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< Launch Lab

Are volume and pressure of a gas

related? “ E
Pressure affects gases differently than It affects solids

and liquids. How do pressure changes affect the volume
of a gas?

© Read and complete a lab safety form

Q Stretch and blow up a small balloon several times.

© Finally, blow up the balloon to a diameter of about
5 ¢m. Twist the neck, and stretch the mouth of the
balloon over the opening of a plastic bottle. Tape
the neck of the balloon to the bottle.

o Squeeze and release the bottle several times while observing the balloon. Record your
observations in your Sclence Journal.

Think About This
1. Why doesn't the balloon deflate when you attach it to the bottle?
2. What caused the balloon to inflate when you squeezed the bottle?

3. [ =@ Key Concept Using this lab as a reference, do you think pressure and volume of a

gas are related? Explain,

- Understanding Gas Behavior

" Pilots do not worry as much about solids and liquids at high

altitudes as they do gases. That is because gases behave differ-

- ently than solids and liquids. Changes in temperature, pressure,

i - and volume affect the behavior of gases more than they affect
! ~ solids and liquids.

The explanation of particle behavior in solids, liquids, and gases

| ACADEMIC VOCABULARY *: s based on the kinetic molecular theory. The kinetic molecular
I theory . theory is an explanation of how particles in matter behave. Some
‘ I (noun) an explanation of things i basic ideas in this theory are

i or events that is based on v

| knowledge gained frommany &+ o gmall particles make up all matter:

1 observations and investigations {

{ veviriienienet e these particles are in constant, random motion;

L i - . i
| - » the particles collide with other particles, other objects, and the
b ; walls of their container;

k |

| ¢ when particles collide, no energy is lost.

o
You have read about most of these, but the last two st
ments are very important in explaining how gases behave-

@(,--D Key Concept Check How does the kinetic molecular
theory describe the behavior of a gas?

|
|
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Figure 15 As pressure increases, the volume of the gas decreases.

What is pressure?

particles in gases move constantly. As a result of this move-
ment, gas particles constantly collide with other particles and
their container. When particles collide with their container,
pressure results. Pressure is the amount of force applied per unit
of area. For example, gas in a cylinder, as shown in Figure 15,
might contain trillions of gas particles. These particles exert
forces on the cylinder each time they strike it. When a weight
is added to the plunger, the plunger moves down, compressing
the gas in the cylinder. With less space to move around, the
particles that make up the gas collide with each other more fre-
quently, causing an increase in pressure. The more the particles

e compressed, the more often they collide, increasing the
Pressure,

Pressure and Volume

Figure 15 also shows the relationship between pressure and
Olume of 8as at a constant temperature. What happens to pres-
"We if the volume of a container changes? Notice that when the
Olume g greater, the particles have more room to move. This
Wditiony) space results in fewer collisions within the cylinder,
. Pressure is less. The gas particles in the middle cylinder
pafti’cli e Pr‘essure is greater because the volume is .Se i
the . cOllide with the container more frequently. Becau

: :
Is grgreater Number of collisions within the container, pressure
Cater,

WORD 0R|G|N .............

pressure :
from Latin pressura, means s
“to press” =

Fold a sheet of note-
book paper to make a
three-tab Foldable and
label as shown. Use
your Foldable to com-
pare two important
gas laws.
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Math Skills >

Solve Equations
Boyle’s law can be stated
by the equation
P,V,

V, = —;,T
P, and V, represent the
pressure and volume
before a change. P, and V,
are the pressure and vol-
ume after a change.
Pressure is often mea-
sured in kilopascals (kPa).
For example, what is the
final volume of a gas with
an initial volume of 50.0 mL
if the pressure increases
from 600.0 kPa to
900.0 kPa?

1. Replace the terms in
the equation with the
actual values.

(600.0 kPa)(50.0 mL)
= (900.0 kPa)

2. Cancel units, multiply,

and then divide.
(600.0 kPa)(50.0 mL)

a= (900.0 kPa)
v, =333 mL
Practice

What is the final volume of
a gas with an initial volume
of 100.0 mL if the pressure
decreases from 500.0 kPa
to 250.0 kPa?

;'/; Math Practice

k Personal Tutor
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Boyle’'sLaw &

hat the pressure and volume of a gas are rEIated_

Robert Boyle (1627-1691), 3 British’ Sile“‘;:;-w‘:s;a:he first ¢,
describe this property of gases. Boyle’s law X pressure -
s if the volume decreases and p.ressure of a gas. defreases
when temperature 1S constant. This lay can

jcally as shown 10 the left.

You read t

a gas increase
if the volume increases,
be expressed mathemat

@ Key Concept Che
pressure and volum

ck What is the relationship between
e of a gas if temperature is constant?

Boyle’s Law in Action
You have probably felt Boy
traveled in an airplane. While on the ;
inside your middle ear and the pressure of the air surrounding
you are equal. As the airplane takes off and l?egins to increase in
altitude, the air pressure of the surrounding air decreases.
However, the air pressure inside your middle ear does not
decrease. The trapped air in your middle ear increases in volume,
which can cause pain. These pressure changes also occur when
the plane is landing. You can equalize this pressure difference by

le’s law in action if you have eyer
ground, the air pressure

yawning or chewing gum.

Graphing Boyle’s Law

This relationship is shown in the graph in Figure 16. Pressure
is on the x-axis, and volume is on the y-axis. Notice that the line
decreases in value from left to right. This shows that as the pres-
sure of a gas increases, the volume of the gas decreases.

Figure 16 &= The graph shows that as pressure increases,
volume decreases. This is true only if the temperature of the gas is
constant.

Volume v. Pressure for a Fixed Amount of Gas
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Higher temperature,
greater volume

2 6\———7 .
rigure 17 &= As .the temperature of a gas increases, the kinetic energy of the particles
ncreases. The particles move farther apart, and volume increases.

Temperature and Volume

pressure and volume changes are not the
only factors that affect gas behavior. Changing
the temperature of a gas also affects its behav-
ior, as shown in Figure 17. The gas in the cyl-
inder on the left has a low temperature. The
average kinetic energy of the particles is low,
and they move closer together. The volume of
the gas is less. When thermal energy is added
 the cylinder, the gas particles move faster
and spread farther apart. This increases the
pressure from gas particles, which push up
the plunger. This increases the volume of the
Container.

Charles’s Law

Charles’s Law

Jacque Charles (1746-1823) was a French
Sdentist who described the relationship
C;tween temperature and volume of a gas.
inc:rles’s law states that the volume of _a glt:s
Preseases, with increasing temperature, if t -e
e sur(f Is constant. Charles’s praCtical experl-
€ With gases was most likely the result of
e:gl::[erest in balloons. Charles and his col-
d © Were the first to pilot and flV 3
*ogen-flleq balloon in 1783.

% Key Concept Check How is Boyle’s
law different from Charles’s law?

How does temperature affect

the volume? ﬂ E

You can observe Charles’s g
law in action using a few {#
lab supplies.

o Read and complete a
lab safety form.

9 Stretch and blow up a =
small balloon several times.

e Finally, blow up the balloon to a
diameter of about 5 cm. Twist the neck
and stretch the mouth of the balloon
over the opening of an ovenproof flask.

© Place the flask on a cold hot plate. Turn
on the hot plate to low, and gradually
heat the flask. Record your observations
in your Science Journal.

Use tongs to remove the flask from

the hot plate. Allow the flask to cool for
5 min. Record your observations.
Place the flask in a bowl of ice water.
Record your observations.

Analyze and Conclude
Key Concept What is the effect of

temperature changes on the volume of

a gas?

Lesson 3
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Charles’s Lavg |bl; AS::iogharles's law in action if yoy "

( y ably i = Y
eve\rotl;k::;ei E:l)loon ‘outside on a cold \Vlnzlr\'ed?_\‘.{\\'hy doesz
balloon appear slightly deflated when Yofl s ;1[1“91“ A w
place to a cold place? When the balloon is i C‘Lf air, the tem.
perature of the gas inside the balloon Qecreases. Recal] that .
decrease in temperature is a decrease in ‘the a‘\'erage kineuc
energy of particles. As a result, the gas .partl;?llAeS ;110\‘«1 c-iown ang
begin to get closer together. Fewer particles hit the inside of the
balloon. The balloon appears partially deflated. If the balloop is
returned to a warm place, the Kinetic energy of the Particleg
increases. More particles hit the inside of the balloon and push j;
out. The volume increases.

0 Reading Check What happens when you warm a balloon?

Graphing Charles’s Law

The relationship described in Charles’s law is shown in the
graph of several gases in Figure 18. Temperature is on the x-axis
and volume is on the y-axis. Notice that the lines are straight ang
represent increasing values. Each line in the graph is extrapo-
lated to —273°C. Extrapolated means the graph is extended
beyond the observed data points. This temperature also is referred
to as 0 K (kelvin), or absolute zero. This temperature is theoreti-
cally the lowest possible temperature of matter. At absolute zero,
all particles are at the lowest possible energy state and do not
move. The particles contain a minimal amount of thermal energy
(potential energy + kinetic energy).

Figure 18 &= The volume :
of a gas increases when the :
temperature increases at
constant pressure.

@ Visual Check What do
the dashed lines mean?

Key Concept Check Which factors must be constant in
Boyle’s law and in Charles’s law?

Temperature v. Volume for a Fixed A

mount of Gas
at Constant Pressure
100 o
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The explanation of
particle behavior in
solids, liquids, ang

gases is based on

the kinetic molecy-
lar theory.

As volume of a gas
decreases, the pres-
sure increases
when at constant
temperature.

on 3 Review

At constant pres-
sure, as the temper-
ature of a gas
increases, the vol-
ume also increases.

Use your lesson Foldable to review the
lesson. Save your Foldable for the project
atthe end of the chapter.

" first read the statements below at the

€ginning of the chapter.

* Changes in temperature and pressure
affect gas behavior.

" fthe pressure on a gas increases, the
Yolume of the gas also increases.

D'
a'd YOu change your mind about whether you
_gree ordisagree with the statements? Rewrite

q
@ Statements to make them true.

.

Online Quiz

kM Virtual Lab

Use Vocabulary

o List the basic ideas of the kinetic molecular

theory.
(2]
Understand Key Concepts

is force applied per unit area.

e Which is held constant when a gas obeys
Boyle’s law?
A. motion C

. temperature
B. pressure

D. volume

O Describe how the kinetic molecular theory
explains the behavior of a gas.

e Contrast Charles’s law with Boyle’s law.

e Explain how temperature, pressure, and
volume are related in Boyle’s law.

Interpret Graphics

0 Explain what happens to the
particles to the right when
more weights are added.

0 Identify Copy and fill in the graphic organizer
below to list three factors that affect gas
behavior.

Critical Thinking

Describe what would happen to the pressure
of a gas if the volume of the gas doubles while
at a constant temperature.

m Math Practice

Calculate The pressure on 400 mL of a gas is
raised from 20.5 kPa to 80.5 kPa. What is the
final volume of the gas?
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