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1.2 Does the following diagram represent a chemical or
physical change? How do you know?
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1.3 Identify each of the following as measurements of
length, area, volume, mass, density, time, or tempera-
ture: (@) 5 ns, (b) 5.5 kg/m? (c) 0.88 pm, (d) 540 km?,
(e) 173 K, () 2 mm?, (g) 23°C.

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

EXERCISES

Classification and Properties of Matter

The following exercises are divided into sections that A<al w
specific topics in the chapter. These exercises are grovy =3
pairs, with the answer given in the back of the book o the ¢
numbered one, as indicated by the red exercise number. Tios:
exercises whose number appears in brackets are more cnasieng-
ing than the nonbracketed exercises.

1.9 Classify each of the following as a pure substance or a
mixture; if a mixture, indicate whether it is homoge-
neous or heterogeneous: (a) rice pudding, (b) seawater,
(c) magnesium, (d) gasoline.

110 Classify each of the following as a pure substance or a
mixture; if a mixture, indicate whether it is homoge-
neous or heterogeneous: (a) air, (b) tomato juice, (c) io-
dine crystals, (d) sand.

111 Give the chemical symbols for the following elements:
(a) sulfur, (b) potassium, (c) chlorine, (d) copper, (e) sili-
con, (f) nitrogen, (g) calcium, (h) helium.

112 Give the chemical symbol for each of the following ele-
ments: (a) carbon, (b) sodium, (c) fluorine, (d)iron,
(e) phosphorus, (f) argon, (g) nickel, (h) silver.

113 Name the chemical elements represented by the follow-
ing symbols: (a) Li, (b) Al, (c) Pb, (d)S, (e) Br, (f) Sn,
® Cr, (h) Zn.

1.5 (a) What is the length of the pencil in the following figure
if the scale reads in centimeters? How many significant
figures are there in this measurement? (b) An oven ther-
mometer with a circular scale reading degrees Fahrenheit
is shown. What temperature does the scale indicate? How
many significant figures are in the measurement?
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1.6 What is wrong with the following statement? Twenty
years ago an ancient artifact was determined to be 1900
years old. It must now be 1920 years old.

1.7 When you convert units, how do you decide which part
of the conversion factor is in the numerator and which is
in the denominator?

1.8 Draw a logic map indicating the steps you would take
to convert miles per hour to kilometers per second.
Write down the conversion factor for each step, as done
on page 28.

1.i4 Name each of the following elements: (a) Co, (b)I,

ic) Kr, (d) Hg, (e) As, (f) Ti, () K, (h) Ge.
A solid white substance A is heated strongly in the absence
of air. [t decomposes to form a new white substance B and
a gas C. The gas has exactly the same properties as the
product obtained when carbon is burned in an excess of
oxygen. Based on these observations, can we determine
whether solids A and B and the gas C are elements or com-
pounds? Explain your conclusions for each substance.

1.16 In 1807 the English chemist Humphry Davy passed an
electric current through molten potassium hydroxide
and isolated a bright, shiny reactive substance. He
claimed the discovery of a new element, which he
named potassium. In those days, before the advent of
modern instruments, what was the basis on which one
could claim that a substance was an element?

1.17 In the process of attempting to characterize a substance,
a chemist makes the following observations: The sub-
stance is a silvery white, lustrous metal. It melts at
649°C and boils at 1105°C. Its density at 20°C is
1.738 g/cm®. The substance burns in air, producing an
intense white light. It reacts with chlorine to give a brit-
tle white solid. The substance can be pounded into thin
sheets or drawn into wires. It is a good conductor of
electricity. Which of these characteristics are physical
properties, and which are chemical properties?
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1.18

1.19
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escription of the element zinc, and
hysical properties and which are
ilver-gray-colored metal

Read the following d
indicate which are p
chemical properties. Zinc is a s
that melts at 420°C. When zinc granules are added to di-
Jute sulfuric acid, hydrogen is given off and the metal dis-
solves. Zinc has a hardness on the Mohs scaleof 25and a

3 .t 25°C. It reacts slowly with oxygen

density of 7.13 g/em” a
gasat elevated temperatures to form zinc oxide, ZnQO.

Label each of the following as either a physical process
or a chemical process: (a) corrosion of aluminum metal,
(b) melting of ice, (¢) pulverizing an aspirin, (d) digest-
ing a candy bar, (e) explosion of nitroglycerin.

Units and Measurement

1.23 What decimal power do the following abbrevi

1.24

1.25

1.26

1.27

1.28

1.29

Uncertainty in Measuremen.t_ -

1.35

ations repre-

@M, Bk @n 0m, @p?

sent: @ d, B¢, ©OF, () p,
fixes to write the following

Use appropriate metric pre
measurements without use of exponents:

(2)6.35 X 1072L, (b) 65 X 10°s, ()95 x 107 m,
(d) 423 x 10 m?, (e) 125 x 10" kg, (035 X 107Yg,
(g) 6.54 x 10° fs.
Perform the following conversions: (a) 25.5 mg to g
(b) 4.0 X 1079 m to nm, (c) 0.575 mm to pm.

Convert (a) 9.5 X 107% kg to g (b) 0.0023 wm to nm;

(c) 7.25 X 10~*s to ms.

(a) A sample of carbon tetra
in dry cleaning, has a mass
25.0 mL at 25°C. What is its
Will carbon tetrachloride flo

are less dense than water w
platinum is 2145g/ cm? at 20°C. Calculate the mass of

75.00 cm® of platinum at this temperature. (c) The densi-
of magnesium is 1.738 g/ om?® at 20°C. What is the vol-
ume of 87.50 g of this metal at this temperature?
(a) A cube of osmium metal 1,500 cm on a side has a
mass of 76.31 g at 25°C. What is its density in g/cm’ at
this temperature? (b) The density of titanium metal is
451 g/em® at 25°C. What mass of titanium displaces
65.8 mL of water at 25°C? (c) The density of benzene at
15°C is 0.8787 g/mL. 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 g/mL). What are the calculated density and the
robable 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

chloride, a liquid once used
of 39.73 g and a volume of
density at this temperature?
at on water? (Materials that
il float.) (b) The density of

Indicate which of the following are exact numbers:
(a) the mass of a paper clip, (b) the surface area of al
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.

1.20 A match is lit and

1.21 Suggest a metho

1.22 A beaker contain

[1.311 Gold can

(1.32] A cylindrical rod

1.30 (a) After the label fell 0

B |

I

held under a cold piece of metal. The
s are made: (a) The match burng,

(b) The metal gets warmer. (c) Water condenses on the
metal. (d)Soot (carbon) i deposited on the meta},
Which of these occurrences are due to physical changeg,
and which are due to chemical changes?

d of separating each of the following
onents: (a) sugar and sand,

following observation

mixtures into two comp

(b) iron and sulfur.
s a clear,

how could you determine W
solved table salt? Do not taste it!

colorless liquid. If it is watey,
whether it contained dis-

ce of metal measures 5.00 cm on
tal is nickel, whose density is
mass of the cube?
ff a bottle containing a clear lig-
uid believed to be benzen€ a chemist measured the
density of the liquid to verify its identity. A 25.0-mL
portion of the liquid had a mass of 21.95 g. A chem-
istry handbook lists the density of benzene at 15°C as
0.8787 g/mL. Is the calculated density in agreement
with the tabulated value? (b) An experiment requires
15.0 g of cyclohexane, whose density at 25°C is
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
density of 11.34g @7 (The volume of a sphere is
k':f)‘m vi jg e 1udius.)

 into extremely thin sheets called
g piece of gold (density =

_he use? (¢) A cubic pie
each edge. If the me
8.90 g/cm’, what is the

wera

T

gOld feal ) I a &
19.32 g/em”) & L swred into a sheet measuring
2.4 X 1.0 ft, wha! s the average thickness of the sheet in

meters? How might the thickness be expressed without
exponential notation, using an appropriate metric preﬁx?
formed from silicon is 16.8 ¢m long

and has a mass of 2.17 kg. The density of silicon is
233 g/em’. What is the diameter of the cylinder? (The
volume of a cylinder is given by ar2h, where r is the 1a-
dius, and h is its length.)

1.33 Make the following conversions: (a) 62°F to °C, (b) 216.7°C

1.34 (a) The temperature on a warm summer day is

to °F, (c) 233°C to K, (d) 315 K to °F, (e) 2500°F to K.

87°F
What is the temperature in °C? (b) Many scientific data
are rt?ported 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 ten
perature to degrees Celsius and to kelvins. (d) The melt
ing point of sodium bromide (a salt) is 755°C. Calculate
this temperature in °F and in kelvins. (e) Neon the
8351991-15 elepment used to make electronic signs, has p
T;fngo point of —248.6°C and a boiling point °

6.1°C. Convert these temperatures to kelvins.

6 Indicate which of the following are exact number®

;at‘i).u;l:ul: ?:ls il 32'02. can of coffee, (b) the number 0
the surface c);f0 :}l: chemistry class, (c) the temperat’® E
@ themuct, e sun, (d) the mass of a postage stamp”
(f) the a er of milliliters in a cubic meter of watel
verage height of students in your school.

g
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1,37 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 1073 m2, 2
1.38 Indicate the number of significant figures in each of the fol-
lowing measured quantities: (a) 3.7745 km, (b) 205 m2
(c) 1.700 cm, (d) 350.0 K, (e) 307.080 g, ’
1.39 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. ’
1.40 (a) The diameter of Earth at the equator is 7926.381 mi.
Round this number to three significant figures, and
express it in standard exponential notation. (b) The

pimensional Analysis

1.43 Using the information on the back inside cover and your
knowledge of English units, write down the conversion
factors needed to convert (a) cm to ft, (b) in.? to cm3,

1.44 Using the information on the back inside cover, write
down the conversion factors needed to convert (a) mi to
km, (b) gt to L.

1.45 Perform the following conversions: (a) 0.076 L to mlL,
(b) 5.0 X 10 m to nm, (c) 6.88 X 10°ns to s, (d) 0.50 Ib
to g, (e) 1.55 kg/m? to g/L, (f) 5.850 gal/hr to L/s.

146 (a) The speed of light in a vacuum is 2.998 X 10% m/s.
Calculate its speed in km/hr. (b) The Sears Tower in
Chicago is 1454 ft tall. Calculate its height in meters.
(c) The Vehicle Assembly Building at the Kennedy Space
Center in Florida has a volume of 3,666,500 m°. Convert
this volume to liters, and express the result in standard
exponential notation. (d) An individual suffering from a
high cholesterol level in her blood has 232 mg of choles-
terol per 100 mL of blood. If the total Hinod volume of
the individual is 5.2 L, how many i irte ! blood
cholesterol does the individual’s e '

1.47 Perform the following conversions @ ... - & (008,
(b) 0.0550 mi to m, (c) $1.89/gal to <vivus per Ly,
(d) 0.510 in./ms to kmy/hr, () 22.50 gai/win to Ly/s,
( 0.02500 ft* to cm®.

1.48 Carry out the following conversions: (@) 0.105 in. to mm,
(b) 0.870 qt to mL, (c) 8.75 um/s to km/hr, (d) 4.733 yd® to
m’, (e) $3.99/Ib to dollars per kg, () 8.75 Ib/ft> to g/mL.

149 (2) How many liters of wine can be held in a wine barrel
whose capacity is 31 gal? (b) The recommended adult
dose of Elixophyllin®, a drug used to treat asthma, is
6 mg/kg of body mass. Calculate the dose in milligrams
for a 150-1b person. (c) If an automobile is able to travgl
254 mi on 11.2 gal of gasoline, what is the gas mileage in
km/L? (d) A pound of coffee beans yields 50 cups of cof-
fee (4 cups = 1 qt). How many milliliters of coffee can
be obtained from 1 g of coffee beans?

Additional Exercises

The exercises in this section are not divided by category, al-
though they are roughly in the order of the topics in the chapter.
€Y are not paired.
157 What is meant by the terms composition and structure
when referring to matter?

Exercises

141

142

circumference of Earth through the poles is 40,008 km.
Round this number to four significant figures, and ex-
press it in standard exponential notation.

Carry out the following operations, and express the an-
swers with the appropriate number of significant figures:
(a) 12.0550 + 9.05, (b) 257.2 — 19.789,

(©) (6.21 % 10%)(0.1050), (d) 0.0577/0.753.

Carry out the following operations, and express the an-
swer with the appropriate number of significant figures:
(a) 320.55 — (6104.5/2.3),

(b) [(285.3 x 10°) — (1.200 x 10%)] X 2.8954,

(c) (0.0045 x 20,000.0) + (2813 x 12),

(d) 863 x [1255 — (3.45 x 108)].

1.50

1.51

1.52

1.53

1.54

{1.55]

[1.56]

(a) If an electric car is capable of going 225 km on a single
charge, how many charges will it need to travel from
Boston, Massachusetts, to Miami, Florida, a distance of
1486 mi, assuming that the trip begins with a full charge?
(b) If a migrating loon flies at an average speed of 14 m/s,
what is its average speed in mi/hr? (c) What is the engine
piston displacement in liters of an engine whose displace-
ment is listed as 450 in.?? (d) In March 1989 the Exxon
Valdez ran aground and spilled 240,000 barrels of crude pe-
troleum off the coast of Alaska. One barrel of petroleum is
equal to 42 gal. How many liters of petroleum were spilled?
The density of air at ordinary atmospheric pressure and
25°C is 1.19 g/L. What is the mass, in kilograms, of the
air in a room that measures 12.5 X 15.5 X 8.0 ft?

The concentration of carbon monoxide in an urban apart-
ment is 48 ug/m>. What mass of carbon monoxide in
grams is present in a room measuring 9.0 X 14.5 X 18.8 ft?
By using estimation techniques, arrange these items in
order from shortest to longest: a 57-cm length of string,
a 14-in. long shoe, and a 1.1-m length of pipe.

By using estimation techniques, determine which of the
following is the heaviest and which is the lightest: a 5-Ib
bag of potatoes, a 5-kg bag of sugar, or 1 gal of water
(density = 1.0 g/mL).

The Morgan silver dollar has a mass of 26.73 g. By law, it
was required to contain 90% silver, with the remainder
being copper. (a) When the coin was minted in the late
1800s, silver was worth $1.18 per troy ounce (31.1 g). At
this price, what is the value of the silver in the silver dol-
lar? (b) Today, silver sells for about $5.30 per troy ounce.
How many Morgan silver dollars are required to obtain
$25.00 worth of pure silver?

A copper refinery produces a copper ingot weighing
150 Ib. If the copper is drawn into wire whose diameter is
8.25 mm, how many feet of copper can be obtained from
the ingot? The density of copper is 8.94 g/ cm®. (Assume
that the wire is a cylinder whose volume is V' = wrh,
where r is its radius and h is its height or length.)

-

1.58

1.59

(a) Classify each of the following as a pure substance, a
solution, or a heterogeneous mixture: a gold coin, a cup
of coffee, a wood plank. (b) What ambiguities are there
in answering part (a) from the descriptions given?

(a) What is the difference between a hypothesis and a
theory? (b) Explain the difference between a theory and
a scientific law. Which addresses how matter behaves,
and which addresses why it behaves that way?
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1.60 A sample of ascorbic acid (vitamin C) is synthesized in
the laboratory. It contains 1.50 g of carbon and 2.00 g of
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?

1.61 Two students determine the percentage of lead in a sam-
ple as a laboratory exercise. The true percentage is
22.52%. 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. (b) Precision can be judged by examining the
average 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 de-
viations of each measurement from the average.) Which
set is more precise?
1.62 Is the use of significant figures in each of the following
statements appropriate? Why or why not? (a) The 2000
circulation of National Geographic was 8,783,752. (b) In
July 2003 the population of Cook County, Illinois, was
5,351,552. (c) The average annual rainfall in San Diego,
California, is 20.54 ¢cm. (d) In the United States, 0.621%
of the population has the surname Brown.

1.63 What type of quantity (for example, length, volume,
density) do the following units indicate: (a) mL, (b) cm?,
(c) mm?, (d) mg/L, (e) ps, (f) nm, (g) K?

1.64 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 = force/area;

(e) power = work/time.
1.65 The liquid substances mercury (density = 13.5 g/mL),

water (1.00 g/mL), and cyclohexane (0.778 g/mL) do not
form a solution when mixed, but separate in distinct

layers. Sketch how the liquids would position them-
selves in a test tube.

1.66 A 401b container of peat moss
14 X 20 X 30in. A 40-Ib container of topsoil has a vol-
ume of 1.9 gal. (a) Calculate the average densities of peat
moss and topsoil in units of g/cm?®, Would it be correct to
say that peat moss is “lighter” than topsoil? Explain.
(b) How many bags of the peat moss are needed to cover
an area measuring 10. ft by 20. ft to a depth of 2.0 in.?

1.67 Small spheres of equal mass are made of lead
(density = 11.3g/cm?), silver (10.5g/em®), and alu-
minum (2.70 g/cm?®). Which sphere has the largest diam-
eter, and which has the smallest?

1.68 The annual production of sodium hydroxide in the Unit-
ed States in 1999 was 23.2 billion pounds. (a) How many
grams of sodium hydroxide were produced in that year?
(b) The density of sodium hydroxide is 2.130 g/cm®. How
many cubic kilometers were produced?

1.69 (a) You are given a bottle that contains 4.59 cm® 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

measures

1.70

[1.71]

[1.72]

1.73

1.74

1.75

1.76

[1.77]

[1.78]

—_—

a unit that has a mass of 34.5 kg. What is the vol.
sk of mercury if the density of mercury j
13.5g/mL? (c) A thief plans to steal a gold sphere wity ,
radius of 289 cm from a musetm. If the gold has a ey,
sity of 19.3 g cm?, what is the massaof the sphere? [T,
volume of a sphere is V = (4/3)7r°.] Is he likely to be
able to walk off with it unassisted?

Automobile batteries contain sulfuric acid, which is com.
monly referred to as “pattery acid.” Calculate t.he Numbey
of grams of sulfuric acid in 0.500 L of battery acid if the g.

lution has a density of 1.28 g/mL and is 38.1% sulfuric

acid by mass.
A 32.65-g samp
in which the soli
that the total vol

”ﬂask,”
ume of a fla

le of a solid is placed ina flask. Toluene
4 is insoluble, is added to the flask s
ume of solid and liquid together jg
50.00 mL. The solid and toluene together weigh 58.58 ¢
The density of toluene at the temperature of the experi-
ment is 0.864 g/mL. What is the density of the solid?
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°G and the boiling point as 100°G, what is the
freezing point of water on this new scale?

Recently, one of the text authors completed an exactly
10-mi road race, in a time of 1 hr, 25 min, and 14 s.
(a) What was the runner’s average speed in miles per
hour? (b) What was the runner’s pace in minutes and

seconds per mile?
«rth to the Moon is approximately

The distance et
244 wi 1ab Yl 5 this distance in meters? (b) The
Cotieonidz 657 e« = oir speed of about 2400 km/hr. If

the ¢ or e e < 7.+ to the Moon, how many seconds

would it taie:
The U.5. quarwer s a mass of 5.67 g and is approxi-

mately 1.55 mm thick. (@) 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) In 2004 the national debt was $7.2 trillion.
How many stacks like the one described would be nec-
essary to pay off this debt?

In the United States, water used for irrigation is med-
sured in acre-feet. An acre-foot of water covers an act
to a depth of exactly 1 ft. An acre is 4840 yd?. An acte-
foot is enough water to supply two typical h ouseholds
for 1.00 yr. (a) If desalinated water Coéts $2480 per acre-
foot, how much does desalinated water cost per liter?
(b) How much would it cost one household per day if i
were the only source of water?
A package of aluminum foil contains 50 ft* of foil, which
;eég;(l)s aPPI';JXimater 8.0 0z. Aluminum has a density
foil in r:%i/lirnétgz;t is the approximate thickness of the
;‘; :iil')l.g;icmliing cylindrical glass tube, sealed at one enflr
S V‘\F]f ethanol. The mass of ethanol needed t0 fll
el e1s found to be 11.86 g, The density of ethanol 5
788 g/mL. Calculate the inner diameter of the tube "
centimeters.

h » . .
ardness in making jewelry. (a) Consider a piece of g0

S
‘\‘/

1

n
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[1.79] Gold is alloyed (mixed) with other metals to increasé its |
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jewelry that w.eighs 985 g and has a volume of
0.675 cm®. The jewelry contains only gold and silver
which have densities of 19.3 g/em?® and 10,5 g/cm? re:
spectively. Assuming that the total volume of the je;vel—
ry is the sum of the volumes of the gold and silver that it
contains, calculate the percentage of gold (by mass) in
the jewelry. (b) The relative amount of gold in an alloy is
commonly expressed in units of carats, Pure gold is 24-
carat, and the percentage of gold in an alloy is given as a
percentage of this value. For example, an alloy that is
50% gold is 12-carat. State the purity of the gold jewelry
in carats.
[1.80] Suppose you are given a sample of a homogeneous lig-
uid. What would you do to determine whether it is a so-
lution or a pure substance?

[1.81] Chromatography (Figure 1.14) is a simple, but reliable,

method for separating a mixture into its constituent sub-
stances. Suppose you are using chromatography to sep-
arate a mixture of two substances. How would you
know whether the separation is successful? Can you

propose a means of quantifying how good or how poor
the separation is?

[1.82] You are assigned the task of separating a desired granu-

lar material, with a density of 3.62 g/cm?, from an unde-
sired granular material that has a density of 2.04 g/cms.
You want to do this by shaking the mixture in a liquid in
which the heavier material will fall to the bottom and
the lighter material will float. A solid will float on any
liquid that is more dense. Using a handbook of chem-
istry, find the densities of the following substances: car-

@MEDIA EXERCISES
These exercises make use of the interactive obac?s & wiable on
line in OneKey or the Companion Website, and on
ator CD. Access to these resources comes in your tdedialPak.
1.84 Experiment with the Phases of the Elements activity (1.2).

(2) How many elements are liquids at room temperature,
and what are they? (b)Choose two temperatures—
one higher and one lower than room temperature—and
determine how many elements are liquids at those
temperatures.

1.85 Watch the Electrolysis of Water animation (1.2).

(a) How can you tell from this experiment that waterisa
compound and not an element? (b) If you were to per-
form a similar experiment using liquid bromine instead
of liquid water in the apparatus, what would you expect
to happen?

@4‘?@3 Exercises 35

[1.83]

1.86

1.87

bon tetrachloride, hexane, benzene, and methylene io-

dide. Which of these liquids will serve your purpose, as-

suming no chemical interaction between the liquid and

the solids?

The concepts of accuracy and precision are not always

easy to grasp. Here are two sets of studies: (a) The mass of

a secondary weight standard is determined by weighing it

on a very precise balance under carefully controlled labo-

ratory conditions. The average of 18 different weight mea-
surements is taken as the weight of the standard. (b) A
group of 10,000 males between the ages of 50 and 55 is
surveyed to ascertain a relationship between calorie in-
take and blood cholesterol level. The survey questionnaire
is quite detailed, asking the respondents about what they
eat, smoking and drinking habits, and so on. The results
are reported as showing that for men of comparable
lifestyles, there is a 40% chance of the blood cholesterol
level being above 230 for those who consume more than
40 calories per gram of body weight per day, as compared
with those who consume fewer than 30 calories per gram
of body weight per day.

Discuss and compare these two studies in terms of
the precision and accuracy of the result in each case.
How do the two studies differ in nature in ways that af-
fect the accuracy and precision of the results? What
makes for high precision and accuracy in any given
study? In each of these studies, what factors might not
be controlled that could affect the accuracy and preci-
sion? What steps can be taken generally to attain higher
precision and accuracy?

The Changes of State animation (1.3) shows what hap-
pens to a solid when it is heated. (a) Describe the changes
that occur. (b) Is the change from solid to liquid a chemi-
cal change or a physical change? (c) Is the change from
liquid to gas a chemical change or a physical change?
(d) Is enough information given to determine whether
the original solid is an element, a compound, or a mix-
ture? Explain.

(a) Use the Significant Figures activity (1.5) to verify
your answers to Exercises 1.41 and 1.42. (b) Is it possible
for the sum of a column of numbers, each containing
two significant figures, to have more than two signifi-
cant figures? Explain. (c) How many significant figures
should there be in the answer to the following calcula-
tion? (352 — 30.1) X 1.23 =




