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section 14.1 The Gas Laws

In your textbook, read about the basic concepts of the three gas laws.

Use each of the terms below to complete the passage. Each term may be used more
than once.

pressure temparature volume
Boyle’s law relates (1) T’ AT and (2) é‘,ffil,"’.\%mi*’"‘a A if
(3)" "@'s’““‘\b‘%ﬂ and amount of gas are held constant. Charles’s law relates
@)l and (5) __/Dkione if (6) _ia ASha
]

and amount of gas are held constant. Gay-Lussac’s law relates (7) \’E“M\zﬁ‘f bt

and {8} e | ~€’ o if {8y _1 /’f"}i.%w*-wﬂ,ﬂ and amount of gas are

held constant.

In your textbook, read about the effects of changing conditions on a sample of gas.

For each %Elestion below, write increases, decreases, or stays the same.
i % )
! 10. The room temperature increases from 20°C to 24°C. What
happens to the pressure inside a cylinder of oxygen contained in

the room? :

g‘i;f%’w&‘-.- f s % 11. What happens to the pressure of the gas in an inflated expandable

balicon if the temperature is increased?

! 12. An aerosol can of air freshener is sprayed into a room. What
happens to the pressure of the gas if its temperature stays
constant?

3

% 13. The volume of air in human lungs increases before it is exhaled.
‘What happens to the temperatare of the air in the lungs (o cause
this change, assuming pressure stays constant?

14, A leftover hamburger patty is sealed in a plastic bag and placed in
the refrigerator. What happens to the velume of the air in the bag?

% 15, What happens to the pressure of a gas in a lightbulk a few minutes
after the light is turned on?
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section 142 The Combined Gas Law and Avogadro’s Principle

In your textbook, read about the combined gas law.

Fill in the following table. State what gas law is derived from the combined gas law
when the variable listed-in the first column stays constant and the variables in the
second column change.

Stays constant Change Becomes this law
VP}: ..i P
Volume Temperature, pressure 1. f &/; = % "}zg{:ém Qf}‘%{w
v .
Temperature Pressure, volume 2. pli&g . I :F‘N‘ﬂ
Pressure Temperature, volume 3. % 67 }m 4 V.ﬁ i by

In your texthook, read about the relationships amang temperature, pressure, and vol-
ume of a sample of gas.

¥ill in the blanks between the variables in the following concept map to show whether
the variables are directly or inversely propertional to each other. Write direct or inverse

between the variables.

Vi £ ;,,

6.

In your textbook, read about the combined gas law and Avogadro’s principle.
Circle the letter of the choice that best compietes the statement or answers the guestion.

7. The variable that stays constant when using the combined gas law is

(‘a&} amount of gas. k. pressure. €. temperature. d. volume.
8. The equation for the combined gas law can be used instead of which of the following
equations?
a. Bovie's law k. Charles’s law €. Gay-Lussac's faw @ all of these

4. Which of the following expresses Avogadro’s principle?

]
-
z
5
:
]
:
P
]
z
o
:
g
&
i
3
5
)
z
]
&
<
£
£
o
(23
2]
w
i
&
&)

fa} Equal volumes of gases at the same temperature and pressure contain equal numbers of particles.
Fis o )
B One mole of any gas will occupy a certain volume at STP,
¢. STP stands for standard temperature and pressure.

d, The molar volume of a gas is the volume that one moie cccupies at STP.
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Section 14.2 continued

Answer the following guestions.

1¢. What is standard tempex ature and pressure (QTP)‘?

m,i( Y, »EQ,, i, Mj }Mx : mm

11. What is the molar volume gf a gas equal to at STP?
[T

Ji”ﬁ A

-
M
AT

in your textbook, read about how to solve problems using the combined gas law and

Avogadro’s principle.

ikt
_Fach probiem below needs more information to determine the answer. List as many
letters as are needed to solve the problem.

e

a, meolar volume of the gas d. pressure of the gas
b. molar mass of the gas v @, volume of the gas
L-€.  temperature of the gas f. No further information is needed.

12. What volume will 1.0 g N, gas occupy at STP?

A “*_‘f%_____ 13. What volume will 2.4 mol He occupy at STP?
ot ;'l: 94, A gas sampie occupies 3.7 L at 4.0 atm and 25°C. What volume will the
sample occupy at 27°C? o £ i/
e << 15. A sample of carbon dioxide is at 273 K and 244 kPa. What will its volume
be at 400 kPa? ‘ n
~ ?’*, ¥ B
A 16, A sample of oxygen occuples 10.0 L at 4.00 atm pressure. At what
— temperature will the pressure equal 3.09 atmn if the final volume is 8,00 L7
- 17. At what pressure will a sample of gas occupy 5.0 L at 25°C if it occupies
‘ 3.2 1. at 1.3 atin pressure and 20°C7
& by
bo- 18. How many grams of helium are in a 2-L balloon at STP?

“&» 19. One mole of hydrogen gas occupies 22.4 L. What velume will the sample
cccupy if the temperature is 290 K and the pressure is 2.0 atm?
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section 143 The ldeal Gas Law

In your textbook, read about the ideal gas law.

Answer the following questions.

1. Why is the mathematical relationship among the amount, volume, temperature, and pres-
sure of a gas sample called the ideal gas faw?

P, “ “H -

¥

2. Define the ideal gas constant, R.

Cra /e S 4 e e fiﬁrm Phine gﬁfﬁ& i/ afurg v e
- ) : i, R \;}
b gde gfé%.ﬂ-f“?“"j o | Ak e (g
i [

3. In Table i4-1 in your textbook, why does R have different nnmerical values?

4., What variable is considered in the ideal gas law that is not considered in the combined

gas law? % ‘ ) -
5 o . B 5 & W R Vn,_w.—‘énfhi » v “ w -
(_ B £, Ly s \ o - H J.jg { ”?pﬁftf' k3 E\? &%
N

In your textbook, read about real versus ideal gases.

For each statement below, write true or false.
s

e
by

5. An ideal gas is one whose particles take up space.

e

et 6. At low temperatures, ideal gases liquefy.

A % -~ 7. In the real world, gases consisting of small molecules are the only gases
that are truly ideal.

8. Most gases behave like ideal gases at many temperatures and pressures.
9. No intermolecular attractive forces exist in an ideal gas.

___:E___ 10. Nonpolar gas molecules behave more like ideal gases than do gas
molecules that are polar,

[ . . . .
! 11. Real gases deviate most from ideal gas behavior at high pressures and low
temperatures.

R { 12. The smaller the gas molecule, the more the gas behaves like an ideal gas,
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Section 14.3 continued

In your textbock, read about applying the ideal gas law.

Rearrange the ideal gas law, PV = nRT, to solve for each of the following variables.
Write your answers in the table.

Variable to Find Rearranged ideal Gas Law Equation

.@k\ﬁ T
n 13. ! //i%j

P 14, , ;/
LA ARV g
T 15, WL
/‘;‘,r\ '}fm
v 1 Gn i, QM‘EETE: ,.u:’

In your textbook, read about using the ideal gas law to solve for molar mass, mass,
or density.

Use the following terms below to complete the statements. Each term may be used more
than once.

\ mass molar mass velume

The number of moles of a gas is equal to the (17} ?V LS divided by the

(18} @M&ffﬁ&{,’.% s 258

"

Density is defined as {19) | AL per unit {20} Vﬁ{ bt
To solve for M in the equation M = _”;_)R‘}Z the {21) ey and the
22)__ W i’i“l“ww e of the gas must be known,
t é.mjﬁ T
According to the equation D = MI\EM/{;EWTR’ the {23} M of the gas must be

known when calculating density.
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Practice Problems for Gas Laws and Their Variables, and Gas Stoichiometry

Mouitiple Choice

Identify the leiter of the choice that best completes the statement or answers the question.

_fﬁ‘;i 1. Forthe reaction N + 3H; — 2\JH3, how many moles of nitrogen are required to produce 18 mol of
ammonia? & ’
a. 9.0 mol ) .' ¢c. 27mol
b. 18 mol }?’ d. 36 mol

e

ko

1o

What happens to the volume of a gas during compression?
a. The volume increases.

b. The volume decreases.

c.  The volume remains constant.

d. Itis impossible to tell because all gases are different.

A 3. All of the following equations are statements of the ideal gas law except

P RT
a. P=nRTV c. —=—
nov
PV PV
b. = =nk d R=—o
T nl"
A 4. According to the kinetic-molecular theory, particles of matter
a. are in constant motion. ¢. have different colors.
b, havedifferent shapes. d. are always fluid.
- 5. According to the kinetic-molecular theory, gases condense into liguids because of
a.  gravity. ¢. forces between molecules.
b. atmospheric pressure. d. elastic collisions.
Q& - 6. The kinetic-molecular theory explains the behavior of
a. gases only. ¢. liguids and gases.
f: b. solids and hqmds d.  solids, liquids, and gases.
4
e pressure of ( |
\\ Kﬁﬁp ITx i\i?\ \ %’s “1\&@ M a\é
_ ; .x e W kY a al \\%‘\
w8 Convert the pressure 0.75 atm to il Hg.
a. 101.325mm Hg c. 570 mm Hg
b. 430 mm Hg d. 760 mm Hg

__& 9. If the height of mercury in a barometer at 0°C is less than 760 mm Hg, then
a. the atmospheric pressure is less than standard atmespheric pressure.
b. the atmospheric pressure is greater than standard atmospheric pressure.
c. the atmospheric pressure is equal to standard atmospheric pressure.
% d. the atmospheric pressure cannot be determined.

10. To observe the effects of changing pressure on the volume of a gas, factors that must be kept constant are the
gas's temperature and
a. density. c. elasticity.
b. quantity. d. All of the above




Name: ID: A

" 11, If the temperature of a fixed quantity of gas decreases and the pressure remains unchanged,

a. its volume increases. c. its volume decreases.
. b.  its volume is unchanged. d. its density decreases.
L 12, The gas pressure inside a container decreases when
a. the number of gas molecules is increased.
b. the number of gas molecules is decreased.
¢ the temperature is increased. :
- d:  the namber of molecules is increased and the temperature is increased.
_E; 13. The volume of a gas is 400.0 mL when the pressure is 1.00 atm. At the same temperature, what is the
pressure at which the volume of the gasis 2.0 L.?
a. 0.5atm _ c. 0.20 atm
. b. 5.0am d. 800 atm
E’i 14, The pressure of a sample of helium is 2.0 atm in a 200-mL container. If the container is compressed to 10 mL
without changing the temperature, what is the new pressure?
a. 200 atm c. 100 atm
b.  0.10 atm d. 40.atm

C 5. A sample of gas collected at 750. mm Hg occupies 250. mL. At constant temperature, what pressure does the
gas exert if the volume increases to 300, mL.?

a. 50.mm Hg c. 625 mun Hg
A b. 550. mm Hg d. 900. mm Hg
j@_ 16. The volume of a gas is 93 mL when the temperature is 91°C. If the temperature is reduced to 0°C without
changing the pressure, what is the new volume of the gas?
a. 70mL c. 120mL
;p b. 100 mL d. 273 mL

17. If a gas occupies 950.0 mL at standard temperature, what volume does it occupy at 25.00°C if the pressure
remains constant?
a. 870.0mL - c. 1000.0 mL
b, 966.0 mL d. 1037mL

18. Ona cold winter morning when the temperature is ~13°C, the air pressure in an automobile tire is 1.5 atm. If
the volume does not change, what is the pressure after the tire has warmed to 15°C?
a. —1.5atm c. 3.0atm
b. 1.7 atm d. 19.5atm

It ¥, P, and I represent the original volume, pressure, and temperature in the correct units, and 7", P, and 7"
represent the new conditions, what is the combined gas law?

H
v
e
O

PV Py PV PP

4. —— = €. T = e
T T
v PV PV

. o o7

L:‘ij
3]
&

The volume of a sample of oxygen is 300.0 mL when the pressure is 1 atm and the temperature is 27.0°C. At
what temperature is the volume 1.00 L and the pressure 0.500 atm?

a. 22.0°C c. 050K

b. 45.0°C d. 227°C




Name:

4 36.
Problem
37.

34.

}_’i 35,

In the reaction Ny(g) + 205(g) — 2NO,(g), what is the volume ratio of N, to NO,?

a. 11 c. 21
b, 1:2 d. 2:5
In the reaction Hy(g) + Cly(g) — 2HCI, what is the volume ratio of Ch, to HCI?
a. 1:1 c. 21
b. 112 d. 22

ID: A

When hydrogen burns, water vapor is produced. The equation is 2Hyg) + Ox(g) — 2H,0(g). I 12 L of

oxygen are consumed, what volume of water vapor is produced?
a. 1L c. 12L
b. 2L ~d 24L

What is the number of moles of H, produced when 23 g of sodium react with water according to the equation

ZNa(s) + 2H,O() — 2ZNaOH(ag) + Hy(g)?

a. 0.50 mol ¢. 2 mol

b. 1 mol d. 4 mol
Element Symbol | Atomic masy
Bromine Br 79.904
Calcium Ca 40.078
Carbon C 12.011
Chlorine Cl 35.4527
Cobalt Co 58.933 20
Copper Cu 63.546
Fluorine F 18.998 4032
Hydrogen H 1:007 94
ledine I 126,904
Iron Fe 55.847
Lead Pb 207.2
Magnesium Mg 24.3050
Mercury Hg 200.59
Nitrogen N 14.006 74
Oxygen O 15.9994
Potassium K 39.0983
Sodium Na 22.989 768
Sulfur S 32.066

o

O
What mass in grams of water is produced if 33.6 liters of oxygen aﬁ\ETP rﬁaets with excess hydrogen

according to the chemical equation 2Ha(g) + Ox(g)—2H,0() ?
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Y

, A 22.

{“’"‘ 23,

-
o4

0

<. 29.

T30
T 3
™

> 24,
_ﬁ}_ 25,
- 26,

L. 27

IS

At 0.500 atm and 15.0°C a sample of gas occupies 120. L. What velume does it occupy at 0.250 atm and
10.0°C?

a. 60L c. 236L

b. 1L d. 480 L

In the equation C + O,(g) —» COy(g), one volume of O, yields how many volumes of CO,?
a. 1 c. 3

b. 2 d 4

Equal volumes of diatomic gases under the same conditions of temperature and pressure contain the same
number of

a. protons. c. molecules.
b. ions. d. Dalton's "ultimate particies.”
At constant temperature and pressure, gas volume is directly proportional to the
a. molar mass of the gas. c. density of the gas at STP.
b. number of moles of gas. d. rate of diffusion.
The standard molar volume of a gas at STP is
a. 2241 ¢. g-molwi/f22.4 L.,
b, g?224L. d 1L
What is the volume occupied by 1 mol of oxygen at STP?
a 112L c. 224L
b. 160L d. 320L
What is the volume occupied by 1 mol of water vapor at STP?
a. 11.21L c. 224L
b. 180L d. 336L
A 1.00 L sample of a gas has a mass of 1.92 g at STP. What is the molar mass of the gas?
a. 1.92 g/mo} c. 224 g/mol
b. 19.2 g/mol d.  43.0 g/mol
Which is a common unit for the ideal gas constant R?

L-atm
a. L-atm c.

mol-K

amm
b. molK d —

K

Calculate the approximate temperature of a 0.50 mo! sample of gas at 750 mm Hg and a volume of 12 L.
a. -7°C c. 15°C
b. 11°C d. 288°C

What is the approximate volume of gas in a 1.50 mol sample that exerts a pressure of 0.922 atm and has a
temperature of 10.0°C?

a. 13L c.- 37.8L

b. 1421L d. 378 L

The ratios of the volumes of the gaseous reactants and products in a chemical reaction at constant
temperature and pressure can be determined from the

a. formuias. ¢.  subscripts in the balanced equation.

b. coefficients in the balanced equation. d. gas constant,
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Gasses and their properties. The variables that change as a result of other varibles once
equilibrium is reaghed. All answers are for each situation fter it comes to rest. Rember fo check
your work! Y

Fill in the following table with one of these terms: increases, decreases, siays the same. Assume
the amount of gas is constant.

Volume |

! !
1. Pressure Temperature
increases stays the same ?*};;qt?wwk Fvy
2. Volume Pressure Temperature
increases Aaisfe waes | Stays the same
3. Volume Pressure Temperature
stays the same increases fcing e
4. | Volume Pressure Temperature
e craans increases stays the same
5. Volume Pressure Temperature
HA e stays the same increases
6. Volume Pressure Temperature
stays the same | |, oo increases
7. Velume Pressure Temperature
decreases stays the same | o, ... <./




Fili in the following table with one of these terms: increases, decreases, stavs the same. Assume
the amount of gas is constant.

8. Volume Pressure Temperature

decreases stays the same

[ ;
PN e §

9. Volume Pressure Temperature
stays the same decreases i et Ly
10. Volume Pressure Temperature
stays the same | ./ yeige decreases
11. Volume Pressure Temperature
el i stays the same decreases

12, Which equation shows the ideal gas law?
E_R )
[A] =L=-% at constant volume [B] “ii=

[C] AV, = PEV,, at constant temperature (D]} PV =nRT
n
7

[E] at constant pressure

__2“_
T
13. Based on the combined gas law, at constant volume, doubling the kelvin temperature would

have what effect on pressure? o i

Each of the following examples gives a change In voiume, temperature, amount, or pressure of a
gas sample. Indicate whether the other variable mentioned wouid increase or decrease as a result.
If a variable is not mentioned, assume it is constant.

14. Additional gas 1s added to a soccer ball. The pressure %

15. Aninflated balloon is placed in a refrigerator. The volume :&;




Each of the following examples gives a change in volume, temperature, amount, or pressure of a
gas sample, Indicate whether the other variable mentioned would increase or decrease as a result.
If a variable is not mentioned, assume it 1s constant.

16.

17.

18,

19.

20.

21

A piston in an engine compresses the gas into a smaller volume. The pressure

¥

Compressed air in scuba tanks cools off as a diver swims at deeper levels. The pressure in
the tanks %

The volume of an inflated balloon increases when the amount of gas in the balloon

ggﬁ

. . [
A person sits on an air mattress. The pressure ‘%

S
s 2 %\'iﬁjf[

P

Consider the ideal gas law and the ideal gas “Gonstant’ What information do you need in
order to determine the VOIUHX% of the gas if you know the pressure, the temperature, and the
ideal gas constant?

[A] the density of the gas [B] the percentage composition of the gas

“[Ch the number of moles of the gas [D] the molecular mass of the gas

Explain why R can have different numerical values.

e O s L G
[ M LA § (?{};ﬁmﬂ»




22.

\\%j
.

Elemental nitrogen (N, ) makes up approximately 79 percent of the air. Nitrogen is essential

to life, but plants cannot use it in its elemental form. In nature, lightning and bacteria in the
soil and roots of certain piants convert atmospheric nitrogen into nitrogen-containing
compounds that plants can use. However, due to the amount of agricultural crops planted,
natural methods of converting atmospheric nitrogen do not provide all the nitrogen
compounds needed by the growing plants. For this reason, chemical fertilizers are sprayed
over the soil, supplying nitrogen compounds.

Ammonia (NI, ) gas is a component in the manufacturing of fertilizers. One method used

to prepare the ammonia ts called the Haber process. Fritz Haber first developed this process,
which produces ammonia from elemental nitrogen and hydrogen gases. The following
diagram summarizes the Haber process.

Nitrogen gas Hydrogen gas

Compressor

Catalyst Chamber Return Purmp

e
g@;wﬂ’“’@‘“
N»&ﬁ;w

ki

7 .
Cooler 3 {ﬁgﬁﬁy

Ammonia gas

Use what you know about gases and the Haber process to answer the following questions.
Show your work.

Heated nitrogen and hydrogen gases are reduced in volume in the compressor. What effect
do these changes in temperature and volume have on the pressure of the gases?
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