibr.ati?n
= mark idicates
80 é“ 250-mL volume— feud
70 -4....'% ";. 4
o= e
=3 46 .=
= =
=3 | 47
40 L= 48 ’
= Valve 49 4
0 R =
. =1 (stopeock) 50 L=
N R= controls the 1 f
k= liquid flow— o135
=1 1 l
1§ ,
> | U)
% il {
100-mL 25-mL pipet 50-mL buret 250-mL
graduated cylinder volumetric flask

Also, since 1 cm? = | milliliter (mL),
I L = 1000 em® = 1000 mL

Thus 1 liter contains 1000 cubic centimeters. or 1000 milliliters.

Chemical laboratory work frequently requires measurement of the volumes of
liquids. Several devices for the accurate determination of liquid volume are shown in
Fig. 1.6.

An important point concerning measurements is the relationship between mass and
weight. Although these terms are sometimes used interchangeably, they are nor the
same. Mass is a measure of the resistance of an object 10 a change in its state of mo-
tion. Mass is measured by the force necessary to give an object a certain acceleration.
On the carth we use the force that gravity exerts on an object to measure its mass, We
call this force the object’s weight. Since weight is the response of mass to gravity, it
varies with the strength of the gravitational field. Therefore, your body mass is the
same on the earth and on the moon, but your weight would be much less on the moon
than on the earth because of the moon’s smaller gravitational field,

Because weighing something on a chemical balance involves comparing the mass
of that object to a standard mass, the terms weight and mass are sometimes used inter-
changeably, although this is incorrect.

Critical Thinking

What if you were not allowed to use units for one day? How would this affect your life
for that day?

1.4 | Uncertainty in Measurement

The number associated with a measurement is obtained using some measuring device.
For example, consider the measurement of the volume of a liquid using a buret (shown
in Fig. 1.7 with the scale greatly magnified). Notice that the meniscus of the liquid

Uriless oAtwrwise noted, all art on this page is © Cengage Learning 2014
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12 Chapterl Chemical Foundations

Figure 1.7 | Measurement of
volume using a buret. The volume is
read at the bottom of the liquid curve

(called the meniscus).

A measurement always has some degree

of uncertainty.

Uncertainty in measurement is discussed

in more detail in Appendix 1.5.

occurs at about 20.15 mL. This means that ab(,)m 2 .15 nilé;fiiif](‘jgg::ﬁn :’ﬂ:::crw
from the buret (if the initial position of the liguid n:ﬁnl- o inte;*polating bé:twe thay
we must estimate the last number of the \'(‘llumc rea mf_; ,) e brerl G €n the
0.1-mL marks. Since the last number is esumal‘?d' i ITl1 };ead the same :’;O‘Lh:r
person makes the same measurement. If five different people olume,

the results might be as follows:

e e S————

Cpemon _ ResultsofMeasurement
2 20.14 mL
3 20.16 mL
4 2017 mL
5 2016 mL

These results show that the first three numbers (20.1) remain the same regz_lrc.iless of
who makes the measurement; these are called certain digits. However, thc-dlgf s
right of the 1 must be estimated and therefore varies; it is cull‘ed :{n‘rtrrrfrtgrrr digit. We
customarily report a measurement by recording all the certain digits |?Iu.s the first un-
certain digit. In our example it would not make any sense 1o try (o rcc_orldithc volume
to thousandths of a milliliter because the value for hundredths of a milliliter must be
estimated when using the buret.

It is very important to realize that a measurement always has.s?me degree of uncer-
tainty. The uncertainty of a measurement depends on the precision of the measuring
device. For example, l'Jsing a bathroom scale, you might estimate the mass of a grape-
fruit to be approximately 1.5 Ib. Weighing the same grapefruit on a highly precise
balance might produce a result of 1.476 Ib. In the first case, the uncertainty occurs in
the tenths of a pound place; in the second case, the uncertainty occurs in the thou-
sandths of a pound place, Suppose we weigh two similar grapefruits on the two de-
vices and obtain the following results:

e - . e ar ey

.. . BathrcomScale = Balance
Grapefruit1 151b 1476 1b
Grapefruit 2 151b 15181b

Do the two grapefruits have the same mass? The answer depends on which set of re-
sults you consider. Thus a conclusion based on a series of measurements depends on
the certainty of those measurements. For this reason, it is important to indicate the
uncertainty in any measurement. This is done by always recording the certain digits
and the first uncertain digit (the estimated number). These numbers are called the sig-
nificant figures of a measurement.

The convention of significant figures automatically indicates something about the
uncertainty in a measurement. The uncertainty in the last number (the estimated num-
ber) is usually assumed to be *1 unless otherwise indicated. For example, the mea-
surement 1.86 kg can be taken to mean 1.86 = 0.01 kg.

Uncertainty in Measurement

In analyzing a sample of polluted water, a chemist measured out a 25.00-mL water
sample with a pipet (see Fig. 1.6). At another point in the analysis, the chemist used 2
graduated cylinder (see Fig. 1.6) to measure 25 mL of a solution. What is the differ-
cnce between the measurements 25.00 mL and 25 mL?

Unless otherwise noted. all art on this page is © Cengage Learning 20+
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Solution
:‘l\rmlu'“}!lgh the two volume measurements
erent information, ) i ‘
H . The qu: 2 2 [

il whome t|ubmu:y 25 mL means that the volume is between 24 mL and
d ot .Th Lp“l“d‘m“y 25.00 mL means that the volume is between 24.99 mL

25, - e pipet measures volume wi h gre: scisi -
e s ¢ with much greater precision than does the

appear to be equal, they really convey dif-

See Exercise 1.33

When making a measur itisi
- Ill :_lh‘!kn?g dmeasurement, it is important 1o record the results to the appropriate
MO O] 1 I S
i Il‘ \\] ;upmlul.ml figures. For example, if a certain buret can be read to +0.01 mL
SERATould record areading of (w i illili e ‘
arey wenty-five milliliters as 25.00 2 is
1Y 5 O et H mL, not 25 mL. This

il rtime when you are using your results to do calculations, the uncer-
amty i the measurement will he known to you,

Precision and Accuracy

TWo terms often used to describe the reli
accuraey. Although these words
they have difre

ability of measurements are precision and
; are frequently used interchangeably in everyday life,
‘ rent meanings in the scientific context. Accuracy refers to the agree-
mentota particular value with the true value, Precision refers to the degree of agree-
ment among several measurenients of the same guantity. Precision reflects the repro-
ducibility of a given type of measurement, The difference between these terms is
illustrated by the results of three different dart throws shown in Fig. 1.8.

Two different types of errors are illustrated in Fig. 1.8. A random error (also called
an indeterminate errory means that a measurement has an equal probability of being
high or low. This type of error occurs in estimating the value of the last digit of a mea-
surement. The second type of error is called systematic error (or determinate error).
This type of error occurs in the same direction each time; it is either always high or
always low. Fig. 1.8(a) indicates large random errors (poor technique). Fig. 1.8(b) in-
dicates small random errors but a large systematic error, and Fig. 1.8(c) indicates small
random errors and no systematic crror.

In quantitative work, precision is often used as an indication of accuracy; we as-
sume that the average of a series of precise measurements (which should “average
out™ the random errors because of their equal probability of being high or low) is
accurate, or close to the “true”™ value. However, this assumption is valid only if

-0

recise.
Precise but not accurate. Accurate and p

Neither accurate nor precisc.

Figure 1.8 ] The results of several dart throws show the difference between precise and accurate.
qure 1.

Uitinss itbat mism nennd, alf art on this page is © Cengaga Learning 2014.
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e iec ss five time.
systematic errors are absent. Suppose we W cigh a piece of brass five times op 4 very

; : SN @
precise balance and obtain the following result

e g —————

| Welghing  Result {
[ 1 2486¢g |
2 2.487g |
3 2485¢g |
a 2484 ¢ |
i 5 2488 g !

Normally, we would assume that the true mass of the piece of brass is very cloge o
2486 g, which is the average of the five results:
2486 + 2487 + 2485 + 2484 o + 2488 ¢
e i

= 2486¢

However, if the balance has a defect causing it to give a result that is consistently
1000 & 100 high (a systematic error of +1.000 ), then the measured value of 2.486 5
would be seriously in error. The point here is that high precision among several me;.
surements is an in‘dicutinn of accuracy only if systematic errors are absent.

T . e

e e

Precision and Accuracy

To check the accuracy of a graduated cylinder, a student filled the cylinder to the
25-mL mark using water delivered from a buret (see Fi 2. 1.6) and then read the volume |
delivered. Following are the results of five trials:

| e T T ————— I e . A et e

Volume Shown by Volume Shown

Tl GradustedCylinder  bythe Buret
1 25 mL 26.54 mL
2 25 mL 2651 mL
3 25 mL 26.60 mL :
4 25mL 26.49 mL |
5 25 mL 26.57 mL ‘
Average 25mL 26.54 mL |

Is the graduated cylinder accurate? |

Solution

Precision is an indication of accuracy only The results of the trials show very

good precision (for a graduated cylinder). The stu-
if there are no systematic errors.

dent has good technique. However, note that the average value measured usine the |
buret is significantly different from 25 mL. Thus this graduated cylinder is not very |

accurate. It produces a systematic error (in this case, the indicated result is low for each
measurement).

See Question 1.11

1.5 | Significant Figures and Calculations

Calculating the final result for an experiment usually involves adding, subtracting, |
multiplying, or dividing the results of various types of measurements. §ince it is very |
important that the uncertainty in the final result js Known correctly, we have developed
rules for counting the signific y

ing th ant figures in each number and for determining the cor- |
rect number of significant figures in the final result |

Unless otherwise nated, all art on this page is © Cengage Learning 2014 ‘
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ading Teros are never significant figures,
Le

Captive zerosare always significant
figures.

Trailing zeros are sometimes significant
figures.

gxact numbers never limit the number of
significant figures in a calculation.

Exponential notation is reviewed in
Appendix 1.1,

L5 Significant Figures and Calculations 15

Rules for Counting Significant Figures

1. Nonzero integers. Nonzerg integers always count as significant figures,

asses of zeros:

a. Lf:ading 2€ros are zeros that precede all
significant figures. |n the number 0.0

position of the decimal point, This nu

Captive zeros are zeros

cant figures. The nump

2. Zeros. There are three ¢t

the nonzero digits, These do not count as
025, the three zeros simply indicate the
mber has only two significant figures,
between nonzero dj
er 1.008 has fouyr sj

b.

gits. These always count as signifi-
gnificant figures,

if the number contains i
cant figure,
number pn

point. The number 100
whereas the number 1.00 x 102

e hundred written as100. also
Exact numbers. Man

using measurin

has only one signifi-
has three significant figures. The
has three significant figures.

L

¥ times calculations invol
g devices but were determine
ecules. Such numbers are call

ve numbers that were not obtained
d by counting: 10 experiments,

ed exact numbers, They can be as-
ant figures. Other examples of exact

when usedin 3 calculation.

Note that the number 1.00 % 10°
type of notation has at le

easily indicated, and fewer zeros are
For example, the number 0.0000
6.0 X 107 (the number has two sig

above is written in exponential notation. This
ast two advantages: The number of significant figures can be
needed to write a very large or very small number,

00 is much more conveniently represented as
nificant figures).

Interactive
Example 1.3

Signiin at http://login.cengagebrain

-com to try this Interactive Example
in OWL,

Scanned by CamScanner

e

Significant Figures

Give the number of significant figures for each of the following results.
a. A student’s extraction procedure on tea yields 0.0105 £ of caffeine,

b. A chemist records a mass of 0.050080 £ in an analysis.
¢. Inanexperiment a span of time is determined to be 8.050 X 10},
Solution

a. The number contains three significant figures. The zeros to the

leading zeros and are not significant, but the rem
significant.

left of the 1 are
aining zero (a captive zero) is

b. The number contains five significant figures. The leading zeros (to the left of the
5) are not significant. The captive zeros between the 5 and the 8§ are significant,
and the trailing zero to the right of the § is significant because the number
contains a decimal point,

¢. This number has four significant figures. Both zeros are significant

See Exercises 1,27 through 1.30

To this point we have learned to F‘ounl the significant ﬁgures' in a given n:?::_
Next, we must consider how uncenamty. accumulates as -ca]cu]auons are fbain .
The detailed analysis of the accumulation of uncertainties depend-s c?n .1.] t);peme
calculation involved and can be complex. However, in this textbook we will use

Uniess othernign nated, all art on this page is © Cengage Learning 2014.
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«d for determining the appropri
following simple rules that have been developed for determining (e Appropriate nym.

A g ; . i F o calculation.
ber of significant figures in the result of it CalcEE

Rules for Significant Figures in Mathematical Operations

vision, the number of significant figures in the result is the

1. For multiplication or di - curement used in the calculation. For

same as the number in the least precise me
example, consider the calculation

Corrected
456 X 1.4 = 638 — 6.;1
E Py H ' 1 -
Limiting term has Twa :'-I}.nliludlll
twao significant figures
figures

The product should have only two significant figures, since 1.4 has two significant

figures.

2. For addition or subtraction, the result h
least precise measurement used in the calculati

1s the same number of decimal places as the
on. For example, consider the sum

1211
Although these simple rules work well for 18.0  « Limiting term has one decimal place
most cases, they can give misleading 1.013
results in certain cases. For more infor- 31.123 Cormected | 311
mation, see L. M. Schwartz, “Propagatiqn t
of Significant Figures,” J. Chem. Ed. 62 One decimal place
(1985): 693; and H. Bradford Thompson, .
“Is 8°C Equal to SO°F?" ). Chem. Ed. 68 The correct result is 311, since 18.0 has only one decimal place.
(1991): 400.
Note that for multiplication and division, significant figures are counted. For addi-
tion and subtraction, the decimal places are counted.
In most calculations you will need to round numbers to obtain the correct number
of significant figures. The following rules should be applied when rounding.
Rules for Rounding
1. Inaseries of calculations, carry the extra digits through to the final result, then
round.
2. If the digit to be removed
a. is less than 5, the preceding digit stays the same. For example, 1.33 rounds
to1.3.
Rule 2 is consistent with the operation of b. is equal to or greater than 5, the preceding digit is increased by 1. For example,
electronic caleulators. 1.36 rounds to 1.4.
. Although roum.iing is generally straightforward, one point requires special empha-
sis. As an lllustmtmn.. suppose that the number 4,348 needs (o be rounded to two sig-
nificant figures. In doing this, we look only at the first number to the right of the 3:
4.348
1
Look at this number 1o
round 10 two significant figures,
Do not round sequentially. The number The number is rounded to 4.3 because 4 is less than 5. It is incorrect to round sequen-

6.8347 rounded to three significant figures tially. For example, do not round the 4 10 5 to give 4.35 and then round the 3 to 4 to
is 6.83, not 6,84, gi\'e 4.4‘

When rounding, use only the first number to the right of the last significant figure.

It is important to note that Rule 1 above usually will not be followed in the exam-
ples in this text because we want to show the correct number of significant figures in
each step of a problem. This same practice is followed for the detailed solutions given

Unless atherwise noted, all art on this page is © Cengage Learning 2014
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L5 Significant Figures and Calculations 17

inthe Solutions Guide. However, when You are doing problems, you should carry extra

x%igils throughout a series of calculations and round to the correct number of significant
!1gures only at the end. This is the practice you should follow. The fact that your round-
Ing procedures are different from those used in this text must be taken into account
\\.'hcn you check your answer with the one given at the end of the book or in the Solu-
ftons Guide. Your answer (based on rounding only at the end of a calculation) may
differ in the Jast place from that given here as the “correct” answer because we have
rounded after each step. To help you understand the difference between these rounding
procedures, we will consider them further in Example 1.4

Interactive
Example 1.4

Signin at http://login.cengagebrain
_comto try this Interactive Example
in OWL.

This number ryst be rounded to two
Significant figures,

Prot O Cengage Leaming

Significant Figures in Mathematical Operations

Carry out the following mathematical operations, and give each result with the correct
number of signiticant figures.

O LOSX 107 + 6135
b. 21 - 138
¢ As part of a lab assignment to determine the value of the gas constant (R), a

student measured the pressure (), volume (V), and temperature (T) for a sample
of gas, where

_ rv
=
The foilo\ving values were obtained:; P = 2.560, T = 275.15, and V = 8.8. (Gases will

be discussed in detail in Chapter 5; we will not be concerned at this time about the
units for these quantities.) Calculate R to the correct number of significant figures.

R

Solution

a. The resultis 1.71 X 1074, which has three significant figures because the term
with the least precision (1.05 X 103) has three significant figures,

b. The result is 7 with no decimal point because the number with the least number
of decimal places (21) has none.

_ PV (2.560)(8.8)
T T 275105
The correct procedure for obtaining the final result can be represented as follows:
(2.560)(8.8) _ 22.528
275.15  275.15
=0082=82x10"=R

c. R

= 0.0818753

The final result must be rounded to two significant figures because 8.8 (the least pre-
cise measurement) has two significant figures. To show the effects of rounding at inter-
mediate steps, we will carry out the calculation as follows:

Rounded to two
significant figures

!
(2:560)(8:8) _ 22528 _ 23
275.15 275.15  275.15

Now we proceed with the next calculation:

Py

275.15
Rounded to two significant figures, this result is
0.084 = 84 x 1072

= 0.0835908

el et vim vad, all ant o this gage is © Cengage Learning 2014,
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; i di ntresult th : .
Note that intermediate rounding gives a sngmﬁcanlll).dfffe:; e :;(:E‘[“ Obtaingg
by rounding onlv at the end. Again, we must reemp “t';.lzf T P 4lions y
should round only at the end. However, because roun o Mlemediy,

significant figur
steps in this text (1o always show the correcl number of signi gures), the fing

answer given in the text may differ slightly from the one you obtain (rounding only z

the end).
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S P Y- ST

See Exercises 1.35 through 1.3 |

There is a useful lesson to be learned from Part c f)f Example 1.4. The studen; Meg. |
sured the pressure and temperature to greater precision than the \'olume'. A more pre.
; cise value of & (one with more significant figures) could have been obtained if a mqy,
| precise measurement of V had been made. As it is, ll1'3"3ff0ns Expnded 1o Measure
Pand T'very precisely were wasted. Remember that a series qf measurements to obtajp |
some final result should all be done to about the same precision. 5

1.6 | Learning to Solve Problems |
Systematically

One of the main activities in learning chemistry is solving various types of problems
The best way to approach a problem, whether it is a chemistry problem or one from
your daily life, is to ask questions such as the following:

+ What is my goal? Or you might phrase it as: Where am [ going?

» Where am [ starting? Or you might phrase it as: What do 1 know?

3. How do I proceed from where [ start to where I want to go? Or you might say:
How do 1 get there?

1
2

We will use these ideas as we consider unit conversions in this chapter. Then we will
have much more to say about problem solving in Chapter 3, where we will start to
consider more complex problems.

1.7 | Dimensional Analysis

It is often necessary to convert a given result from one system of units to another. The
best way to do this is by a method called the unit factor method or, more commonly,
dimensional analysis. To illustrate the use of this method, we will consider several
unit conversions. Some equivalents in the English and metric systems are listed in
Table 1.4. A more complete list of conversion factors given to more significant figures
appears in Appendix 6.

Consider a pin measuring 2.85 cm in length. What is its length in inches? To ac-

Table 1.4 | English-Metric complish this conversion, we must use the equivalence statement

Equivalents

254cm = 1in

Length 1m =1.094yd - : . ; _
YEA e =1 i I we divide both sides of this equation by 2.54 cm, we get
Mass lkg =2.2051b _ lin
453.6g=11Ib = 5iom
Volume 1L=106qt o s e o X i . ) :
10 = 2839 L This expression is called a unit factor. Since 1 inch and 2.54 cm are exactly equivalent,

- multiplying any expression by this unit factor wil] not change its value.

Unless otherwise nated, all art on this page is © Cengage Leaning 200




1.7 Dimensional Analysis 19

The pin has 5

length of 2
factor gives

-85 cm. Mullip]ying this length by the appropriate unit

285cm x 10 _ o = i
254cm 254 o

Note that (he centimeter yp;

we wanted tg accompli

quired by the number 2

2.85. Recall that 1y
numbers by definitjon,

Interactive
Example 1.5

: 'nathltp:lflogin.cengagebrain
2 Im try this Interactive Example
com

in OWL.

Consider the direction of the required
thange to select the correct unit factor.

' T
T botad 4

S

—
Unit Conversions |

A pencil is 7.00 inlong. What iy its length in centimeters?
Solution

Where are we going?

To convert the length of the pencil from inches o centimeters
What do we know?

> The pencil is 7.00 in long.

How do we get there?
Since we want to convert from inches to centimeters, we need the equivalence state-
. . . — . 254 cm
ment 2.54 cm = | iy, The correct unit factor in this case is —'T—

in
254 ¢

700 x = inm = (7.00)(2.54) em = 17.8 cm

Here the inch units cancel, leaving centimeters, as requested.

See Exercises 1,41 and 1.42

Note that two unit factors can be derived from each equivalence statement, For ex-
ample, from the equivalence statement 2.54 ¢m = 1 in, the two unit factors are

254 cm lin
lin 254 cm
How do you choose which one to use in a given situation? Simply look at the direction

of the required change. To change from inches to centimeters, the inches must cancel.

Thus the factor 2.54 ¢cm/1 in is used. To change from centimeters to inches, centime-
ters must cancel, and the factor 1 in/2.54 cm is appropriate.

Problem-Solving Strategy

Converting from One Unit to Another
> To convert from one unit to another, use the equiv

alence statement that
relates the two units.

? Derive the appropriate unit factor by looking at the direction of the required
change (to cancel the unwanted units).

> Multiply the quantity to be converted by the unit factor ta give the quantity
with the desired units.

Atonthis page s ¢ Cengage Learning 2014
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—

nteractive Unit Conversions I .
Example 1.6 You want to order a bicycle with a 25 5-in frame, but the sizes 1n the catalog are givey
. ?
Sign in at http://login.cengagebrain only in centimeters. What size should you order
-comto try this Interactive Example
in OWL Solution

Where are we going?
To convert from inches to centimeters

What do we know?
> The size needed is 25.5 in.
How do we get there?

Since we want to convert from inches to centimeters, we need the equivalence state.
. 254cm
. - s ; jscaseis — /!
ment 2.54 cm = 1 in. The correct unit factor in this ca T

.y
25.5inf X "Sl'li;m = 64.8cm

See Exercises 1.41 and 1.42 '

To ensure that the conversion procedure is clear, a multistep problem is considered
in Example 1.7.

Interactive.
Example 1.7
Sign in at http://login.cengagebrain

.com 1o try this Interactive Example Solution
in OWL

Unit Conversions lll

A student has entered a 10.0-km run. How long is the run in miles?

Where are we going?
To convert from kilometers to miles
What do we know?

> The runis 10.00 km long.
How do we get there?

This conversion can be accomplished in several different ways. Since we have the
equivalence statement | m = 1.094 yd, we will proceed by a path that uses this fact.
Before we start any calculations, let us consider our strategy. We have kilometers,
which we want to change to miles. We can do this by the following route:

gldlnmeters ‘ meters :-——- 3a;ds l——-!i —rn;les I

To proceed in this way, we need the follow

Ing equivalence statements:

I’ km = 1000 m
Im = 1.094yd
1760 yd = 1 mj
To make sure the process is clear, we will proceed step by step:
Kilometers to Meters
1000 m

10.0 ki X

Tl = 1.00 X 10°m

Unless otherwise noted, all art on this page is © Cengage Learning o4
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Inthe text we round to the correct

pumber of significant ﬁg“f“_aﬂﬂeach
step to show the correct sngnuﬁc?nl figures
for each calculation. Howe_ver, since you
use a calculator and combine steps on it,
you should round only at the end.

1.7 Dimensional Analysis 21

Meters to Yards

1.094 y
1.00 X 10 it X Tg’ﬂ = 1.094 X 10* yd
1

Note that we should have only

: three significant figures in the result. However, since
this is an Intermediate result, w

e will carry the extra digit. Remember, round off only
the final result,
Yards to Miles
1 mi
1.094 X 10 yd X ——— = 6216 mi
T T 1760 vd m

Note in this case that 1 mi equals exactly 1760 yd by designation. Thus 1760 is an
€Xact number,

Since the distance Wi origin

. ally given as 10.0 km, the result can have only three
significant figures

and should be rounded 10 6.22 mi. Thus

10.0 km = 6.22 mj
Alternatively, we can combine the steps:
) .094 I mi !
100kt 3¢ <2 1094y | Ami
1 kit | m 1760 yd
See Exercises 1.41 and 1,42

In using dimensional analysis, your verification that everything has been done cor-
rectly is that you end up with the correct units. In doing chemistry problems, you
should always include the units for the quantities used. Always check to see that the

units cancel to give the correct units for the final result. This provides a very valuable
check, especially for complicated problems.

Study the procedures for unit conversions in the following examples.

Interactive
Example 1.8

Signinat http://login.cengagebrain

-com to try this Interactive Example
in OWL.

e, Ay gy

Unit Conversions IV

The speed limit on many highways in the United States is 55 mi/h. What number
would be posted in kilometers per hour?

Solution

Where are we going?

To convert the speed limit from 55 miles per hour to kilometers per hour
What do we know?
> The speed limit is 55 mi/h.
How do we get there?
We use the following unit factors to make the required conversion:
Result obtained by

rounding only at the
end of the calculation
e R ol

Pl 760y dm dkm e
h " Tmi  1.094yd < 1000w

Note that all units cancel except the desired kilometers per hour.

See Exercises 1,49 through 1,51

" reAed, all act on this page s © Cengage Learning 2014,
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ﬁ

e — e

in OWL.

Signin at http://login.cengagebrain
.com to try this Interactive Example

Unit Conversions V
A Japanese car is advertised as having
miles per gallon.

a gas mileage of 15 km/L. Convert this Fating

Solution

Where are we going? - iles per gallon
To convert gas mileage from 15 kilometers per liter to miles per g2

What do we know?

> The gas mileage is 15 km/L.
How do we get there? _
We use the following unit factors to make the required conversion:

Result obtained by
rounding only at the

end of the caleulation
ISkm  1000m  1094yd | m_ 1k dq_ i
L [ ket 1 1760yd = 1.06qt 1 gal
See Exercise 1.52

Interactive’
Example 1.10°

Signin at http://login.cengagebrain
.com to try this Interactive Example

in OWL.

1.8 |

Unit Conversions VI
The latest model Corvette has an engine with a displacement of 6.20 L. What s the
displacement in units of cubic inches?

Solution
Where are we going?
To convert the engine displacement from liters to cubic inches

What do we know?
» The displacement is 6.20 L.

How do we get there?

We use the following unit factors to make the required conversion:
11t (12in)?

2832L (1 f1)°

Note that the unit factor for conversion of feet to inches must be cubed to accommo-
date the conversion of ft3 to in3.

= 378 in?

6.20L X

Sée Exercise 1.56

Temperature

Three systems for measuring temperature are widely used: the Celsius scale, the Kel
vin scale, and the Fahrenheit scale. The first two temperature systems are used in the
physical sciences, and the third is used in many of the engineering sciences. Our pur
pose here is to define the three temperature scales and show how conversions from 0n¢
scale to another can be performed. Although these conversions can be carried out foU°

agid
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tinely on most calculators, w.
methods of problem solv

The three temperature scales are defined
size of the lemperature unit (the degree) is th
The fi undamental differe
Conversion betw

€10 points.

e will consider the process in some detail here 1o illustrate
ing.

and compared in Fig. 1.9. Note that the
¢ same for the Kelvin and Celsjus scales,
nce between these two tlemperature scales is their zero points.
een these two scales simply requires an adjustment for the different
I= T+ 35

Temperature (Kelvin) = temperature (Celsius) + 273.15

or
foe R~ 235 Temperature (Celsius) = temperature (Kelvin) — 273.15
For Example, to convert 300.00 K to the Celsius scale, we do the following
calculation:
300.00 - 273.15 = 26.85°C
Note that in expressing temperature in Celsjus units, the designation °C is used. The
degree symbol is not used when writing temperature in terms of the Kelvin scale. The
unit of temperature on this scale is called a kefvin and is symbolized by the letter K.
Con\‘crling between the Fahrenheit and Celsius scales is somewhat more compli-
cated because both the degree sizes and the zero points are different. Thus we need to
consider two adjustments: one for degree size and one for the zero point. First, we
must account for the difference in degree size. This can be done by reconsidering Fig.
1.9. Notice that since 212°F = 100°C and 32°F = ¢°C,
212 - 32 =180 Fahrenheit degrees = 100 — 0 = 100 Celsius degrees
Thus 180° on the Fahrenheit scale is equivalent to 100° on the Celsius scale, and the
unit factor is
180°F 9°F
- b ——
100°C 5°C
or the reciprocal, depending on the direction in which we need to go,
¥ Next, we must consider the different zero points. Since 32°F = 0°C, we obtain
| the corresponding Celsius temperature by first subtracting 32 from the Fahrenheit
'i
i
i . » .
i Fahrenheit Celsius Kclvin
# F—~ —.l
? Boiling ) Q S
‘5 point T
; = o - 100°C === 373I5K
: of\\aler-—-?— 212°F _—‘—7—
180 100 )
Fahrenheit Celsius 100 .
degrees— degrees— kelvins —
Freezing
point . \ )
of water—— ll} 32oF [ 0eC H 273.15K
L —40°F HH —40°C i 233.15K
3
Figure 1.9 | The three major
temperature scales,
Uriess ctheraice noted, afl art on this page is © Cengage Learning 2014.
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24 Chapter1 Chemical Foundations

o i the unit factor is x
temperature to account for the different ZLIP pm;‘]l?j- ﬂ}zf::m e :gphed N
adjust for the difference in the degree SIZ€: lis process ed by

equation

b~ = Lo (Lyy

rature on the Fahrenheit and Celsius Scaleg

we first correct for degree size ang lher;
an be summarized in the folloy,.

where 7y and T represent a given (empe
respectively. In the opposite conversion, "~
correet for the different zero point. This proces

ing general equation:
9°F

+ 32°F (12
5°C )

! T,.:T(-X

ally the same equation in different forms. See if y,,

Understand the process of converting Equuliun_\ (1.1 and ( 1.2y are re ;
jquation (1.1) and rearranging.

f r ora ¢ b ; g : i
rom‘oneltemm_ r..:lurc scale to {molhcr. do can obtain l:.t]ll:llltlll “_2) hy starting with | - i
ot Simply memorize the equations. At this point it is worthwhile to weigh the two alternatives for learning to do tep,.

perature conversions: You can simply memorize the equations, or you can take he
time to learn the differences between the temperature scales and to understand (he
processes involved in converting from one scale to anothc_:r. Thc lal_tcr approach may
take a little more effort, but the understanding you gain will stick with you much lop.
ger than the memorized formulas. This choice also will apply to many of the other

chemical concepts. Try to think things through!

Temperature Conversions |

Normal body temperature is 98.6°F. Convert this temperature to the Celsius and

Sign in at http://login.cengagebrain Kelvin scales.
.com to try this Interactive Example :
in OWL. Solution

Where are we going?
To convert the body temperature from degrees Fahrenheit to degrees Celsius and to
kelvins.

What do we know?
} The body temperature is 98.6°F.

How do we get there?

Rather than simply using the formulas to solve this problem, we will proceed by think-
ing it through. The situation is diagramed in Fig. 1.10. First, we want to convert 98.6°F
to the Celsius scale. The number of Fahrenheit degrees between 32.0°F and 98.6°F is
66.6°F. We must convert this difference to Celsius degrees:

Thinkstock/Getty Images

A nurse taking the temperature of a : .

i 3%
atient. 660.6°F X = 0
p 5o = 97.0°C

Thus 98.6°F corresponds to 37.0°C.
Now we can convert to the Kelvin scale:

Ty =T + 273.15 = 37.0 + 273.15 = 310.2K
Note that the final answer has only one decimal place (37.0 is limiting).
See Exercises 1.57, 1.59,and 160

BTY
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Figure 1.10 | Normal body
te;}peralure on the Fahrenheit,
Celsius, and Kelvin scales.

1.8 Temperature 25
Fahrenheit Celsius Kelvin
Q) (@) (o)
H \98.6°F L1\ 2°C L 7K
A \ )
\66.6°F ( 66.6°F x %C:. =370°C \37.0 + 273.15K =3102K
1} /3'_w|:- W | )ch n )273.]5K

Example 1.12

ol ame i sl e o

Uriasa chbar g

k,
Scanned by CamScanner

Temperature Conversions ||

One interesting feature of the Celsius and Fahrenheit scales is that —40°C and —40°F
represent the same temperature, as shown in Fig. 1.9. Verify that this is true.

Solution
Where are we going?
To show that —40°C = —40°F

What do we know?
> The relationship between the Celsius and Fahrenheit scales
How do we get there?

The difference between 32°F and —40°F is 72°F. The difference between 0°C and
—40°C is 40°C. The ratio of these is

72°F _ 8 X 9°F _ °F
40°C 8 X 5°C  5°C

as required. Thus —40°C is equivalent to —40°F.

See Exercise 1.61

Since, as shown in Example 1.12, —40° on both the Fahrenheit and Celsius scales
represents the same temperature, this point can be used as a reference point (like 0°C
and 32°F) for a relationship between the two scales:

Number of Fahrenheit degrees _ T — (-40) _ 9°F
Number of Celsius degrees Te — (—40) 5°C

Te +40 O°F
= 1.
Te+40 5°C 1

where Ty and T¢ represent the same temperature (but not the same number). This equa-
tion can be used to convert Fahrenheit temperatures to Celsius, and vice versa, and
may be easier to remember than Equations (1.1) and (1.2).

“ ruted, 4l act on this page is © Cengage Learning 2014,
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Signin at http://login.cengagebrain
-com to try this Interactive Example
in OWL,

Liguid nitrogen is so cold that water
condenses out of the surrounding air,
Jforming a cloud as the nitrogen is poured.

Rechard Megna Fundamental Phatograpts © Cengage Leaming

—

Temperature Conversions I
d as a coolant for low-temperature experimeng, ha

iquid nitrogen, which is often usc i
Liquid nitrogen, which is oft mperature on the Fahrenheit scale?

a boiling point of 77 K. What is this te
Solution

Where are we going?
To convert 77 K to the Fahrenheit scale

Whar do we know? . |
O e scales
> The relationship between the Kelvin and Fahrenheit scale

How do we get there?
We will first convert 77 K to the Celsius scale:

Te=Tx~21315=01~= 273.15 = —196°C

To convert to the Fahrenheit scale, we will use Equation (1.3):

T: +40 _ 9°F
Te +40  5°C
T, +40 T +40 _9°F

~196°C + 40 —156°C  5°C

Ty + 40 = 202(—156°C) = =281°F
T = —281°F — 40 = —321°F

See Exercises 1.57, 1.59, and 1.60

1.9 | Density

A property of matter that is often used by chemists as an “identification tag” for a
substance is density, the mass of substance per unit volume of the substance:

mass

Density =
y volume

The density of a liquid can be determined casily by weighing an accurately known
volume of liquid. This procedure is illustrated in Example 1.14.

Interactive
Example 1.14

Signin at http://login.cengagebrain
.com to try this Interactive Example
in OWL.

Scanned by Camscanner

Determining Density

A chemist. trying to identify an unknown liquid, finds that 25.00 cm? of the substance
has a mass of 19.625 g at 20°C. The following are the names and densities of the com-
pounds that might be the liquid:

P e oy , —
Compound Densitying/cm?at20°C |
Chloroform 1.492
Diethyl ether 0.714
Ethanol 0.789
Isopropyl alcohol 0.785
Toluene 0.867

Which of these compounds is the most likely to be the unknown liquid?

Unless otherwise noted, all art on this page is © Cengage Learning 204
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Solution

Where are we going?

To calculate the density of the unknown liquid

What do we know?
> The mass of a given volume of the liquid,
How do we get there?

To identify the unknown subst

ance, we must determine its density, This can be done
by using the definition of dens

ity:
, miss 19.625 ¢
Density = —=2 - - 0,7550) g fem’
y volume  25.00 ¢’ glem

This density corresponds exactly 1o that of isopropyl alcohol, which therefore most
likely is the unknown liquid. However, note that the der
close. To be sure that the

density expe

ity of ethanol is also very
compound is isopropyl alcohiol, we should run several more

riments. (In the modern laboratory, many other types of tests could be
done to distinguish between these two liquids.)

See Exercises 1.67 and 1.68

Besides being a tool for the identification of substances, density has many other
uses. For example, the liquid in your car's lead storage battery (a solution of sulfuric
acid) changes density because the sulfuric acid is consumed as the battery discharges.
In a fully charged battery, the density of the solution is about 1,30 plem'. 1M the density
falls below 1.20 g/cm’, the battery will have to be recharged. Density measurement is
also used to determine the amount of antifrecze,

and thus the level of protection against
freezing, in the cooling system of a car.

The densities of various common substances are given in Table 1.5.

Table 1.5 | Densities of Various Common Substances* at 20°C

Substance Physical State _ Density (g/cm®)
Oxygen Gas 0.00133
Hydrogen Gas 0.000084
Ethanol! Liquid 0.789
Benzene Liquid 0.880
Water Liquid 0.9982
Magnesium Solid 174

Salt (sodium chloride) Solid 2.16
Aluminum Solid 2,70

Iron Solid 7.87
Copper Solid 8.96
Silver Solid 10.5

Lead Solid 11.34
Mercury Liquid . 13.6

Gold Solid 19.32

*At 1 atmosphere pressure.

Classification of Matter

Before we can hope to understand the changes we see going on around us—the growth
of plants, the rusting of steel, the aging of people, the acidification of rain—we must
find out how matter is organized. Matter, best defined as anything occupying space

A Pran, §
e 2l an o thig Paye is © Cengage Learning 2014,
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al of the universe. Matter is complex and has many o, |

and having mass, is the materi : -
S e will introduce basic ideas about the Structyre of |

¢ls of organization. In this section W
matter and its behavior.

We will start by considering the definitions of the fundz.lmiuim.all p.r(.)pt:l-'li.es (.1]' Mg, |
Malter exists in three states: solid, liquid, and gas. A solid "*”i—"d It'h.dh a fixed vq.

ume and shape, A liguid has a definite volume but no RPC‘: l_flb'hliljlp@. 1L assumes the
shape of its container. A gas has no fixed volume nr.shupc.-ll takes on lhc.: shape ang
volume of its container. In contrast 1o liquids and solids. which are only Sllghl[y com.
pressible, gases are highly compressible; itis rc]uhvgly casy o d'ucrea.sc III]C volume of |
pictures ol the three states of water urc'gn'cn in Fig. 1,11, The !
determined by the differen, ar

a gas. Molecular-level
different properties of ice, liquid water, and steam are .
rangements of the molecules in these substances. Table 1.5 gives the states of some
common substances at 20°C and 1 atmosphere pressure.

Most of the matter around us consists of mixtures of pure suhst‘ﬂnccs. Wood, gis.
line, wine. soil, and air all are mixtures. The main characteristic of a mixture is thy it
has variable composition. For example, wood is @ mixture of many sAubstances. the
proportions of which vary depending on the type of wood and where it grows, Mjy.
tures can be classified as homogencous (having visibly indistinguishable parts) o
heterogencous (having visibly distinguishable parts). i

A homogencous mixture is called a solution. Air is a solution consisting of a mijy. “

!SCvlu!ions do not contain components ture of gases. Winc is a complex liquid solution. Brass is a solid solution of copper ang [
Tirfg;lri":;;:tl; :::::12 \T;Tl!t light. See zinc. Sand in water :uul‘iL‘L‘(I tea with ice cubes are cx:mlplcs of heterogeneous miyx.
tures. Heterogeneous mixtures usually can be separated into two or more homoge-
neous mixtures or pure substances (for example, the ice cubes can be separated from ;
the tea). i

Mixtures can be separated into pure substances by physical methods. A pure sub- !
stance is one with constant composition. Water is a good illustration of these ideas, As
we will discuss in detail later, pure water is composed solely of HyO molecules, but the
water found in nature (groundwater or the water in a lake or ocean) is really a mixture,

1

}

|

é

i

&

|

i

§

'

f

|

i

{

§

{

Figure 1.11 | The three states of Iee Steam i
water (where red spheres represent . |
Salid: The wate C are iouid- :

orygen atoms and blue spheres lockisf ?r]aLm rlilgirdn;w?::i:;ﬁim L"Iu:('ll.l ];he i et Gas: Theater mokcts® - 3
§ s are still close 1oge = . mly- ‘

represent hydrogen atoms), and are close together, move around ?fzg::cbl:: uln e wa }
2 exient. ]

i
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The companents of a solution can be
separated by distillation.

The term volatile refers to the ease with
which a substance can be changed to its
vapor.,

The components of a solution are so
small that they cannot be separated by
filtration.

Figure 1.12 | Simple laboratory
distillation apparatus. Cool water
tirculates through the outer portion
of the condenser, causing vapors from
the distilling flask to condense into a
liquid. The nonvolatile component of

:}h'f:lixture remains in the distilling
ask,

1.10 Classification of Matter 29

Seawater, for exam ple, contains large amounts of dissolved minerals. Boiling seawater
pr(:.duccs steam, which can be condensed to pure water, leaving the minerals behind as
S()_llds, The dissolved minerals in seawater also can be separated out by freezing the
mixture, since pure water freezes out, The processes of boiling and freezing are physi-
cal changes. When water freezes or boils, it changes its state but remains water; it is
still composed of H;0 molecules. A physical change is a change in the form of a sub-
.\l:.mcc. not in its chemical composition. A physical change can be used to separate a
Mixture into pure compounds, but it will not break compounds into elements.

One of the most imporant methods for separating the components of a mixture is
distillation, a process that depends on differences in the volatility (how readily sub-
stances become gases) of the components. In simple distillation, a mixture 1s heated in
adevice such as that shown in Fig. 1,12, The most volatile component vaporizes at the
!““‘C\l lemperature, and the vapor passes through a cooled tube (a condenser), where
it condenses back into its liquid state.

The simple, one-stage distillation apparatus shown in Fig. 1.12 works very well
when only one component of the mixture is volatile. For example, a mixture of water
and sand is casily separated by boiling off the water. Water containing dissolved min-
crals behaves in much the same way. As the water is boiled off, the minerals remain
behind as nonvolatile solids. Simple distillation of seawater using the sun as the heat
source is an excellent way to desalinate (remove the minerals from) seawater.

However, when a mixture contains several volatile com ponents, the one-step distil-
lation docs not give a pure substance in the receiving flask, and more elaborate meth-
ods are required.

Another method of separation is simple filtration, which is used when a mixture
consists of a solid and a liquid. The mixture is poured onto a mesh, such as filter paper,
which passes the liquid and leaves the solid behind.

A third method of separation is chromatography. Chromatography is the general
name applied to a series of methods that use a system with two phases (states) of mat-
ter: a mobile phase and a stationary phase. The stationary phase is a solid, and the
mobile phase is cither a liquid or a gas. The separation process occurs because the

Il
i~ Thermometer

Condenser

4
Cofoi

= +
i . L
i1 waterin Vi Receiving
: ol flask
' Distillate——_/__

Distilling
flask
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30 Chapter1 Chemical Foundations

Figure 1.13 | Paper chromatogra-
phy of ink. (a) A dot of the mixture to
be separated is placed at one end of a
sheet of porous paper. (b) The paper
acts as a wick to draw up the liquid.

e

Knisten Brochmann/Fundamental Phatographs
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The element mercury (top left) combines
with the element iodine (top right) to
form the compound mercuric iodide
(bottom). This is an example of a
chemical change.

Photos © Chartes D Winters

components of the mixture have different affinities for the two Pl_lflSFS and thus move
through the system at different rates. A component with a h:glh affinity for the mobile
phase moves relatively quickly through the chromatographic system, whereas one
with a high affinity for the solid phase moves more slowly.

One simple type of chromatography, paper chromatography. uses a strip of
porous paper, such as filter paper, for the stationary phase. A drop of the mixture 1o
be separated is placed on the paper, which is then dipped into a liquid (the mobile
phase) that travels up the paper as though it were a wick (Fig. 1.13). This method of
separating a mixture is often used by biochemists, who study the chemistry of living
systems.

[t should be noted that when a mixture is separated, the absolute purity of the sepa-
rated components is an ideal. Because water, for example, inevitably comes into con-
tact with other materials when it is synthesized or separated from a mixture, it is never
absolutely pure. With great care, however, substances can be obtained in very nearly
pure form,

Pure substances are either compounds (combinations of elements) or free elements.
A compound is a substance with constant composition that can be broken down into
clements by chemical processes. An example of a chemical process is the electrolysis
of water, in which an electric current is passed throu gh water to break it down into the
free elements hydrogen and oxygen. This process produces a chemical change because
the water molccules have been broken down. The water is gone, and in its place we
have the free elements hydrogen and oxygen. A chemical change is one in whicha
given substance becomes a new substance or substances with different properties and
different composition. Elements are substances that cannot be decomposed into sim-
pler substances by chemical or physical means.

We have seen that the matter around us has various levels of organization. The most
fundamental substances we have discussed so far are elements. As we will see in later
chapters, elements also have structure: They are composed of atoms, which in turn are
composed of nuclei and electrons. Even the nucleus has structure: It is composed of
protons and neutrons. And even these can be broken down further, into elementary
particles called quarks. However, we need not concemn ourselves with such details at
this point. Fig. 1.14 summarizes our discussion of the organization of matter.

Unless otherwise noted, all art on this page is © Cengage Learning 204




Figure 1.14 | The organization of

matter.
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scientific method
measurement

hypothesis

theory

model

natural law

law of conservation of mass

Section 1.3
SIsystem

mass

weight
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uncertainty
significant figures
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precision
random error
systematic error
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Scientific method

¥ Make observations

? Formulate hypotheses

> Perform experiments

Models (theories) are explanations of why nature behaves in a
particular way.

> They are subject to modification over time and sometimes fail.

Quantitative observations are called measurements.
> Measurements consist of a number and a unit.
} Measurements involve some uncertainty.

» Uncertainty is indicated by the use of significant figures.
¥ Rules to determine significant figures
> Calculations using significant figures

> Preferred system is the SI system.

Temperature conversions
> Ty = Te + 273.15

5°C
> Te= (T - 32°F)( QQF)
9°F
> TF = TC (SOC) + 32°F
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Key terms Density

Section 1.10 mass

nmatter ¥ Dl:'n.";i[.\' = =

statex (of matter) SRS

homogeneoys mixture Matter can exist in three states:

heterogencous mixture .

solution > Salid

pure substance » Liquid

Physical change > Gas

distillation

filtration Mixtures can be separated by methods involving only physical hanges;

chmm:ltm:r;lplw
£raphy > Distillatio
paper clmnn;lmgmplw i

compound > Filtration
chemical change > Chromatog raphy
clement

Compounds can be decomposed to elements only through chemical Change,

Review questions Anmuvers to the Re ew Questions can be found on the Student website (accessible from wwivi.cengagebrain.com)

L PChnC‘ and explain the differences between the follow- 5. A student performed an analysis of a sample for jis
Ing terms, calcium content and got the following results;
% law and theory 14.92%  1491%  1488% 14919
b. theory and experiment )

]-. . N i The actual amount of calcium in the sample is 15.70%,

€. qualitauve and quantitative What conclusions can you draw about the accuracy and
d. hypothesis and theory precision of these results?

2. Is the scientific method suitable for solving problems 6. Compare and contrast the multiplication/division

significant figure rule to the significant figure rule
applied for addition/subtraction in mathematical
operations.

7. Explain how density can be used as a conversion factor
to convert the volume of an object to the mass of the

only in the sciences? Explain.

3. Which of the following statements could be tested by
quantitative measurement?
a. Ty Cobb was a better hitter than Pete Rose.

. Ivory soap is 99.44% pure. ; .
b 1voey seapis 99 44% BRI object, and vice versa.
. id mes 47 times its weight in excess .
= F:o]a: shcor_l(siu ! hd 8. On which temperature scale (°F, °C, or K) does 1 degree
s ch acid. ;
SOmAciiae ; o3 represent the smallest change in temperature?
3 'ing pieces of glassware, provide a i ) ]
4. For each of the following p. ° P 9. Distinguish between physical changes and chemical
sample measurement and discuss the number of eliifRs
significant figures and uncertainty. = ) ] ) .
10. Why is the separation of mixtures into pure or relatively

pure substances so important when performing a

5 L_J J‘ ; chemical analysis?
1
§ e
1 G | '
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A blue question or ¢

Chapter 1 Chemical Foundations

Neraise number indicates that the answer to

h: . SO
tiat question ar exereive Appears at the back of this book and a

selution appears in the S, utions Guids

<as tound on Powerl ecture.

Questions

17,

18.

19
20

-

[
(&

.

>

b9
th

20.

The difference between a law a
between whar and win. Explain.
The scientitic method is
mean?

nd a theory is the difference
a dynamic process, What does this
Explain the fundamental steps of the scientific method.
What is the difference between random error and systematic
error? -
A measurement is g quantit
number and a unit, What is
the S1 units for mass, |e

ative observation involving both a
aqualitative observation? What are
ngth, and volume? What is the s-
sumed uncertainty in a number (mless stated otherwise)? The
unccrmjnty of a measurement depends on the precision of the
measuring device. Explain,

To determine the volume of a cube, a student measured one of

the dimensions of the cube several times, If the true dimension
of the cube is 10.62 ¢m, give an example of four sets of mea-
surements that would illustrate the following,
a. imprecise and inaceurate data
b. precise but inaccurate data
€. precise and accurate data
Give a possible explanation as to why data can be impre-
cise or inaccurate. What is wrong with saying a set of mea-
surements is imprecise but accurate?
What are significant figures? Show how to indicate the num-
ber one thousand to | significant figure, 2 significant figures,
3 significant figures, and 4 significant figures. Why is the an-
swer, to the correct number of significant figures. not 1.0 for
the following calculation?
15-1.0
050
A cold front moves through and the temperature drops by
20 degrees. In which temperature scale would this 20 degree
change represent the largest change in temperature?
When the temperature in degrees Fahrenheit (73) is plotted vs,
the temperature in degrees Celsius (T¢), a straight-line plot
results. A straight-line plot also results when 7¢ is plotted vs.
Ty (the temperature in kelvins). Reference Appendix A1.3 and
determine the slope and y-intercept of cach of these two plots,
Give four examples illustrating each of the following terms.
d. element
e. physical change
f. chemical change

a. homogeneous mixture
b. heterogencous mixture
¢. compound

Exercises

In this section similar exercises are paired.

Significant Figures and Unit Conversions

27.

Which of the following are exact numbers?
a. There are /00 cmin | m.
I One meter equals 1,094 yards.

1.

32.

a3,

N

e, We cun use the equation
°F = $°C + 32
to convert from Celsius to Fahrenheit temperature, Ar, the
pumbers ¢ and 32 exact or inexact?
d. m= 31415927
Indicate the number of significant figures in each of the
following:
. This book contains more than 1000 pages.

b A mile is about 5300 {1,

¢, A liter is equivalent to 1.059 gt

d. The population of the United States is approaching
3.1 % 10° million.

¢. A kilogram is 1000 g.

f, The Boeing 747 cruises at around 600 mi/h.

29. How many significant figures are there in each of the folloy.

ing values?

n 607 x 1071 e. 463.8052

b, 0.003840 f. 300

c. 17.00 g 301

d. 8 x 10¥ h. 300.

How many signilicant figures are in cach of the following?
a. 100 e. 0.0048

h. 1.0 x 10? f. 0.00480

c. 1.00 % 10! g 4.80 % 103

d. 100. h. 4.800 x 103

Round off each of the following numbers 1o the indicated
number of significant digits, and write the answer in standard
scientific notation.

a. 0.00034159 to three digits

b. 103.351 X 107 10 four digits

¢ 17.9915 1o five digits

d. 3.365 X 10* to three digits

Use exponential notation to express the number 385,500 o
a. one significant figure,

b. two significant figures,

¢ three significant figures.

d. five significant figures,

—

You have liquid in cach graduated cylinder shown:

3 -

2 =
mL | =7 mL | —° [
R i 1L
=3 =
41 —& 8
3 La=l
.7 05 L
2 =
- o N X
1 ‘\-:.A i
— i

s
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38.

You then add both samples to a beaker. How w
the number describing the total volume?
sion of this number?

ould you write
What limits the preci-

The beakers shown below have different precisions.

a. Label the amount of water in each of the three be
the correct number of significant figures.

akers to

b. Is it possible for each of the three beakers to contain the
exact same amount of water? 1f no, why not? It ves, did

you report the volumes as the same in part a? Explain.
¢. Suppose you pour the water from these three beakers into
one container. What should be the volume in the container

reported to the correct number of significant figures?

Evaluate each of the following, and write the
appropriate number of significant figures.
a. 212.2 + 26.7 + 402.09
b. 1.0028 + 0.221 + 0.10337
€. 52331 + 26.01 — 0.9981
d. 201 X 10° + 3.014 X 10}
e. 7.255 — 6.8350
Perform the following mathematical operations, and express
each result to the correct number of significant figures.

0.102 X 0.0821 X 273

1.01

b. 0.14 X 6.022 X 10%
¢. 40 X 10 X 5.021 x 1073 X 7.34993 x 102

2.00 x 10°
" 300 x 1077

answer to the

d

. Perform the following mathematical operations, and express

the result to the correct number of significant figures.
2526 0470  80.705
31 0.623  0.4326
b. (6.404 % 291)/(18.7 — 17.1)
c. 6071 X 1075 — 8.2 X 107% - 0.521 X 107#
d. (3.8 X 1072 + 4.0 X 10713)/(4 X 10> + 6.3 X 10%)
95 +4.1+28+3.175
4

(Assume that this operation is taking the average of four
numbers. Thus 4 in the denominator is exact.}
8.925 — 8.905

. ———x 100
8.925

(This type of calculation is done many times in calculating a
percentage error. Assume that this example is such a calcu-
Jation: thus 100 can be considered to be an exact number.)

Perform the following mathematical operations, and express
the result to the correct number of significant figures.

4. 6,022 2 108 X 1.05 X 10?
p, 6262 ¥ 107" X 2,998 X 10*
' 254 % 107

a.

Uriess tharvrise nated, sl art on this page is © Cengage Learning 2014.
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¢ 1285 X 1072+ 124 X 1077 + 1.879 x 10"!
d (1.00866 — 1.00728)
T 602205 % 107

9.875 X 10° = 9,795 X 10°

e, is exz
0,875 % I0° X 100 (100 is exact)

9.42 X 10° + 8.234 X 10> + 1.625 X 10° ,_

f. 5 (3 is exact)

. Perform each of the following conversions.

n. 8.43 cm to millimeters

b, 241 X 10° cm to meters

¢, 294.5 nm to centimeters

d. 1.445 X 10* m 1o kilometers

¢. 235.3 m to millimeters

. 903.3 nm to micrometers

a. How many kilograms are in 1 teragram?

b. How many nanometers are in 6.50 % 10* terameters?

¢. How many kilograms are in 25 femtograms?

-
=
.

How many liters are in 8.0 cubic decimeters?
¢. How many micraliters are in 1 milliliter?

f. How many picograms are in 1 microgram?

41

Perform the following unit conversions.

a. Congratulations! You and your spouse are the proud
parents of a new baby, born while you are studying in a
country that uses the metric system. The nurse has
informed you that the baby weighs 3.91 kg and measures
51.4 cm. Convert your baby's weight to pounds and
ounces and her length to inches (rounded to the nearest
quarter inch).

The circumference of the earth is 25,000 mi at the

equator. What is the circumference in kilometers? in
meters?

=

¢. A rectangular solid measures 1.0 m by 5.6 cm by 2.1 dm.
Express its volume in cubic meters, liters, cubic inches,
and cubic feet.

Perform the following unit conversions.

a, 908 oz to kilograms

b. 12.8 L 1o gallons

c. 125 mL to quarts

d. 2.89 gal to milliliters

e. 448 1bto grams

f. 550 mL to quarts

Use the following exact conversion factors to perform the
stated calculations:

5iyd = 1rod
40 rods = 1 furlong
8 furlongs = 1 mile

a. The Kentucky Derby race is 1.25 miles. How long is the
race in rods, furlongs. meters, and kilometers?

b. A marathon race is 26 miles, 385 yards. What is this
distance in rods, furlongs, meters, and kilometers?

Although the preferred S1 unit of area is the square meter. land

is often measured in the metric system in hectares (ha). One

hectare is equal to 10,000 m?. In the English system, land is
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often measured in acres (1 acre = 160 rod?). Use the exact

conversions and those given in Exercise 43 to calculate the

following.

a lha= km?

b. The area of a 5.5-acre plot of land in hectares, square
meters, and square kilometers

¢ A lot with dimensions 120 ft by 75 ft is to be sold for

$6500. What is the price per acre? What is the price per
hectare?

45. Precious metals and gems are mcasured in troy weights in the

46

47.

48.

49,

50,

English system:

24 grains = | pennyweight (exact)
20 pennyweight = | troy ounce (exact)
12 roy ounces = 1 troy pound {exact)
1 grain = 0.0648 g
lcarat = 0.200 ¢

I

a. The most common English unit of mass is the pound
avoirdupois. What is | troy pound in kilograms and in
pounds?

b. What is the mass of a troy ounce of gold in grams and in
carats?

€. The density of gold is 19.3 g/cm®. What is the volume of a
troy pound of gold?

Apothecaries (druggists) use the following set of measures in
the English system:

|

20 grains ap = 1 scruple (exact)
3 scruples = | dram ap (exact)
B dramap = | oz ap (exact)
Idramap = 3.888 g

a. Is an apothecary grain the same as a troy grain? (See
Exercise 45.)

b. lozap = 0z troy.

¢. An aspirin tablet contains 5.00 X 10° mg of active
ingredient. What mass in grains ap of active ingredient
does it contain? What mass in scruples?

d. What is the mass of I scruple in grams?

For a pharmacist dispensing pills or capsules, it is often casier
to weigh the medication to be dispenscd than to count the in-
dividual pills. If a single antibiotic capsule weighs 0.65 g, and
a pharmacist weighs out 15.6 g of capsules, how many cap-
sules have been dispensed?

A children’s pain relief elixir contains 80. mg acetaminophen
per 0.50 teaspoon. The dosage recommended for a child who
weighs between 24 and 35 Ib is 1.5 teaspoons. What is the range
of acetaminophen dosages, expressed in mg acetaminophen/kg
body weight, for children who weigh between 24 and 35 1b?

Science fiction often uses nautical analogies to describe space
travel. If the starship U.S.S. Enterprise is traveling at warp
factor 1.71, what is its speed in knots and in miles per hour?
(Warp 1.71 = 5.00 times the speed of light; speed of light =
3.00 > 10" m/s; 1 knot = 2030 yd/h.)

The world record for the hundred meter dash is 9.58 s. What is
the corresponding average speed in units of m/s, km/h, ft/s,
and mi/h? At this speed, how long would it take to run 1.00 x
10?7 yards?

51, Would

52.

53, You are in Pari

54,

a car traveling at a constant speed of 65 km/h violate
. = l',

40 mi/h speed limit” e i

You pass a road sign saying “New York 112 Rm.. If you driye

azu:cI:)s;;slam speed of 65 mi/h, how long should it take y,,

cach New York? If your car gets 28 miles to the gallgn. horw
res

o 7L
iters of gasoline are necessary to travel 112 km?
many liter: of gasoline are n ary

is, and you want to buy some peaches for Juny,
The sign in the fruit stand indicates t]'mt peach;.s Cost 245,
ros per kilogram. Given that 1 euro is chun ‘{!;:nl u?_ approy;.
mately $1.32, calculate what a pound of peaches will cog i,
dollars. -

In recent years, there has been a large push for an increase i,
the use of renewable resources [0 produce the energy we e, "
to power our vehicles. One of the newer fuels lh:l has become
more widely available is E85, a mixture of 85% clhanAol and
15% gasoline. Despite being more en\‘tron‘rnenla]!)' fnendl_\_
one of the potential drawbacks of Eﬂi_i fuel is that it produce
less energy than conventional gasoline. Assume a car gets
28.0 mi/gal using gasoline at $3.50/gal and 22.§ mu/gal using
E8S at $2.85/gal. How much will it cost to drive 500. miles
using each fuel?

"55. Mercury poisoning is a debilitating discase that is often fatal,

n
tn

56.

In the human body, mercury reacts with essential enzymes
leading to imreversible inactivity of these enzymes. If the
amount of mercury in a polluted lake is 0.4 ug Hg/mL, why
is the total mass in kilograms of mercury in the lake? (The lake
has a surface area of 100 mi® and an average depth of 20 1)
Carbon monoxide (CO) detectors sound an alarm when peak
levels of carbon monoxide reach 100 parts per million (ppm).
This level roughly corresponds to a composition of air thy
contains 400,000 pg carbon monoxide per cubic meter of air
(400,000 pg/m?). Assuming the dimensions of a room are
18 ft X 12 ft X 8 ft, estimate the mass of carbon monoxide in
the room that would register 100 ppm on a carbon monoride
detector,

Temperature

57.
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Convert the following Fahrenheit temperatures to the Celsius
and Kelvin scales.

a. —459°F, an extremely low temperature
b. —40.°F, the answer to a trivia question
c. 68°F, room temperature

d. 7 X 107 °F, temperature required 1o initiate fusion
reactions in the sun

- A thermometer gives a reading of 96.1°F + 0.2°F, What is the

temperature in °C? What is the uncertainty?

Convert the following Celsius temperatures to Kelvin and to
Fahrenheit degrees.

a. the temperature of someone with afever, 39.2°C

b. a cold wintery day, =25°C

¢. the lowest possible lemperature, —273°C

d. the meking-point temperature of sodium chloride. 801°C
Convert the following

‘ Kelvin temperatures to Celsius and
Fahrenheit degrees.

a. the temperature that registers the same value on both the
Fahrenheit and Celsjus scales. 233 K

Unless otherwise noted, all art on this page Is € Cengage Learing 104
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= boiling point of heliu Eme— .
b, the bolling § ] m. 4K 67. A staris estimated to have a mass of 2 X 0% kg. Assuming it
c. the lcm'pcmll‘:ﬂsm which many chemical quantities are to be a sphere of average radius 7.0 % 10° km, calculate the
determined, 298 K average density of the star in units of grams per cubic

d. the melting point of tingsten, 3680 K centimeler.

AT y i N . 68. A rectangular block has dimensions 2.9 cm X 3.5 cm X
6l. Atwhat temperature is the temperature in degrees Fahrenheit 10.0 l?n . : of the block is 615.0 2. Wh ,
equal to twice the temperature in degrees Celsius? . c11:l,d 1e 'Tm!f"oh tla]c }:2: 15 615.0 g. What are the vol-
. ume and density of the block?
62. The average daylime temperatures on the earth and J upiter are v

72°F and 313 K, respectively. Calculate the ifference i : 69. Diamonds are measured in carats, and 1 carat = 0.200 p. The
2 flerence in tem £
perature, in °C, between these two planets, density of diamond is 3.51 g/fem?,

'hat is the v - -carat di d4?
63. Usc the figure below 1o answer (he following questions. 2. What is the volume of a 5.0-carat diamond’

b, What is the mass in carats of a diamond measuring 2.8 mL?
70. Ethanol and benzene dissolve in each other, When 100. mL of

cthanol is dissolved in 1.00 L of benzene, what is the mass of
130°C ~=—~-- i 50°X the mixture? (See Table 1.5.)

() Q)

T
1

71, A sample containing 33.42 g of metal pellets is poured into a
graduated eylinder initially containing 12.7 mL of water, caus-
ing the water level in the cylinder to rise to 21.6 mL. Calculate
the density of the metal,

72. The density of pure silver is 10.5 g/em® at 20°C. If 5.25 g of

H_10°C —moeee L ox pure silver mllcls is added 1o a graduated ctylindc:r cont:!ining

’ 11.2 mL of water, to what volume level will the water in the
cylinder rise?
“ 73. In each of the following pairs, which has the greater mass?
(See Table 1.5.)

a. Derive the relationship between °C and °X. a. 1.0 kg of feathers or 1.0 kg of lead

b. If the temperature outside is 22.0°C, what is the tempera- b.

ture in units of °X?

c. Convert 58.0°X 10 units of °C, K, and °F.

1.0 mL of mercury or 1.0 mL of water
¢. 19.3 mL of water or 1.00 mL of gold

d. 75 mL of copper or 1.0 L of benzene

Ethylene glycol is the main component in automobile anti- 74. a. Calculate the mass of ethanol in 1.50 qt of ethanol. (See
freeze. To monitor the temperature of an auto cooling system, Table 1.5.)

you intend to use a meter that reads from 0 to 100. You devise
anew temperature scale based on the approximate melting and

£

=

. Calculate the mass of mercury in 3.5 in® of mercury. (See

Table 1.5.)
boiling points of a typical antifreeze solution (—45°C and SR
115°C). You wish these points to correspond to 0°A and 75. In each of the following pairs, which has the greater volume?
100°A, respectively. a. 1.0 kg of feathers or 1.0 kg of lead
a. Derive an expression for converting between °A and °C. b. 100 g of gold or 100 g of water
b. Derive an expression for converting between °F and °A. ¢. 1.OL of copper or 1.0 L of mercury
¢. At what temperature would your thermometer and a 76. Using Table 1.5, calculate the volume of 25.0 g of each of the
Celsius thermometer give the same numerical reading? following substances at 1 atm.
d. Your thermometer reads 86°A. What is the temperature in a. hydrogen gas
°C and in °F? b. water
e. What is a temperature of 45°C in °A? c. iron
Density Chapter 5 discusses the properties of gases. One property

unique to gases is that they contain mostly empty space. Ex-

65. A material will float on the surface of a liquid if the material plain using the results of your calculations.

has a density less than that of the liquid. Given that the density S— ] ' _
of water is zppmximmcly 1.0 g/mL, will a block of material 77. The density of osmium (the densest metal) is 22.57 g/em’. If a

having a volume of 1.2 X 10* in? and weighing 350 1b float or 1.00-kg rectangular block of osmium has two dimensions of
il ‘fhcn Froclmstiediniinihe o 4,00 cm X 4.00 cm, calculate the third dimension of the block.
z = = - L — 3 - -

66. For a material to loat on the surface of water, the material must 78. chopper wire (density = 5.96 3/':“_’ ) has a charnetel; of
o density less than that of water (1.0 ¢/mL) and must not 0.25 mm..lf a san?plg of this copper wire has a mass of 22 g,
react with the water or dissolve in it. A spherical ball has a ra- how long is the wire?]

dius of 0.50 cm and weighs 2.0 g. Will this ball ﬂo::l or sink
when placed in water? (Note: Volume of a sphere = 37l

Urdass tthecwice noted, all art on this page is © Cengage Learning 2014,
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d winter, the temperature may remain hej,

ded periods. However, fallen snow can g

79. Match each description below with the follow ing microscopic disappear, even though it cannot melt. T hls,"‘ possible becy,
pictures. More than one picture may fit cach description. A a solid can vaporize directly, without Pl’-‘“’“g through the lig-
picture may be used more than once or not used at all. uid state. Is this process (sublimation) a physical or a chemicy

86. During a very col

Classification and Separation of Matter e
freezing for exten

e iy change?

— —— S
= " = e < S ¢ o @ 87 '(-'j;.mr) the following as physical or chemical changes,
et o G o (W . @ @@ o ;.; Moth balls gradually vaporize in a closet.
; #7} 5 i bt b, Hydrofluoric acid attacks glass and is used to etch
calibration marks on glass laboratory utensils.
o g e " S ¢. A French chel making a sauce with r.)run'd_v is able to boj]
- os ¢ off the alcohol from the brandy, leaving just the brandy
= @ . @ flavoring.
i N Vi d. Chemistry majors sometimes g_:cl hcjlm in the cotton jeans
they wear to lab because of acid spills.
a. a gaseous compound 88. The propertics of a mixture are typically averages of the prop- ‘
‘

erties of its components. The pr yperties of a compound may
differ dramatically from the properties of the elements thag 1
combine to produce the compound. For each process de- '
scribed below, state whether the material being discussed is {

b. a mixture of two gaseous elements
¢. asolid element

d. a mixture of a gaseous element and a gascous compound

80. Define the following terms: solid, liquid, gas, pure substance
£ : d, liquid, gas, pure substance, most likely a mixture or a compound, and state whether the
element, compound, homogeneous mixture, heterogeneous p hemical change or a physical change |
- . % - : a chemical chi = |
muxture, solution. chemical change, physical change. i ey g £ . x |
e a. An orange liquid is distilled, resulting in the collection of |
81. What is the difference between homogeneous and heteroge- a yellow liquid and a red solid.
neous ? Classify each of the fi ine g ane i ok T
matter? Classify each of the following as homogeneous b. A colorless, crystalline solid is decomposed, yielding a
or heterogeneous. * |
= pale yellow-green gas and a soft, shiny metal. |
a. adoor d. the water you drink . . |
i g ¢. A cup of tea becomes sweeter as sugar is added to it.
b. the air you breathe e. salsa

c. a cup of coffee (black) f. your lab partner
82. Classify the following mixtures as homogeneous or hetero-
EENeous. 89. Lipitor, a pharmaceutical drug that has been shown to lower
a. potting soil d. window glass “bad” cholesterol levels while raising “good™ cholesterol lev-
els in patients taking the drug, had over $11 billion in sales in
2006. Assuming one 2.5-g pill contains 4.0% of the active in-
gredient by mass, what mass in kg of active ingredient is pres-

Additional Exercises

b. white wine e. granite
c. your sock drawer

83. Classify each of the following as a mixture or a pure ent in one bottle of 100 pills?
substance. j 90. In Shakespeare’s Richard 111, the First Murderer says:
a. water f. Ur‘aﬂlum “Take that, and that! [Stabs Clarence)
b. blood g. wine If that is not enough, I'll drown you in a malmsey butt within!"
c. the oceans h. leather Given that 1 butt = 126 gal, in how many liters of malmsey (a
5 b i. table salt foul brew similar to mead) was the unfortunate Clarence about ‘
e. brass to be drowned? ;
Of the pure substances, which are elements and which are 91. The contents of one 40. Ib bag of topsoil will cover 10. square
oD e feet of ground to a depth of 1.0 inch. What number of bags is

84. Suppose a teaspoon of magnesium filings and a teaspoon of needed to cover a plot that measures 200. by 300. m to a depth

powdered sulfur are placed together in a metal beaker. Would of 4.0 cm?

this constitute a mixture or a pure substance? Suppose the 92. In the opening scenes of the movie Raiders of the Lost Ark.
magnesium filings and sulfur are heated so that they react with Indiana Jones tries to remove a gold idol from a booby-trapped
each other, forming magnesium sulfide. Would this still be a pedestal. He replaces the idol with a bag of sand of approxi-
“mixture”? Why or why not? mately equal volume. (Density of gold = 19.32 g/cm’; density

e e =
#5. If a piece of hard, white blackboard chalk is heated strongly in of s;'_‘;’ : 2 glem?)

a flame, the mass of the piece of chalk will decrease, and even- By IO 0 ha‘f‘f a reasonable chance of not activating the
twally the chalk will crumble into a fine white dust, Does this mass-sensitive booby trap?
change suggest that the chalk is composed of an element or a b. ln_a later scene, he and an unscrupulous guide play catch
compound? With the idol. Assume that the volume of the idol is abou!

LOL.1rit were solid gold, what mass would the ido!

haye? Is playing catch with it plausible?
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