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Section 7.1

THE MOLE: A
MEASUREMENT OF MATTER

Section 7.2

MOLE-MASS AND MOLE-
VOLUME RELATIONSHIPS

Section 7.3

PERCENT COMPOSITION
AND CHEMICAL FORMULAS

This sand sculpture contains millions of grains of sand.

5 (OUNTING BY
DISCOVERITH vensurING Mass

EAJ!R—[E You need 100 paper clips of the same size and a centigram
DISCOVER IT! balance.
Counting by Measuring Mass 1. Find the mass of 25 paper clips. Divide the total mass by 25 to

find the average mass of a paper clip. Repeat this step using 25

SMALL-SCALE LAB : ; .
different paper clips until your average masses agree.

Measuring Mass as a Means

of Counting 2. Seiect about 75% of your paper clips and find their mass. With-
MINI LAB out counting, calculate the number of paper clips in your sample.
Percent Composition 3. Count the number of paper clips in your sample.

CHEMath 4. Repeat Steps 2 and 3 with a different sample size.

Fractions, Ratios, and Percent Did the number of paper clips you counted in the sample (Step 3)
CHEMISTRY SERVING ... THE equal the number you calculated by mass (Step 2)7 Explain how you
ENVIRONMENT would use the balance to count out 185 paper clips. What is the
Water Worth Drinking advantage of using a larger sample size in Step 12 What is a
CHEMISTRY IN CAREERS disadvantage? After completing this chapter, revisit this activity
Ecologist and suggest other ways you might count your paper clips.
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THE MOLE: A MEASUREMENT 0F
MATTER

E very year, contestants from all over the world travel to
Harrison Hot Springs in British Columbia, Canada fo 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 (NH;)? 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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objectives

» Describe how Avogadro’s num-
ber is related to a mole of any
substance

» (Calculate the mass of a mole of
any substance

key terms

mole (mol)

Avogadro’s number

representative particle

gram atomic mass (gam)

gram molecular mass (gmm)

gram formula mass (gfm)
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Fqure 11
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, a 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 counr (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 related to the number of particles
(a count), the mass, and the volume of an element or a compound just as a
dozen was related to these three units for apples.

Fiqure 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 common supermarket items are being sold by weight?
By volume? By count?






