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330 ChApter 11 Gases
the volume (V) of a sample of gas changes inversely with the pressure (P) of the gas
as long as there is no change in the temperature (T) or amount of gas (n), as illustrated
in figure 11.4.
If the volume or pressure of a gas changes without any change occurring in the
temperature or in the amount of the gas, then the final pressure and volume will give
the same PV product as the initial pressure and volume. Then we can set the initial and
final PV products equal to each other. In the equation for Boyle’s law, the initial pressure and volume are written as P1 and V1 and the final pressure and volume are written
as P2 and V2.

Piston

V1 = 4 L
P1 = 1 atm

V2 = 2 L
P2 = 2 atm

figure 11.4 ▶ Boyle’s law: As
volume decreases, gas molecules
become more crowded, which causes
the pressure to increase. Pressure and
volume are inversely related.

Boyle’s Law

If the volume of a gas
increases, what will happen to
its pressure?
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P1V1 = P2V2

No change in temperature and number of moles

saMple probleM 11.3 Calculating Volume when pressure Changes
When Whitney had her asthma attack, she was given oxygen through a face mask. The
gauge on a 12-L tank of compressed oxygen reads 3800 mmHg. How many liters would
this same gas occupy at a final pressure of 570 mmHg when temperature and amount of
gas do not change?
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soluTion

step 1 State the given and needed quantities. We place the gas data in a table by

writing the initial pressure and volume as P1 and V1 and the final pressure and volume as
P2 and V2. We see that the pressure decreases from 3800 mmHg to 570 mmHg. Using
Boyle’s law, we predict that the volume increases.
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given
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P1 = 3800 mmHg
V1 = 12 L

AnALyze the
proBLeM

need

P2 = 570 mmHg

Factors that remain
constant: T and n

Chemistry Link to the Environment

V2

Connect

Boyle’s law,
P1V1 = P2V2
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predict: P decreases,
V increases
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step 2 Rearrange the gas law equation to solve for the unknown quantity.

oxygen therapy increases the
Chemistry Link to the Environment
oxygen available to the
GREENHOUSE GASES

tissues of the body.

For a PV relationship, we use Boyle’s law and solve for V2 by dividing both sides by P2.
According to Boyle’s law, a decrease in the pressure will cause an increase in the
volume when T and n remain constant.

P1V1 = P2V2

Guide to Using the Gas Laws
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Engage

ENGAGE
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STEP 1

State the given and needed
quantities.

STEP 2
Rearrange the gas law
equation to solve for the
unknown quantity.
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gas law equation and
calculate.

P2V2
P1V1
=
P2
P2

V2 = V1 *

P1
P2

step 3 Substitute values into the gas law equation and calculate. When we

substitute in the values with pressures in units of mmHg, the ratio of pressures (pressure
factor) is greater than 1, which increases the volume as predicted.
V2 = 12 L *

3800 mmHg
= 80. L
570 mmHg

Pressure factor
increases volume
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• Assess students in real time, using open-ended tasks to probe student understanding.
• Understand immediately where students are and adjust your lecture accordingly.
• Manage student interactions with intelligent grouping and timing.
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The average annual per person crude oil consumption in the United States is 15,615 dm3. What is this value
in cubic inches?
15,615 dm3

SORT

GIVEN:

You are given a volume in cubic decimeters and asked to
convert it to cubic inches.

FIND:

STRATEGIZE

SOLUTION MAP

in.3
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in.3

cm3

m3

(0.1 m)3
(1 dm)3

(1 cm)3
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(1 in.)3
(2.54 cm)3
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ForEnSiC EviDEnCE SoLvES thE mUrDEr
Using a variety of laboratory tests, Sarah finds ethylene glycol
in the victim’s blood. The quantitative tests indicate that the
victim had ingested 125 g of ethylene glycol. Sarah determines that the liquid in a glass found at the crime scene was
ethylene glycol that had been added to an alcoholic beverage. Ethylene glycol is a clear, sweet-tasting, thick liquid that is
odorless and mixes with water. It is easy to obtain since it is
used as antifreeze in automobiles and in brake fluid. Because
the initial symptoms of ethylene glycol poisoning are similar to
being intoxicated, the victim is often unaware of its presence.
If ingestion of ethylene glycol occurs, it can cause depression of the central nervous system, cardiovascular damage, and
kidney failure. If discovered quickly, hemodialysis may be used
to remove ethylene glycol from the blood. A toxic amount of
ethylene glycol is 1.5 g of ethylene glycol/kg of body mass.
Thus, 75 g could be fatal for a 50-kg (110 lb) person.
Mark determines that fingerprints on the glass containing
the ethylene glycol were those of the victim’s husband. This
evidence along with the container of antifreeze found in the

home led to the arrest and conviction of the husband for poisoning his wife.

applications

1.33 A container was found in the home of the victim that contained
120 g of ethylene glycol in 450 g of liquid. What was the percentage of ethylene glycol? Express your answer to the ones
place.

a CaLL CamE in to 911

from a man who found his wife lying
on the floor of their home. When
the police arrived, they determined
that the woman was dead. The
husband said he had worked late,
and just arrived home. The victim’s
body was lying on the floor of the
living room. There was no blood
at the scene, but the police did
find a glass on the side table that
contained a small amount of liquid.
In an adjacent laundry room/garage,
the police found a half-empty bottle
of antifreeze. The bottle, glass, and
liquid were bagged and sent to the
forensic laboratory.

In another 911 call, a man was
found lying on the grass outside his
home. Blood was present on his body,
and some bullet casings were found
on the grass. Inside the victim’s home,
a weapon was recovered. The bullet
casings and the weapon were bagged
and sent to the forensic laboratory.
Sarah and Mark, forensic
scientists, use scientific procedures
and chemical tests to examine the
evidence from law enforcement
agencies. Sarah proceeds to analyze
blood, stomach contents, and the
unknown liquid from the first victim’s
home. She will look for the presence
of drugs, poisons, and alcohol. Her
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or
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Most forensic scientists work in crime laboratories that are part of city or
county legal systems where they analyze bodily fluids and tissue samples
collected by crime scene investigators. In analyzing these samples,
On many scientific calculators, a number is converted into scientific notation using
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the
appropriate
keys.
For
example,
the
number
0.000
52 is entered, followed by pressing
within the body to help solve the criminal case. Some of the chemicals
nd
rd
they 2
look or
for 3
include
alcohol, illegal
or prescription
function
key and
the SCIdrugs,
key. poisons,
The scientific notation appears in the calculator
the
arson debris,
and variousand
gases
such
as carbon
In
display
as metals,
a coefficient
the
power
of monoxide.
10.
order to identify these substances, a variety of chemical instruments and
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SCI and potential employees. They
samples from criminal
also work on cases involving environmental contamination andCalculator
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samples for wildlife crimes. Forensic scientists usually have a bachelor’s
1
degree that includes courses in math, chemistry, and biology.
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than 10. For a number greater than 1, the decimal point is moved to the left three
places to give a coefficient of 3.5.

STEP 2 express the number of places moved as a power of 10. Moving the
SOLVING EQUATIONS
SOLVING EQUATIONS
decimal point three places to the left gives a power of 3, written as 103.
STEP 3 Write the product of the coefficient multiplied by the power of 10.

3.5 * 103

IDENTIFYING FUNCTIONAL
b. 0.000GROUPS
016

exactly cancels the sum of the
93, 94.
chargesProblems
of the anions.

▶FOR MORE PRACTICE

WRITING FORMULAS FOR IONIC
COMPOUNDS

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

▶SKILLBUILDER 5.6 | Write a formula for the compound that forms
from aluminum and nitrogen.

As you read the text, you will see Engage features in the margin, which remind you to

StUDy ChECk 1.7
GREENHOUSE GASES

show two similar but slightly
different examples to solve
this class of problem.
• Seeing the method applied to
solve two related problems
helps you understand the
general procedure in a way
that no single example could
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are accompanied by a Guide to Problem Solving, which gives the steps needed
to work a. 4.25Link

Guide to Writing a Number
in Scientific Notation

the problem. The Analyze the Problem feature in some Sample Problems includes STEP 2 express the number of places moved as a power of 10. Moving the
Given Need
Connect
ANALYZE
Given, the information we have; Need, what we are going to accomplish; and Connect,
decimal point three places to the left gives a power of 3, written as 103.
165 lb kilograms conversion
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how we proceed from Given to Need. When you compare your answer with Chemistry
the Solution
Link3 to
thethe product factor
PROBLEM
STEP
Write
of the coefficient multiplied by the power of 10.
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provided, you know what you need to correct or change. This process of trying
the probTry
It First
3.5 * 103
lem first will help you develop successful problem solving techniques. Then
work the
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STEP 1

Move the decimal point
to obtain a coefficient
that is at least 1 but less
than 10.

Problems

EXAMPLE 5.6

Write a formula for the ionic compound that forms from aluminum
and oxygen.

SOLUTION
1. Write the symbol for the metal
and its charge followed by the
Al3 +
symbol of the nonmetal and its
charge. For many elements, you
can determine these charges from
their group number in the periodic
table (refer to Figure 4.14).

Express the number of
STEP 1 move the decimal point to obtain a coefficient that is at least 1 but less
places moved as a power
than 10. For a number less than 1, the decimal point is moved to the right five places to
of 10.
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give a coefficient of 1.6.
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coefficient multiplied by
PROBLEM
the power of 10.
STEP 3 Write the product of the coefficient multiplied by the power of 10.

Environment

▶SKILLBUILDER 5.5 | Write a formula for the compound that forms
from strontium and chlorine.

53, 54, 57.
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The charges cancel.
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Cations: 2 +
Anions: 2 -

The charges cancel.

▶FOR MORE PRACTICE

Guide to Writing a Number
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1.6 * 10-5

xxvi

Cations: 2(3+ ) = 6 +
Anions: 3(2- ) = 6 -

4. Check to make sure that 3the
How many cubic inches
there
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yd ?cations
sum ofare
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Given

STEP 1 move the decimal point to obtain a coefficient that is at least 1 but less

Solving Equations

Mg2O2

▶SKILLBUILDER 2.13 | Solving Multistep Problems Involving Units Raised to a Power

a. 3500 GROUPS
IDENTIFYING FUNCTIONAL

Using Positive and
Negative Numbers

Mg2+ O2−

Al2O3
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possible,
reduce
the subscripts
case,
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reduce
thedecimesubscripts, divide both
Check your answer.
the units
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Does the an-In this
makes
sense.
cubic inch
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a cubic
give a ratio with the smallest
numbers
anyvalue
further;
the inches
correctshould
subscripts
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swer make physicaltosense?
ter, so the
in cubic
be largerbythan
whole numbers.
formula
value is
inAl
cubic
2O3.decimeters.
Mg 2O2 , 2 = MgO

SoLUtion

Substances

Al3+ O2−

CHECK

try itndFirSt rd

CHEMISTRY IN OUR LIVES

Write a formula for the ionic compound that forms from magnesium
and oxygen.

2. Use the magnitude of the charge
quantity (15,615 dm3). The conversion factors are all exon each ion (without the sign) as
the subscript for the other ion.

Write each of the following in scientific notation:

ConCEPt maP

Write a formula for the ionic com=
pound that forms from aluminum
=
and oxygen.
=

table (refer to Figure 4.14).

4

SamPLE ProBLEm 1.7 Scientific notation
a. 3500

(1 in.)3
(2.54 cm)3

EXAMPLE 5.6

SOLUTION
SOLUTION
1. Write the symbol for the metal
SOLVE
SOLUTION 3 +
and its charge followed by the
Al
O2 Mg2 + O2 Follow the solution
map of
to the
solve
the problem.
1 0.1 m2 3
1 1 cm 2 3
1 1 in.2 3
symbol
nonmetal
and its Begin
3
15,615 dm3 *
*
*
with the given value
in dmFor
and
multiply
by the
string
3
3
charge.
many
elements,
you
1
1
dm
2
1
0.01
m2
1 2.54 cm 2 3
3
of conversion factors
todetermine
arrive at in.
Be sure
to cube
can
these
charges
fromeach
conversion factor astheir
yougroup
carry out
the calculation.
= 9.5289 * 105 in .3
number
in the periodic
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0.000 52

(1 cm)3
(0.01 m)3

RELATIONSHIPS USED

WRITING FORMULAS FOR IONIC
COMPOUNDS

in.3

cm3

m3

(0.1 m)3
(1 dm)3

EXAMPLE 5.5

Forensic Scientist

1.34 If the toxic quantity is 1.5 g of ethylene glycol per 1000 g of
body mass, what percentage of ethylene glycol is fatal?

dm3

19

Evidence from a crime scene is
sent to the forensic laboratory.

7.52 * 104

or

SOLUTION MAP

STRATEGIZE

Build a solution map beginning with dm3 and ending
with in.3 You must cube each of the conversion factors,
because the quantities involve cubic units.

Expressed in Scientific Notation

CarEEr or

The units of the answer are correct, and the magnitude

CHECK

Check
your answer.
Are the
units correct?PROBLEMS
Does the an-INVOLVING
makes sense.
A cubic
inch is smaller than a cubic decimeSOLVING
MULTISTEP
CONVERSION
UNITS
RAISED
swer make physical sense?
ter, so the value in cubic inches should be larger than the
EXAMPLE 2.13 TO A POWER
value in cubic decimeters.
The average annual per person crude oil consumption in the United States is 15,615 dm3. What is this value
▶SKILLBUILDER 2.13 | Solving Multistep Problems Involving Units Raised to a Power
in cubic inches?
How many cubic inches are there in 3.25 yd3?
SORT
GIVEN:
15,615 dm3
You are given a volume
in cubicPRACTICE
decimetersProblems
and asked93,
to 94.
▶FOR MORE
convert it to cubic inches.
FIND:
in.3

lab partner Mark will analyze the
fingerprints on the glass. He will also
match the characteristics of the bullet
casings to the weapon that was found
at the second crime scene.

Write a formula for the ionic compound that forms from magnesium
and oxygen.

SOLUTION

O2 -

2. Use the magnitude of the charge
on each ion (without the sign) as
the subscript for the other ion.

Al3+ O2−

3. If possible, reduce the subscripts
to give a ratio with the smallest
whole numbers.

In this case, you cannot reduce the
numbers any further; the correct
formula is Al2O3.

Mg2 +

O2 -

Mg2+ O2−

Al2O3

Mg2O2

To reduce the subscripts, divide both
subscripts by 2.
Mg 2O2 , 2 = MgO

exercise.
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4. Check to make sure that the
sum of the charges of the cations
exactly cancels the sum of the
charges of the anions.

Cations: 2(3+ ) = 6 +
Anions: 3(2- ) = 6 -

The charges cancel.

▶SKILLBUILDER 5.5 | Write a formula for the compound that forms
from strontium and chlorine.

Cations: 2 +
Anions: 2 -

The charges cancel.

Write a formula for the compound that forms
from aluminum and nitrogen.

▶SKILLBUILDER 5.6 |

▶FOR MORE PRACTICE

53, 54, 57.

Problems

chapter examples and endof-chapter problems that give

