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10.1 Characteristics of Gases
10.2  Pressure
10.3  The Gas Laws

e Bt e e
10.5 Further Applications of the Ideal-Gas Equation

1e  Gas Mixtures and Partial Pressures

10.7 Kinetic-Molecular Theory

108 Molecular Effusion and Diffusion
& vormade iy one of the most
10.9 Real Gases: Deviations from ldeal Behavior destructive manifestations of
the gaseous state of maties,
Tornadoes form when maosist,
weatim adr &t boweer levels
comvenges with cooler dry air
alaft, The resultant air flows
In the past several chapters we have learned about electronic structures of kead bo winds that can aitain
atoms and about how atoms combine to form molecules and ionic sub- speeds of 200 to 300 miles
stances. In evervday life, however, we encounter matter not on the atomic per hour,

or molecular scale but as the large collections of atoms or molecules that we
recognize as solids, Hquids, and gases. = (Section 1.2) This chapter will
focus on gases; in Chapter 11 we will discuss liguids and solids.

We are surrounded by an atmosphere composed of a mixture of gases
that we refer o as air. We breathe air to absorb oxygen, Oy, which supports
human life. We also encounter gases in countless other situations. For ex-
ample, chiorine gas, Cly, is used lo purify drinking water, Acetylene gas,
C;H,, is used in welding. Carbon dioxide, CO;, and methane, CH, are
among the gases known as greenhouse gases, which are implicated in glob-
al warming (Chapter 18). Although different gases may vary widely in
their chemical properties, they share many physical properties. Cur goals
im this chapter are to gain a deeper understanding of the physical proper-
ties of gases and 1o learn what these properties teach us about the behav-

ior of molecules.

10.1 Characteristics of Gases

Air consists primarily of oxygen and nitrogen, About 78 percent of the mol-
ecules in the air are Ny molecules, and about 21 percent are () molecules.
Several other nonmetallic elements also exist as gases under ordinary con-
ditions of temperature and pressure: H,, F., Cl,, and the noble gases He, Ne,
Ar, Er, and Xe. Many molecular compounds are also gases. Table 10,1 plists
a few of the more common gaseous compounds. Notice that all of these
gases are composed entirely of nonmetallic elements. Furthermore, all have
simple molecular formulas and, therefore, low molar masses.

Substances that are liquids or solids under ordinary conditions can
usually also exist in the gaseous state, where they are often referred fo as
vapors. The substance H,0, for example, can exist as liquid water, solid ice, 353
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Formula Mame Characteristics

HCM Hydrogen cyanide Very toxic, slight odor of bitter almonds
HCl Hydrogen chloride Tomic, corrosave, choking odor

H.5 Hydrogen sulfide Very toxic, odor of rotten epps

L Carbon momoxide Tomie, eolorless, edorless

0, Carbon dioxide Colorless, edorless

CH, Methamne Colorless, pdorless, flammahble
M Mitrouws oxide Colorless, sweet odor, laughing gas
MY Mitrogen dioxide Toxie, red-brown, irrltating odar
MH, Ammomia Colorless, pungent odor

50 Sulfur dioxide Codorless, Irritating odor

or water vapor. Under the right conditions, a substance can coexist in all three
states of matter, or phases, at the same time. A thermos bottle containing a mix-
ture of fee and water at 0°C has some water vapor in the gas phase aver the lig-
uid and solid phases.

Gases differ significantly from solids and liquids in several respects, For ex-
ample, a gas expands spontanecusly to fill its container. Consequently, the vol-
ume of a gas equals the volume of the container in which it 1s held. Gases also ane
highly compressible: When pressure is applied o a gas, its volume readily de-
creases. [n contrast, solids and liquids do not expand to fill their containers, and
solids and liquids are not readily compressible,

Gases form homogeneous mixtures with each other regardless of the iden-
tities or relative proportions of the component gases, For example, when water
and gasoline are poured into a bottle, the water vapor and gasoline vapors above
the liquids form a homogeneous gas mixture, The two liquids, in contrast, do not
mix; they remain as separate layers.

The characteristic properties of gases arise because the individual molecules
are relatively far apart. For example, in the air we breathe, the molecules take up
only about (.1 percent of the total volume, with the rest being empty space. Thus,
each molecule behaves largely as though the others weren't present. As a result,
different gases behave similarly, even though they are made up of different mol-
ecules. In contrast, the individual molecules in a liquid are close together and oc-
cupy perhaps 70 percent of the total space. The attractive forces among the
maolecules keep the liquid together.

10.2 Pressure

Among the most readily measured properties of a gas are its temperature, vol-
ume, and pressure. It is not surprising, therefore, that many early studies of gases
focused on relationships among these properties. We have already discussed
volume and temperature. = (Section 1.4) Let’s now consider the concept of
pressure.

In general terms, pressure conveys the idea of a force, a push that tends to
move something else in a given direction. Pressure, P, is, in fact, the force, F, that
acts on a given area, A:

p= [10.1]

F
A



Gases exert a pressure on any surface with which they are in contact. For ex-
ample, the gas in an inflated balloon exerts a pressure on the inside surface of
the balloon

Atmospheric Pressure and the Barometer

Because of gravity, our atmosphere exerts a downward force and consequently
a pressure on Earth's surface. The force F exerted by any object is the product of
its mass, m, imes its acceleration, & F = mu. The acceleration produced by Earth's
gravity is 9.8 m/s*. A column of air 1 m* in cross section extending through the
atmosphere has a mass of roughly 10,000 kg (Figure 10.1 4). The force exerted by
this column is

F= (10,000 kgi{9.8 m/s") = | x 10 kg-m/s® = 1 x 1PN

The SI unit for force is kg-m/s” and is called the neston (N): 1 N = 1 kg-m/s". The
pressure exerted by the column Is the force divided by its cross-sectional area, A:
p_ B _IXIFN
A I
The 51 unit of pressure s N/m®. 1t 1s given the name pascal (Pa) after Blaise Ias-
cal {1623-1662), a French mathematician and scientist: 1 Pa = 1 N/m’. A related
unit sometimes used to report pressures is the bar, which equals 10° Pa. Atmos-
pheric pressure at sea level is about 100 kPa or | bar. Of course, the actual at-
mospheric pressure at any location depends on weather conditions as well as
on altitude.
Atmospheric pressune can be measured by use of a mercury horometer (Figure
10.2 ). Such a barometer can be made from a glass tube more than 760 mm long
that is closed at one end. The tube is completely filled with mercury and invert-
ed into a dish that contains additional mercury. Care must be taken so that no air
gets into the tube. Some of the mercury flows out when the tube is inverted, but
a column of mercury remains in the tube, The space in the tube above the mercury
is nearly a vacuum; only a negligible amount of mercury vapor occupies it.
The mercury surface in the dish experiences the full force, or weight, of
Earth's atmosphere. Because there is no air (and therefore no atmospheric
pressure) above the mercury in the tube, the mercury is pushed up the tube

=1 % 1P N/m® =1 x 10°Pa = 1 x 10° kPa
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4 Flgure 10.1 (llustration
of the manner in which Earth's
atmosphiers exerls pressure at
the surface of the plapet. The
mass of & column o
atmiosphere exactly 1 m® in
cross-sectional area and
eatending bo the top of the

atmosphera exarts a force of
1.01 = 10% M,

¥ Fgure 10.2 Mercury
barometer, The pressure of the
atmmosphere on the surface of
the marrcury (represented by the
due armow) equals the pressure
of the column of mencuny {red
Arrow),

Vacuum - .

Hg- ||

Atmospheric
pressure




356  Chapter 10/ Cases

¥ Figure 10.3 A wre
prresaUre gauge is used Lo
measure the extent o which
the pressure of the enclosed alr
exceeds atmosphernic pressune,

until the pressure due to the mass of the mercury column balances the atmos-
pheric pressure. Thus, the height of the mercury column changes as the at-
mospheric pressure changes.

Standard atmospheric pressure, which corresponds to the typical pressune
at sea level, is the pressure sufficient to support a column of mercury 760 mm in
height. In 51 units, this pressure equals 1.01325 x 10 Pa. It is used to define some
common non-51 units used o express gas pressures: the atmosphere (atm) and
the mulltmeter of mercury (mm Hg). The latter unit is also called the torr, after the
Ihalian scientist Evangelista Torricelli (160816470, who invented the baromeler:

| atm = 760 mm Hg = 760 torr = 1.01325 = 1(F Pa = 101325 kPa

Mote that the units mm Hg and torr are equivalent: 1 torr = 1 mm Hg,
We will usually express gas pressure in units of atm or torr, so you should be
comfortable converting gas pressures from one set of units to another.

SAMPLE EXERCISE 10.1

{ah Convert 0.357 atm to tore () Convert 6.6 % 107 torr to atm, (¢} Convert 147.2 kPa
to toarm.

Solution Ineach case we are given the pressure in one unit and asked to convert it to
anpther unit. In solving problems of this type, we can use dimensional analy=is. The
relationships given above for the various units of pressure are used to generate the
conversion faciors we need. {a) We convert to borr by using the coniver-
sion factor derived from 760 torr = 1 atm:

o7 (2 10

Mote that the units cancel in the required manner.
(bbb We use the same relati that we did in part (a). Dimensional analysis
tells us that we must use the conversion factor in the following way:

[&.ﬁxlﬂ"nﬂ[:?;;; = 87 % 107* atm

Ic) The relationship 760 torr = 101.325 kPa allows us fo write an appropriate con-
veralon factor for this problem:

f,ld.?.:hlla'j{ 290 toee

ll]l.!-l'iu'l] B pen

PRACTICE EXERCISE
In countries that use the metric system—ior example, Canada—a

e
sure in weather reports is given in units of ki"a. Convert a pressure of 745 torr to kPa.
Ansuer: 99.3 kPa

Pressures of Enclosed Gases and Manometers

W use various devices to measure the pressures of enclosed gases, The tine
gauge used to measure the pressure of air in automobile tires gives the pressure
over and above atmospheric pressure (see Figure 10.3 «), In laboratories we
somelimes use a device called a mamometer, whose principle of operation is sim-
ilar to that of a barometer. Figure 10.4(a) » shows a closed-tube manometer, nor-
mally used to measure pressures below atmospheric pressure. The pressure
equals the difference in the heights of the mercury levels in the two arms,

An open-tube manometer, like that pictured in Figure 1004(b) and (c), is often
emploved to measure gas pressures that ane near atmospheric pressure, The dif-
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() Poye= Py, 0) Paay* Py, = P, (€) Py ™ Paamn * P,

ference in the heights of the mercury levels in the two arms of the manometer re-
lates the gas pressure to atmospheric pressure. If the pressure of the enclosed gas
is the same as atmospheric pressure, the levels in the two arms are equal. If the
pressune of the enclosed gas is less than atmospheric pressure, the atmosphere
will force the mercury higher in the arm exposed to the enclosed gas, as in Figure
10.4{b). In contrast, if the gas pressure exoseds atmospheric pressure, the mercury

will be forced higher in the arm exposed to the atmosphere, as in Figure 10.4{c).

Although mercury is most often used in a manometer, other liquids can be
used. For a given pressure difference, the difference in heights of the liquid lev-
els in the two arms of the manometer is inversely proportional to the density of
the liquid. The greater the density of the liquid, the smaller is the difference in
column heights. The high density of mercury (13.6 g/mL) allows us to build

smaller manometers than we could with less dense liquids.

SAMPLE EXERCISE 10.2
On a certain day the barometer in a laboratory indicates that the atmospheric pres-

surre |s PRA.T tore A of gas is placed in a vessel attached o an MErcury
manometer. A meter is used to measure the height of the mercury above the bot-
tom of the manometer. The level of in the open-end arm of the manometer has

& measured height of 136.4 mm, and that in the arm that is in contact with the gas has
a height of 103.8 mm. What is the pressure of the gas in atmospheres?
Solution  We are given the atmospheric pressure 7 torr), and the fact that the
Mhﬂmulhmhthﬁbh:mhh@w
hmmuﬂ:nlhnhwmnﬂmﬂutmm ﬂﬂlﬂmlﬂun::ﬂu
EFCUrY in arm is higher ini arm, the pressure of
Hpﬂlﬂﬂmmﬁmmniﬂﬁﬂmiﬂ.ﬂﬂ =
ﬂlﬂﬂhﬂwum two arms gives the amount by which the
pumr!uﬂhlgu atmospheric pressure. Because 4 mercury manometer {8
used, the height difference diroctly measures the pressure difference in mm Hg or torr,
Thus, the of the gas is to the atmospheric pressure plus the difference
in height een the two arms of the manometer;

B, = P + (difference in height of arms)
™ = 7647 torr + (1364 torr — 1038 torr)
= 7973 tarr
Fimally, we convert the pressune of the gas oo atmospheres:
P_-w.am(?:;:u)amwm

Mote that in order to use an open-end manometer, we must know the value of the at-
mospheric pressure.

10.2 / Pressure 57

4 Figure 10,4 Closed-pnd
manometer {a) and open-end
rmanometers (boand c, In (b)
gas pressure is |ess than
Atmoipheric pressUre; i (£} i
pressure exceeds atmosphenic
prEsiUrE,




358  Chapter 10/ Cases

A Chemistry and Life Blood Pressure

The human heart pumps bloed to the parts of the body
through arteries, and the blood retums io the heart through

weins, When vour blood pressure is measured, two values

are reported, such s 120/80 (120 over 80), which is a nor-
mal reading. The first measssrement i the sysiolic pressure,

the maximum when the hearl Is pumping. The
secomd = the diastolic pressare, when the heart
Is in the resting part of its pumping cycle. The units assc-
H::‘ i measured wusing iy
is a at-
o et il et o AR e
a tourniquet to the arm (Figure 105 ). The pressure gauge
may be a mercury manometer or some other device. The ale
in the cuff is increased using a small pump until it < H?H;ﬂ'
abcrve the systolic pressue and the flow of blood. "“"‘""‘““
The air pressure inside the cuff is then slowly reduced until
biood just begins to pulse through the artery, as detected Whhmﬁm&hﬁm
h_d‘; At this point the pressare in the pressune, The usual criterion for hypertension is & blood pres-
hmmuﬁ-mm sure greater than 140,90, sgnificantly increas-
hﬂh' #‘H'ﬂ!qﬂﬂ s the workload on the heart and also a siress on the
hhnﬂhmw hﬂmd.ﬂumhds wlls of the hlood vessels body. These effects
The pressure at this point is the diastolic pressure. increase the risk of aneurysms. attacks, and strokes.

PRACTICE EXERCISE

A veissel connected to an open-end mercury manometer ls Alled with m'l;m_
sure of 0.835 aitm. The a pressure is 735 torr, (a) In arm of the
manormeter will the level of mercury be 7 [b) What is the difference be-
tween the twio arms of the manometer?  Answers: (a) The level in the arm attached
to the gas is higher. (b) 120 mm

10.3 The Gas Laws

Experiments with a lange number of gases reveal that four varables are nesded
to define the physical condition, or state, of a gas: temperature, T, pressure, £, vol-
ume, ¥V, and the amount of gas, which 18 usually expressed as the number of
moles, n. The equations that express the relationships among T, P, V, and n are
known as the gas lamws,

The Pressure-Volume Relationship: Boyle's Law

If the pressune on a balloon 18 decreased, the balloon expands, That is why weath-
er balloons expand as they rise through the atmosphere (Figure 10.6 #). Con-
versely, when a volume of gas is compressed, the pressure of the gas increases,
British chemist Robert Boyle (1627-1691) first investigated the relationship be-
tween the pressure of a gas and its volume.

To perform his gas experiments, Boyle used a |-shaped tube like that shown
in Figure 10.7 ®. A quantity of gas is trapped in the tube behind a column of
mercury. Boyle changed the pressure on the gas by adding mercury to the tube.
He found that the volume of the gas decreased as the pressure increased. For
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4 Figure 106 The volume
of gas in this weather balloon
will Increase as i1 ascends inbo
the high atmosphere, where
the atrmospheric pressure |s
leweemr than an Earth's surface.

example, doubling the pressure caused the gas volume to decrease to half its
original value.

Boyle's law, which summarizes these observations, states that the bolume of
a fixed quantity of gas mamtamed at constant temperature is imoersely proportimal to
the pressure, When two measurements are inversely proportional, one gets small-
er as the other gets larger. Boyle's law can be expressed in mathematical terms:

Wy, PV Relationships movie

1
V = constant = T or PV = constant [10.2]

The value of the constant depends on the temperature and the amount of gas in
the sample. The graph of V versus P in Figure 10.8(a) ® shows the type of curve
obtained for a given quantity of gas at a fixed temperature. A linear relationship
is obtained when V is plotted versus 1/P [Figure 10.8(b}].

We see an application of Boyle’s law every time we breathe, Between breaths
the gas pressure inside the lungs equals atmospheric pressure. The volume of the
lungs is governed by the rib cage, which can expand and contract, and the di-
aphragm, a muscle beneath the lungs. Inhalation occurs when the rib cage ex-

Atmaospheric Atmospheric 4 Figure 10.7 an
prossurne prosstire iustration of Boyle's
‘ ‘ experiment. In () the volume
of the gas trapped in the [-ube
Hig added - is 80 mL when the gas pressure

i Pl tar. When additsanal
mercury is sdded, a3 shown m

i), the trapped gas is
compressed, The volume is 30

Gas. mlL when its total pressure is
Volume 1520 torr, cormeiponding o
=almlL atmospheric pressure plus the

pressure exerted by the Fad-
mm calumn af menury

{a} ik
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# Flgure 10.8  Craphs
based on Boyle's lve:

{a}) volume versus pressune,
{b) valume versa 1 /P,

B Figure 1009 As liquid
nitrogen [ —196°C) i poured
ower a balloon, the gas in the
balloan s cocled and its
wolurme decreades,

P 1P
{a} [{]]

pands and the diaphragm moves downward. Both of these actions serve to in-
crease the volume of the lungs, thus decreasing the gas pressure inside the lungs.
The atmospheric pressure then forces air into the lungs until the pressure in the
lungs once again equals atmospheric pressure. Exhalation involves the reverse
process: The rib cage contracts and the diaphragm moves up, both of which de-
crease the volume of the lungs. Air is forced out of the lungs by the increase in
pressure caused by this reduction in volume.

The Temperature-Volume Relationship: Charles's Law

Hot-air balloons rise because alr expands as it is heated. The warm air in the
balloon is less dense than the surrounding cool air at the same pressure. This
difference in density causes the balloon to ascend. Conversely, a balloon will
shrink when the gas in it is cooled, as seen in Figure 109 ¥.

The relationship between gas volume and temperature was discoversd in 1787
by the French scientist |acques Charles (1746-1823). Charles found that the volume
of a fixed quantity of gas at constant pressure increases linearly with temperature
Some typical data are shown in Figure 10.10 #. Notice that the extrapolated (ex-
tended) line (which s dashed) passes through —273°C. Note also that the gas is
predicted to have zero volume at this temperature. Of course, this condition is never

In 1848 William Thomson {1824-19%07), a British physicist whose title was
Lord Kelvin, proposed an absolute-temperature scale, now known as the Kelvin
scale, On this scale 0 K, which is called absolute zevo, equals =273.15°C , oo (Sec-
tion 1.4) In termes of the Kelvin scale, Charles's law can be stated as follows: The
volume of a fixed amount of gas maintained al constan! pressure is directly propor-
tiomal fo its absolite temperatire. Thus, doubling the absolute temperature, say

4
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from 200 K to 400 K, causes the gas volume to double. Mathematically, Charles's
law takes the following form:
V =constant x T  or

; = constant [10.3]

The value of the constant depends on the pressure and amount of gas.

The Quantity-Volume Relationship: Avogadro's Law

As we add gas to a balloon, the balloon expands. The volume of a gas is affect-
ed not only by pressure and temperature but by the amount of gas as well. The
relationship between the quantity of a gas and its volume follows from the work
of Joseph Louis Gay-Lussac (1778-1823) and Amadeo Avogadro.

Gay-Lussac is one of those extraordinary figures in the history of science
who could truly be called an adventurer. He was interested in lighter-than-
air balloons, and in 1804 he made an ascent to 23,000 ft—an exploit that set
the altitude record for several decades. To better control lighter-than-air bal-
loons, Gay-Lussac carried out several experiments on the properties of gases.
In 1808 he observed the law of combining volumes: At a given pressure and
temperature the volumes of gases that react with one another are in the ratios
of small whole numbers. For example, two volumes of hydrogen gas react
with one volume of oxygen gas to form two volumes of water vapor, as
shown in Figure 10,11 ¥

Dhservation Twoo volumes Une violume Two volumes
hydrogen DRV REN water vapor

Explanation a a b —

Equation My 0,(g) H,0(g)

1003 / The Gas Laws 361

4 Figure 10.10 Volume of
an enclowed gas as a funclion of
temperature at constant
jpressurg, The dashed line is an
extrapolation to temperatures
at which the ssbstance i no
longer a gas

ety Lavwy simuilation

4 Figure 10,17 Gay-
Ludiac's experimental
observation of combining
vilumes shewn Iogether with
dwogadro's explanation of this
phanomenon.
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F Figure 10,12

Comparison dlustrating
Awogadra’s hypotheis, Mole
that helivem gas consists of
helium atoms, Each gas hai the
same volume, temperature,
and pressune and thuas contamns
the same number of molecules.
Bacause a molecule of one
substance differs in mass from a
muobecule of another, the
masses of gas in the three
containers differ,

He
|
Yolume 224 L 241 I24L
Pressure: 1 atm 1 atm 1 atm
Temperature 0°C rC iy
blass of gas 400 g g 16l g
Mumberof  a02 % 105 62 x 102 6.02 % 105

gas molecules

Three years later Amadeo Avogadro (Section 3.4) interpreted Gay-Lussac’s
observation by proposing what is now known as Avogadro's hypothesis: Equal
volumies of gases at the same temperntare amd pressure contain eqaal mumbers of moile-
cules. For example, experiments show thal approximately 22.4 L of any gas at
0°C and 1 atm contain 6.02 * 10" gas molecules (that is, 1 mol), as depicted in
Figure 10.12 &

Avogadm's law follows from Avogadro’s hypothesis: The volame of a gas
midirtained at constant tenperature and pressure is directly proportional to the number
of moles of the gas. That is,

V' = constant % n

[10.4]

Thus, doubling the number of moles of gas will cause the volume to double if T
and P remain constant.

10.4 The Ideal-Gas Equation

In the preceding section we examined three historically important gas laws. Each was
obtained by holding two variables constant in order to see how the other variables
affect each other. Using the symbod o, which is read “is proportional to,” we have

Boyle's law: Vm % {constant i, T)

Charles's law:
Avogadro's law:
We can combine these relationships to make a more general gas law:

nl
Vo —
*F
Ii we call the proportionality constant R, we obtain

nl
V=R (—P"')

Rearranging, we have this relationship in its more familiar form:

PV = nRT [10.5]
This equation is known as the ideal-gas equation. An ideal gas is a hypotheti-
cal gas whose pressure, volume, and temperature behavior is completely de-
scribed by the ideal-gas equation.

VT
Vo n

{constant i, M)
{constant P, T)
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The term R in the ideal-gas equation is called the gas constant. The value and
units of { depend on the units of P, V, n, and T. Temperature must atways be ex-
pressed as an absolute temperature, The quantity of gas, n, is normally expressed
in moles. The units chosen for pressure and volume are most often atm and liters,
respectively, However, other units can be used. Table 10.2 ® shows the numerical
value for B in various units. As we saw in the "Closer Look” box in Section 5.3, the
product PV has the units of energy. Therefore, the units of R can include calories
of joules. In working problems with the ideal-gas equation, the units of P, V, i, and
T must agree with the units in the gas constant. In this chapter we will use the
value B = (LOB206 L-atm/mol-K (four significant figures) or (L0821 L-atm /mol-K
ithree significant figures) whenever we use the ideal-gas equation.

Suppose we have 1.000 mol of an ideal gas at 1.000 atm and 0.00°C (273,15 K).
Then, from the ideal-gas equation the volume of the gas is:

nRT (1000 mol0.08206 L-atm/mol-K){273.15 K)
p 1.000 atm

The conditions 0°C and 1 atm are referred to as the standard temperature and
pressure (STP). Many properties of gases are tabulated for these conditions. The
volume occupied by 1 mol of ideal gas at 5TT, 22.41 L, is known as the molar ol
e of an ideal gas at 5TF.

The ideal-gas equation does not always accurately describe real gases. Thus,
the measured volume, V, for given conditions of P, n, and T, might differ from
the volume calculated from PV = nRT. For example, the measured molar vol-
umes of real gases at STT differ slightly from that calculated for an ideal gas, as
shown in Figure 10.13 . Ordinarily the difference between ideal and real be-
havior is so small that we can ignore it.

V= =2241L

SAMPLE EXERCISE 10.3

Eﬂmmmtmw:- heating to give Cal(s) and CO:ig). A
sample of CaCOh, is decomposed, and the dioxide is collected in a 250-mL flask.
After the decompaosition is complete, the gas has a pressure of 1.3 atm at a temperatune
of 31°C. How many moles of COy gas were generated?

Soluthon  We are given the volume (250 mL], (1.3 atm), and

(31°C) of a sample of OO0, gas and asked to te the number of moles of CO. in the
sample. Bocause we are given V, P, and T, we can solve the ideal gas equation for the
unknown quantity, .

In and solving law lerms, i #8 helpful to tabulate the informa-
tion given in the ulﬁ:mbmmﬂwwluummﬂutmm
with those for B (0.0821 L-atm/mol-K). In this case the given values are

P=13atm
V=30mL =0250L
T=3"C=(31 +2ITK =34 K
Remember: Asalule temperature must atunys be used witen the ideal-gns equation is solved.
We now rearrange the ideal-gas equation {Equation 10.5) to solve for s

RT
(1.3 atmN0.250 L)
(0,0821 L-atm/maol-K}304 K)

Motice that appropriate cancellation of units ensures that we have properly rearranged
the ideal-gas equation and have comverted to the cormect units.

- = (013 mol CO,

MNumerical
Units Value
L-atm ‘maod-K {08206
cal/ mol-K L9587
I/ mal-E? B4
m'-Fa/mol-K* R34
L-torr fmal-K 6136

"5l mnlh
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Maolar volume (L)

» Figure 10,13 Comparing 10
e modar volumes at 5TP of

thee ideal Qas with various real

Qases,

2411 22 061 DAL 2Z240L 2400 240 22410

8 |
Ideal gas  Cls

PRACTICE EXERCISE

Tennis balls are wsually filled with air or M gas o a
to increase their "bounce.™ If a party

COy NHy N, He H,

above & pressure

tnosphernc
tennis ball has a volume of 144 cm® and contains

033 g of N, gas, what is the pressure inside the ball st 24°C?  Ansuwers 2.0 tm

b\ Strategies in Chemistry ~Calculations Involving Many Variables

In chemistry and throughout your studies of science and
math you may encounter that involve several ex-
reasuped variables as well as several different
physical constants. In this chapler we encounier o vasiety of
problems based on the ideal-gas equation. That equation
nvolves four expenimental quantities—F, V, n, and T—and
one constant, K. ing on the type of problem, we
wu%mydﬂuhwﬂ‘qmﬂﬂu
To avoid infor-
o o bl ¥t miny veriebles e nvobved
m{:-\hhhﬂhﬁnu-m-mmtm

L'-IHIH! thﬂﬂmmﬁ"’h
determine which quantity is the unknown and which

quantities are given. Every time you encounter a numer-
cal value, jot it down. In many cases, constructing a table
af the given information will be useful,

2 Commert fo apypropriale unils. As you have already seen,
we often use several different units o express the zams
quantity. You must make certain that are con-
verted 1o the proper units by using the cormect conversion
Iactors. In using the ideal-gas equation, for example, we
ussally use the value of R that has units of L-atm/'mol-K_ IF
you are given a pressure in torr, you will need to convert it
by atmamsphsres.

A, If  single equotion relotes the variables, marmmnge the
equation to sulve for the unkmaton. You should make certain
that you are comfortable using to solve the equa-
tion for the desired varable. In the case of the ideal-gas
be used at one Hme or another.

kT HRT Y Py
P==— V=77 "% Tk

4. Use dimensional anelysts: Carry the units through
your caleulation. Use of dimensional analysis enables you
tes check that you have solved the correctly. If the
units of the quantities in the cancel properly to
give the units of the desired variable, you have probably
used the equation correctly.

One note of caution is in order: Sometimes you will
not be glven values for the necessary variables directly.
Rather, you will be given the values of other quantities that
can be used 1o determine the needed varlables. For exam-
ple, suppose you are trying to use the ideal-gas equation o

the pressure of a gas. You are given the
ture of the gas, but you are not given explicit values for n
and V. However, the states that “the sample of
gas contains 0.15 mal of gas per Hter.” We turn this state-

mienik into the expression

A
?'ﬂ-ﬂﬂﬂﬁ_
Solving the ideal-gas equation for pressure yields
nkT mh
Pt = ()
Thus, we can solve the equation even W e not

given specific values for 1 and V., We will examine how to
use the density and maolar mass of a gas in this fashion in

Section 10.5.

As we have stressed, the most impor-
tant thing you can do to become proficlent st solving prob-
lems is to practice by using practice exercises and assigned
exercises at the end of each chapter. By using systematic

such as those described here, you should be
able to minimize difficulties in solving problems invaly-

ing many variables.



