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From circumstantial evidence,
vou have developed a model of
the structure of matter. So far,
your model includes the follow-
ing ideas:

_Expiorai

and Solids

1. All matter consists of parti-
cles.

2. Particles are different sizes,

although all are small.
3. Elements are made up of
particles called atoms, and
compounds are made up of
particles called molecules.

make up a gas?

In the Explorations that fol-
low, vou will discover more
ideas about the structure of

matter to add to these three. make up a liquid?

Finally, consider this: If you
could get a solid (such as a piece
of chalk) into the syringe, could
you compress it? What differ-
ences are there between the par-
ticles of a solid and those of a

licquid or a gas?

this page.)

Compressed air in this rocket forces water through the opening at the
bottom, As the water is forced downward, the rocket is propelled upward.
Why da you think both air and water are needed to make this rocket work? B

! LESSON 4 ORGANIZER

Time Required 2 to 3 class periods

Process Skills analyzing, inferring,
comparing, contrasting

Mew Terms none

Materials (per student group)
Exploration 5: plastic disposable
syringe without a needle; 20 mL of
water; 100 mL graduated cylinder
Exploration 6, Station 1: 2 drops of
food coloring; 2 small beakers; about
250 mL of cold water; about 250 mL of
very hot tap water; lab aprons (addi-
tional teacher materials: ice chest with
ice); Station 2: balloon; 2 L or 3 L plas-

’" Particles of Solids,
Liquids, and Gases

10N ...

Compressing
Gases, Liquids,

Fill a plastic syringe (without the
needle) with air. Then, with your
finger over the end, push down
on the plunger as hard as vou
can. What does this experiment
tell you about the particles that

Now fill the syringe with
water, and again try to push
down on the piston. What is the
difference between the particles
that make up a gas and those that

To conclude this Exploration,
add a fourth statement to the par-
ticle model of matter. (See the list
of ideas in the first column on

Particles on
the Move

Your model of matter is becoming
more and more useful because it
can explain more observations.
Now you will make a few more
observations of the hehavior of
matter. In each instance, explain
your observations in terms of
what the particles in the solid,
liquid, or gas are doing.

You Will Need

« food coloring

= an eyedropper

« ice water

« hot water

+ a halloon

« a plastic soft-drink bottle
+ an ice chest with ice
» rubbing alcohol

+ 2 microscope slides
» matches

= test-tube tongs

» a beaker

= cotton balls

+ a metal lid from a jar
= perfume

» a candle

L&

Place a drop of food coloring into
very cold water and another drop
into very hot water. Explain the
difference in behavior,

Exploration 6 continued B
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tic soft-drink bottle; 2 large containers
or buckets; 5 L of ice water; 5 L of
very hot tap water; watch or clock;
Station 3: 2 drops of rubbing alcohol;
eyedropper; 2 microscope slides; a few
matches; safety goggles; Station 4:
250 mL of ice water; 250 mL beaker;
Station 5: a cotton ball; metal jar lid;
eyedropper; a few drops of perfume;
Station 6: candle; a few matches;
materials to prop up candle, such as a
metal jar lid; safety goggles

Teaching Resources
Exploration Worksheet, p. 23

s " Particles
" of Solids,
Liquids,
and Gases

Getting Started

Ask students what the solid, liquid, and
gaseous forms of water are. (lce, water,
water vapor) Explain to students that the
particles that make up these three states
of water are the same. Then invite them
to speculate about what causes these
three forms of water to be different.

Main Ideas

1. Particles of matter are constantly in
motion.

2. Particles are farther apart in gases
than in liquids and solids.

3. Heating causes particles in a sub-
stance to move faster and farther
apart.

TEACHING STRATEGIES

Answers to
Exploration 5

The particles of a gas can be com-
pressed. The particles that make up
a liguid cannot be noticeably com-
pressed. A piece of chalk could not be
compressed in the syringe. The parti-
cles of a solid are locked in place, while
the particles of liquids and gases can
move about.

Sample answer: Gas particles are far-
ther apart than are the particles that
make up liquids or solids.

Answer to
Caption

(Z} Air can be compressed, but water
cannot be. Once the compressed air
is free to expand, this forces the
water to shoot out of the rocket
and the rocket to move skyward.

An Exploration Worksheet is avail-
able to accompany Exploration 6
(Teaching Resources, page 23).

*

Exploration 6 begins on the next
page. [Be

CHAPTER 5 » A CASE FOR PARTICLES .m



Set up five stations in the classroom.

| Water above 55°C is scalding.
Make sure no open containers of
alcohol are in the room while students
are lighting their matches. You may also
wish to apply the drops of alcohol your-
self or have a beaker of water available
for disposing of the hot matches.

Answer to
Station 1, page 103
The food coloring diffuses more

quickly in the hot water because the
heated particles are moving faster.

Answer to
Station 2

When the bottle is placed in hot water,
the air particles inside speed up and
move farther apart, causing the bal-
loon to expand. When the bottle is
placed in the ice water, the air particles
slow down and move closer together,
causing the balloon to deflate.

Answer to
Station 3
The alcohol evaporates faster on the

heated glass because the heated parti-
cles of alcohol move faster.

Answers to
Station 4

Water condenses on the beaker. The
beaker’s cool surface causes particles
of water vapor in the breath to slow
down and gather in droplets.

Answers to
Station 5

Eventually, the perfume will be smelled
from across the room. The particles of
perfume are moving farther apart as
they change into a gas and diffuse
throughout the air.

Answers to
Station 6

The heat causes the wax particles to
move freely as a liquid, so the wax
melts. When the candle is extinguished
and the wax cools, the particles slow
down, and the liquid solidifies.

-I!TL- 1INIT 2 « PARTICIFS

Place a balloon over the mouth
of a2 L or3 L plastic soft-drink
bottle. Place the bottle into a
container of hot water for a few
minutes. Now quickly place it
into a container of ice water, Use
the particle model to explain

what happens.

Heat a microscope slide with a
match. Then, after extinguishing
the flame, place one drop of alco-
hol on the heated slide and one
drop on an unheated slide. Using
the particle model, explain the
differences you observe.

Pour ice water into a beaker. Now
breathe on the side of the beaker.
What do you ohserve? Explain
this observation in terms of what
you think the water molecules in
your breath are doing.

Place a cotton ball on a metal lid.
Add a few drops of perfume to
the cotton. From how far away
can vou smell the perfume? What
do you think the liquid particles
that make up the perfume are
doing?

a4

Observe a burning candle. What
forms at the top of the candle
(not the top of the flame)? What
happens after the candle is blown
out? Explain these observations
in terms of what the particles of
wax are doing.

Analysis, Please!

1. Now add at least one more
statement to the three
given on page 103,

2. Here are six words that
help describe the processes
you observed in Stations
1-6: condensation, expan-
sion, diffusion, evaporation,
melting, and solidification.
Which word(s) would you
associate with each station?

Expanding the Model

Mr. Chin's class expanded the
particle model of matter, as
described on page 103, by
adding more ideas. If vou
agree with the statements they
added, suggest at least one
observation to support each
statement.

Answers to
Analysis, Please!

solidification—é&

1. Sample statement: Heating causes
the particles of the substance to
move faster and farther apart.

2. Condensation—Station 4; expan-
sion—2; diffusion—1 and 5; evapo- 6.
ration—3 and 5; melting—6;

More ldeas

1.

2,

3. Gases diffuse.

4. Raising the temperature of a liquid
increases the rate of evaporation.

5. Warming the air inside a balloon

causes it to expand, suggesting that

the particles exert more pressure on

the sides of the balloon.

Several changes of state were ob-

served, such as water vapor condens-

ing and liquid perfume evaporating.

. Liquid particles

Particles in gases are far
apart.

Particles that make up li-
quids and solids must be as
close together as possible.

. Particles move,
. Particles in a hot substance

move faster than particles
in a cold substance.

. The faster gas particles

move, the more pressure
they exert on the sides of
a balloon.

can
become gas particles,
and gas particles
can become liquid
particles.

Answers to
Expanding the Model

1. Gases can be compressed.

or solids.

The Follow-Up for Lesson 4 is on the
next page. [

2. We cannot easily compress liquids
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" Building " Building the Case

the Case

Getting Started

Have students discuss what the diagram
on page 88 shows. (It shows the rela-
tionship between observations and
inferences. Observations based on meas-
uring and information from the senses
raise questions and lead to inferences,
explanations, and models that can be
tested.) Point out that in this lesson stu-
dents will examine some of the evidence
that matter is made of particles.

You are the judge, jury, and attorney in a landmark case—a case
that will determine whether all matter is composed of particles.
This case may raise as many questions about matter and its
behavior as it answers. The following experiments will provide
the observations and information you will need to make some
important inferences as you prepare your case in favor of the
particle theory of matter—or against it.

Observations -
Measuring

Main Ideas

1. A particle model of matter can
be used to explain observations
of dissolving, pouring, and mixing
substances.

2. A case favoring the particle nature of
matter can be made based on obser-
vation and inference.

TEACHING STRATEGIES

EPLORATION o

Ask students if they have ever noticed
that ice cubes seem to shrink if they are
left in the freezer for too long. Have
them discuss what might have happened
to the ice. (Accept all reasonable
responses. Some students may know
that the ice has undergone sublimation.
Sublimation is the process by which a
substance changes directly from a solid
to a gas without first becoming a liquid.
Point out that they will study such
changes of state in Chapter 6.) Ask stu- 1
dents th..u. following questions: 3 Process Skills
» What is the gaseous state of water . observing, analyzing, inferring
called? (Water vapor) i
» Can you see water vapor? (No)
s |s water vapor a part of the air? (Yes)
» How do you know? (Water often con-
denses out of the air, such as when
moisture forms on the outside of a ;|
soft-drink can.)

LESSON 1 ORGANIZER

Time Required
1 to 2 class periods

Theme Connection
Structures

New Terms
none

Materials (per student group)
Exploration 1, Part 2: drop of red
food coloring; stirring rod; 500 mL of
water; 100 mL graduated cylinder;
100 mL beaker; lab aprons; Part 3:

SR

Seblns

HIRIT 3 . BADTIFCIEC

Expiorati
Making the Case
You Will Need

« red food coloring

« an eyedropper

+ a stirring rod

» a 100 mL beaker

+ 500 mL of sand

= water

« 500 mL of dried peas or beans
+ 400 mL of rubbing alcohol
« 4 large containers

« 25 mL of salt

« 2 graduated cylinders

» a funnel

+ a stopwatch or clock

H

A Thought Experiment

What to Do

Read the observation and infer-
ences about liquid and frozen
water. Then answer the questions
that follow.

Observation

In the freezer, ice cubes become
smaller over time.

4 large containers; about 500 mL of
sand; about 500 mL of water; about
500 mL of dried peas or beans; Part 4:
50 mL of sand; 25 mL of salt; two

100 mL graduated cylinders; 200 mL
of water; watch or clock with second
hand; 40 mL of rubbing alcohol; stir-
ring rod; funnel; safety goggles

Teaching Resources
Exploration Worksheet, p. 11
Discrepant Event Worksheet, p. 16







