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States of Matter

  This climber is actually slowly 
moving up a waterfall. In the winter this waterfall in the Swiss Alps mountains 
has turned into solid ice. Even though ice and water contain the same atoms 
and molecules, they have different properties. Why are the properties of ice 
and water so different?

 List three differences between ice and water.

Moving Up a Slippery SlopeMoving Up a Slippery Slope

Matter can undergo 
a physical change from 
one state to another as an 
increase or decrease in 
thermal energy changes 
the motion of its particles.

LESSON 1
Solids, Liquids, 
and Gases

 The state of 
matter depends on the 
motion of its particles.

LESSON 2
Changes in States 
of Matter

 Changes in 
energy can cause matter 
to change from one state 
to another.

3.d, 3.e

3.d, 3.e, 9.e, 9.g
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Start-Up Activities
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Model for Particle 
Movement

Matter can exist as a solid, 
a liquid, or a gas. How do 
particles move in each 
state of matter?

Procedure 
1. Complete a lab safety form.

2. Using masking tape and a meterstick, 
mark off a 4-m square area in your class-
room. Have four people move about the 
marked-off area.

3. Divide the space in half and mark with 
masking tape. Have the same four people 
move about the marked-off area.

4. Repeat step 2.

Think About This
• Describe how the movement of people 

changed as they got closer together.

Visit        to:

▶ ▶ view

▶ ▶ explore Virtual Labs

▶ ▶ access content-related Web links

▶ ▶ take the Standards Check

 STEP 1 Fold  a sheet of paper into thirds 
lengthwise and fold the top down about 
3 cm.

 

 STEP 2 Unfold  and draw lines along all 
folds. Label as shown.

 

Properties of Matter  
Make the following Foldable 
to organize the properties 
of the three states of 
matter.

Reviewing As you read this chapter, 
record the properties of each state of 
matter in the appropriate column. Include 
information about shape, volume, 
attractive forces, and particle movement. 
Include an illustration of the particles in 
each type of matter.

ca8.msscience.com

3.e
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Learn It! Asking questions helps you to 
understand what you read. As you read, think about the 
questions you’d like answered. Often you can find the 
answer in the next paragraph or lesson. Learn to ask 
good questions by asking who, what, when, where, why, 
and how.

Practice It! Read the following passage 
from Lesson 2.

One way to measure temperature is to use a liquid 
thermometer. Some thermometers have a red liquid 
inside a glass tube. When the liquid gets warmer, the 
particles in the liquid begin to move faster. The 
particles then get farther apart and take up more 
space. This causes the liquid to expand and rise in the 
tube.

—from page 262

Questioning

Apply It! As you read the chap-
ter, look for answers to lesson headings that are 
in the form of questions.

Here are some questions you might ask about this paragraph:

• Where is the liquid being discussed located?

• When do the particles in the liquid move faster?

• Why does the liquid expand?
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Target Your Reading
Use this to focus on the main ideas as you read the chapter.

1  Before you read the chapter, respond to the statements 
below on your worksheet or on a numbered sheet of paper.

• Write an A if you agree with the statement.

• Write a D if you disagree with the statement.

2  After you read the chapter, look back to this page to see if 
you’ve changed your mind about any of the statements.

• If any of your answers changed, explain why.

• Change any false statements into true statements.

• Use your revised statements as a study guide.

Test yourself. Create ques-

tions and then read to find 

answers to your own 

questions.

 1  All matter is made of particles that are moving at the 
same speed.

 2  The particles in a solid are free to move and flow 
past each other.

 3  Particles are closer together in a gas than they are in 
a solid.

 4 Particles in matter are moving in different directions.

 5  A thermometer measures the thermal energy in a 
substance.

 6  Particles of matter have both potential energy and 
kinetic energy.

 7  The freezing point of a substance is the temperature 
at which the substance changes from a gas to a liquid.

 8  The temperature of a substance increases when the 
particles in the substance move faster.

Before You Read
A or D

Statement After You Read
A or D

Print a worksheet of
this page at
 .ca8.msscience.com

http://ca8.msscience.com


LESSON 1

Figure 1 The ice, soft drink, 
and bubbles are examples of 
three states of matter.
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Reading Guide

What You’ll Learn

▼ Recognize that matter is 
made of particles that 
always are moving.

▼ Compare the motion of 
particles in solids, liquids, 
and gases.

▼ Compare the arrangement 
of particles in solids, liquids, 
and gases.

Why It’s Important 
All matter that surrounds 
you is composed of particles 
that are in constant motion.

Vocabulary
random motion
solid
liquid
gas

Review Vocabulary 
matter: anything that 
takes up space and has mass 
(Chapter 4)

Solids, Liquids, and Gases
The state of matter depends on the motion of 

its particles.

Real-World Reading Connection A glass of ice-cold lemon-
ade may be just the thing to cool you off after a hard game of 
soccer. This drink also contains two states of matter. Lemonade 
is a liquid that easily flows from a glass when you tip it. Solid ice 
keeps its shape until it melts. The air in a soccer ball is a third 
state of matter. Air is a gas that expands to fill the ball. 

What are states of  matter?
The ice, soft drink, and bubbles in Figure 1 are examples of 

the three familiar states of matter: solids, liquids, and gases. The 
ice is a solid, the soft drink is a liquid, and the bubbles are filled 
with a gas. These are the three states of matter that usually 
occur on Earth.

Stars, such as the Sun, are made of another state of matter 
called plasma. The plasma state is similar to the gas state and 
usually occurs at high temperatures. A plasma is made of atoms 
that have been broken apart and contains electrically charged 
particles. Although plasmas can be found in lightning and in 
fluorescent lights, the plasma state is not common on Earth. 

  Science Content 
Standards

3.d Students know the states of matter 
(solid, liquid, gas) depend on molecular 
motion. 
3.e Students know that in solids the atoms 

are closely locked in position and can only 
vibrate; in liquids the atoms and molecules 
are more loosely connected and can collide 
with and move past one another; and in 
gases the atoms and molecules are free to 
move independently, colliding frequently.
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Figure 2 The particles in all matter are 
moving in random motion. They move in 
different directions and at different speeds.

Explain why an object does not move when its 
particles are in random motion.

Particles in Matter
Recall from Chapter 4 that all matter is made of very small par-

ticles called atoms. In Chapter 5 you read that atoms can combine 
to form molecules, which are also very small particles of matter. 
All objects, such as the flower shown in Figure 2, are made of 
these particles. 

In all objects and materials, these tiny particles of matter are 
always in motion. Even though the flower in Figure 2 is not mov-
ing, the atoms and molecules in the flower are always moving. 
Some particles move to the left or the right, some move up and 
down, and some move in other directions. 

Particles in matter move in a type of motion called random 
motion. In random motion, particles can move in any direction 
and can have different speeds. In any object, the number of parti-
cles moving in one direction is always equal to the number of par-
ticles moving in the opposite direction. As particles move, they 
also collide with other particles. These collisions can change a par-
ticle’s direction of motion and its speed.

In random motion, how are particles moving?

Particles Attract
As they are moving, atoms and molecules usually exert a pull, 

or an attractive force, on each other. These forces tend to pull par-
ticles closer together. Recall from Chapter 4 that atoms contain 
positively charged protons and negatively charged electrons. These 
electric charges can cause attractions between the atoms and mole-
cules in matter. If particles move closer together, the attractive 
forces between them become stronger. As they move farther apart, 
the attraction between them becomes weaker. 

Observing 
Fluid Motion

Procedure 
1. Fill a clear 

glass or jar 
with luke-
warm tap water.

2. Allow the container to 
sit undisturbed for 10 
minutes.

3. Add three drops of 
food coloring to the 
water. Be careful to 
disturb the water as 
little as possible.

Analysis
1. Describe what 

occurred when the 
food coloring was 
added to the water.

2. Explain why this 
occurred.

3. Evaluate Would the 
food coloring mix 
faster if the water was 
a warmer temperature? 
Explain.
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Figure 3 The particles that 
make up a solid vibrate in fixed 
locations. A solid has a fixed 
shape and a fixed volume.
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Solids
Why is the dumbbell in Figure 3 a solid? If you hold the 

dumbbell in your hand, it doesn’t flow or make a puddle like water 
does. If you place the dumbbell in a box, its shape doesn’t change 
to match the shape of the box. Like all solids, the volume and 
shape of a dumbell do not change. A solid is matter with a fixed 
shape and a fixed volume.

The Forces Between Particles in a Solid
The motion of the particles and the strength of the attractive 

forces between them determine whether a substance is a solid, a 
liquid, or a gas. As in all matter, the particles in a solid always are 
in motion. However, the particles in a solid are so close together 
that the attractive forces between them are strong.

 
In a solid, why are the attractive forces between 
particles strong?

The Motion of Particles in a Solid
The particles in a solid are attracted to each other by strong 

forces that keep the particles close together. Because the forces 
between particles are strong, particles in a solid cannot move very 
far from each other. The motion of the particles in a solid is shown 
in Figure 3. Each particle moves only a short distance back and 
forth between neighboring particles. As a result, the particles in a 
solid stay in nearly the same position, vibrating back and forth in 
all directions. Because the particles in a solid don’t move from one 
place to another, the shape and volume of the solid remain fixed.

SCIENCE USE V. COMMON USE 
state
Science Use a condition of 
matter. Three common states of 
matter are solid, liquid, and gas.
Common Use a condition of 
mind or being. Before the big 
test, the students were in a 
nervous state.
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Figure 4 The containers 
contain the same volume of 
liquid. The shapes of liquid in 
the two containers are differ-
ent because the containers 
have different shapes. 

Figure 5 Particles in a 
liquid are close together, but 
can slide past each other.

Compare the motion of particles 
in a solid and in a liquid.
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Liquids
Unlike a solid, a liquid can flow and does not have a fixed 

shape. As shown in Figure 4, a liquid has the shape of the con-
tainer in which it is placed. A liquid is matter with a fixed volume 
but not a fixed shape.

The Forces Between Particles in a Liquid
The attractive forces between particles in a liquid are weaker 

than they are in a solid. These forces are not strong enough to 
keep the particles in fixed positions. As a result, the particles in a 
liquid move more freely than they do in a solid.

Motion of Particles in a Liquid
Figure 5 shows how the particles in a liquid move. In a solid, a 

particle stays in one place and moves a short distance back and 
forth. In a liquid, particles can move past neighboring particles. 
Because the particles in a liquid can move from one place to 
another, a liquid can flow and change shape. However, the forces 
between particles in a liquid are strong enough to keep the parti-
cles close to each other. This causes the volume of the liquid to 
remain fixed.
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Figure 6 A gas spreads out 
until it has the same volume 
as its container.

Describe how the volume of the 
gas changes.

Figure 7 Particles in 
a gas are far apart and 
move freely.
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Gases
Every second you are surrounded by a gas—the air around you. 

When you breathe, you force this gas to flow into and out of your 
lungs. Even though a gas can flow, it is different from a liquid. A 
gas is matter that has no fixed volume and no fixed shape.

Changes in Shape and Volume
Gases and liquids do not have a fixed shape. Unlike solids or 

liquids, a gas also does not have a fixed volume. If any amount of 
gas is put in a container, the gas expands until it fills the container, 
as shown in Figure 6. This means that the shape and the volume 
of the gas depend on the shape and volume of the container the 
gas is in.

Forces Between Particles in a Gas
The particles in a gas are much farther apart than the particles 

in a solid or a liquid, as shown in Figure 7. Because the particles in 
a gas are so far apart, the forces between these particles are weak. 
As a result, the particles in a gas are not held together and move 
freely past each other.

WORD ORIGIN
gas
 from Greek khaos; means 
empty space
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Table 1 Familiar States of Matter

State of Matter Example

Solid
• fixed shape
• fixed volume
• particles are close together
• strong attractive forces between particles
• particles vibrate in all directions

Liquid
• no fixed shape, a liquid takes the shape of container
• fixed volume
• particles are close together
• attractive forces between particles are weaker in liquids than 

in solids
• particles are free to move past neighboring particles

Gas
• no fixed shape
• no fixed volume, a gas expands to fill volume of container
• particles are very far apart
• extremely weak attractive forces between particles
• particles move freely 
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Motion of Particles in a Gas  
Inside a container, gas particles move in random motion from 

place to place. As gas particles move, they collide with each other 
and with the sides of the container. Between collisions, a gas parti-
cle moves in a straight line. However, a collision can make the par-
ticle move in a different direction and can also change its speed. 
Because the particles in a gas can move freely from place to place, 
a gas does not have a fixed shape. 

 
What can cause the direction and speed of a particle 
in a gas to change?

Unlike particles in solids and liquids, gas particles are not held 
together by attractive forces. As a result, gas particles spread out 
until they are evenly distributed throughout a container. No mat-
ter how large the container, the volume of a gas is always the same 
as the volume of the container the gas is in. Table 1 summarizes 
some of the differences between solids, liquids, and gases.

ACADEMIC VOCABULARY
distribute (dih STRIH 
byewt)
(verb) to spread out to cover 
something 
Sandra distributed the seeds 
throughout the garden. 

Interactive Table Organize information about 
solids, liquids, and gases at . ca8.msscience.com
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LESSON 1 Review
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What have you learned?
All matter is made of particles, such as atoms or molecules, that 

are in random motion. In solids, the particles are close together 
and they can only vibrate in place. The attractive force between 
the particles in a solid is strong. Because of these strong forces, the 
shape and volume of a solid remain fixed.

The attraction between the particles in liquids is weaker than 
the attraction between the particles in solids. Because of the 
weaker attractive forces between particles, particles in liquids can 
move past each other. As a result, liquids are able to flow and to 
take the shape of their container.

In gases, the particles are very far apart and the attractive forces 
between them are weak. The particles of a gas move freely and col-
lide with the walls of its container and other gas particles. Because 
the particles move freely, gases have no fixed shape or volume.  

Summarize
Create your own lesson sum-
mary as you write a script for 
a television news report. 

1. Review the text after the 
red main headings and 
write one sentence about 
each. These are the head-
lines of your broadcast. 

2. Review the text and write 
2–3 sentences about each 
blue subheading. These 
sentences should tell who, 
what, when, where, and 
why information about 
each red heading.

3. Include descriptive details 
in your report, such as 
names of reporters and 
local places and events.

4. Present your news report 
to other classmates alone 
or with a team.

Science nline
For more practice, visit Standards 
Check at  .

ELA8: LS 2.1

ca8.msscience.com

Matter Changing State
 

ca8.msscience.com 

Standards Check

Using Vocabulary

1. Write the definitions of solid, 
liquid, and gas in your own 
words. 3.d

2. In     , particles can 
move in any direction.  3.d

Understanding Main Ideas

3. Which state of matter is found 
in fluorescent lights and light-
ning strikes, but is relatively 
uncommon on Earth? 3.d

A. gas

B. liquid

C. plasma

D. solid

4. Summarize the motion of 
particles in solids, liquids, 
and gases. 3.e

5. Compare Copy and fill in the 
graphic organizer below and 
compare the distance 
between particles in solids, 
liquids, and gases. 3.e

 Solids

Liquids

Gases

6. Compare the attractive forces 
between particles in a solid 
and in a gas. 3.e

Applying Science

7. Determine how the volume of 
air in a room would change if 
the volume of the room were 
doubled. 3.e

http://ca8.msscience.com
http://ca8.msscience.com



LESSON 2

Figure 8 The gas particles inside the balloon have 
energy because they are moving.
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Reading Guide

What You’ll Learn

▼ Compare melting and 
freezing.

▼ Compare vaporization and 
condensation.

Why It’s Important
The energy released when 
water changes from a gas to 
a liquid helps produce 
storms.

Vocabulary
temperature
thermal energy
melting point
freezing point
vaporization
boiling
boiling point
evaporation
condensation
sublimation
deposition

Review Vocabulary
potential energy: the 
energy an object has due to 
its position (Grade 6)

Changes in States of Matter
Changes in energy can cause matter to change 

from one state to another.

Real-World Reading Connection Changes in the weather 
can cause changes in states of matter. In early spring, snow melts 
into liquid water. A summer rain leaves puddles of water on 
the sidewalk, but the warm Sun makes the puddles evaporate 
into a gas.

Temperature, Thermal Energy, 
and Heat

Ice and liquid water are different states of the same substance. 
They both are made from particles that are water molecules. But 
how can an ice cube change into liquid water? A change from 
one state of matter to another is a result of two things. One is 
changes in the motion of the particles. The other is the strength 
of the forces among particles.

Moving Particles and Kinetic Energy 
Recall that moving objects, such as a car or a train, have 

kinetic energy. The kinetic energy of an object increases as its 
speed increases. Even when an object is not moving, the parti-
cles in the object are in random motion. As a result, these parti-
cles also have kinetic energy. For example, the particles in the 
balloon shown in Figure 8 have kinetic energy even though the 
balloon is not moving.

  Science Content 
Standards

3.d Students know the states of matter 
(solid, liquid, gas) depend on molecular 
motion. 
3.e Students know that in solids the atoms 

are closely locked in position and can only 
vibrate; in liquids the atoms and molecules 
are more loosely connected and can collide 
with and move past one another; and in 
gases the atoms and molecules are free to 
move independently, colliding frequently.
Also covers: 9.e, 9.g
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Figure 10 The boiling and freezing 
points of water are different on the Fahren-
heit, Celsius, and Kelvin temperature scales.

Figure 9 The temperature of a 
substance increases as the particles move 
faster and have more kinetic energy.

Compare the motion of air particles inside and 
outside the balloon.

262 Chapter 6 • States of Matter

Temperature and Average 
Kinetic Energy

The air inside the hot-air balloon in Figure 9 
has a higher temperature than the air outside. 
Temperature is a measure of the average kinetic 
energy of the particles in a material. This means 
that the average kinetic energy of particles inside 
the balloon is greater than the average kinetic 
energy of particles outside. As a result, particles 
inside the balloon are moving faster on average 
than particles outside the balloon. Particles in 
matter move faster as the temperature increases.

Measuring Temperature
One way to measure temperature is to use a 

liquid thermometer. Some thermometers have a 
red liquid inside a glass tube. When the liquid 
gets warmer, the particles in the liquid begin to 
move faster. The particles then get farther apart 
and take up more space. This causes the liquid to 
expand and the liquid rises in the tube.

The marks on a thermometer tell you the tem-
perature in degrees. Figure 10 shows three com-
mon temperature scales. The range between the 
temperatures at which water freezes and boils 
on the different scales is shown. This range is 
divided into 180 degrees on the Fahrenheit scale. 
It is divided into 100 degrees on the Celsius and 
Kelvin scales. The Fahrenheit scale is widely used 
in the United States, but the Celsius scale is usu-
ally used in other countries. The Celsius and Kel-
vin scales are used in science. 
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Higher Potential Energy Lower Potential Energy

Figure 11 The 
potential energy of 
the ball depends on 
the distance between 
the ball and Earth. The 
potential energy of 
particles in matter 
depends on the dis-
tance between them.
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Particles of Matter and Potential Energy
In addition to having kinetic energy, the particles in a substance 

have potential energy as a result of the forces that they exert on 
each other. Potential energy decreases as particles get closer 
together and increases as particles get farther apart. A ball held 
above the ground has potential energy, as shown in Figure 11. The 
amount of potential energy depends on the distance between the 
ball and Earth. If you let the ball go, its potential energy decreases 
as it gets closer to the ground. In the same way, the potential 
energy of particles in matter decreases when the particles are 
closer together.

 
What can cause the potential energy of particles in 
matter to increase?

Thermal Energy
A substance also has thermal energy. Thermal energy includes 

both the kinetic energy and potential energy of the particles. Dif-
ferent states of matter have different amounts of thermal energy. 
Compared to the solid state, the particles of a substance in the gas 
state move faster and are farther apart. These particles have more 
kinetic and potential energy than the particles in the solid state. 
This means that the thermal energy of the substance in the gas 
state is greater than the thermal energy in the solid state. For any 
given substance, the particles have the most thermal energy in the 
gas state and the least thermal energy in the solid state.




Figure 12 Adding thermal 
energy to a substance can cause 
either an increase in temperature 
or a change of state.

Figure 13 Steel must 
be heated to about 
1,400°C before it 
will melt.
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Adding and Removing Thermal Energy
Thermal energy can be added to a material or removed from a 

material. When you heat a pot of water on a stove, thermal energy 
is added to the water. Thermal energy flows into a material when 
it is heated. When a warm bottle of water cools in a refrigerator, 
thermal energy is removed from the water. Thermal energy flows 
out of a material when it is cooled.

How is thermal energy added to a material?

Thermal Energy and Changes in State
When thermal energy is added to a material, the thermal energy 

of the material increases. Figure 12 shows that adding thermal 
energy can cause the potential energy and the kinetic energy of the 
particles in a material to increase. If the kinetic energy increases, 
then the temperature of the material increases. However, when 
only the potential energy increases, the temperature of the mate-
rial doesn’t change. Instead, the material changes from one state of 
matter to another. To change a material from one state of matter 
to another, thermal energy must flow into or out of the material. 

Changes Between the Solid and 
Liquid States 

The particles that make up the liquid steel and the solid steel in 
Figure 13 are exactly the same. The difference between the liquid 
and the solid depends on the movement of the particles and the 
thermal energy they contain. Particles in the liquid steel move 
faster and have more thermal energy. Particles in the solid steel 
move more slowly and have less thermal energy. Thermal energy 
must be added to a material or taken away to change it from one 
state of matter to another.

ACADEMIC VOCABULARY
remove (ree MOOV)
(verb) to get rid of 
Maria removed the seeds from 
the orange before she ate it.
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Figure 14 The thermal energy 
of the liquid is greater than the 
thermal energy of the solid. 
Energy must be added to the 
solid to change it to a liquid.
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Melting
Melting occurs when a solid changes into a liquid. When you 

heat a solid, thermal energy flows into the solid. Then the tem-
perature of the solid increases until the temperature reaches the 
melting point. The melting point of a material is the temperature 
at which the material changes from a solid to a liquid.

Figure 14 shows how the temperature of a solid material changes 
as it is heated and thermal energy is added. At first, the tempera-
ture of the solid increases. But when the temperature reaches the 
melting point, the temperature of the material stops increasing. As 
the material changes from a solid to a liquid, the temperature stays 
constant at the melting point. 

 Figure 14 Why is the line on the graph horizontal 
when melting is occurring?

Energy Changes During Melting
Thermal energy still is being added to the material as it melts. 

Because the temperature is not changing, the average kinetic 
energy of the particles doesn’t change. Instead, the added thermal 
energy causes only the potential energy of the particles to increase.

When the potential energy of the particles increases, the 
arrangement of the particles in the material changes. In most 
materials, particles move farther apart. The new arrangement 
causes the attractive forces between particles to become weaker. 
When melting occurs, these forces have become weak enough that 
the particles can move past each other. After the solid has changed 
completely into a liquid, adding thermal energy causes the temper-
ature of the liquid to increase, as shown in Figure 14.




Figure 15 Melting and freezing are 
reversible processes. A solid gains ther-
mal energy when it melts. A liquid 
loses thermal energy when it freezes.
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Freezing
Freezing occurs when a liquid changes into a solid. When a 

material cools, thermal energy flows out of the material. The 
temperature of the material decreases until the freezing point is 
reached. The freezing point is the temperature at which the liquid 
changes to a solid. As thermal energy continues to flow out of the 
material, the temperature remains constant at the freezing point. 
After all the liquid has changed to a solid, the temperature 
decreases once again as thermal energy is removed.

 
How does the thermal energy of a material change as 
it freezes?

Freezing—The Opposite of Melting
As Figure 15 shows, freezing is the opposite of melting. For any 

material, the freezing point is the same as the melting point. While 
freezing is occurring, thermal energy is being removed from the 
material. The temperature remains constant, so the average kinetic 
energy of the particles doesn’t change. Instead, the potential 
energy of the particles decreases. In most materials this means 
that the particles move closer together. Then the forces between 
the particles become strong enough for the particles to be held in 
fixed positions. The liquid becomes a solid.

Changes Between Liquids and Gases 
If you heat a pot of water on the stove, as in Figure 16, you will 

notice bubbles forming in the water. Tiny water droplets in the 
form of steam rise into the air. Water in its invisible gas form, 
called water vapor, also rises from the pot. The liquid is changing 
to a gas. 

�����������	
�����




Figure 16 Vaporization occurs both below 
the surface and at the surface of a liquid during 
boiling. 

Identify the substance contained in the bubbles when 
water boils.

Figure 17 The thermal 
energy of a gas is greater 
than the thermal energy 
of a liquid. Energy must 
be added to change a 
liquid to a gas.
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Vaporization and Boiling
When liquid water is heated, its temperature rises until it 

reaches 100°C. At this temperature, liquid water changes into 
water vapor. The change from a liquid to a gas is called 
vaporization. When vaporization occurs, the attractive forces 
between particles are too weak to keep particles close to each 
other. Particles spread out and move independently.

Vaporization can occur within a liquid and at the surface of a 
liquid, as shown in Figure 16. Vaporization that occurs within a 
liquid is called boiling. When a liquid boils, bubbles form within 
the liquid. These bubbles contain particles of the material in the 
gas state.  

The boiling point is the temperature at which boiling occurs in 
a liquid. As Figure 17 shows, the temperature doesn’t change while 
a liquid is boiling. Boiling ends after the liquid has changed to a 
gas. If thermal energy continues to be added, then the temperature 
of the gas will continue to rise.

WORD ORIGIN
vaporization
 from Latin vaporem; means 
exhalation, steam, heat
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Figure 18 Evaporation occurs only 
at the surface of a liquid.

Compare the energy of the particles that 
leave the surface with those in the liquid.
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Evaporation
Vaporization that occurs at the surface of a liquid is called 

evaporation. Evaporation occurs during boiling and at tempera-
tures below the boiling point. Recall that particles in a material 
move at different speeds. Some particles at the liquid’s surface are 
moving much faster than other particles. Some of these particles 
are moving so fast that the attractive forces aren’t strong enough to 
keep them at the surface of the liquid. As shown in Figure 18, 
these fast-moving particles escape into the space above the liquid. 
Above the liquid, the particles are far apart and the attractive 
forces between them are weak. These particles move independently 
and are in the gas state. 

During evaporation, the fastest particles leave the surface of the 
liquid. The particles that remain have less kinetic energy. This 
means that the average kinetic energy of the liquid decreases. As a 
result, the liquid cools as evaporation occurs. You experience this 
cooling effect when perspiration evaporates from your skin.

 
Why does a liquid cool when evaporation occurs?

Pressure and the Boiling Point
The boiling point of a liquid depends on the types of atoms and 

molecules that make up the liquid. The boiling point also depends 
on the pressure exerted on the liquid. Recall the air around you 
exerts pressure. This pressure is exerted on a pot of water heating 
on a stove. For the water to boil, bubbles containing water vapor 
must form in water. The pressure exerted on the water by the 
air makes it harder for these bubbles to form. As air pressure 
increases, the water must be heated to a higher temperature before 
bubbles of water vapor form. This means that the boiling point of 
a liquid increases as the pressure on the liquid increases. As the 
pressure on the liquid decreases, the boiling point decreases. 

Sensing 
Evaporation

Procedure

1. Complete a lab safety 
form.

2. Obtain a bottle of 
rubbing alcohol from 
your teacher.

3. Dip a cotton swab into 
the bottle and close 
the bottle.

4. Rub the alcohol-dipped 
swab on the back of 
your hand.

Analysis
1. Describe how the 

alcohol feels on your 
skin.

2. Explain why alcohol 
feels this way on your 
skin.

3.e
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Figure 19 Water droplets 
that form on blades of grass 
overnight are due to 
condensation.

Figure 20 Vaporization and condensation are reversible processes. 
Thermal energy must be added to a liquid to vaporize the liquid. 
Thermal energy must be removed from a gas to make it condense.
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Condensation
On a hot day, you might see drops of water on the outside 

of a glass of ice-cold water. These drops of water come from 
the air surrounding the glass. The air contains water 
vapor—a gas. The cold glass cools the air next to it. When 
the water vapor in the air next to the glass becomes cool 
enough, it changes from a gas to a liquid. The change from a 
gas to a liquid is called condensation. Early in the morning, 
you might have noticed dew on the grass, as in Figure 19. 
During the night, blades of grass cool more quickly than the 
air. When their temperature becomes low enough, 
condensation occurs and water droplets form.

Condensation—The Reverse of Vaporization
Figure 20 shows how condensation and vaporization are 

reversible processes. For condensation to occur, thermal 
energy must be removed from a gas. This causes the gas par-
ticles to move more slowly and the temperature of the gas to 
decrease. The gas continues to cool as thermal energy con-
tinues to be removed. Finally its temperature becomes low 
enough for condensation to occur. Then particles move 
slowly enough so that the attractive forces are able to keep 
the particles close together. As a result, a liquid forms.
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Visualizing the Heating 
Curve of Water

Figure 21
Water can exist as a solid—ice; as liquid water; or as a gas—water vapor. To change water 
from one state of matter to another, thermal energy must be added or removed. 
Thermal energy is added when water is heated. The heating curve of water shows how the 
temperature of ice, liquid water, and water vapor changes as thermal energy is added. Melt-
ing occurs as solid ice changes to liquid water. Vaporization occurs as liquid water changes to 
the gas water vapor. The temperature remains constant as melting or vaporization occurs.

Solid State Liquid State Gaseous State

Melting Vaporization

Contributed by National Geographic
���������	���
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Figure 22 As thermal 
energy is removed, water 
vapor changes to liquid 
water, which then changes 
to solid ice.

Infer from the graph which 
change of state requires the 
largest change in thermal 
energy. 
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Changing the States of  Water 
Imagine that you heat a container in which there is a piece of 

ice. Figure 21 shows how the temperature of the ice changes as 
thermal energy is added to it. 

Adding Thermal Energy
As the container is heated, the temperature of the ice increases. 

The temperature of the ice continues to rise until the melting 
point of ice is reached. Figure 21 shows that the temperature stays 
constant as the ice begins to melt and change from a solid to a liq-
uid. Even though the temperature isn’t changing, thermal energy 
must be added to the ice to change all the solid ice to liquid water.

As ice melts, how does its temperature change?

After all the ice has melted, the temperature of the water begins 
to increase as the container is heated. When the water temperature 
reaches the boiling point of water, the temperature stops increas-
ing, as shown in Figure 21. As the container continues to be 
heated, liquid water changes to water vapor. Finally, all the liquid 
water changes to water vapor. Adding more thermal energy then 
causes the temperature of the water vapor to increase.

Removing Thermal Energy
Ice can be melted to form water by heating the ice. The water 

that is formed can be changed back into ice by removing thermal 
energy and cooling the water. This means that the changes 
between states of matter are reversible. Figure 22 shows how water 
vapor can be changed back into ice by cooling. 




Figure 24 For a change in state to 
occur, thermal energy must move 
into or out of the material.

List the changes in state that can occur 
when thermal energy is added to a material.

Figure 23 Sublima-
tion causes the dry 
ice to change to a gas. 
Deposition causes 
frost to form on the 
leaf.

Sublimation

DepositionDeposition

Changes Between Solids and Gases
The dry ice in Figure 23 produces a thick fog. Dry ice is solid 

carbon dioxide. At room temperature, dry ice absorbs thermal 
energy and changes directly into a colorless gas. Sublimation is 
the change of a solid to a gas without going through the liquid 
state. The thick fog around the dry ice is caused by the cold carbon 
dioxide gas that causes water vapor in the air to condense into 
small droplets. For sublimation to occur, thermal energy must be 
added to a solid.

The opposite of sublimation is deposition, the change of a gas 
to a solid without going through the liquid state. The frost that 
forms on the leaf shown in Figure 23 is caused by deposition. For 
deposition to occur, thermal energy must be removed from a gas. 
When the leaf becomes cold enough, water vapor in the air 
surrounding the leaf loses enough thermal energy to change into 
a solid.

Changes in Energy Among States 
of  Matter 

The state of matter of a substance depends on the amount of 
thermal energy a substance contains. For a material to change 
from one state of matter to another, thermal energy must be added 
to the material or removed. Figure 24 shows the energy changes 
that occur when a material changes from one state to another.
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What have you learned?
The temperature of a material depends on the average kinetic 

energy of the particles in a material. The faster these particles 
move, the higher the temperature. Thermal energy is added to a 
material when it is heated. Thermal energy is removed when a 
material cools. When a material changes from one state of matter 
to another, thermal energy must be added or removed. 

Melting occurs when a material changes from a solid to a liquid. 
Freezing is the reverse of melting. Vaporization occurs when a 
material changes from a liquid to a gas. Vaporization can occur 
inside a liquid by boiling or at the surface by evaporation. Conden-
sation is the reverse of vaporization. As a material changes from 
one state to another, its temperature doesn’t change. 

Science nline
For more practice, visit Standards 
Check at  .

Summarize
Create your own lesson 
summary as you organize 
an outline. 

1. Scan the lesson. Find and 
list the first red main 
heading.

2. Review the text after 
the heading and list 2–3 
details about the heading.

3. Find and list each blue 
subheading that follows 
the red main heading.

4. List 2–3 details, key terms, 
and definitions under 
each blue subheading.

5. Review additional red 
main headings and their 
supporting blue subhead-
ings. List 2–3 details about 
each.

ca8.msscience.com

Standards Check

Using Vocabulary

1. Write the definitions of freez-
ing point and boiling point in 
your own words. 3.d

2. Use each term in a separate 
sentence: evaporation, con-
densation, sublimation, and 
deposition. 3.d

Understanding Main Ideas

3. During which change of state 
do the particles in a material 
become farther apart? 3.e

A. vaporization

B. freezing

C. sublimation

D. condensation

4. Compare temperature, ther-
mal energy, and heat. 3.d

5. Explain how changes in ther-
mal energy and changes in 
state of matter are related. 3.d

6. Compare and contrast subli-
mation and deposition. 3.d

Applying Science

7. Summarize Copy and fill in 
the graphic organizer below to 
identify the changes in states 
of matter that can occur when 
thermal energy is removed 
from a material. 3.d

Remove 
Thermal Energy

8. Explain why a bathroom mir-
ror becomes fogged when you 
take a shower. 3.d

9. Describe how the potential 
energy of water molecules 
changes as water changes 
from a solid to a liquid and 
then from a liquid to a gas.   
 3.d

States of Matter
 

ca8.msscience.com 

ELA8: R 2.3

http://ca8.msscience.com
http://ca8.msscience.com
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 Atmospheric Pressure and 
Boiling Point of Water

Pressure
(kPa)

Boiling Point 
(°C)

98.7 99.2

100.0 99.6

101.3 100.0

102.7 100.4

105.3 101.1

106.7 101.4

How are boiling point and 
atmospheric pressure related?

The temperature at which water boils depends on the pressure 
above the liquid. When the liquid is in an open container, the 
pressure above the liquid is atmospheric pressure. 

Data
Graph the data in the table. Plot pressure on the x-axis and the 
boiling point on the y-axis. Label each axis, including the proper 
units. Choose an appropriate scale for each axis.

Data Analysis
1. Determine  if atmospheric pressure and boiling point have a 

linear or nonlinear relationship at this pressure range.

2. Determine  the boiling point of water at 102 kPa.

3. Estimate  the boiling point of water at 108 kPa.

 
Science Content Standards

3.d  Students know the states of matter (solid, liquid, gas) depend on molecular motion.
9.g  Distinguish between linear and nonlinear relationships on a graph of data.
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Packing Efficiency 
Even when atoms are packed together in a solid, there is empty 
space between the atoms. Packing efficiency is a measure of how 
much space in a solid is actually taken up by atoms. Different 
arrangements of atoms can result in different packing efficiencies. 
Find the packing efficiency by dividing the volume of atoms in the 
solid by the total volume of the solid. The atoms in most crystalline 
solids are arranged in one of the four ways listed in the table below. 

Practice Problems
1.  If the volume of atoms in a body-centered cubic is 

4.2 cm3, find the total volume.

2.  Find the volume of atoms in a simple cube if the total volume 
is 12 cm3.

Atom Arrangement Packing Efficiency
Body-centered cubic 0.68

Face-centered cubic 0.74

Hexagonal close pack 0.74

Simple cube 0.52

Example
If the total volume of a solid is 20 cm3, what is the volume of atoms 
in a body-centered cubic solid? 

What you know: •  packing efficiency of a body-centered cubic: 0.68

• total volume: 20 cm3

Use this equation: 
 volume of atoms

  ��  total volume   = packing efficiency

Substitute:
 volume of atoms

  ��  total volume   = packing efficiency

                             = 0.68

Multiply: volume of atoms = 0.68 � 20 cm3 = 13.6 cm3

Answer: The volume of atoms is 13.6 cm3.

 volume of atoms  
���

 
20 cm3

  X

3.e

MA8: ALG 5.0

Science nline
For more math practice, 
visit Math Practice at 
ca8.msscience.com.

http://ca8.msscience.com


276 

Problem
Not all liquids look the same. Water is clear. Even some juices, 
such as cranberry and white grape, are transparent. Other juices, 
such as tomato and grapefruit juice, are thick and pulpy. You can-
not see through them. If a liquid contains materials, such as fruit 
or vegetable pulp, will the time it takes to change from one state 
to another be the same as for clear liquids?

Form a Hypothesis
Develop a hypothesis about the differences in time it takes for 
various liquids to change from a solid to a liquid state.

Collect Data and Make Observations 

1. Read and complete a safety form.

2. Prepare a data table to record your data for each trial.

3. Set up ring stand, clamp, and thermometer as shown in the 
photo on the next page.

4. Pour 100 mL of tap water into the beaker and add five tap 
water ice cubes. Read and record the temperature every min-
ute until the temperature stops dropping and stabilizes. Stir 
occasionally to ensure the temperature is the same through-
out the mixture.

5. When the temperature begins to rise, move the beaker onto 
the burner and turn the burner to high. DO NOT TURN THE 
BURNER ON AHEAD OF TIME. Caution: The beaker could 
break because it is very cold. 

6. Clamp the thermometer so the bulb goes into the liquid fully 
but does not touch the bottom of the beaker. Continue to 
read and record the temperature every minute. It will begin to 
change rapidly. When the water boils, do not stop recording. 
When the temperature is exactly the same for 4 min, turn off 
the hot plate and take the thermometer out to cool. 

Does change of state take 
longer for some liquids?

Materials
electric hot plate
ring stand and clamp
thermometer
glass stirring rod
tap-water ice cubes
10% sugar solution
 cubes
grapefruit-juice cubes
cranberry-juice cubes
hot pads
stop watch 
graph paper

Safety Precautions

  Science Content 
Standards

9.e Construct appropriate graphs from 
data and develop quantitative statements 
about the relationships between variables.
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 7. Dispose of the contents of the beaker 
as instructed by your teacher.

Test Additional Cubes
 8. Start with a new beaker for each test or 

wash the beaker before each test. Rinse 
and dry the thermometer between 
each test. 

 9. Repeat steps 4–7 for each of the addi-
tional cubes. Record your data in your 
data table.

 10. Graph the data with time on the x-axis 
and the temperature on the y-axis. 
Label each axis and place a title on your graph. 

Analyze and Conclude

1. Describe  the differences in the graphs for each of the dif-
ferent mixtures.

2. Determine  from your graphs which mixture took the lon-
gest amount of time and which mixture took the shortest 
amount of time to completely change from a solid to a 
liquid.

3. Describe  how the temperature changed as the ice cubes for 
each material were melting.

4. Describe  the differences you observed in the boiling points 
and melting points of the different mixtures.

5. Identify  the material that required the most thermal energy 
and the material that required the least amount of thermal 
energy to completely melt the ice cubes.

6. Describe  the differences in the two materials you identified 
in the preceding question.

7. Explain  whether or not your data supported your 
hypothesis.

Communicate 

Write a short report describing an experiment that would mea-
sure the freezing point and boiling point of a material. Include in 
your report a description of how to reduce the errors in your 
measurements.

ELA8: W 2.1
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New and Improved
Sometimes physicists aren’t satisfied with studying 
matter as it exists in the physical world. Sometimes 
they try to make up new matter in the laboratory. 
That is just what award-winning physicist 
Dr. Deborah Jin did when she discovered some-
thing called a “fermionic condensate.” It’s not 
exactly a gas, a liquid, or a solid. One of its unusual 
properties is that it is an extremely good conductor 
of electricity—it might just be the “superconductor” 
that helps reduce the usage of electrical energy!

World Record Holder
Sometimes solids aren’t very dense at all. According 
to The Guinness Book of World Records, the least 
dense solid is Aerogel, a material developed at 
NASA’s Pasadena, California, laboratory. Even though 
it is made of the same materials as glass, Aerogel is 
99.8 per cent air. It looks like blue smoke, but it is 
strong enough to be used on spacecraft. 

ELA8: W 2.3

Physicists can help solve some big problems. 
Learn more about superconductors by visiting 
CareersCareers at ca8.msscience.com. Write a 500- 
to 700-word report about the ways in which 
they might be used.

Why is Aerogel still a solid even though it is 
mostly air? Write an explanation for why it is 
still considered a solid.

(t)Geoffrey Wheeler/National Institute of Standards and Technology, (b)NASA/JPL

http://ca8.msscience.com
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Statistical Matters
A teaspoon of water contains an unimaginable number of 
water molecules. How do the properties of water depend 
on the motions and properties of these water molecules? 
The answer was found by Ludwig Boltzmann, an Austrian 
scientist who lived from 1844 to 1906. Boltzmann helped 
develop a branch of physics called statistical mechanics. 
This approach uses statistical methods to connect the 
properties of materials, such as temperature, with the 
properties of atoms and molecules, such as their kinetic 
energy. 

Calculate the average height of five of your classmates. 
How do you think this average height would compare 
to the average height of all the students at your school?

A Cool Way to Go
It’s likely that every day, especially in 
summer, you benefit from a change in 
a state of matter: the change of a 
refrigerant from a liquid to a gas. This 
change in state makes air conditioning 
work, and it has had a huge impact on 
population distribution in the United 
States. The introduction of air condi-
tioning around 1950 enabled large 
growths in populations in the states 
with hotter climates.  

Visit SocietySociety at 
ca8.msscience.com and make a 
graph comparing population 
change from 1950 to 2000 in 
California, Florida, Arizona, Illinois, 
Wisconsin, and New York. Do you 
detect a pattern? Explain.

(t)SPL/Photo Researchers, (b)CORBIS

http://ca8.msscience.com
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Interactive Tutor 

 
Matter can undergo a physical change from one state to another as an 
increase or decrease in thermal energy changes the motion of the particles.

Standards Study Guide

ca8.msscience.com

Lesson 1 Solids, Liquids, and Gases

The state of matter depends on the motion of its 
particles.
• All particles in matter are moving in random motion.

• Particles in matter can exert attractive forces on each other.

• Solids have a fixed shape and volume.

• Particles in a solid vibrate about a fixed location.

• Liquids have a fixed volume but no fixed shape.

• Particles in a liquid can slide past each other.

• Gases have no fixed shape or volume.

• The particles in a gas move independently of each other.

• gas  (p. 258)
• liquid  (p. 257)
• random motion  (p. 255)
• solid  (p. 256)

Lesson 2 Changes in States of Matter

Changes in energy can cause matter to change from 
one state to another.
• Temperature is a measure of the average kinetic energy of all the particles in 

a material.

• Heating a material adds thermal energy, and cooling it removes thermal 
energy.

• Adding thermal energy can change either the state of matter or its 
temperature.

• A substance changes from a solid to a liquid at its melting point. 

• A substance changes from a liquid to a solid at its freezing point.

• Vaporization can occur as boiling or evaporation.

• A change from a liquid to a gas occurs within a liquid at its boiling point.

• Condensation is the change from a gas to a liquid.

• Sublimation is the direct change of a solid to a gas.

• Deposition is the direct change from a gas to a solid.

• boiling  (p. 267)
• boiling point  (p. 267)
• condensation  (p. 269)
• deposition  (p. 272)
• evaporation  (p. 268)
• freezing point  (p. 266)
• melting point  (p. 265)
• sublimation  (p. 272)
• temperature  (p. 262)
• thermal energy  (p. 263)
• vaporization  (p. 267)

3.d, 3.e

3.d, 3.e, 9.e, 9.g

Download quizzes, key 
terms, and flash cards from 
ca8.msscience.com.

http://ca8.msscience.com
http://ca8.msscience.com
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Linking Vocabulary and Main Ideas
Use vocabulary terms from page 30 to complete this concept map.

Using Vocabulary
Match each phrase with the correct vocabulary term from the Study Guide.

9. includes the kinetic and potential energy of particles in a material

10. matter with a fixed volume but not a fixed shape

11. average kinetic energy of particles

12. temperature at which liquid changes to a gas within the liquid

13. a change in state directly from a solid to a gas

14. a change from a liquid to a gas at the surface of a liquid

States of Matter

2.

4. 5. 

liquids

freezing melting

changes 
between states

changes 
between states

3. 

evaporation

can occur
by

7. 

occurs
at

8. 

occurs
at

6. 

1.

particles
move in

includes

Standards Review

Visit ca8.msscience.com for:
 ▶  ▶ Vocabulary PuzzleMaker
 ▶  ▶ Vocabulary eFlashcards
 ▶  ▶ Multilingual Glossary

http://ca8.msscience.com
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Standards Review 

Standards Review

ca8.msscience.com

Understanding Main Ideas
Choose the word or phrase that best answers the 
question.

1. What would happen if you tried to squeeze a gas 
into a smaller container?
A. The particles would have fewer collisions with 

the container.
B. The force of the particles would prevent you 

from doing it.
C. The attractive forces among the particles 

would increase.
D. Repulsive forces of the particles would pull 

on the container.   3.e

Use the figures below to answer questions 2 and 3.

2. Which type of motion causes a pencil to remain 
still even though the particles that make up the 
pencil are always moving?
A. motion 1 
B. motion 2
C. motion 3 
D. motion 4   3.d

3. Which type of motion best represents the move-
ment of gas particles?
A. motion 1 
B. motion 2
C. motion 3 
D. motion 4   3.d

4. A pile of snow slowly disappears into the air, 
even though the temperature remains below 
freezing. Which process explains this?
A. condensation
B. deposition
C. evaporation
D. sublimation   3.e

5. Which explains why liquids can flow but solids 
cannot?
A. The attractive forces between particles are 

weaker in liquids than in solids.
B. Solids have no repulsive forces between the 

particles.
C. The distance between particles is much 

greater in a liquid than in a solid.
D. Gravity pulls more strongly on the particles 

of a liquid than those of a solid. 3.e

6. Which is a form of vaporization?
A. condensation
B. evaporation 
C. freezing
D. melting   3.e

7. The figure below shows the temperature of two 
beakers of water.

  Which property of the liquid particles increased?
A. average kinetic energy
B. average potential energy
C. total kinetic energy
D. total potential energy 3.d

http://ca8.msscience.com
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Applying Science

Use the graph below to answer questions 8 and 9.

 8. Estimate the amount of thermal energy that 
must be added to change 1 g of ice at the melting 
point completely into water. 3.d

9. Identify the regions on the graph where only the 
potential energy of the water molecules is 
changing. 3.d

10. Summarize the differences between freedom of 
movement of particles in solids, liquids, and 
gases. 3.e

11. Compare the pressure inside a pressure cooker 
to the air pressure outside if the boiling point of 
water is higher inside the pressure cooker than 
outside. 3.d

12. Explain why evaporation of water from your 
skin makes you feel cooler. 3.d

13. Describe how the forces between water 
molecules in an ice cube change as the ice cube 
melts. 3.d

14. Explain why it is incorrect to say that air bubbles 
form in boiling water. 3.d

15. Evaluate Your friend claims that she can cook 
spaghetti noodles in a pot of boiling water faster 
by increasing the heat on the stove. Is she cor-
rect? Explain your answer. 3.d

16. Predict whether the size of an inflated balloon 
would change or remain the same if you placed it 
in a freezer. Explain your prediction. 3.e

17. Write a paragraph describing how you could 
determine the melting point of a substance from 
its heating curve or cooling curve. 

Cumulative Review
18. Compare When a solid melts, the densities of 

the solid and the liquid are usually nearly the 
same. Infer from this how the distance between 
particles in a solid compare with the distance 
between particles in a liquid. Explain. 3.e, 8.a

19. Compare Adding thermal energy to water causes 
the water to boil, but doesn’t break the chemical 
bonds in water molecules. Which are stronger: 
the attractive forces between water molecules or 
the chemical bonds in water molecules? Explain.

3.e

20. Infer When gold melts, the density of the liquid 
is slightly less than the density of the solid. Will 
solid gold float in the melted gold? 3.e, 8.d

Applying Math

Use the table below to answer questions 21 and 22.

21. If the volume of atoms in a face-centered cubic 
is 5 cm3, find the total volume.  MA8: ALG 5.0

22. Find the volume of atoms in a simple cube if 
the total volume is 9.3 cm3.  MA8: ALG 5.0

 Packing of Atoms

Atom Arrangement Packing Efficiency

Face-centered cubic 0.74

Hexagonal close pack 0.74

Simple cube 0.52
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Standards Assessment

1  Which of the following best describes the parti-
cles in matter?

A They are larger in solids than in liquids or 
gases.

B They are larger in gases than in solids or 
liquids.

C They do not move in solids.

D They are always moving. 3.d

2  The table below shows the density of four differ-
ent materials.

Density of Materials

Material Density (g/cm3)

F 7.63

G 0.78

H 0.0008

I 2.17

 Which material is a gas?

A material F

B material G

C material H

D material I 3.e

3  Which is the process of a gas cooling to form a 
liquid?

A deposition

B condensation

C vaporization

D sublimation 3.d

4  The illustration below shows models of parti-
cles in four different containers.

 Which container most likely contains a gas?

A container P

B container Q

C container R

D container S 3.e

5  During which processes must thermal energy 
be added to a material?

A freezing and boiling

B condensation and melting

C melting and vaporization

D sublimation and freezing 3.d

6  The temperatures of one glass of water is 30°C 
and the temperature of another glass of water is 
0°C. Both glasses contain the same amount of 
water. Which is a correct statement about the 
two glasses of water?

A The molecules of the cold water are larger.

B The molecules of the warm water are larger.

C The molecules of the warm water have a 
higher average kinetic energy.

D The molecules of the cold water have a higher 
average kinetic energy. 3.d

http://ca8.msscience.com


Chapter 6 • Standards Assessment 285

CHAPTER

7  Which description best describes a liquid?

A It has a definite shape and volume.

B It has a definite volume but no definite shape.

C It expands to fill the shape and volume of its 
container.

D It cannot flow. 3.e

8  In which state of matter are particles close 
together, yet are able to move past one another?

A solid 

B gas 

C liquid

D plasma 3.e

9  The illustration below shows a gas in a closed 
cylinder. 

 What happens to the gas as the piston moves 
downward?

A The volume of the gas increases.

B The attractive forces between gas particles 
increase.

C The distance between gas particles increases.

D The gas undergoes sublimation. 3.d

10  The illustration below shows the motion of par-
ticles in a material.

 In which state of matter is the material?

A gas

B liquid

C plasma

D solid 3.e

11  Which statement best describes a solid?

A Its particles vibrate in place.

B Its particles do not move at all.

C It particles can flow past each other.

D Its particles are very far apart. 3.e

12  Which are the two ways that vaporization 
can occur?

A sublimation and deposition

B evaporation and boiling

C melting and freezing

D melting and boiling 3.d
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