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This LIFEPAC® explores aspects of matter that
we have looked at, but not really seen. Remember
that the origin and source of all matter is God
(Genesis): “In the beginning God created the heav-
en and the earth.” This same God provides energy
for all things to exist. He continues to uphold this

creation by the word of His power (Hebrews 1:3).
We intend to discover and develop together the
ways matter behaves and the order that this matter
displays as it exists all around us. Natural laws and
their regularity clearly show the masterpiece of the
Designer.

GASES AND MOLES

OBJECTIVES

Read these objectives. The objectives tell you what you will be able to do when you have success-
fully completed this LIFEPAC.

When you have finished this LIFEPAC, you should be able to:

1. Explain how diffusion takes place in matter.

2. Explain and use the Kinetic Molecular Theory of Matter.

3. Explain Boyle’s Law.

4. Use Boyle’s Law to solve numerical problems.

5. Explain Charles’ Law.

6. Use Charles' Law to solve numerical problems.

7. Use the Combined Gas Law to solve problems.

8. Explain and use Avogadro’s Hypothesis.

9. Explain and use the mole concept.

10. Define and apply the Law of Conservation of Mass.

Survey the LIFEPAC. Ask yourself some questions about this study. Write your questions here.

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________
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Let’s briefly review some ideas before we develop new concepts in this LIFEPAC. Read this section
carefully.

I. KINETIC MOLECULAR THEORY

SECTION OBJECTIVES

Review these objectives. When you have completed this section, you should be able to:

1. Explain how diffusion takes place in matter.
2. Explain and use the Kinetic Molecular Theory of Matter.

VOCABULARY

diffusion kinetic energy Kinetic Molecular Theory

EVIDENCE

A flask may be only half full of water, but a flask
is never only half full of gas. Figure 1 shows the
molecular characteristics of the phases of matter.
One characteristic that distinguishes solids, liquids,

and gases is their shape. Solids have definite shape.
They do not need a container to give them shape.
Liquids assume the shape of their container, and
gases expand to fill whatever volume is available.

Diffusion. A characteristic that the phases of
matter have in common is diffusion. If pieces of
gold and lead are clamped together, after a long
period of time, traces of gold are found in the lead;
and traces of lead are in the gold. Apparently solids
are composed of moving particles.

Solids diffuse in liquids, too. An example is
sugar diffusing through a cup of coffee. Stirring is

not necessary to get the sweet taste throughout the
coffee. Diffusion results from moving particles of
both solids and liquids.

Liquids also diffuse in liquids. Each liquid con-
sists of molecules with spaces between them. When
mixed, the molecules “fit together” or slip into
spaces between each other.

A gas can also diffuse. You can notice someone

FIGURE 1: PHASES OF MATTER

FIGURE 2: GAS IS MOSTLY SPACE FIGURE 3: LIQUID PARTICLES VIBRATE AND ROTATE
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with perfume across the room. Diffusion occurs in
solids, in solids and liquids, in liquids, in liquids and
gases, and in gases. How can diffusion be
explained? Gases are good examples to use when
studying diffusion. They diffuse very quickly, even
in a closed room. Figure 2 illustrates that gases con-
sist of small moving particles with considerable
space between them. These molecules are continu-
ally bumping each other. The collisions are elastic;
that is, no energy is lost whatever the number of
times a particle is hit. With no loss of energy, the
molecules are moving all the time. The motion of
the particle and the great distance between parti-
cles explains how gas molecules are able to work
their way among the bouncing molecules of other
gases until they are uniformly mixed.

Diffusion in liquids and solids occurs in much
the same way except that the distance between liq-
uid molecules, as seen in Figure 3, is much less than
the distance between gaseous particles. The motion
of molecules in solids is different. In Figure 4 it is
pictured as vibratory or back and forth motion.

Liquids vibrate and also rotate. Gases vibrate,
rotate, and have translational motion, or motion
along a line. (See Figure 5.)

Pressure. A balloon, a basketball, or a bicycle
tire each contain air which exerts pressure and
keeps the object inflated. What causes air pressure?

Air pressure is explained in terms of continual-
ly moving particles. Elastic collisions not only occur
between molecules, but also between molecules and
the walls of the container. A molecule strikes the
wall, pushes on it, and then rebounds without los-
ing energy. A gas contains many particles; therefore
many collisions occur with the container walls. The
total force of all these molecules striking and push-
ing against the walls is responsible for air pressure.
(See Figure 6.)

FIGURE 4: SOLID PARTICLES ONLY VIBRATE

FIGURE 6: GASES PUT PRESSURE ON THE WALLS

THROUGH COLLISIONS

FIGURE 5: GAS PARTICLES MOVE FROM PLACE TO

PLACE (A), ROTATE (B), AND VIBRATE (C)
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From evidence indicating that matter consists
of small moving particles, scientists have developed
a theory of moving molecules called the Kinetic
Molecular Theory. Assumptions of the Kinetic
Molecular Theory include the following statements:

1. Matter, in all phases, consists of very small
particles.

2. Relative to their size, molecules of a gas are
very far apart. In liquids and solids the mole-
cules are much closer together.

3. The molecules of a gas are in rapid, continu-
al, and random motion. In liquids, the motion
is less extensive; the molecules move or roll
over each other, but generally tend to cling
together. Limited motion occurs in solids; the
particles vibrate around fixed points.

4. The molecules of a gas collide with each other
and the walls of their container and rebound
without losing energy; all molecular collisions
are perfectly elastic.

5. The attractive forces between molecules,
which depend on the distance between them,
are very weak in gases. In liquids and solids,
where the molecules are much closer togeth-
er, these forces are much stronger.

6. Temperature is a measure of the average
kinetic energy of the molecules of a sub-
stance. The absolute temperature (Kelvin
scale) of a gas is directly proportional to the
average kinetic energy of the gas molecules.

Attractive forces. The Kinetic Molecular
Theory can be compared to familiar situations.
Molecules in a gas are spaced far apart. A gas is
like a few fast moving basketball players on a large
open floor. Moving molecules of a liquid are much
closer together. A liquid resembles the crowds com-
ing into a gymnasium. The molecules of a crys-
talline solid are even closer together and are held in
place by strong attractive forces. They vibrate in
rows and layers around fixed points. A crystalline
solid resembles the people seated in orderly rows in
the bleachers.

Motion. As the space between molecules
decreases, movement also decreases because of
attractive forces between the molecules. As the
space between molecules decreases, the effect of the
attractive forces increases. An increase in attractive
forces results in a decrease in motion. The greater
forces hinder the movement of the molecules.

CHARACTERISTICS

Complete these activities.

1.1 Explain this statement: “A flask may be only half full of a liquid, but it can never be only
half full of a gas.” _____________________________________________________________________
_______________________________________________________________________________________
_______________________________________________________________________________________

1.2 A characteristic that all phases of matter have in common is _____________________________ .

1.3 Apparently solids are composed of _____________________________________ particles.

1.4 Diffusion occurs in solids, in solids and a. ____________________________________________ , in
b. _____________________________ , in liquids and c. ________________________ , and in gases.

1.5 The collisions of molecules in gases may be described as a. __________________________ ; that
is, no b. __________________________ is lost.

1.6 When the motion of molecules in gases is described, we say that molecules a. __________________ ,
b. ________________________ , and move along a c. _____________ .

1.7 The total force of all the molecules of air striking and pushing against the walls of a
container is responsible for air _________________________ .


