See Problems 1.37,
1.38,1.39, and 1.40.

Exercise 1.1 You place 1.85 grams of wood 1n a vessel with

9.45 grams of air and seal the vessel. Then you heat the vessel
strongly so that the wood burns. In burning, the wood yields ash
and gases. After the experiment, you weigh the ash and find that its
mass 1s .28 gram. What is the mass of the gases in the vessel at the
end of the experiment?

e e e

See Problems
1.47,1.48,1.49,
and 1.50.

Exercise 1.2 Potassium is a soft, silvery-colored metal that melts
at 64°C. It reacts vigorously with water, with oxygen, and with
chlorine. Identify all of the physical properties given in this
description. Identify all of the chemical properties given.

Exercise 1.3 Give answers to the following arithmetic setups. See Problems 1.61

|
|

Round to the correct number of significant figures. - and 1.62.
|
g 2208 517'89‘ b.8.91 — 6.435 |
. |
c. 6.81 — 6.730 d. 38.91 X (6.81 — 6.730) i

See Problems
1.65 and 1.66.

|
Exercise 1.4 Express the following quantities using an SI prefix and |
a base unit. For instance, 1.6 X 107°m = 1.6 um. A quantity such as |
0.000168 g could be written 0.168 mg or 168 ug. |
a. 1.84 X 10°m b.5.67 X 10712 c.7.85x 1073 g |
d.9.7 X 10°m e. 0.000732 s f. 0.000000000154 m |

See Problems 1.69,
1.70,1.71, and 1.72.

|
Exercise 1.5 I
a. A person with a fever has a temperature of 102.5°F. What is :
this temperature in degrees Celsius? b. A cooling mixture of !
dry ice and isopropyl alcohol has a temperature of —78°C. :
What is this temperature in kelvins? :

See Problems 1.73,
1.74,1.75, and 1.76.

Exercise 1.6 A piece of metal wire has a volume of 20.2 cm? and

a mass of 159 g. What is the density of the metal? We know that
the metal is manganese, iron, or nickel, and these have densities of
7.21 g/em?, 7.87 g/em?, and 8.90 g/cm?, respectively. From which
metal is the wire made?




|
Exercise 1.7 Ethanol (grain alcohol) has a density of 0.789 g/cm?®. 1 See Problems 1.77,
What volume of ethanol must be poured into a graduated 1 1.78,1.79, and 1.80.
cylinder to equal 30.3 g? !

See Problems 1.81,
1.82,1.83,and 1.84.

Exercise 1.8 The oxygen molecule (the smallest particle of
oxygen gas) consists of two oxygen atoms a distance of 121 pm
apart. How many millimeters is this distance?

See Problems 1.85
and 1.86.

Exercise 1.9 A large crystal is constructed by stacking small,
identical pieces of crystal, much as you construct a brick wall by
stacking bricks. A unit cell is the smallest such piece from which
a crystal can be made. The unit cell of a crystal of gold metal has
a volume of 67.6 A3. What is this volume in cubic decimeters?

|
Exercise 1.10 Using the definitions I in. = 2.54cmand 1 yd = 1 See Problems 1.87,1.88,
36 in. (both exact), obtain the conversion factor for yards to : 1.89, and 1.90.
meters. How many meters are there in 3.54 yd? !

|




/CONCEPT CHECK 1.1

Matter can be represented as being composed of individual units. For example,
the smallest-individual-unit--of-matter-can-be-represented as a single circle, -,
and chemical combinations of these units of matter as connected circles, e,
with each element represented by a different color. Using this model, place the
appropriate label-—element, compound, or mixture—below each representation.

@ ¢ © 9 °9 %o

J
e‘ P @ 909

/CONCEPT CHECK 1.2

a  When you report your weight to someone, how many significant figures do you
typically use?
b What is your weight with two significant figures?

¢ Indicate your weight and the number of significant figures you would obtain
if you weighed yourself on a truck scale that can measure in 50 kg or 100 Ib
increments.

/C ONCEPT CHECK 1.3

a Estimate and express the length of your leg in an appropriate metric unit.

b- What would be a reasonable height, in meters, of a three-story building?

¢ How would you be feeling if your body temperature was 39°C?

d  Would you be comfortable sitting in a room at 23°C in a short-sleeved shirt?

/CONCEPT CHECK 1.4

You are working in the office of a precious metals buyer. A miner brings you a
nugget of metal that he claims is gold. You suspect that the metal is a form of
“fool’s gold,” called marcasite, that is composed of iron and sulfur. In the back
of your office, you have a chunk of pure gold. What simple experiments could
you perform to determine whether the miner’s nugget is gold?
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Questions and Problems

Self-Assessment and Review Questions

Key: These questions test your understanding of the ideas
you worked with in the chapter. These problems vary in
difficulty and often can be used for the basis of discussion.

1.1 Discuss some ways in which chemistry.has changed.. ..

technology. Give one or more examples of how chemistry
has affected another science.

1.2 Define the terms experiment and theory. How are the-
ory and experiment related? What is a hypothesis?

1.3 Illustrate the steps in the scientific method using
Rosenberg’s discovery of the anticancer activity of cisplatin.
1.4 Define the terms matter and mass. What is the differ-
ence between mass and weight?

1.5 State the law of conservation of mass. Describe how
you might demonstrate this law.

1.6 A chemical reaction is often accompanied by definite
changes in appearance. For example, heat and light may
be emitted, and there may be a change of color of the sub-
stances. Figure 1.9 shows the reactions of the metal mer-
cury with oxygen in air. Describe the changes that occur.

1.7 Characterize gases, liquids, and solids in terms of com-
pressibility and fluidity.

1.8 Choose a substance and give several of its physical
properties and several of its chemical properties.

1.9 Give examples of an element, a compound, a heteroge-
neous mixture, and a homogeneous mixture.

1.10 What phases or states of matter are present in a glass
of bubbling carbonated beverage that contains ice cubes?
1.11 What distinguishes an element from a compound?
Can a compound also be an element?

1.12 What is meant by the precision of a measurement?
How is it indicated?

1.13 Two rules are used to decide how to round the result
of a calculation to the correct number of significant figures.
Use a calculation to illustrate each rule. Explain how you
obtained the number of significant figures in the answers.
1.14 Distinguish between a measured number and an exact
number. Give examples of each.



1.15 How does the International System (SI) obtain units of

different size from a given unit? How does the International

System obtain units for all possible physical quantities from

only seven base units?

1.16 What is an absolute temperature scale? How are degrees

Celsius related to kelvins?

1.17 Define density. Describe some uses of density.

1.18 Why should units be carried along with numbers in a

calculation?

1.19 When the quantity 12.9 g is added to 2 X 1079 g, how

many significant figures should be reported in the answer?
one two three four five

1.20 You perform an experiment in the lab and determine

that there are 36.3 inches in a meter. Using this experimental

value, how many millimeters are there in 1.34 feet?

4.43 X 10> mm 4.05 X 10> mm
44.3 mm 4.43 X 10° mm
4.05 X 108 mm

Concept Explorations

Key: Concept explorations are comprehensive problems
that provide a framework that will enable you to explore
and learn many of the critical concepts and ideas in each
chapter. If you master the concepts associated with these
explorations, you will have a better understanding of many
important chemistry ideas and will be more successful in
solving all types of chemistry problems. These problems are
well suited for group work and for use as in-class activities.

1.23 Physical and Chemical Changes

Say you are presented with two beakers, beaker A and
beaker B, each containing a white, powdery compound.

From your initial observations, you suspect that the
two beakers contain the same compound. Describe, in
general terms, some experiments in a laboratory that
you could do to help prove or disprove that the beak-
ers contain the same compound.

Would it be easier to prove that the compounds are the
same or to prove that they are different? Explain your
reasoning.

Which of the experiments that you listed above are
the most convincing in determining whether the com-
pounds are the same? Justify your answer.

A friend states that the best experiment for determining
whether the compounds are the same is to see if they both
dissolve in water. He proceeds to take 10.0 g of each com-
pound and places them in separate beakers, each con-
taining 100 mL of water. Both compounds completely
dissolve. He then states, “Since the same amount of both
substances dissolved in the same volume of water, they
must both have the same chemical composition.” Is he
justified in making this claim? Why or why not?

1.24 Significant Figures
Part 1:

Consider three masses that you wish to add together:
3 g, 1.4 g and 3.3 g. These numbers represent meas-
ured values. Add the numbers together and report your
answer to the correct number of significant figures.

Questions and Problems 30a

1.21 A 75.0-g sample of a pure liquid, liquid A, with a den-
sity of 3.00 g/mL is mixed with a 50.0-mL sample of a pure
liquid, liquid B, with a density of 2.00 g/mL. What is the total
volume of the mixture? (Assume there is no reaction upon
the mixing of A and B and volumes are additive.)

275 mL 175 mL

125 mL 100 mL

75 mL
1.22 Which of the following represents the smallest mass?

23 cg

23X 10° ug

0.23 mg

023 g

23X 1072 kg

Now perform the addition in a stepwise fashion in the
following manner. Add 3 gand 1.4 g, reporting this sum
to the correct number of significant figures. Next, take
the number from the first step and add it to 3.3 g, report-
ing this sum to the correct number of significant figures.

Compare your answers from performing the addition
in the two distinct ways presented in parts a and b.
Does one of the answers represent a “better” way of
reporting the results of the addition? If your answer is
yes, explain why your choice is better.

A student performs the calculation (5.0 X 5.143 g) +
2.80 g and, being mindful of significant figures, re-
ports an answer of 29 g. Is this the correct answer? If
not, what might this student have done incorrectly?

Another student performs the calculation (5 X 5.143 g)
+ 2.80 and reports an answer of 29 g. Is this the cor-
rect answer? If not, what might this student have done
incorrectly?

Yet another student performs the calculation (5.00 X
5.143 g) + 2.80 and reports an answer of 28.5 g. Is this
the correct answer? If not, what did this student prob-
ably do incorrectly?

Referring to the calculations above, outline a proce-
dure.or.rule(s) that will always enable you to report an-
swers using the correct number of significant figures.

Part 2:

A student wants to determine the volume of 27.2 g
of a substance. He looks up the density of the ma-
terial in a reference book, where it is reported to be
2.4451 g/cm?. He performs the calculation in the fol-
lowing manner:

272gX 1.0cm*2.4¢g =113 cm’

Is the calculated answer correct? If not, explain why it
is not correct.

Another student performs the calculation in the fol-
lowing manner:

272 g %X 1.00cm?*2.45¢ = 11.1 cm?
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Is this a “better” answer than that of the first student? Is
this the “best” answer, or could it be “improved”? Explain.

Say that you have ten ball bearings, each having a mass
of 1.234 g and a density of 3.1569 g/cm?. Calculate
the volume of these ten ball bearings. In performing

Conceptual Problems

Key: These problems are designed to check your under-
standing of the concepts associated with some of the main
topics presented in each chapter. A strong conceptual
understanding of chemistry is the foundation for both ap-
plying chemical knowledge and solving chemical problems.
These problems vary in level of difficulty and often can be
used as a basis for group discussion.

1.25
Sodium metal is partially melted. What are the two
phases present?
A sample of sand is composed of granules of quartz
(silicon dioxide) and seashells (calcium carbonate).
The sand is mixed with water. What phases are present?
1.26 A material is believed to be a compound. Suppose
you have several samples of this material obtained from
various places around the world. Comment on what you
would expect to find upon observing the melting point and
color for each sample. What would you expect to find upon
determining the elemental composition for each sample?
1.27 You need a thermometer that is accurate to £5°C to
conduct some experiments in the temperature range of 0°C
to 100°C. You find one in your lab drawer that has lost its
markings.
What experiments could you do to make sure your
thermometer is suitable for your experiments?
Assuming that the thermometer works, what proce-
dure could you follow to put a scale on your thermom-
eter that has the desired accuracy?

1.28 Imagine that you get the chance to shoot five arrows
at each of the targets depicted below. On each of the tar-
gets, indicate the pattern that the five arrows make when

You have poor accuracy and good precision.

You have poor accuracy and poor precision.

You have good accuracy and good precision.

1.29 Say you live in a climate where the temperature ranges
from —100°F to 20°F and you want to define a new tem-
perature scale, YS (YS is the “Your Scale” temperature
scale), which defines this range as 0.0°YS to 100.0°YS.
Come up with an equation that would allow you to
convert between °F and °YS.
Using your equation, what would be the temperature
in °F if it were 66°YS?
1.30 You are presented with a piece of metal in a jar.
It is your job to determine what the metal is. What are

the calculation, present your work as unit conversions,
and report your answer to the correct number of sig-
nificant figures.

Explain how the answer that you calculated in part ¢ is
the “best” answer to the problem?

some physical properties that you could measure in or-
der to determine the type of metal? You suspect that the
metal might be sodium; what are some chemical proper-
ties that you could investigate? (See Section 1.4 for some
ideas.)

1.31 You have two identical boxes with interior dimen-
sions of 8.0 cm X 8.0 cm X 8.0 cm. You completely fill
one of the boxes with wooden spheres that are 1.6 cm in
diameter. The other box gets filled with wooden cubes that
are 1.6 cm on each edge. After putting the lid on the filled
boxes, you then measure the density of each. Which one is
more dense?

1.32 Consider the following compounds and their densities.

Density Density
Substance (glmL)  Substance (glmL)
Isopropyl alcohol ~ 0.785 Toluene 0.866
n-Butyl alcohol 0.810 Ethylene glycol 1.114

You create a column of the liquids in a glass cylinder with
the most dense material on the bottom layer and the least
dense on the top. You do not allow the liquids to mix.
First you drop a plastic bead that has a density of
0.24 g/cm?® into the column. What do you expect to
observe?
Next you drop a different plastic bead that has a vol-
ume of 0.043 mL and a mass of 3.92 X 1072 g into
the column. What would you expect to observe in this
case?
You drop another bead into the column and observe
that it makes it all the way to the bottom of the col-
umn. What can you conclude about the density of this
bead?
1.33
Which of the following items have a mass of about 1 g?
a grain of sand
“a'paper clipt
a nickel
a 5.0-gallon bucket of water
a brick
acar
What is the approximate mass (using SI mass units) of
each of the items in part a?

1.34 What is the length of the nail reported to the correct
number of significant figures?

Centimeters




1.35 For these questions, be sure to apply the rules for sig-
nificant figures.
You are conducting an experiment where you need the
volume of a box; you take the length, height, and width
measurements and then multiply the values together to
find the volume. You report the volume of the box as
0.310 m?. If two of your measurements were 0.7120 m
and 0.52145 m, what was the other measurement?
If you were to add the two measurements from the first
part of the problem to a third length measurement

Practice Problems

Key: These problems are for practice in applying problem-
solving skills. They are divided by topic, and some are
keyed to exercises (see the ends of the exercises). The prob-
lems are arranged in matching pairs; the odd-numbered
problem of each pair is listed first, and its answer is given
in the back of the book.

Conservation of Mass

1.37 A 15.5 g sample of sodium carbonate is added to a
solution of acetic acid weighing 19.7 g. The two substances
react, releasing carbon dioxide gas to the atmosphere. After
reaction, the contents of the reaction vessel weigh 28.7 g.
What is the mass of carbon dioxide given off during the
reaction?

1.38 Some iron wire weighing 5.6 g is placed in a beaker
and covered with 15.0 g of dilute hydrochloric acid. The
acid reacts with the metal and gives off hydrogen gas,
which escapes into the surrounding air. After reaction, the
contents of the beaker weigh 20.4 g. What is the mass of
hydrogen gas produced by the reaction?

1.39 Zinc metal reacts with yellow crystals of sulfur in a
fiery reaction to produce a white powder of zinc sulfide. A
chemist determines that 65.4 g of zinc reacts with 32.1 g of
sulfur. How many grams of zinc sulfide could be produced
from 36.9 g of zinc metal?

1.40 Aluminum metal reacts with bromine, a red-brown
liquid with a noxious odor. The reaction is vigorous and
produces aluminum bromide, a white crystalline substance.
A sample of 27.0 g of aluminum yields.266.7..g.of .alu-
minum bromide. How many grams of bromine react with
18.1 g of aluminum?

Solids, Liquids, and Gases

1.41 Give the normal state (solid, liquid, or gas) of each
of the following.

sodium hydrogen carbonate (baking soda)

isopropyl alcohol (rubbing alcohol)

carbon monoxide

lead

1.42 Give the normal state (solid, liquid, or gas) of each
of the following.
potassium hydrogen tartrate (cream of tartar)
tungsten
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with the reported result of 1.509 m, what was the value

of the third measurement?
1.36 You are teaching a class of second graders some
chemistry, and they are confused about an object’s mass
versus its density. Keeping in mind that most second grad-
ers don’t understand fractions, how would you explain
these two ideas and illustrate how they differ? What exam-
ples would you use as a part of your explanation?

carbon (graphite)
mercury

Chemical and Physical Changes;
Properties of Substances

1.43 Which of the following are physical changes and
which are chemical changes?

melting of sodium chloride

pulverizing of rock salt

burning of sulfur

dissolving of salt in water

1.44 For each of the following, decide whether a physical
or a chemical change is involved.

dissolving of sugar in water

rusting of iron

burning of wood

evaporation of alcohol

1.45 A sample of mercury(II) oxide was heated to produce
mercury metal and oxygen gas. Then the liquid mercury
was cooled to —40°C, where it solidified. A glowing wood
splint was thrust into the oxygen, and the splint burst into
flame. Identify each physical change and each chemical
change.

1.46 Solid iodine, contaminated with salt, was heated until
the iodine vaporized. The violet vapor of iodine was then
cooled to yield the pure solid. Solid iodine and zinc metal
powder were mixed and ignited to give a white powder.
Identify each physical change and each chemical change.
1.47 The following are properties of substances. Decide
whether each is a physical property or a chemical property.

Chlorine gas liquefies at —35°C under normal pressure.

Hydrogen burns in chlorine gas.

Bromine melts at —7.2°C.

Lithium is a soft, silvery-colored metal.

Iron rusts in an atmosphere of moist air.

1.48 Decide whether each of the following is a physical
property or a chemical property of the substance.
Salt substitute, potassium chloride, dissolves in water.
Seashells, calcium carbonate, fizz when immersed in
vinegar.
The gas hydrogen sulfide smells like rotten eggs.
Fine steel wool (Fe) can be burned in air.
Pure water freezes at 0°C.
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1.49 Todine is a solid having somewhat lustrous, blue-black
crystals. The crystals vaporize readily to a violet-colored
gas. lodine combines with many metals. For example, alu-
minum combines with iodine to give aluminum iodide.
Identify the physical and the chemical properties of iodine
that are cited.

1.50 Mercury(IT) oxide is an orange-red solid with a
density of 11.1 g/em?. It decomposes when heated to
give mercury and oxygen. The compound is insoluble in
water (does not dissolve in water). Identify the physical
and the chemical properties of mercury(Il) oxide that
are cited.

Elements, Compounds, and Mixtures

1.51 Consider the following separations of materials. State
whether a physical process or a chemical reaction is in-
volved in each separation.
Sodium chloride is obtained from seawater by evapo-
ration of the water.
Mercury is obtained by heating the substance
mercury(II) oxide; oxygen is also obtained.
Pure water is obtained from ocean water by evaporat-
ing the water, then condensing it.
Iron is produced from an iron ore that contains the
substance iron(III) oxide.
Gold is obtained from river sand by panning (allowing
the heavy metal to settle in flowing water).

1.52 All of the following processes involve a separation of
either a mixture into substances or a compound into el-
ements. For each, decide whether a physical process or a
chemical reaction is required.
Sodium metal is obtained from the substance sodium
chloride.
Iron filings are separated from sand by using a
magnet.
Sugar crystals are separated from a sugar syrup by
evaporation of water.
Fine crystals of silver chloride are separated from a
suspension of the crystals in water.
Copper is produced when zinc metal is placed in a so-
lution of copper(II) sulfate, a compound.

1.53 Label each of the following as a substance, a hetero-
geneous mixture, or a solution.
seawater
fluorine

sulfur

1.54 Indicate whether each of the following materials is a
substance, a heterogeneous mixture, or a solution.

milk bromine

gasoline aluminum

1.55 Which of the following are pure substances and
which are mixtures? For each, list all of the different phases
present.

bromine liquid and its vapor

paint, containing a liquid solution and a dispersed

solid pigment

partially molten iron

baking powder containing sodium hydrogen carbon-

ate and potassium hydrogen tartrate

beach sand « e e e

1.56 Which of the following are pure substances and
which are mixtures? For each, list all of the different phases
present.

a sugar solution with sugar crystals at the bottom

ink containing a liquid solution with fine particles

of carbon

a sand containing quartz (silicon dioxide) and calcite

(calcium carbonate)

liquid water and steam at 100°C

Significant Figures

1.57 How many significant figures are there in each of the
following measurements?

57.00 g 0.0503 kg
6.310J 0.80090 m
5.06 X 107 cm 2.010s

1.58 How many significant figures are there in each of the
following measurements?

4.0100 mg 0.05930 g
0.035 mm 3.100 s
8.91 X 10' L 9.100 X 10* cm

1.59 The circumference of the earth at the equator is
40,000 km. This value is precise to two significant figures.
Write this in scientific notation to express correctly the
number of significant figures.

1.60 The astronomical unit equals the mean distance
between the earth and the sun. This distance is
150,000,000 km, which is precise to three significant figures.
Express this in scientific notation to the correct number of
significant figures.

1.61 Assuming all numbers are measured quantities, do
the indicated arithmetic and give the answer to the correct
number of significant figures.

8.71 X 0.0301

0.031

0.71 + 89.3

934 X 0.00435 + 107

(847.89 — 847.73) X 14673

1.62 Assuming all numbers are measured quantities, do
the indicated arithmetic and give the answer to the correct
number of significant figures.

08.71 X 0.57

May not b8®BPied, scanned, or 5‘8‘71 in part. WCN 02:200-20;

8.937 — 8.930
8.937 + 8.930
0.00015 X 54.6 + 1.002

1.63 One sphere has a radius of 4.52 cm; another has a ra-
dius of 4.72 cm. What is the difference in volume (in cubic
centimeters) between the two spheres? Give the answer to
the correct number of significant figures. The volume of a
sphere is (4/3) 73, where 7 = 3.1416 and r is the radius.

1.64 A solid circular cylinder of iron with a radius of
1.500 cm has a ruler etched along its length. What is the
volume of iron contained between the marks labeled
3.20 cm and 3.50 cm? The volume of a circular cylinder is
mr?l, where 7 = 3.1416, r is the radius, and / is the length.
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1.65 Write the following measurements, without scientific
notation, using the appropriate SI prefix.

5.89 X 107125 0.2010 m

2.560 X 107° ¢ 6.05 X 10°m

1.66 Write the following measurements, without scientific
notation, using the appropriate SI prefix.

4851 x107°g 3.16 X 102 m

2.591 X 107%s 8.93x 10712 ¢
E Using scientific notation, convert:

6.15pstos 3.781 um to m

1.546 A tom 9.7mgtog
1.68 Using scientific notation, convert:

6.20 km to m 1.98nstos

2.54 cm to m 523 pngtog

Temperature Conversion

1.69 Convert:
68°F to degrees Celsius
—23°F to degrees Celsius
26°C to degrees Fahrenheit
—81°C to degrees Fahrenheit

1.70 Convert:
51°F to degrees Celsius
—11°F to degrees Celsius
—41°C to degrees Fahrenheit
22°C to degrees Fahrenheit

1.71 Salt and ice are stirred together to give a mixture
to freeze ice cream. The temperature of the mixture is
—20.0°C. What is this temperature in degrees Fahrenheit?

1.72 The reaction of oxygen and hydrogen is used to pro-
pel rockets. Liquid oxygen has a boiling point of —222.7°C.
What is this temperature in degrees Fahrenheit?

Density

1.73 A certain sample of the mineral galena (lead sulfide)
weighs 12.4 g and has a volume of 1.64 cm®. What is the
density of galena?

1.74 A flask contains a 30.0 mL sample of acetone (nail

polish remover) that weighs 23.6 grams. What is the density

of the acetone?

1.75 Aliquid with a volume of 8.5 mL has a mass of 6.71 g.
The liquid is either octane, ethanol, or benzene, the densi-
ties of which are 0.702 g/cm3, 0.789 g/cm?, and 0.879 g/cm?,
respectively. What is the identity of the liquid?

1.76 A mineral sample has a mass of 5.94 g and a volume
of 0.73 cm®. The mineral is either sphalerite (density =
4.0 g/cm?), cassiterite (density = 6.99 g/cm?), or cinnabar
(density = 8.10 g/cm?). Which is it?

1.77 Platinum has a density of 21.4 g/cm?. What is the

mass of 5.9 cm?® of this metal?

1.78 What is the mass of a 43.8-mL sample of gasoline,
which has a density of 0.70 g/cm3?

Questions and Problems 30e

1.79 Ethanol has a density of 0.789 g/cm?®. What volume
must be poured into a graduated cylinder to give 19.8 g of
alcohol?

1.80 Bromine is a red-brown liquid with a density of
3.10 g/mL. A sample of bromine weighing 88.5 g occupies
what volume?

Unit Conversions

1.81 Sodium hydrogen carbonate, known commercially
as baking soda, reacts with acidic materials such as vin-
egar to release carbon dioxide gas. An experiment calls for
0.450 kg of sodium hydrogen carbonate. Express this mass
in milligrams.

1.82 The acidic constituent in vinegar is acetic acid. A
10.0-mL sample of a certain vinegar contains 611 mg of
acetic acid. What is this mass of acetic acid expressed in
micrograms?

1.83 The different colors of light have different wave-
lengths. The human eye is most sensitive to light whose
wavelength is 555 nm (greenish-yellow). What is this wave-
length in centimeters?

1.84 Water consists of molecules (groups of atoms). A wa-
ter molecule has two hydrogen atoms, each connected to
an oxygen atom. The distance between any one hydrogen
atom and the oxygen atom is 0.96 A. What is this distance
in millimeters?

oF

Q%Ai i

1.85 The total amount of fresh water on earth is estimated
to be 3.73 X 108 km?3. What is this volume in cubic meters?
in liters?

1.86 A submicroscopic particle suspended in a solution
has a volume of 1.3 wm?. What is this volume in liters?

1.87 How many grams are there in 3.58 short tons? Note
that 1 g = 0.03527 oz (ounces avoirdupois), 1 1b (pound) =
16 oz, and 1 short ton = 2000 Ib. (These relations are
exact.)

1.88 The calorie, the Btu (British thermal unit), and the
joule are units of energy; 1 calorie = 4.184 joules (exact),

“and T Btu="252.0 calories. Convert 3.15 Btu to joules.

1.89 The first measurement of sea depth was made in
1840 in the central South Atlantic, where a plummet was
lowered 2425 fathoms. What is this depth in meters? Note
that 1 fathom = 6ft, 1 ft = 121in.,and 1 in. = 2.54 X 1072 m.
(These relations are exact.)

1.90 The estimated amount of recoverable oil from the
field at Prudhoe Bay in Alaska is 1.3 X 10'? barrels. What
is this amount of oil in cubic meters? One barrel = 42 gal
(exact), 1 gal = 4 qt (exact), and 1 qt = 9.46 X 10~*m?.

1.91 A fish tank is 24.2 in. long, 15.9 in. deep, and 14.8 in.
high. What is the maximum volume of water, in liters, that
the fish tank can hold?



30f Chemistry and Measurement

1.92 The population density of worms in a particular field
is 33 worms per cubic meter of soil. How many worms

General Problems

Key: These problems provide more practice but are not di-
vided by topic or keyed to exercises. Each section ends with
essay questions, each of which is color coded to refer to the
A Chemist Looks at Daily Life (orange) or Instrumental
Methods (light blue) chapter essay on which it is based. Odd-
numbered problems and the even-numbered problems that
follow are similar; answers to all odd-numbered problems
except the essay questions are given in the back of the book.

1.93 Sodium metal reacts vigorously with water. A piece
of sodium weighing 19.70 g was added to a beaker con-
taining 126.22 g of water. During reaction, hydrogen gas
was produced and bubbled from the solution. The solu-
tion, containing sodium hydroxide, weighed 145.06 g. How
many grams of hydrogen gas were produced?

1.94 An antacid tablet weighing 0.853 g contained calcium
carbonate as the active ingredient, in addition to an inert
binder. When an acid solution weighing 56.519 g was added
to the tablet, carbon dioxide gas was released, producing a
fizz. The resulting solution weighed 57.152 g. How many
grams of carbon dioxide were produced?

1.95 When a mixture of aluminum powder and iron(III)
oxide is ignited, it produces molten iron and aluminum ox-
ide. In an experiment, 5.40 g of aluminum was mixed with
18.50 g of iron(III) oxide. At the end of the reaction, the
mixture contained 11.17 g of iron, 10.20 g of aluminum
oxide, and an undetermined amount of unreacted iron(I11)
oxide. No aluminum was left. What is the mass of the
iron(III) oxide?

1.96 When chlorine gas is bubbled into a solution of
sodium bromide, the sodium bromide reacts to give
bromine, a red-brown liquid, and sodium chloride (ordi-
nary table salt). A solution was made by dissolving 20.6 g
of sodium bromide in 100.0 g of water. After passing chlo-
rine through the solution, investigators analyzed the mix-
ture. It contained 16.0 g of bromine and 11.7 g of sodium
chloride. How many grams of chlorine reacted?

1.97 A beaker weighed 50.90 g. To the beaker was added

5.680 g of iron pellets and 53.3 g of hydrochloric acid.

What was the total mass of the beaker and the mixture
(before reaction)? Express the answer to the correct num-
ber of significant figures.

1.98 A graduated cylinder weighed 66.5 g. To the cylinder
was added 58.2 g of water and 5.279 g of sodium chloride.
What was the total mass of the cylinder and the solution?
Express the answer to the correct number of significant
figures.

1.99 Describe each of the following as a physical or chemi-
cal property of each listed chemical substance.

baking soda reacts with vinegar

ice melts at 0°C

graphite is a soft, black solid

hydrogen burns in air

would there be in the top meter of soil in a field that has
dimensions of 1.00 km by 2.0 km?

1.100 Describe each of the following as a physical or
chemical property of each listed chemical substance.
chlorine is a green gas
zinc reacts with acids
magnesium has a density of 1.74 g/cm?
iron can rust

1.101 Analyses of several samples of a material containing
only iron and oxygen gave the following results. Could this
material be a compound?

Mass of Mass of Mass of

Sample Iron Oxygen
Sample A 1.518 g 1.094 g 0424 ¢
Sample B 2.056 g 1449 ¢ 0.607 g
Sample C 1.873 g 1.335¢ 0.538 ¢

1.102 A red-orange solid contains only mercury and oxy-
gen. Analyses of three different samples gave the following
results. Are the data consistent with the hypothesis that the
material is a compound?

Mass of Mass of Mass of

Sample Mercury Oxygen
Sample A 1.0410 g 0.9641¢g 0.0769 g
Sample B 1.5434 ¢ 14293 g 0.1141 g
Sample C 1.2183 g 1.1283 g 0.0900 g

1.103 A cubic box measures 39.3 cm on an edge. What is
the volume of the box in cubic centimeters? Express the
answer to the correct number of significant figures.

1.104 A cylinder with circular cross section has a radius of
2.56 cm and a height of 56.32 cm. What is the volume
of the cylinder? Express the answer to the correct number
of significant figures.

1.105 An aquarium has a rectangular cross section that is
47.8 in. by 12.5 in.; it is 19.5 in. high. How many U.S. gal-

~lons-does-the-aquarium contain? One U.S. gallon equals

exactly 231 in?.

1.106 A spherical tank has a radius of 175.0 in. Calculate
the volume of the tank in cubic inches; then convert this to
Imperial gallons. The volume of a sphere is (4/3) 73, where
r is the radius. One Imperial gallon equals 277.4 in®.

1.107 Obtain the difference in volume between two
spheres, one of radius 5.61 cm, the other of radius 5.85 cm.
The volume V of a sphere is (4/3) 713, where r is the radius.
Give the result to the correct number of significant figures.

1.108 What is the difference in surface area between two
circles, one of radius 7.98 cm, the other of radius 8.50 cm?
The surface area of a circle of radius r is mr2. Obtain the
result to the correct number of significant figures.



1.109 Perform the following arithmetic setups and express
the answers to the correct number of significant figures.

56.1 — 51.1 56.1 + 51.1

6.58 6.58
(9.1 + 8.6) X 2691 0.0065 X 3.21 + 0.0911

1.110 Assuming all of the numbers are measured quanti-
ties, perform the following arithmetic setups and report the
answers to the correct number of significant figures.

9.345 — 9.005 9.345 + 9.005

9.811 9.811
(7.50 + 7.53) X 3.71 0.71 X 0.36 + 17.36

1.111 For each of the following, write the measurement in
terms of an appropriate prefix and base unit.
The mass of calcium per milliliter in a sample of blood
serum is 0.0912 g.
The radius of an oxygen atom is about 0.000000000066 m.
A particular red blood cell measures 0.0000071 m.
The wavelength of a certain ultraviolet radiation is
0.000000056 m.

1.112 For each of the following, write the measurement in
terms of an appropriate prefix and base unit.
The mass of magnesium per milliliter in a sample of
blood serum is 0.0186 g.
The radius of a carbon atom is about 0.000000000077 m.
The hemoglobin molecule, a component of red blood
cells, is 0.0000000065 m in diameter.
The wavelength of a certain infrared radiation is
0.00000085 m.

1.113 Write each of the following in terms of the SI base
unit (that is, express the prefix as the power of 10).

1.07 ps 5.8 um

319 nm 153 ms

1.114 Write each of the following in terms of the SI base
unit (that is, express the prefix as the power of 10).

6.6 mK 275 pm

22.1 ms 45 pm

1.115 Tungsten metal, which is used in lightbulb filaments,
has the highest melting point of any metal (3410°C). What
is this melting point in degrees Fahrenheit?

1.116 Titanium metal is used in aerospace alloys to add
strength and corrosion resistance. Titanium melts at

1677°C. What is this temperature in degrees Fahrenheit?

1.117 Calcium carbonate, a white powder used in tooth-
pastes, antacids, and other preparations, decomposes when
heated to about 825°C. What is this temperature in degrees
Fahrenheit?

1.118 Sodium hydrogen carbonate (baking soda) starts to
decompose to sodium carbonate (soda ash) at about 50°C.
What is this temperature in degrees Fahrenheit?

1.119 Gallium metal can be melted by the heat of one’s
hand. Its melting point is 29.8°C. What is this temperature
in kelvins? in degrees Fahrenheit?

1.120 Mercury metal is liquid at normal temperatures but
freezes at —38.9°C. What is this temperature in kelvins? in
degrees Fahrenheit?
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1.121 Zinc metal can be purified by distillation (transform-
ing the liquid metal to vapor, then condensing the vapor
back to liquid). The metal boils at normal atmospheric
pressure at 1666°F. What is this temperature in degrees
Celsius? in kelvins?

1.122 Jodine is a bluish-black solid. It forms a violet-
colored vapor when heated. The solid melts at 236°F. What
is this temperature in degrees Celsius? in kelvins?

1.123 An aluminum alloy used in the construction of air-
craft wings has a density of 2.70 g/cm?3. Express this den-
sity in ST units (kg/m?).

1.124 Vanadium metal is added to steel to impart strength.
The density of vanadium is 5.96 g/cm?. Express this in SI
units (kg/m?).

1.125 The density of quartz mineral was determined by
adding a weighed piece to a graduated cylinder containing
52.2 mL water. After the quartz was submerged, the water
level was 67.1 mL. The quartz piece weighed 39.8 g. What
was the density of the quartz?

1.126 Hematite (iron ore) weighing 70.7 g was placed in
a flask whose volume was 53.2 mL. The flask with hematite
was then carefully filled with water and weighed. The he-
matite and water weighed 109.3 g. The density of the water
was 0.997 g/cm’. What was the density of the hematite?

1.127 Some bottles of colorless liquids were being labeled
when the technicians accidentally mixed them up and lost
track of their contents. A 15.0-mL sample withdrawn from
one bottle weighed 22.3 g. The technicians knew that the
liquid was either acetone, benzene, chloroform, or carbon
tetrachloride (which have densities of 0.792 g/cm?,
0.899 g/em?®, 1.489 g/cm?, and 1.595 g/cm?, respectively).
What was the identity of the liquid?

1.128 Providing no reaction occurs, a solid will float on
any liquid that is more dense than it is. The volume of a
piece of calcite weighing 35.6 g is 12.9 cm®. On which of
the following liquids will the calcite float: carbon tetrachlo-
ride (density = 1.60 g/cm?), methylene bromide (density =
2.50 g/cm?), tetrabromoethane (density = 2.96 g/cm?), or
methylene iodide (density = 3.33 g/cm?)?

1.129 Platinum metal is used in jewelry; it is also used in
automobile catalytic converters. What is the mass of a cube
of platinum 4.40 cm on an edge? The density of platinum

8214 g em®

1.130 Ultrapure silicon is used to make solid-state devices,
such as computer chips. What is the mass of a circular cyl-
inder of silicon that is 12.40 cm long and has a radius of
4.00 cm? The density of silicon is 2.33 g/cm?.

1.131 Vinegar contains acetic acid (about 5% by mass).
Pure acetic acid has a strong vinegar smell but is corrosive
to the skin. What volume of pure acetic acid has a mass of
35.00 g? The density of acetic acid is 1.053 g/mL.

1.132 Ethyl acetate has a characteristic fruity odor and is
used as a solvent in paint lacquers and perfumes. An ex-
periment requires 0.070 kg of ethyl acetate. What volume
is this (in liters)? The density of ethyl acetate is 0.902 g/mL.
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1.133 Convert:
8.45 kg to micrograms
318 us to milliseconds
93 km to nanometers
37.1 mm to centimeters

1.134 Convert:
127 A to micrometers
21.0 kg to milligrams
1.09 cm to millimeters
4.6 ns to microseconds

1.135 Convert:
5.91 kg of chrome yellow to milligrams
753 mg of vitamin A to micrograms
90.1 MHz (megahertz), the wavelength of an FM
signal, to kilohertz
498 mJ (the joule, J, is a unit of energy) to kilojoules

1.136 Convert:
7.19 pg of cyanocobalamin (vitamin Bi,) to milli-
grams
104 pm, the radius of a sulfur atom, to angstroms
0.010 mm, the diameter of a typical blood capillary, to
centimeters
0.0605 kPa (the pascal, Pa, is a unit of pressure) to
centipascals

1.137 The largest of the Great Lakes is Lake Superior,
which has a volume of 12,230 km?3. What is this volume
in liters?

Strategy Problems

Key: As noted earlier, all of the practice and general
problems are matched pairs. This section is a selection
of problems that are not in matched-pair format. These
challenging problems require that you employ many of the
concepts and strategies that were developed in the chap-
ter. In some cases, you will have to integrate several con-
cepts and operational skills in order to solve the problem
successfully.

1.147 When the quantity 5 X 1072 mg is subtracted from
4.7 mg, how many significant figures should be reported in
the answer?

1.148 A 33.0-g sample of an unknown liquid at 20.0°C'is
heated to 120°C. During this heating, the density of the liq-
uid changes from 0.854 g/cm?® to 0.797 g/cm?. What volume
would this sample occupy at 120°C?
1.149 A 124-g sample of a pure liquid, liquid A, with a
density of 3.00 g/mL is mixed with a 40.8-mL sample of
a pure liquid, liquid B, with a density of 2.00 g/mL. What
is the total volume of the mixture? (Assume there is no
reaction upon the mixing of A and B, and volumes are
additive.)
1.150 On a long trip you travel 832 miles in 21 hours. Dur-
ing this trip, you use 31 gallons of gasoline.
Calculate your average speed in miles per hour.
Calculate your average speed in kilometers per hour.
Calculate your gas mileage in kilometers per liter.

1.138 The average flow of the Niagara River is 3.50 km?
per week. What is this volume in liters?

1.139 A room measures 10.0 ft X 11.0 ft and is 9.0 ft high.
What is its volume in liters?

1.140 A cylindrical settling tank is 5.0 ft deep and has a
radius of 15.0 ft. What is the volume of the tank in liters?

1.141 The masses of diamonds and gems are measured
in carats. A carat is defined as 200 mg. If a jeweler has
384 carats of diamonds, how many grams does she have?

1.142 One year of world production of gold was 49.6 X 10°
troy ounces. One troy ounce equals 31.10 g. What was
the world production of gold in metric tons (10° g) for that
year?

B 1.143 What are some characteristics of the adhesive
used for Post-it Notes?

W 1.144 All good experiments start with a scientific ques-
tion. What was the scientific question that Art Fry was try-
ing to answer when he embarked on finding the adhesive
for the Post-it Note?

M 1.145 What do the various chromatographic separation
techniques have in common?

M 1.146 Describe how gas chromatography works.

1.151 The density of lead at 20°C is 11.3 g/cm’. Rank the
volumes of the following quantities of lead from least to
greatest: 50.0 mL, 0.100 qt, 50.0 g, and 0.0250 1b.

1.152 A 2010 oil spill in the Gulf of Mexico was estimated
to dump as much as 7.6 X 10% L of crude oil into the water.
Calculate the volume of this spill in cubic feet.

1.153 Catalytic converters are used in automobiles to
convert harmful gaseous substances in the exhaust to
more benign substances, for example, carbon monoxide
to carbon dioxide. Beads used in these converters have ex-
tremely large surface areas. For instance, a single 3.0-mm
porous-bead-can have a surface area of 1.0 X 10° cm?. If
a car has two catalytic converters, each with 5.0 X 103
beads, calculate the surface area of the two catalytic con-
verters in km?.

1.154 The density of liquid water at 80°C is 972 kg/m? and
at 20°C is 998 kg/m?. If you have 200.0 mL of water at
20°C, what volume (mL) will the water occupy at 80°C?
Which will contain more water molecules, 1.0 L of water at
80°C or 1.0 L of water at 20°C?

1.155 A 47.0-cm’ sample of ocean water has a density of
1025 kg/m3. Assuming all of the solids stay in solution,
what will be the density of this water sample in units of
g/cm? after 4.1 mL of water has evaporated?

1.156 At 20°C liquid gasoline gas has a density of
0.75 g/lem?. If a 5.5-mL sample of gasoline is placed into a



sealed 3.00-L container at 50°C and allowed to completely
evaporate, what will be the density of the gasoline vapor in
the container?

1.157 The figures below represent a gas trapped in con-
tainers. The orange balls represent individual gas atoms.
Container A on the left has a volume that is one-half the
volume of container B on the right.

How does the mass of gas in one container compare
with the mass of gas in the other?

Which container has the greater density of gas?

If the volume of container A were increased to the
same volume as container B, how would the density of
the gas in container A change?

1.158 An ice cube measures 3.50 cm on each edge and
weighs 39.45 g.

Calculate the density of ice.

Calculate the mass of 400.4 mL of water in an ice cube.

Capstone Problems

Key: The problems under this heading combine skills,
strategies, and concepts learned in previous chapters with
those introduced in the current one.

1.163 When 11.1 g of marble chips (calcium carbon-
ate) is treated with 54.3 mL of hydrochloric acid (density
1.096 g/mL), the marble dissolves, giving a solution and
releasing carbon dioxide gas. The solution weighs 65.7 g.
How many liters of carbon dioxide gas are released? The
density of the gasis 1.798 g/L.

1.164 Zinc ore (zinc sulfide) is treated with sulfuric acid,
leaving a solution with some undissolved bits of material
and releasing hydrogen sulfide gas. If 10.8 g of zinc ore is
treated with 50.0 mL of sulfuric acid (density 1.153 g/mL),
65.1 g of solution and undissolved material remains. In
addition, hydrogen sulfide (density 1:393-g/1.)is-evolved:
What is the volume (in liters) of this gas?

1.165 A steel sphere has a radius of 1.58 in. If this steel
has a density of 7.88 g/cm?, what is the mass of the sphere
in grams?

1.166 A weather balloon filled with helium has a diameter
of 3.50 ft. What is the mass in grams of the helium in the
balloon at 21°C and normal pressure? The density of he-
lium under these conditions is 0.166 g/L.

1.167 Theland area of Greenland is 840,000 mi?, with only
132,000 mi? free of perpetual ice. The average thickness of
this ice is 5000 ft. Estimate the mass of the ice (assume two
significant figures). The density of ice is 0.917 g/cm?.

1.168 Antarctica, almost completely covered in ice, has an
area of 5,500,000 mi> with an average height of 7500 ft.
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1.159 The total length of all the DNA molecules con-
tained in a human body is 1 X 10'miles. The population
of the United States is about 300 million. What is the total
length of all the DNA of the U.S. population in lightyears?
(A lightyear is the distance that light travels in a year and
is 9.46 X 10 m.)

1.160 Prospectors are considering searching for gold on a
plot of land that contains 1.31 g of gold per bucket of soil.
If the volume of the bucket is 4.67 L, how many grams of
gold are there likely to be in 2.38 X 103 cubic feet of soil?

1.161 A solution is prepared by dissolving table salt, so-
dium chloride, in water at room temperature.
Assuming there is no significant change in the volume
of water during the preparation of the solution, how
would the density of the solution compare to that of
pure water?
If you were to boil the solution for several minutes and
then allow it to cool to room temperature, how would
the density of the solution compare to the density in
part a?
If you took the solution prepared in part a and added
more water, how would this affect the density of the
solution?
1.162 Water and saline (salt) solution have in common that
they are both homogeneous. How do these materials dif-
fer? Be specific and use chemical terms to describe the two
systems.

Without the ice, the height would be only 1500 ft. Estimate
the mass of this ice (two significant figures). The density of
ice is 0.917 g/cm?.

1.169 A sample of an ethanol-water solution has a volume
of 54.2 cm® and a mass of 49.6 g. What is the percentage of
ethanol (by mass) in the solution? (Assume that there is no
change in volume when the pure compounds are mixed.)
The density of ethanol is 0.789 g/cm? and that of water is
0.998 g/cm?. Alcoholic beverages are rated in proof, which
is a measure of the relative amount of ethanol in the bev-
erage. Pure ethanol is exactly 200 proof; a solution that is
50% ethanol by volume is exactly 100 proof. What is the
proof of the given ethanol-water solution?

1.170 You have a piece of gold jewelry weighing 9.35 g.
Its volume is 0.654 cm?. Assume that the metal is an al-
loy (mixture) of gold and silver, which have densities of
19.3 g/cm? and 10.5 g/cm?, respectively. Also assume that
there is no change in volume when the pure metals are
mixed. Calculate the percentage of gold (by mass) in the
alloy. The relative amount of gold in an alloy is measured
in karats. Pure gold is 24 karats; an alloy of 50% gold is
12 karats. State the proportion of gold in the jewelry in
karats.

1.171 A sample of vermilion-colored mineral was weighed
in air, then weighed again while suspended in water. An
object is buoyed up by the mass of the fluid displaced
by the object. In air, the mineral weighed 18.49 g; in wa-
ter, it weighed 16.21 g. The densities of air and water are
1.205 g/L and 0.9982 g/cm?, respectively. What is the den-
sity of the mineral?
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1.172 A sample of a bright blue mineral was weighed in air,
then weighed again while suspended in water. An object is
buoyed up by the mass of the fluid displaced by the object.
In air, the mineral weighed 7.35 g; in water, it weighed 5.40 g.
The densities of air and water are 1.205 g/L and 0.9982 g/cm?,
respectively. What is the density of the mineral?

1.173 A student gently drops an object weighing 15.8 ginto
an open vessel that is full of ethanol, so that a volume of
ethanol spills out equal to the volume of the object. The ex-
perimenter now finds that the vessel and its contents weigh
10.5 g more than the vessel full of ethanol only. The density
of ethanol is 0.789 g/cm?. What is the density of the object?

1.174 An experimenter places a piece of a solid metal
weighing 255 g into a graduated cylinder, which she then
fills with liquid mercury. After weighing the cylinder and
its contents, she removes the solid metal and fills the cyl-
inder with mercury. She now finds that the cylinder and its
contents weigh 101 g less than before. The density of mer-
cury is 13.6 g/lcm?. What is the density of the solid metal?

1.175 An expected experimental outcome is 37.45 grams.
Describe the following data sets as accurate and/or precise
by selecting “Yes” or “No” in each case.

Data Accurate? Precise?

38.74, 38.75, 38.76

37.15,37.44, 37.75

37.44,37.46, 37.48

39.43, 37.45, 38.64
1.176 The expected outcome for the amount of sugar in a
beverage is 32.00 g sugar. Describe the following data sets

as accurate and/or precise by selecting “Yes” or “No” in
each case.

1.177 Specific gravity is a physical property used in many
industrial applications. Broadly speaking, for liquids or
solids, it is a unit-less ratio of the substance’s density to
the density of water at a specified temperature, oftentimes
chosen to be 4°C. If a substance’s specific gravity is greater
than one, it is more dense than water; if less than one, it is
less dense than water. For instance, over the temperature
range of 4°C to 20°C, the specific gravity of seawater is
1.03; on the other hand, the specific gravity of typical fresh
or brackish water lakes and/or rivers can range down to
near 1.00.
If 1 gallon of pure water at 4°C has a mass of 8.351bs,
what is the mass (in kg) of a sea-going barge’s
cargo carrying 24,500 gallons of a liquid chemical
(specific gravity = 1.01) known to not mix well with
water?
If the barge ruptures its hull on a submerged obstacle,
the liquid that leaks out of the barge may sink or float,
thereby creating different environmental scenarios. If
such an incident occurred where the river empties into
the ocean, would surface cleanup be feasible? In other
words, could surface booms potentially be used to col-
lect the leaked liquid?

1.178 The solubility of a salt in water depends on a broad
range of intermolecular bonding forces. These occur be-
tween the particles or ions making up the salt, between the
salt’s particles and solvating water molecules, and between
water molecules themselves. Although the solubility of
many salts tends to increase with temperature, this is not
always the case. Take sodium chloride as an example. It’s
solubility in water at 25°C is 35.89 g per 100 g H,O, and
over the temperature range of 0°C to 100°C the solubil-
ity modestly ranges upwards from 35.65 g to 38.99 g per
100 g H,O. Still, the solubility of some salts decreases with

Data Precise? Accurate? temperature. Below is a table giving the solubility (in g salt/
32.00. 32.01. 31.99 100 g H,O) for a few selected salts over the 0°C to 80°C
’ ’ temperature range. Follow the steps below to prepare the
29.50, 32.00, 34.50 )
graphs (you can use Excel or other graphing tool) and an-
29.00, 29.01, 29.02 swer the questions.
25.00, 27.00, 29.00
Salt 0°C 10°C 20°C 30°C 40°C 50°C 60°C 70°C 80°C
NaCl 35.65 35.72 35.89 36.09 36.37 36.69 37.04 37.46 37.93
KCl1 28 31.2 34.2 37.2 40.1 42.6 45.8 51.3
K,Cr,O 4.7 7 12.3 18.1 26.3 34 45.6 73
Ce(SO,);"2H,0 214 conmon ) Bl s Dl s s 9 By oo, s 3.87
KNO; 13 22 33 48 65 84 106 132 167
KNO, 279 292 306 320 329 348 376
Nd,(SO.)s 13 9.7 7.1 5.3 4.1 2.8 2.2
MnSO, 52.9 59.7 62.9 62.9 60 53.6 45.6
Pbl, 0.044 0.056 0.0756 0.09 0.124 0.193 0.294

Step 4: Answer the following questions by reading the pre-
pared graphs.
Many substances dissolve in water and absorb heat
when doing so. This is referred to as an endothermic
process and will be discussed in more detail in later
chapters. For now, simply recognize that these processes

Step 1: Prepare a plot of solubility (y-axis) vs. temperature
(°C) using the tabulated data above.

Step 2: Rescale the vertical axis to a maximum of 100 g/
100 g H,O.

Step 3: Rescale the vertical axis to a maximum of 25 g/
100 g H,0.



are further favored as the temperature is increased.
For the chosen substances, which ones show an up-
ward trend in solubility over the selected temperature
range?

NaCl, KCl, K,Cr,05, Cex(SO,); - 2H,0, KNO,, KNO,,
Nd»(SO,);, MnSO,, Pbl,

Other substances dissolve in water and release heat
when doing so. This is referred to as an exothermic pro-
cess and will be discussed in more detail in later chap-
ters. For now, simply recognize that these processes
are less favored as the temperature is increased. For
the chosen substances, which show a downward trend
in solubility over the selected temperature range?

NaCl, KCI, K2Cr207, Cez(SO4)3 . 2H20, KNO3, KNOZ,
Ndz(SO4)3, MnSO4, Pblz,

Still other substances show more unusual solubil-
ity behaviors as the temperature is changed. For the
chosen substances, which show neither a significantly
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upward or significantly downward trend in solubility
over the selected temperature range?

NaCl, KCI, KzCr207, Cez(SO4)3 . 2H20, KNO3, KNOz,
Ndz(SO4)3, MnSO4, PbIz

Step 5: Prepare a scatter plot of the tabulated data. Note
that some solubility data is missing in the original data set.

Use an appropriately scaled scatter plot to estimate
the following solubilities:

solubility of Ce,(SO,);°2H,0 at 10°C
solubility of Ce,(S0,);"2H,0 at 50°C
solubility of KNO, at 50°C

Many substances have such low solubility they are
considered insoluble for all intents and purposes in
the earlier discussions of aqueous phase chemistry
reactions. Which of the chosen substances would you
consider to be insoluble in this context?

NaCl, KCl, chr207, Cez(SO4)3 : 2H20, KNO3, KNOz,
Nd,(SO,)s, MnSO,, Pbl,,



