THE MOLE: AMEASUREMENT OF
MATTER

E very year, contestants from all over the world travel to
Harrison Hot Springs in British Columbia, Canada to compete
in the world championship sand sculpture contest. Each contestant creates a beauti-
ful work of art out of millions of tiny grains of sand. If you assume that sand is
pure silicon dioxide (Si0,), what chemical unit could you use to measure the
amount of sand in a sand sculpture?

What Is a Mole?

You live in a quantitative world. The grade you got on your last exam, the
number of times you heard your favorite song on the radio yesterday, and
the cost of a bicycle you would like to own are all important quantities to
you. These are quantities that answer such questions as “how much?” or
“how many?” Scientists spend time answering similar questions. How
many kilograms of iron can be obtained from one kilogram of iron ore?
How many grams of the elements hydrogen and nitrogen must be com-
bined to make 200 grams of the fertilizer ammonia (NH3)? These two
questions illustrate that chemistry is a quantitative science. In your study
of chemistry, you will analyze the composition of samples of matter. You
will also perform chemical calculations relating quantities of reactants and
products to chemical equations. To solve these and other problems, you
will have to be able to measure the amount of matter you have.

How do you measure matter? One way is to count how many of some-
thing you have. For example, you can count the CDs in your collection or
the number of pins you knock down when bowling. Another way to mea-
sure matter is to determine its mass or weight. You can buy potatoes by the
kilogram or pound and gold by the gram or ounce. You can also measure
matter by volume. For instance, people buy gasoline by the liter or gallon
and take cough medicine by the milliliter or teaspoon. Often, more than
one method of measurement—a count, a mass, a volume—can be used.
For example, you can buy soda by the six-pack or by the liter. Figure 7.2 on
the following page shows how some everyday items are measured.
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Describe how Avogadro’s num-
ber is related to a mole of any
substance

Calculate the mass of a mole of
any substance

mole (mol)

Avogadro’s number
representative particle

gram atomic mass (gam)
gram molecular mass (gmm)
gram formula mass (gfm)

Fiqure 1.1
Jellybeans are often sold by either
weight or mass.
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Some of the units used when measuring always indicate a specific
number of items. For example, a pair always means two. A pair of shoes is
two shoes, and a pair of aces is two aces. Similarly, a dozen always means
12 (except for a baker’s dozen which is 13). A dozen eggs is 12 eggs, 4 dozen
pens is 12 pens, and a dozen donuts is 12 donuts.

Apples are commonly measured in three different ways. At a fruit
stand, apples are often sold by the count (5 for $2.00). In a supermarket,
you usually buy apples by weight ($0.89/pound) or mass ($1.95/kg). At an
orchard, you can buy apples by volume ($9.00/bushel). Each of these dif-
ferent ways to measure apples—by count, by mass, and by volume—can
be equated to a dozen apples.

By count:
1 dozen apples = 12 apples

For average-sized apples the following approximations can be used.

By mass:
1 dozen apples = 2.0 kg apples

By volume:
1 dozen apples = 0.20 bushel apples

Knowing how the count, mass, and volume of apples relate to a dozen
apples allows you to convert between these units. For example, you could
calculate the mass of a bushel of apples or the mass of 90 average-sized
apples using conversion factors based on the unit relationships given above.

In chemistry, you will'do calculations using a measuring unit called a
mole. The mole, the SI unit that measures the amount of substance, is a
unit just like the dozen. The mole can be r'ekated to the number of particles
(a count), the mass, and the volume of an element or a compound justasa
dozen was related to these three units for apples.

Figure 1.2

Items are often sold by different types of measurements, such as a count, a weight or
mass, or a volume. Which of these comimon supermarket items are being sold by weight?
By volume? By count?
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Sample:Problemi]=|

What is the mass of 90 average-sized apples?

1. ANALYZE List the knowns and the unknown.

Knowns: Unknown:

» number of apples = 90 apples = mass of 90 apples =? kg
* 12 apples = 1 dozen apples

¢ 1 dozen apples = 2.0 kg apples

The desired conversion is:

number of apples —— mass of apples
This conversion can be carried out by performing the following
sequence of conversions:

number —— dozens ——> mass of apples

2. CALCULATE Solve for the unknown.
1 dozen apples
12 apples

The first conversion factor is

2.0 kg apples
1 dozen apples °

The second conversion factor is

1. What is the mass of 0.50 bushel
of apples?

2. Assume that a variety of apples
has 8 seeds in each apple. How
many apple seeds are in 14 kg

_ DPracticeProblems

Multiplying the original number of apples by these two con- of apples?
version factors yields the answer in kilograms,
1 dozen-apples 2.0 kg apples Chem ASAP! :
Ql2ppes X 12 apples 1 dozen-apples Problem-Solving 1
= 15 kg apples Solve Problem 1 with the help 158

3. FVALUATE Does the result make sense?

of an interactive guided tutorial.

Because a dozen apples has a mass of 2.0 kg and 90 apples is less
than 10 dozen apples, the mass should be less than 20 kg of
apples (10 dozen X 2.0 kg/dozen).

The Number of Particles in a Mole

In Chapter 2, you learned that matter is composed of different kinds of par-
ticles. One way to measure the amount of a substance is to count the number
of particles in that substance. Because atoms, molecules, and ions are
exceedingly small, the number of individual particles in a sample (even a
very small sample) of any substance is very large. Counting the particles is
not practical. However, you can count particles if you introduce a term that
represents a specified number of particles. Just as a dozen eggs represents 12
eggs, a mole (mol) of a substance represents 6.02 X 10> representative par-
ticles of that substance. The experimentally determined number 6.02 X 10%
is called Avogadro’s number, in honor of Amedeo Avogadro di Quaregna
(1776-1856).

The term representative particle refers to the species present in a
substance: usually atoms, molecules, or formula units (ions). The repre-
sentative particle of most elements is the atom. Iron is composed of iron
atoms. Helium is composed of helium atoms. Seven elements, however,
normally exist as diatomic molecules (H;, N,, O,, F,, Cl,, Bry, and I,). The

Fiqure 1.3

Although Amedeo Avogadro clari-
fied the difference between atoms
and molecules, he did not calcu-
late the value that is named after
him. Avogadro’s number was
given his name to honor his con-
tributions to science.
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Fgure 1.1

There are words other than mole used
to describe a number of something—
for example, a dozen (12) eggs, a
gross (144) of pencils, and a ream
(500 sheets) of paper.

representative particle of these elements and of all molecular compounds
is the molecule. The molecular compounds water (H,0) and sulfur dioxide
(SO;) are composed of H,O and SO, molecules, respectively. For ionic
compounds, the formula unit is the representative particle. The ionic com-
pound calcium chloride is composed of CaCl, formula units. Calcium ions
and chloride ions are present in a one to two ratio in this formula unit.
Table 7.1 summarizes the relationship between representative particles
and moles of substances. Remember that a mole of any substance always
contains 6.02 X 10% representative particles.

Table 1.l

=

Lrud Lr
AT

Representative Chemical  Representative particles
Substance particle formula in 1.00 mol
Atomic nitrogen | Atom N 6.02 x 10%
Nitrogen gas Molecule N, 6.02 x 10%
Water Molecule H,0 6.02 x 10%
Calcium ion lon Ca®* 6.02 x 10%
Calcium fluoride | Formula unit CaF, 6.02 x 10%
Sucrose Molecule Ci2Hp0014 6.02 x 10%

T

How many moles of magnesium is 1.25 X 10®® atoms of
magnesium?

1. ANALYZE List the knowns and the unknoiwn.

Knowns: Unknown:
 number of atoms = 1.25 X 10%* atoms Mg * moles =
* 1 mol Mg = 6.02 X 10* atoms Mg ' ? mol Mg

The desired conversion is:
atoms ——> moles

 PracticeProblems

3. How many moles is 2.80 x 10**
atoms of silicon?

4. How many molecules is 0.360
mol of water?

Chem ASAP!

Problem-Solving 4

Solve Problem 4 with the help
of an interactive guided tutorial.
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2. CALCULATE Solve for the unknown.
1 mol Mg
6.02 % 10® atoms Mg’

Multiplying atoms of Mg by the conversion factor yields the
answer.

1.25 X 10® atoms Mg X

The conversion factor is

1 mol Mg
6.02 X 10% atems Mg

=2.08 X 107" mol Mg

3. EVALUATE Does the result make sense?
Because the given number of atoms is less than one-fourth of
Avogadro’s number, the answer should be less than one-fourth
mole of atoms. The answer should have three significant figures.
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Now suppose you want to determine how many atoms are in a mole of
a compound. To do this, you must know how many atoms are in a repre-
sentative particle of the compound. This number is determined from the
chemical formula. For example, each molecule of carbon dioxide (CO,) is
composed of three atoms: one carbon atom and two oxygen atoms. A mole
of carbon dioxide contains Avogadro’s number of CO, molecules. Thus a
mole of carbon dioxide contains three times Avogadro’s number of atoms.
A molecule of carbon monoxide (CO) consists of two atoms, so a mole of
carbon monoxide contains two times Avogadro’s number of atoms. To find
the number of atoms in a mole of a compound, you must first determine
the number of atoms in a representative particle of that compound and
then multiply that number by Avogadro’s number. Figure 7.5 illustrates
this idea with marbles (atoms) in cups (molecules).

Sample/Problem7=3 _

How many atoms are in 2.12 mol of propane (C;Hg)?

1. ANALYZE List the knowns and the unknown.

Knowns: - Unknown:

¢ number of moles = 2.12 mol C;H,  number of
e 1 mol CyHg = 6.02 X 10%° molecules C;H, atoms =

¢ 1 molecule C;Hy = 11 atoms ? atoms

(3 carbon atoms and 8 hydrogen atoms)
The desired conversion is:
moles —— molecules —— atoms

Using the relationships among units given above, the desired
conversion factors can be written.

2. CALCULATE Solve for the unknown.

. ~6.02 X 10* molecules C;Hy
The first conversion factor is 1 mol C.H,

11 atoms
1 molecule C3Hy *

The second conversion factor is

Multiplying the moles of C;Hg by the proper conversion factors
yields the answer.

6.02 X 10* molecules-€5H; » 11 atoms
1mol€3H, LmoleculeC;Hy

= 1.4039 X 10%° atoms = 1.40 X 10> atoms

2.12 molE3H, X

Because there are 11 atoms in each molecule of propane and

20 times Avogadro’s number of propane molecules. The
answer has three significant figures based on the three signif-
icant figures in the given measurement.

3. FVALUATE Does the result make sense? 5.

more than 2 mol of propane, the answer should be more than 6.

Fgure 1.5

A dozen cups of marbles contain
more than a dozen marbles. Simi-
larly, a mole of molecules contains
more than a mole of atoms. How
many atoms are in one mole of
molecules if each molecule con-
sists of six atoms?

Practice Problems

How many atoms are there in
1.14 mol SO4?

How many moles are there

in 4.65 X 10** molecules of
NO,?
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figure 1.6

How big is a mole?

(Chem ASAP!

Animation 6 m
Find out how Avogadro’s

number is based on the relationship
between the amu and the gram.
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Perhaps you are wondering just how large Avogadro’s number is. The SI
unit, the mole, is not related to the small burrowing animal of the same name
shown in Figure 7.6. However, you can use this animal to help develop an
appreciation for the size of the number 6.02 X 10%. Assume that an average
animal-mole is 15 cm long, 5 cm tall, and has a mass of 150 g. Based on this
information, what is the mass of 6.02 X 10* animal-moles?

150 g

6.02 X 10® animal-mole X ———— ——
M PR I animabmole

=9.03 x 10%g
9.03 X 10 kg

Il

The mass of animal-moles is equivalent to

s more than 1% of Earth’s mass.

« more than 1.3 times the mass of the moon.

e more than 60 times the combined mass of Earth’s oceans.

If spread over the entire surface of Earth, Avogadro’s number of animal-
moles would form a layer more than 8 million animal-moles thick.

What about the length of 6.02 X 10* animal-moles?

15cm

02 %X 10%® animal=mole X ————————
6.0 10’ animal=mole Tonia =

=9.03 X 10*cm
= 9,03 X 10" km

If lined up end-to-end, 6.02 X 102 animal-moles would stretch from Earth
to the nearest star, Alpha Centauri, more than two million times.

Suppose you could convince Avogadro’s number of animal-moles to
line up in 6 billion equal columns. Further suppose that each of the
approximately 6 billion people on Earth counted the animal-moles in one
column at the rate of 1000 animal-moles per second. Even with that many
people counting that fast, it would still take more than 3000 years to count
6.02 X 102 animal-moles! Are you beginning to understand how
enormous Avogadro’s number is?

The Mass of a Mole of an Element

You are always working with large numbers of atoms even if you are using
microgram quantities. Even one billion atoms would be a very small
amount of a substance. Working with grams of atoms is much easier. The
gram atomic mass (gam) is the atomic mass of an element expressed in
grams. For carbon, the gram atomic mass is 12.0 g. For atomic hydrogen,
the gram atomic mass is 1.0 g. Figure 7.7 shows one gram atomic mass of
carbon, sulfur, mercury, and iron. Compare the gram atomic masses in the
figure to the atomic masses in your periodic table. Notice that the gram
atomic masses were rounded off to one place after the decimal point. All
the examples and problems in this text use gram atomic masses that are
rounded off in the same way. If your teacher uses a different rounding rule
for gram atomic masses, your answers to problems may differ slightly from
the answers given in the text.

You learned previously that the atomic mass of an element (the mass of
a single atom) is expressed in atomic mass units (amu). Remember that
atomic masses of atoms are relative values. The atomic masses of elements

"found in the periodic table are weighted average masses of the isotopes of
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1 mol of sulfur atoms
3214 S=1gam$S

1 mol of mercuryatoms

, 0~/ 2006gHg=1gamHg
mol of carbon atoms - =7 1molofironato

120gC=1gamC | 558¢Fe=1gamFe

~  that element. As you can see in Figure 7.8, an average carbon atom (C) with
' an atomic mass of 12.0 amu is 12 times heavier than an average hydrogen

. atom (H) with an atomic mass of 1.0 amu. Therefore 100 carbon atoms are
" 12 times heavier than 100 hydrogen atoms. In fact, any number of carbon
. atoms is 12 times heavier than the same number of hydrogen atoms, as
. Figure 7.8 demonstrates. Therefore 12.0 g of carbon atoms and 1.0 g of

. hydrogen atoms contain the same number of atoms.

The gram atomic masses of any two elements must contain the same
number of atoms. If you were to compare 12.0 g of carbon atoms with 16.0 g
of oxygen atoms, you would find they contain the same number of atoms.
How many atoms are contained in the gram atomic mass of an element? You
are now familiar with this quantity—the gram atomic mass of any element
contains 1 mol of atoms (6.02 X 10 atoms) of that element.

4

Fiqure 1.1

One gram atomic mass (gam) is
shown for carbon, sulfur, mercury,
and iron. Each of these quantities
contains one mole, or 6.02 X 107
atoms, of that substance.

Fiqure 1.8

The mass ratio of equal numbers
of carbon atoms to hydrogen
atoms is always 12 to 1.

E _ CARBONATOMS HYDROGEN ATOMS MASS RATIO
~Number Mass (amu) . Number Mass (amu ——
el MR e, Mass hydrogen
f R 12amu 12
o 12 = 1 famu 1
24 . 2 24amu _ 12
o0 [2 % 12] o0 [2 x1] 2amu 1
°°°°° 120 0Q000 10 120 amu E g
Q0000 [10x12] 00G00 [10 x1] 10 amu 1
3383338288 i
: Q000000 Q0N0
. 0000000000 5] 9909090000 o0 600amy _ 12
0000000000 0% gocoogeccg  [50x1) s0amu 1
' 0000000000 A
i ) 5
i Avogadro's 2 Avogadro’s ne (6.02 x 10%) x (12) _ 1
-. i (6.02 x 10%) x (12) 0a0S (602 % 10%) x (1) T ek
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The mole can now be defined as the amount of substance that contains
as many representative particles as the number of atoms in 12.0 g of
carbon-12. You know that 12.0 g is the gram atomic mass of carbon-12.
Because 12.0 g of carbon is the gram atomic mass of carbon, 12.0.g is 1 mol
of carbon. The same relationship applies to hydrogen as well; that is, 1.0 g
of hydrogen is 1 mol of hydrogen. Similarly, because 24.3 g is the gram
atomic mass of magnesium, 24.3 g is 1 mol of magnesium (or 6.02 X 10%
atoms of magnesium). Thus the gram atomic mass is the mass of 1 mol of
atoms of any element.

\

The Mass of a Mole of a Compound

What is the mass of a mole of a compound? To answer this question, you
must first know the formula of the compound. The formula of a compound
tells you the number of atoms of each element in a representative particle
of that compound. For example, the formula of the molecular compound
sulfur trioxide is SO5. A molecule of SO; is composed of one atom of sulfur

and three atoms of oxygen.

1 S atom + 3 O atoms

You can calculate the mass of a molecule of SO; by adding the
atomic masses of the atoms making up the molecule. From the periodic
table, the atomic mass of sulfur (S) is 32.1 amu. The mass of three
atoms of oxygen is three times the atomic mass of a single oxygen atom
(0):3 X 16.0 amu = 48.0 amu. Thus the molecular mass of SO; is
32.1 amu + 48.0 amu = 80.1 amu.

- X X

1S atom 3 0 atoms

32.1 amu + 16.0 amu + 16.0 amu + 16.0 amu = 80.1 amu

I,

If you now substitute the unit grams for atomic mass units, you will
have the gram molecular mass of SO;. The gram molecular mass (gmm) of
any molecular compound is the mass of 1 mol of that compound. The gmm
equals the molecular mass expressed in grams. Thus 1 mol of SO, has a
mass of 80.1 g.

Gram molecular masses may be calculated directly from gram atomic
masses. For each element in a compound, find the number of grams of that
element per mole of the compound. Then sum the masses of the elements
in the compound. The gram molecular masses of the molecular com-
pounds in Figure 7.9 were obtained in this way. Try calculating the gram
molecular mass values shown in Figure 7.9 yourself. Do you get the same
values? If not, review the calculation for sulfur trioxide shown above, then
try again. Calculating gram molecular mass values is an important skill that
you will use often in your study of chemistry.
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.1 mol of paradichlorobenzene *
molecules (moth crystals) /

1 mol of glucose molecules R gy
(blood sugar)
180.0 a csHmOa = 1 gmm CaHmOﬁ

i el ' '_'-.=;;ﬁ' - 147.0 g BBH40I2 =1 gmm CBHqC[ Glucose

Paradichlorobenzene

Fiqure 1.9

One gram molecular mass (gmm)
is shown for each of three molec-
ular compounds. Each of these
quantities contains 6.02 x 10%

S am pl 0Pt ﬂbl ?'m_]__ ll ' molecules. Do they each contain
- the same number of atoms?

The molecular formula of hydrogen peroxide is H,0,. What is its
gram molecular mass?

1. ANALYZE List the knowns and the unknown.
Knowns: Unknown:
* molecular formula = H,0, *gmm=2g
*lgamH=1molH=10gH
*lgamO=1molO=160g0

The molecular formula gives the number of moles of each ele-
ment in 1 mol of hydrogen peroxide: 2 mol of hydrogen atoms
and 2 mol of oxygen atoms. Moles of atoms are converted to ‘\ \
grams by using conversion factors (g/mol) based on the gram
atomic mass of each element. The sum of the masses of the ele-
i ments gives the gram molecular mass.

2. CALCULATE Solve for the unknown. . Practice Problems
Use the proper conversion factors to convert moles of hydro-

“ gen and oxygen to grams of hydrogen and oxygen. Adding the 7. Find the gram molecular mass

results gives the answer., of each compound.
1.0gH
2metH X 122 = 20gH a. C,Hg
16.0g0 B Peh
2 melO X e 32.0 8 O C. C3H70H
. H d. N,0
. - INaU5
gram molecular mass of H,0, = 34.0 g 8. What is the mass of 1.00 mol
of each substance?
3. EVALUATE Does the result make sense? a. chlorine
' The answer reflects the number of moles of atoms of each ele- b. nitrogen dioxide
ment and the gram atomic mass of each element. The answer ¢. carbon tetrabromide
i.: is expressed to the tenth’s place because the numbers being d. silicon dioxide

added are expressed to the tenth’s place.
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Figure 710

One gram formula mass (gfm) is
shown for each of three ionic
compounds. Each of these quanti-
ties contains 6.02 x 107 formula
units. Which of these compounds
contains the greatest number of
atoms?

180 Chapter7

1 mol of potassium :
dichromate formula units. =~ -
294.2 a chrzu;! 1 gfm KZGQU;

__hydroxide formula units
256.1 g KOH = 1 gfm KOH

It is inappropriate to calculate the gram molecular mass of calcium
iodide (Cal,) because it is an ionic compound. The representative particle
of an ionic compound is a formula unit, not a molecule. The mass of one
mole of an ionic compound is the gram formula mass (gfm). The gfm
equals the formula mass expressed in grams. A gram formula mass is cal-
culated the same way as a gram molecular mass: Simply sum the atomic
masses of the ions in the formula of the compound. For example, the gram
formula mass of calcium iodide is the gram atomic mass of calcium plus
two times the gram atomic mass of iodine.

40.1 gCa + (2 X 126.9 gI) = 293.9 g Cal,

There are 293.9 g Cal, in 1 gfm or 1 mol Cal,.
Figure 7.10 shows one gram formula mass of three ionic compounds
How many formula units are in each sample in the figure?

O SampleProblenlS

What is the gram formula mass of ammonium carbonate
((NH,),COy)?

1. ANALYZFE List the knowns and the unknown.

Knowns: Unknown:

¢ formula unit = (NH,),CO4 e gim=12g
*lgamN=1molN =14.0gN
*lgamH=1molH=10gH

*lgamC =1molC =120gC

*lgamO =1molO0 =16.0g0

The formula shows that a mole of this ionic compound is com-
posed of 2 mol of nitrogen atoms, 8 mol of hydrogen atoms,
1 mol of carbon atoms, and 3 mol of oxygen atoms. Moles of
“ atoms are converted to grams by using conversion factors

based on the gram atomic masses. The sum of the masses of
the elements gives the gram formula mass.

1 mol of potassium
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Sample.Problem 7-5{cont.)

2. CALCULATE Solve for the unknown.
Using the proper conversion factors and adding the results
gives the answer.

2 mohN X %i—%ﬁ =280gN
8 melH X :Ji—g;; = 8.0gH
1me%€x~iii~fk—g=12.ogc .
3 motO x {{jﬁ% =48.0g0

gram formula mass of (NH,),CO; = 96.0 g 10

3. EVALUATE Does the result make sense?
The answer reflects the number of moles of atoms of each ele-
ment and the gram atomic mass of each element. The answer
is expressed to the tenth’s place because the numbers being
added are expressed to the tenth’s place.

. Find the gram formula mass of

Practice Problems |

Calculate the gram formula
mass of each ionic compound.
a. K,0

b. CaSO,

c. Cul,

each compound.

a. barium fluoride

b. strontium cyanide

¢. sodium hydrogen carbonate
d. aluminum sulfite

8 section review 7.1

11.

12.

13.

14.

15.

Describe the relationship between Avogadro’s number and one mole
of any substance.

Find the gram formula mass of each compound.
a. Li,S

b. FeCl,4

c. Ca(OH),

How many oxygen atoms are in a representative particle of each
substance?

a. ammonium nitrate (NH,;NQO;), a fertilizer

b. acetylsalicylic acid (CgHgO,), the fever-reducing compound aspirin
c. ozone (O;), a disinfectant

d. nitroglycerine (C3H5(INO3);), an explosive

How many moles is each of the following?

a. 1.50 x 10** molecules NH;

b. 1 billion (1 X 10%) molecules O,

¢. 6.02 x 10% n.mlecules Br,

d. 4.81 X 10** atoms Li

Distinguish among gram atomic mass, gram molecular mass, and
gram formula mass.

(hem ASAP! Assessment 7.1 Check your understanding of the important

ideas and concepts in Section 7.1.

‘nottiolio project

Research the history of
Avogadro’s number. What
elements other than car-
bon have been used to
define a mole? Write a
report that summarizes
your findings.
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abjectives

» Use the molar mass to convert
between mass and moles of a
substance

» Use the mole to convert among
measurements of mass,
volume, and number of particles

key ferms

> molar mass

» standard temperature and
pressure (STP)

» molar volume

182 Chapter7

MOLE-MASS AND MOLE-VOLUME
RELATIONSHIPS

I f you have ever been to a circus or a carnival, you may have
seen a “Guess Your Weight” booth. The person in the booth
will offer to guess your weight within a certain range or you win a prize.Is the
person just guessing? Probably not. Based on tables that relate average weight to
height, the person can probably come fairly close to estimating your weight by
estimating your height. In a similar way, chemists use relationships between
quantities of matter to solve problems. What molar relationship do chemists use
to solve problems?

The Molar Mass of a Substance

In the previous section, you learned three new terms: gram atomic mass
(gam), gram molecular mass (gmm), and gram formula mass (gfm). Each
is used to represent a mole of a particular kind of substance. The gram
atomic mass of an element contains a mole of atoms. The gram molecular
mass of a molecular compound contains a mole of molecules. The gram
formula mass of an ionic compound contains a mole of formula units.
Although these three terms have different specific meanings, we can use
the broader term molar mass to refer to a mole of an element, a molecular
compound, or an ionic compound. The molar mass of any substance is the
mass (in grams) of one mole of the substance.

There are situations in which the term molar mass is unclear. Consider
this example: What is the molar mass of oxygen? How you answer this
question depends on your interpretation of it. If you assume the oxygen in
the question is molecular oxygen (O,), then the molar mass is 32.0g
(2 X 16.0 g)—its gram molecular mass. If you assume that the question
is asking for the mass of a mole of oxygen atoms (O), then the answer is
16.0 g—its gram atomic mass. Throughout this textbook, the term molar
mass is used unless there is the potential for confusion. In that case, a more
specific term will be used or the formula of the substance will be given.

In the following Sample Problems, the molar mass of an element or
compound is used to convert between grams and moles of a substance.

_ Sample Problem!7=6

How many grams are in 9.45 mol of dinitrogen trioxide (N,03)?

Knowns: Unknown:
* number of moles = 9.45 mol N,O; e mass = 2 g N,O;
o 1 mOl N203 = 76.0 g NzOg

The number of grams of the compound must be calculated from
the known number of moles of the compound. The desired con-
version is moles ——> grams.

:
:
1. ANALYZE List the knowns and the unknown. *
{
1




section 7.2

Sample Problem 1=6:{cont:) : | | |
Practice:Problems

2. CALCULATE Solve for the unknown.

16. Find the mass, in grams, of each.

Multiply the given number of moles by the proper conversion a.3.32 molK
factor relating moles of N,Oj to grams of N,0s;. b. 4.52 X 1072 mol CpyH,,
. 0.0112 mol K,CO
76.0 g N203 c 2 3'
9.45 melN;O5 X T(m.n%—mM =718.2 g N,O4 17. Calculate the mass, in grams,
of 2.50 mol of each substance.
=718 g N,O4 a. sodium sulfate

b. iron(II) hydroxide

3. EVALUATE Does the result make sense? Chem ASAD!
Because 1 mol N,O, has a mass of 76.0 g, and there are almost Problem-Solving 16
ten moles of the compound, the answer should be about 700. Solve Problem 16 with the help
The answer has been rounded to the correct number of sig- of an interactive guided tutorial.
nificant figures. i

Whereas Sample Problem 7-6 used a conversion factor based on the molar
mass to convert moles to grams, the following Sample Problem does the
reverse, using a conversion factor based upon the molar mass to convert
grams to moles. ®

SampleProblem =1

Find the number of moles in 92.2 g of iron(III) oxide (Fe,03).

1. ANALYZE List the knowns and the unknown.

Knowns: Unknown:
* mass = 92.2 g Fe,0; + number of moles =
¢ 1 mol Fe,O; = 159.6 g Fe,03 ? mol Fe,0;

From a known number of grams of a compound, the unknown
number of moles of the compound must be calculated. The

desired conversion is grams ——> moles. r A
Practice Problems |

2. CALCULATE Solve for the unknown.
Multiply the given mass by the proper conversion factor

relating mass of Fe,O; to moles of Fe,03. EACHHATILY;

a.3.70 X 10" gB
1.00 mol Fe,0, :
92.2 g Fes03 X o o 0.5776 mol Fe,04 b. 27.4 g TiO,

¢. 847 g (NH,),CO;4
19. Calculate the number of moles
in 75.0 g of each substance.
a. dinitrogen trioxide
b. nitrogen gas
¢. sodium oxide

18. Find the number of moles in

' = 0.578 mol Fe,0;

3. EVALUATE Does the result make sense?
Because the given mass (about 90 g) is slightly larger than the
mass of one-half mo!e of Fe, 04 (about 160 g), the answer should
be slightly larger than one-half (0.5) of a mole.

1
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The Volume of a Mole of Gas

If you look back at Figure 7.9 on page 179, you will see

that the volumes of one mole of different solid and lig-

uid substances are not the same. For example, the
volume of a mole of glucose (blood sugar) and one mole

of paradichlorobenzene (moth crystals) are much larger

than that of a mole of water. Unlike liquids and solids, -
the volumes of moles of gases are much more pre-
dictable under the same physical conditions. _ 2

The volume of a gas varies with a change in tem- :

perature or a change in pressure. Because of this 4
variation, the volume of a gas is usually measured at a
standard temperature and pressure (STP). Standard
temperature is 0 °C. Standard pressure is 101.3 kPa, or
1 atmosphere (atm). At STP, 1 mol of any gas occupies

Fiqure 111 avolume of 22.4 L. Figure 7.11 should give you an idea of the volume occu-
The volume of eleven 2-liter soda pied by 22.4 L. This quantity, 22.4 L, is known as the molar volume of a gas
bottles is 22 L. The volume of 1 and is measured at STP. Because 1 mol of any substance contains Avo- :
mole of any gas at STP is a little gadro’s number of particles, 22.4 L of any gas at STP contains 6.02 X 10% i
more, 224 L. representative particles of that gas. Would these values differ for gaseous :

elements compared with gaseous compounds?

Would 22.4 L of one gas also have the same mass as 22.4 L of another
gas at STP? Probably not. A mole of a gas (22.4 L at STP) has a mass equal &
to its molar mass. Only gases with the same molar masses would have |
equal masses for equal volumes at STP. '

" SampleProblem7-8"

Determine the volume, in liters, of 0.60 mol SO, gas at STP.

Practice Problems B 1. ANALYZE List the knowns and the unknown. i
Knowns: Unknown:
20. What is the volume at STP of * moles = 0.60 mol SO, e volume = ?L SO,

these gases? * 1 mol SO, = 22.4 L SO,
a. 3.20 X 107 mol CO,

b. 0.960 mol CH,
c. 3.70 mol N,

21. Assuming STP, how many
moles are in these volumes?

The known is the number of moles and the unknown is the
number of liters of SO,. Use the relationship 1.00 mol SO, =
22.4 LSO, (at STP) to write the conversion factor needed to per-
form the conversion of moles —— liters.

& BGELSG, 2. CALCULATE Solve for the unknown.
| h. 0.880 L He
€. 1.00 X 10° L C;Hg 0.60.metS0, X % = 13.44 = 13 L SO, ]
Chem ASAP! -
Problem-Solving 20 3. EVALUATE Does the result make sense?
Solve Problem 20 with the help Because 1 mol of any gas at STP has a volume of 2241,
of an interactive guided tutorial. 0.60 mol should have a volume slightly larger than 22.4/2 =
i 11.2 L. The answer should have two significant figures.
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P The density of a gas is usually measured in the units grams per liter
(g/L). The experimentally determined density of a gas at STP is used to cal-
. culate the molar mass of that gas. The gas can be an element or a com-
~pound. As you can see in Figure 7.12, whether a gas-filled balloon sinks or
floats is determined by the density of the gas in the balloon compared with
the density of the surrounding air.

Sample Problem7=9

The density of a gaseous compound containing carbon and oxygen
is 1.964 g/L at STP. Determine the molar mass of the compound.

1. ANALYZE List the knowns and the unknown.
Knowns: Unknown: - _ _
* density = 1.964 g/L  molar mass = ? g/mol Practice:Problems
* 1 mol (gas at STP) =224 L

Use the relationship 1 mol (gas at STP) = 22.4 L to write the
conversion factor needed to perform the required conversion.
g § o B
L mol

22. A gaseous compound com-
posed of sulfur and oxygen that
is linked to the formation of

- acid rain has a density of 3.58
g/L at STP. What is the molar
mass of this gas?

23. What is the density of krypton

2. CALCULATE Solve for the unknown.

1'(‘164 8 « 224L _ 439936 = 44.0 g/mol gas at STP?
L 1 mol
Chem ASAP!
3. EVALUATE Does the result make sense? Problem-Solving 22
The ratio of the calculated mass (44.0 g) to the volume (22.4 L) Solve Problem 22 with the help
is about two, which is close to the known density. The answer of an interactive guided tutorial.

should have three significant figures.

The Mole Road Map

You have now examined a mole in terms of particles, mass, and vol-
ume of gases at STP. Figure 7.13 on page 186 summarizes these
relationships and illustrates the importance of the mole. To convert
from one unit to another, you use the mole as an intermediate step.
The form of the conversion factor depends on whether you are
going from moles or to moles. You use the mole conversion factor in
the same way you used the unit dozen to convert among mass, vol-
ume, and number of apples in Section 7.1. According to Figure 7.13
on the following page, how many conversion factors are needed to
convert from the mass of a gas to the volume of a gas (at STP)?

Figure 112

Helium is less dense than air. Balloons fifled with helium must be tied to a
heavy object to prevent them from floating away. The balloons sitting on the
table are not tied down. How does the density of the gas in these balloons
compare with the density of-helium?
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Fgure LI3

All paths lead to or from the mole
on this mole conversion road map.
The map shows the general form
of the conversion factors needed
to convert among volume, mass,
and number of particles.

Chem ASAPE -
Simulation 3
Practice using the mole E
road map to convert among

mass, volume, and number
of representative particles.

186 Chapter 7
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I section review 7.2
24,

25.

26.

27.

28.

Find the mass in grams of each quantity.

a. 0.720 mol Be ¢. 0.160 mol H,0,

b. 2.40 mol N, d. 5.08 mol Ca(NO3),

a.Calculate the number of molecules in 60.0 g NO,.

b. Calculate the volume, in liters, of 3.24 X 10%* molecules Cl, (STP).
c. Calculate the mass, in grams, of 18.0 L CH, (STP).

Would three balloons, each containing the same number of molecules
of a different gas at STP, have the same mass or the same volume?
Explain.

Find the number of moles in each quantity.
a. 5.00 g hydrogen molecules c. 187 g Al
b. 0.000264 g Li,HPO, d. 333 g SnF,

The densities of gases A, B, and C are 1.25 g/L, 2.86 g/L, and 0.714 g/L,
respectively. Calculate the molar mass of each substance. Identify each
substance as ammonia (NHj), sulfur dioxide (SO,), chlorine (Cly),
nitrogen (N,), or methane (CH,). '

m (hem ASAP! Assessment 7.2 Check your understanding of the important
‘ideas and concepts in Section 7.2.




