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This sand sculpture contains millions of grains of sand. 

| DISCOVER I T ! | COUNTING BY 
MEASURING MASS 

You need 100 paper clips of the same size and a centigram 
balance. 

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 
different paper clips until your average masses agree. 

2. Select about 75% of your paper clips and find their mass. With
out counting, calculate the number of paper clips in your sample. 

3. Count the number of paper clips in your sample. 

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

Did the number of paper clips you counted in the sample (Step 3) 
equal the number you calculated by mass (Step 2)? Explain how you 
would use the balance to count out 185 paper clips. What is the 
advantage of using a larger sample size in Step 1? What is a 
disadvantage? After completing this chapter, revisit this activity 
and suggest other ways you might count your paper clips. 
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Find out more about chemical quantities: 
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THE MOLE: A MEASUREMENT OF 
MATTER 

Every 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 (Si02), 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. 

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) 

Figure 7.1 
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, 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 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 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. 

Figure 7.2 
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? 
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Sample Problem H 

What is the mass of 90 average-sized apples? 

1. ANAL YZE List the knowns and the unknown. 
Knowns: 
• number of apples = 90 apples 
• 12 apples = 1 dozen apples 
• 1 dozen apples = 2.0 kg apples 

The desired conversion is: 
number of apples — 

Unknown: 
• mass of 90 apples = ? kg 

-> 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 

The first conversion factor is 

The second conversion factor is 

12 apples 

2.0 kg apples 
1 dozen apples' 

Multiplying the original number of apples by these two con
version factors yields the answer in kilograms, 

1 dozen^pptes" 2.0 kg apples 
90 jinnies'x g g — F ^ x f 

12^ppfes' 1 dffiz£r4-appres" 
= 15 kg apples 

3. EVALUA TE Does the result make sense? 
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). 

Practice Problems 

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 
of apples? 

O M A S A P ! 
Problem-Solving 1 
Solve Problem 1 with the help 
of an interactive guided tutorial. 

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 1023 representative par
ticles of that substance. The experimentally determined number 6.02 x 1023 

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 (H2, N2, 02, F2, Cl2, Br2, and I2). The 

Figure 7.3 
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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