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Chapter 2

Particles of Matter
THE MAIN IDEA

Matter is made of particles called atoms

The relationship between an object’s mass and the amount 
of space it occupies is the object’s density. Density is a mea-
sure of compactness, of how tightly mass is squeezed into 
a given volume. A block of lead has much more mass than 
does a same-sized block of aluminum. A reason for this is 
because each lead atom has more mass. The lead, having 
more mass per volume, is therefore more dense. We can 
think of density as the “lightness” or “heaviness” of objects 
of the same size, as Figure 2.14 shows.
 Density is the amount of mass contained in a sample 
divided by the volume of the sample:

Density = Mass / Volume

An object having a mass of 1 gram and a volume of 1 mil-
liliter, for example, has a density of

 Density = 1 g / 1 mL. = 1  g/mL

An object having a mass of 2 grams and a volume of 1 
milliliter is denser; its density is

 Density = 2 g / 1 mL. =. 2  g/mL

2.4 Density: Mass to Volume

Density is a measure  
of what?

READING CHECK

^  Figure 2.14  
The amount of mass in a block of lead far 
exceeds the amount of mass in a block 
of aluminum of the same size. Hence, the 
lead block weighs much more and is more 
difficult to lift.

Same-sized 
aluminum
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 Other units of mass and volume besides grams and milli-
liters may be used in calculating density. The densities of gases, 
for example, because they are so low, are often given in grams 
per liter. In all cases, however, the units are a unit of mass divided 
by a unit of volume.
 The densities of some substances are given in Table 2.1 . 
Which would be more difficult to pick up: a liter of water or a liter 

C O N C E P T   C H E C K
Which occupies a greater volume: 1 kilogram of lead or 1 kilogram of aluminum?

CHECK  YOUR  ANSWER  The aluminum. Think of it this way. Because lead is so dense, you need 
only a little bit in order to have 1 kilogram. Aluminum, by contrast, is far less dense, so 1 kilogram of 
aluminum occupies much more volume than the same mass of lead.

TABLE  2.1         Densities of Some Solids, Liquids, and Gases



© Conceptual Chemistry by John Suchocki

C O N C E P T   C H E C K
1. Which has greater density: 1 gram of water or 10 grams of water?
2. Which has greater density: 1 gram of lead or 10 grams of aluminum?

CHECK  YOUR  ANSWER  1. The density is the same for any amount of water. Whereas 1 gram of 
water occupies a volume of 1 milliliter, 10 grams occupies a volume of 10 milliliters. The ratio 1 
gram/1 milliliter is the same as the ratio 10 grams/10 milliliters.
2. The lead. Density is mass per volume, and this ratio is greater for any amount of lead than for any 
amount of aluminum.

of mercury? Note how water has a density of 1.000 g/mL at 4°C. 
Why do we specify the temperature? As discussed in Section 2.6, 
the volume of a material changes with temperature. A change in 
temperature, therefore, can also result in a change in density, even 
though the mass of the object stays the same.
 Gas densities are much more affected by pressure and tem-
perature than are the densities of solids and liquids. With an increase 
in pressure, gas molecules are squeezed closer together. This makes 
for less volume (but the same mass) and therefore greater density. 
The density of the air inside a diver’s breathing tank, for example, is 
much greater than the density of air at normal atmospheric pres-
sure. With an increase in temperature, gas molecules move faster 
and thus have a tendency to push outward, thereby occupying a 
greater volume. Thus, hot air is less dense than cold air, which is why 
hot air rises and the balloon in Figure 2.15 can take its passengers 
for a breathtaking ride.

<  Figure  2.15
The hot air inside this hot air balloon 
is less dense than the surrounding 
colder air, which is why the balloon 
rises.
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With a little algebraic manipulation, it is easy to change the equation for density around so that it 
can be solved for either mass or volume. Here are the results:

Density = Mass / Volume

Mass = Density x Volume

Volume = Mass / Density

A good way to remember these relationships is to use the following diagram. Use your finger to cover 
the quantity you want to know, and that quantity’s relationship to the other quantities is revealed. 
For example, covering the M shows that mass is equal to density times volume, D x V.

Example 1
A pre-1982 penny has a density of 8.92 grams per milliliter and a volume of 0.392 milliliters. What 
is its mass?

Answer 1

M = D x V = (8.92 g/mL)(0.392 mL)  =. 3.50 g 

Example 2
A post-1982 penny has a density of 7.40 grams per milliliter and a mass of 2.90 grams. What is its 
volume?

V = M/D = (7.40 g/mL)/(2.90 g). =. 0.392 mL

Your Turn:
Show that the average density of a loaf of bread having a mass of 500 grams and a volume of 1000 
milliliters is 0.5 g/mL.

The loaf of bread in the previous question loses all its moisture after being toasted. Its volume remains 
at 1000 mL but its new density is 400 g/mL. Show that its mass has been reduced to 400 grams. 

A sack of groceries accidentally set on a 500-gram loaf of white bread increases the average density 
of the loaf to 5 g/mL. Show that its new volume is 100 mL.

CALCULATION CORNER
Manipulating An Algebraic  Equations


