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lf' f you have ever played a musical instrument or participated
.i.. in athletics, you know that the keys to success are practice
and discipline. You cannot iearn to play a piano merely by 1is-

tening to music, and you cannot learn how to play basketball
merely by watching games on television. Likewise, you can-
not learn chemistry by mereiy r,n'atching your instructor do it.
Simply reading this book, listening to lectures, or rer-iewing
notes will not usually be sufficient when exam time comes
around. Your task is not merely to understand how someone
else uses chemistry, but to be able to do it yourself. That takes
practice on a regular basis, and anything that you have to do
on a regular basis requires self-discipline until it becomes
a habit.

Throughout the book, we have provided sample exercises
in which the solutions are shorvn in detail. A practice exercise,
for which only the answer is given, accompanies each sample
exercise. It is important that you use these exercises as learn-

knowledge of metric prefixes, however, we have 1 km : 103 m and we can use this re-
lationship between lengths to write the desired conversion factor between volumes:

1 10r m \1 l0o mJ

\tt-/ rLnJ
Thus, converting from km3 to m3 to L, we have

Volume in liters : 11.3o to'kn'r;(to" r','11 
'.t , ) - t.lo v l02r L

\ I knr' / \10 'rr'/
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If the volume of an object is reported as 5.0 ft3, what is the voiume in cubic meters?
Ansruer: 0.14 m'

THE, IMPORTANCE OF PRACTICE

ing aids. End-of-chapter exercises provide additionai ques-
tions to help you understand the material in the chapter. Red
numbers indicate exercises for which answers are given at the
back of the book. A review of basic mathematics is given in
Appendix A.

The practice exercises in this text and the homework as-
signments given by your instructor provide the minimal prac-
tice that you will need to succeed in your chemistry course.
Only by working all the assigned problems will you face the
fu1l range of difficulty and correrage that your instructor ex-
pects you to master for exams. There is no substitute for a de-
termined and perhaps lengthy effort to work problems on
your own. If you are stuck on a problem, however, ask for help
from your instructor, a teaching assistant, a tutor, or a fellow
student. Spending an inordinate amount of time on a single
exercise is rarely effective unless you know that it is particu-
larly challenging and requires extensive thought and effort.
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What is the mass in grams of 1.00 gal of water? The density of water is 1.00 g/ml.
3;ffi$.q.*"fi'$ffiF$

Before we begin sohring this exercise, we note the following:
1. We are given 1.00 gal of water (the known, or given, quantity) and asked to calcu-

late its mass in grams (the unknown).
2. We have the following conversion factors either girren, commonly known, or

available on the back inside cover of the text:

1.00gwater 1L IL lgal
1 mL water 1000 mL 1..057 qt 4 qt

The first of these conversion factors must be used as written (with grams in the nu-
merator) to give the desired result, whereas the last conversion factor must be invert-
ed in order to cancel gallons:

Mass in srams - rr.00 gair(,-J,X ,.lrl or)(ttTi'X #,: )

: 3j8 x 103 g water

The units of our final answer are appropriate, and we've aiso taken care of our signif-
icant figures. We can further check our calculation by the estimation procedure. We
can round 1,.057 off to 1. Focusing on the numbers that do not equal l then gives
mereiy 4 X 1000 : 4000 g, in agreement with the detailed calculation.

In cases such as this you may also be able to use common sense to assess the
reasonableness of your answer. In this case we know that most people can lift a
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. Distinguish among elements, compounds, and mixtures'

. Memorize symbols of common elements and common metric prefixes.

. Use significant figures, scientific notation, metric units, and dimensional analysis in calculations.

!"iI"";"")l'*{i€}\\

K : 'C + 273.15 [1 1]

5oC::(oF -32\ or oF:
9

InASS
Densfty - -- 

[1 3l- volume

9
- ('c) + 325' 11.21

Interconverting between Celsius ("C) and Kelvin (K)

temperatures scales

Interconverting between Celsius ("C) and Fahrenheit ('F)

temperature scales

Definition of density

times. The bull's-eye represents the "true value," and

the darts represent the experimental measurements.

Which board best represents each of the following sce-

narios: (a) measurements both accurate and precise,
(b) measurements precise but inaccurate, (c) measure-

ments imprecise but yield an accurate average?

ISection 1.5]

V-t 5 t-iAr{ 
I 

g Y-;t{ L; Ll{} N {l }1i} IS

The exercises in this section are intended to probe your under-

standing of key concepts rather than your ability to utilize for-

mulas and perform calculations. Those exercises with red

exercise numbers hat'e answers in the back of the book.

Which of the following figures represents (a) a pure ele-

ment, (b) a mixture of two elemefit's, (c) a pure com-

iv pound, (d) a mixture of an element and a compound?
(More than one picture might fit each description')

lSection 1.21

ffiffiwffi
Mffiffi

Does the following diagram represent a chemical

physical change? How do you know? [Section 1.3]

lL L.t

(iii)(ii)(i)

(vi)(")(iv)

(i)

1,.2

et"
lNs6{fr4.o*"""?9/

Identify each of the following as measurements of
length, area, volume, mass, density, time, or tempera-

turJ: (a) 5 ns, (b) 5.5 kg/m3, (c) 0.88 pm, (d) 540 km2,

(e) 173K, (f) 2 tr-t-3, (g) 23 "C. [Section 1.4]

Three spheres of equal size are composed of aluminum
(density : 2.70 gliml), silver (deniity : 1'0.49 g/.-3),
and nickel (density : 8.90 g/cm3). List the spheres from
lightest to heaviest.

The following dartboards illustrate the types of errors
often seen when one measurement is repeated several

(a) What is the length of the pencil in the following fig-
ure if the scale reads in centimeters? How many signifi-
cant figures are there in this measurement? (b) An oven

thermometer with a circular scale reading degrees

Fahrenheit is shown. What temperature does the scale

indicate? How many significant figures are in the mea-

surement? [Section 1.5]
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. What exponential notation do the following abbrevia-

tions represent: (a) d, (b) c, (c) f , (d) p, (e) M, (f) k, (g) n,
(h) m, (i) p?

1.24 Use appropriate metric prefixes to write the following
measurements wiihout use of exponents:
(a) 6.35 x 10-2 L, (b) 6.5 x 10- 6 s, (c) 9.5 x 10 a m,
(d) 4.23 x 10 e m3, (e) 12.5 x 10 8 tg, {0 3.5 x 10 10 g,

E\ 6.5a x 10e fs.

Make the following conversions: 6) 62 "F to "C, (b) 216.7
oC to oF, (c) 233 "c to K, (d) 315 K to'F, (e) 2500 'F to K.

L.26 (a\ The temperature on a warm summer day is 87 "F.

What is the temperature in oC? (b) Many scientific data
are reported at 25 'C. What is this temperature in
kelvins and in degrees Fahrenheit? (c) Suppose that a

recipe calls for an oven temperature of 175 'F. Convert
this temperature to degrees Celsius and io kelvins.
(d) The melting point of sodium bromide (a salt) is
755 "C. Calculate this temperature in oF and in kelvins'
(e) Neon, a gaseous element at room temperature, is

used to make electronic signs. Neon has a melting point
of 248.6'C and a boiling point of -246.1oC. Convert
these iemperatures to keivins.

(a) A sample of carbon tetrachloride, a liquid once used
in dry cleaning, has a mass of 39.73 g and a volume of
25.0 mL at 25 'C. What is its density at this temperature?
Will carbon tetrachloride float on water? (Materials that
are less dense than water will float.) (b) The density of
platinum rs 21.45 g/cm3 at 20 'C. Calculate the mass of
75.00 cm3 of platinum at this temperature' (c) The densi-

ty of magnesium is 1.738 g/cm3 at 20'C' What is the vol-
ume of 87.50 g of this metal at this temperature?

1.28 (a) A cube of osmium metal 1.500 cm on a side has a
mass of 76.31 g aI25 oC. What is its density in g/cm3 at

this temperature? (b) The density of titanium metal is

4.51,g1cm3 at25 oC. What mass of titanium displaces
125.0 mL of w ater al25 'C? (c) The density of benzene at

15 'C is 0.8787 glrnL. Calculate the mass of 0.1500 L of
benzene at this temperature.

' (a) To identify a liquid substance, a student determined
its density. Using a graduated cylinder, she measured

out a 45-mL sample of the substance. She then measured

the mass of the sample, finding that it weighed 38.5 g.

She knew that the substance had to be either isopropyl
alcohol (density 0.785 g/ml-) or toluene (density
0.866 lrnL). What are the calculated density and the
probable identity of the substance? (b) An experiment
requires 45.0 g of ethylene glycol, a liquid whose densi-

ty is 1.114 g/ml-. Rather than weigh the sample on a bal-

ance, a chemist chooses to dispense the liquid using a

graduated cylinder. What volume of the liquid should
he use? (c) A cubic piece of metal measures 5.00 cm on

each edge. If the metal is nickel, whose density is

8.90 g/cm3, what is the mass of the cube?

1.30 (a) After the label fell off a bottle containing a clear liq-
uid believed to be benzene, a chemist measured the den-

sity of the liquid to verify its identity. A 25'0-mL portion
of the liquid had a mass of 2l'95 g. A chemistry hand-
book lists the density of benzene at 15 "C as 0.8787 glmL.
Is the calculated density in agreement with the tabulat-
ed value? (b) An experiment requires 15.0 g of cyclo-

hexane, whose density at 25 "C ts 0'7781' g/ml. What
volume of cyclohexane should be used? (c) A spherical
ball of lead has a diameter of 5.0 cm. What is the mass of

the sphere if lead has a densitv of 11.34 glcms? (The vol-
ume of a sphere is ({)z'ri where r is the radius.)

i .,. Gold can be hammered into extremely thin sheets

called goid leaf. If a 200-mg piece of gold (density
:l9.32glr^3) is hammered into a sheet measuring
2.4 x I.0 ft, what is the average thickness of the sheet in
meters? How might the thickness be expressed without
exponential notation, using an appropriate metric prefix?

1..92 A cylindrical rod formed from silicon is 16.8 cm long
and has a mass of 2.17 kg. The density of silicon is

2.33 glcm3. What is the diameter of the cylinder? (The

voluire of a cylinder is given by rrzh, where r is the ra-

dius, and /z is its length.)

iixecrt;iixrv in
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Indicate which of the following are exact numbers:
(a) the mass of a paper clip, (b) the surface area of a

dime, (c) the number of inches in a mile, (d) the number
of ounces in a pound, (e) the number of microseconds in
a week, (f) the number of pages in this book.

1.34 Indicate which of the following are exact numbers:
(a) the mass of a 32-oz can of coffee, (b) the number of
students in your chemistry class, (c) the temperature of
the surface of the sun, (d) the mass of a postage stamp,
(e) the number of milliliters in a cubic meter of water,
(f) the average height of students in your schooi.

What is the number of significant figures in each of the

following measured quantities? (a) 358 kg,^(b)^0.054 s,

(c) 6.3050 cm, (d) 0.0105 L, (e) 7.0500 x 10 3 m3.

1.36 Indicate the number of significant figures in each of the

following measured q.tu.tiiti"t, (al 3.774 km, (b) 205 m2,
(c) 1.700 cm, (d) 350.00 K, (e) 307.080 g.

: : . Round each of the following numbers to four significant
figures, and express the result in standard exponential
notation: (a) 102.53070, b) 656,980, (c) 0.008543210,
(d) 0.000257870, (e) -0.0357202'

f .38 (a) The diameter of Earth at the equatot is 7926.381 lrrr.

Round this number to three significant figures, and ex-

press it in standard exponential notation. (b) The cir-
cumference of Earth through the poles is 40,008 km.

Round this number to four significant figures, and ex-

press it in standard exponential notation.
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CHAPTER 1 Introduction: Matter and Measurement

oxygen. Another sample of ascorbic acid isolated from

citrus fruits contains 6.35 g of carbon. How many grams

of oxygen does it contain? Which law are you assuming

in answering this question?

1.59 Two students determine the percentage of lead in a sam-

ple as a laboratory exercise. The true percentage is

iZ.SZU. The students' results for three determinations

are as follows:
1. 22.52,22.48,22.54
2. 22.64,22.58,22.62

(a) Calculate the average percentage for each set of data,

and tell which set is the more accurate based on the av-

erage. G) Precision can be judged by examining the

urr"iug" of the deviations from the average value for
that data set. (Calculate the average value for each data

set, then calculate the average value of the absolute

deviations of each measurement from the average')

Which set is more Precise?

1.60 Is the use of significant figures in each of the following
statements appropriate? Why or why not? (a) The 2005

circulation oI National Geographic was 7,812,564' (b) On

Juty 1, 2005, the population of Cook County, Illinois,
*ut S,gOg,OS3. (c) In the United States, 0'621% of the

population has the surname Brown.

.,:, What type of quantity (for example, length, volume,

density) do the following units indicaie: (a) mL, G) cm',
(c) mm3, (d) mg/L, (e) ps, (f) nm, (g) K?

1.62 Give the derived SI units for each of the following quan-

tities in base SI units: (a) acceleration : distance/time';
(b) force : mass X acceleration; (c) work : force X
distance; (d) Pressure 

: forcelarca; (e) Power
work/time.

1.63 The distance from Earth to the Moon is approximately
240,000 mi. (a) What is this distance in meters? G) The

peregrine falcon has been measured as traveling up to
eSO t *7nt in a dive. If this falcon could fly to the Moon

at this speed, how many seconds would it take?

rr, The US quarter has a mass of 5.67 g and is approximate-

ly 1.55 mm thick. (a) How many quarters would have to

be stacked to reach 575 ft, the height of the Washington
Monument? (b) How much would this stack weigh? (c)

How much money would this stack contain? (d) At the

beginning of 2007, the national debt was $8'7 trillion'
How many stacks like the one described would be nec-

essary to pay off this debt?

1.65 In the United States, water used for irrigation is mea-

sured in acre-feet. An acre-foot of water covers an acre

to a depth of exactly L ft. An acre is 4840 yd2' An acre-

foot is enough water to supply two typical households

for 1.00 yr. (a) If desalinated water costs $1950 per acre-

foot, how much does desalinated water cost per liter?

(b) How much would it cost one household per day if it
were the onlv source of water?

Suppose you decide to define your own temperature

scale using the freezing point (-11.5 "C) and boiling
point (197.6 'C) of ethylene glycol. If you set the freezing

point as 0 oG and the boiling point as 100 'G, what is the

freezing point of water on this new scale?

The liquid substances mercury (density : 13.5 glmL),
water (1.00 Clrr.L), and cyclohexane (0.778 g/ml-) do not

form a solution when mixed, but separate in distinc:

layers. Sketch how the liquids would position them-

selves in a test tube.

1.68 Small spheres of equal mass are made of lead (densitr
: tt.3 g/cm3), silver (10.5 g/cmj), and aluminurr'

(2.70 g,fcrn3). Without doing a calculation, list the

spheres in order from the smallest to the largest'

1.59 Water has a density of 0.997 g/cm3 at 25'C; ice has a

density ol 0.917 gf crrr3 at -10 "C. (a) If a soft-drink boi-

tle whose volume is 1.50 L is completely filled with
water and then frozen to -10 oC, what volume does the

ice occupy? (b) Can the ice be contained within the

bottle?

.,''., A32.65-gsample of a solid is placed in a flask' Toluene'

in which the solid is insoluble, is added to the flask so

that the total volume of solid and liquid together is 50'00

mL. The solid and toluene together weigh 58'58 g' The

density of toluene at the temperature of the experiment

is 0.864 g/ml. What is the density of the solid?

1.7L (a\ You are given a bottle that contains 4'59 cm3 of a

metallic solid. The total mass of the bottle and solid is

35.66 g. The empty bottle weighs 14'23 g' What is the

density of the solid? (b) Mercury is traded by the

"flask," a unit that has a mass of 34.5 kg. What is the vo1-

ume of a flask of mercury if the density of mercury is

13.5 glmL? (c) A thief plans to steal a gold sphere with a

radius of 28.9 cm from a museum. If the gold has a den-

sity of 19.3 g/cm3 what is the mass of the sphere? [The
,roir^" of isphere is V: @13)nr3.l Is he likely to be

able to walk off with it unassisted?

1.72 Automobile batteries contain sulfuric acid, which is

commonly referred to as "battery acid'" Calculate the

number of grams of sulfuric acid in 0'500 L of battery

acid if the solution has a density of 1'28 g/ml- and is
38.1% sulfuric acid bY mass.

, ,;' -r A 40lb container of peat moss measures 1'4 x 20 X 30 in'

A 40-lb container of topsoil has a volume of 1'9 gal'

(a) Calculate the average densities of peat moss and top-

soil in units of g/cm3. Would it be correct to say that peat

moss is "ltghter" than topsoil? Expiain' (b) How many

bags of the peat moss are needed to cover an area mea-

suring 10. ftby 20. ft to a depth of 2.0 in.?

1..74 Acoin dealer offers to sell you an ancient gold coin that

is 2.2 cm in diameter and 3.0 mm in thickness' (a) The

density of gold is 19.3 glc 3. How much should the

coin weigh if it is pure gold? ft) If gold sells for $640

per troy b.t..", how much is the gold content worth?

(1 troy ounce : 31.1 g)'

1.75 A package of aluminum foil contains 50 ft2 of foil, which
*elgns approximately 8.0 oz. Aluminum has a density

of 2-.70 slrtn3. What is the approximate thickness of the

foil in millimeters?

-'.l r A 15.0-cm long cylindrical glass tube, sealed at one end,

is filled with ethanol. The mass of ethanol needed to fill
the tube is found to be 11.86 g. The density of ethanol is

0.759 glrnL. Calculate the inner diameter of the tube in

centimeters.

1,.77 Gold, is ailoyed (mixed) with other metals to increase its

hardness in making jewelry. (a) Consider a piece of gold

iewelry that weighs 9.85 g and has a volume of

t.66
!

,t
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