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5.8 For every 10 m of depth that a diver descends in water, they experience an additional 1 atm of pressure due to
the weight of the water above her. The pressure regulator used in scuba diving delivers air at a pressure that
matches the external pressure; otherwise the diver could not inhale the air. For example, when a diver is at a
depth of 20 m below the surface, the regulator delivers air at a pressure of 3 atm to match the 3 atm of pressure
around the diver (1 atm due to normal atmospheric pressure and 2 additional atmospheres due to the weight
of the water at 20 m). Suppose that a diver inhaled a lungful of air at a pressure of 3 atm and swam quickly to
the surface (where the pressure drops to 1 atm) while holding this breath. What would happen to the volume
of air in the diver's lungs? Since the pressure decreases by a factor of 3, the volume of the air in the diver's lungs
would increase by a factor of 3, severely damaging the diver's lungs and possibly killing the diver.

5.9 When we breathe, we expand the volume of our chest cavity, reducing the pressure on the outer surface of
the lungs to less than 1 atm (Boyle's law). Because of this pressure differential, the lungs expand, the pres-
sure in them falls, and air from outside our lungs then flows into them. Extra-long snorkels do not work
because of the pressure exerted by water at an increased depth. A diver at 10 m experiences an external pres-
sure of 2 atm. This is more than the muscles of the chest cavity can overcome — the chest cavity and lungs
are compressed, resulting in an air pressure within them of more than 1 atm. If the diver had a snorkel that
went to the surface — where the air pressure is 1 atm — air would flow out of his lungs, not into them. It
would be impossible to breathe.

5.10 Charles's law explains why a hot-air balloon can take flight. The gas that fills a hot air balloon is warmed
with a burner increasing its volume and lowering its density, and causing it to float in the colder, denser sur-
rounding air. Charles's law also explains why the second floor of a house is usually a bit warmer than the
ground floor because when air is heated its volume increases, resulting in a lower density. The warm, less
dense air tends to rise in a room filled with colder, denser air.

The ideal gas law (PV = nRT) combines all of the relationships between the four variables relevent to gases
(pressure, volume, number of moles, and temperature (in kelvin's)) in one simple expression.

5.12 We know that V oc 1 / p (Boyle's law) V oc T (Charles's law) V oc n (Avogadro's law).

Combining these three expressions we get V oc riT / P. Replace the proportional sign with an equal sign by
incorporating R (the ideal gas constant) V = RnT / P. Rearranging, we get PV = nRT.

5.13 The molar volume of an ideal gas is the volume occupied by one mole of gas at T = 0 °C (273 K) and P =
1.00 atm. Substituting these values into the ideal gas law, one can calculate this value as 22.414 L.

PM
5.14 Since d = — — this means that the density will decrease as temperature increases. It will increase as pres-

sure increases or as the molar mass of the gas increases.
<^\
5.15 \ The pressure due to any individual component in a gas mixture is called the partial pressure (PJ of that com-

j ponent and can be calculated from the ideal gas law by assuming that each gas component acts independently.
The sum of the partial pressures of the components in a gas mixture must equal the total pressure: Ptotai = Pa

+ Pb + PC+ ••• where Ptotai is the total pressure and Pa, P^, Pc . . . are the partial pressures of the components.

5.16 Too much oxygen can also cause physiological problems. Scuba divers breathe pressurized air. At 30 m, a
scuba diver breathes air at a total pressure of 4.0 atm, making Po2 about 0.84 atm. This elevated partial pres-
sure of oxygen raises the density of oxygen molecules in the lungs, resulting in a higher concentration of oxy-
gen in body tissues. When Po2 increases beyond 1.4 atm, the increased oxygen concentration in body tissues
causes a condition called oxygen toxicity, which results in muscle twitching, tunnel vision, and convulsions.

5.17 No, when collecting a gas over water, it will contain some water molecules. The vapor pressure of water can
be gotten from Table 5.4. Therefore, PGas =

In Chapter 4, we learned how the coefficients in chemical equations can be used as conversion factors
between number of moles of reactants and number of moles of products in a chemical reaction; and that the
molar mass can be used to convert the number of moles to the mass. At STP, each mole of gas occupies
22.414 L. The mass of the product will be as follows:
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1 mol limiting reagent cmol product g product
Volume of limiting reagent (L) x — x x

° ° v ' T"> A1 A T ~1 l: —22.414 L a mol limiting reagent 1 mol product
for the reaction:
aA + bB —* cC + dD, where A is the limiting reagent and C is the product of interest.

5.19 The basic postulates of kinetic molecular theory are as follows: (1) The size of a particle is negligibly small,
(2) the average kinetic energy of a particle is proportional to the temperature in kelvins, and (3) the collision
of one particle with another (or with the walls) is completely elastic. Pressure is defined as force divided by
area. According to kinetic molecular theory, a gas is a collection of particles in constant motion. The motion
results in collisions between the particles and the surfaces around them. As each particle collides with a sur-
face, it exerts a force upon that surface. The result of many particles in a gas sample exerting forces on the
surfaces around them is constant pressure.

Boyle's law states that, for a constant number of particles at constant temperature, the volume of a gas
is inversely proportional to its pressure. If you decrease the volume of a gas, you force the gas particles
to occupy a smaller space. It follows from kinetic molecular theory that, as long the temperature remains
the same, the result is a greater number of collisions with the surrounding surfaces and therefore a
greater pressure.

Charles's law states that, for a constant number of particles at constant pressure, the volume of a gas is pro-
portional to its temperature. According to kinetic molecular theory, when you increase the temperature of a
gas, the average speed, and thus the average kinetic energy, of the particles increases. Since this greater
kinetic energy results in more frequent collisions and more force per collision, the pressure of the gas would
increase if its volume were held constant (Gay-Lussac's law). The only way for the pressure to remain con-
stant is for the volume to increase. The greater volume spreads the collisions out over a greater area, so that
the pressure (defined as force per unit area) is unchanged.

Avogadro's law states that, at constant temperature and pressure, the volume of a gas is proportional to the
number of particles. According to kinetic molecular theory, when you increase the number of particles in a
gas sample, the number of collisions with the surrounding surfaces increases. Since the greater number of
collisions would result in a greater overall force on surrounding surfaces, the only way for the pressure to
remain constant is for the volume to increase so that the number of particles per unit volume (and thus the
number of collisions) remains constant.

Dalton's law states that the total pressure of a gas mixture is the sum of the partial pressures of its components.
In other words, according to Dalton's law, the components in a gas mixture act identically to, and independ-
ently of, one another. According to kinetic molecular theory, the particles have negligible size and they do not
interact. Consequently, the only property that would distinguish one type of particle from another is its mass.
However, even particles of different masses have the same average kinetic energy at a given temperature, so
they exert the same force upon a collision with a surface. Consequently, adding components to a gas mixture—
even different kinds of gases—has the same effect as simply adding more particles. The partial pressures of all
the components sum to the overall pressure.

5.21 Postulate 2 of kinetic molecular theory states that the average kinetic energy is proportional to the temper-
ature in kelvins. The root mean square velocity of a collection of gas particles is inversely proportional to
the square root of the molar mass of the particles in kilograms per mole.

5.22 Gaseous particles travel at tremendous speeds along very haphazard paths. To a perfume molecule, the path
from the perfume bottle in the bathroom to your nose 2 m away is much like the path through a busy shop-
ping mall during a clearance sale. The molecule travels only a short distance before it collides with another
molecule, changes direction, only to collide again, and so on. The average distance that a molecule travels
between collisions is called its mean free path.

The process by which gas molecules spread out in response to a concentration gradient is called diffusion.
Effusion is the process by which a gas escapes from a container into a vacuum through a small hole. The rate
of effusion is inversely proportional to the square root of the molar mass of the gas.
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5.24 Gases behave ideally when both of the following are true: (a) The volume of the gas particles is small com-
pared to the space between them; and b) The forces between the gas particles are not significant. At high
pressures the number of molecules increases, so the volume of the gas particles becomes larger; and since
the spacing between the particles is smaller, the interactions become more significant. At low temperatures,
the molecules are not moving as fast as at higher temperatures, so the when they collide they have a greater
opportunity to interact.

5.25 Sulfur oxides (SOX): Sulfur oxides include SC>2 and SO$, which are produced chiefly during coal-fired elec-
tricity generation and industrial metal refining. Carbon monoxide (CO): Carbon monoxide is formed by the
incomplete combustion of fossil fuels (petroleum, natural gas, and coal). It is emitted mainly by motor vehi-
cles. Nitrogen oxides (NOX): Nitrogen oxides include NO and NO2, which are emitted by motor vehicles, by
fossil-fuel based electricity generation plants, and by any high temperature combustion process that occurs
in air. Ozone (O3): Ozone is produced when some of the products of fossil-fuel combustion, especially nitro-
gen oxides and unburned volatile organic compounds (VOCs), react in the presence of sunlight. The levels
of all of these pollutants are decreasing over U.S. cities.

5.26 Ground-level ozone (in the lower atmospheres) is an eye and lung irritant and prolonged exposure has been
shown to cause permanent lung damage. Stratospheric ozone (in the upper atmosphere) is a natural part of
our environment that protects the Earth from harmful ultraviolet light. Stratospheric ozone does not harm
us because we are not directly exposed to it.

5.27 Chlorofluorocarbons (CFCs) are blamed for destroying stratospheric ozone. When CFCs reach the strato-
sphere, UV light (which is less abundant below the ozone layer because the ozone absorbs it) breaks a carbon-
chlorine bond in the CFC, generating a very reactive chlorine atom. This chlorine atom then reacts with
ozone in a cyclic reaction that destroys two ozone molecules and regenerates itself to repeat the process. In
this way, a single chlorine atom can destroy hundreds of ozone molecules. Legislation has been passed in
many nations calling for a complete ban on CFC production beginning in 1996.

5.28 When the sun rises in the Antarctic spring (October), sunlight breaks the relatively weak C1-C1 bond, releas-
ing chlorine atoms into the stratosphere. The chlorine atoms then deplete ozone through a catalytic cycle.
Normally the chlorine that enters our atmosphere from chlorofluorocarbons is neutralized in atmospheric
chemical reservoirs. Conditions at the South Pole in the month of October happen to be just right for releas-
ing that chlorine from its reservoirs, allowing it to continue to destroy ozone.

onverting Between Pressure Units

Given: 24.9 in Hg Find: atm
Conceptual Plan: in Hg —» atm

la tm
29.92 in Hg

Solution: 24.9 irrHg x— - = 0.832 atm

Check: The units (atm) are correct. The magnitude of the answer (<1) makes physical sense because
we started with less than 29.92 in Hg.

Given: 24.9 in Hg Find: mmHg
Conceptual Plan: Use answer from part (a) then convert atm — * mmHg

760 mmHg
latm

760 mmHg
Solution: 0.832 atm x- - » 632 mmHg

latm
Check: The units (mmHg) are correct. The magnitude of the answer (< 760 mmHg) makes physical
sense because we started with less than 1 atm.

(c) Given: 24.9 in Hg Find: psi
Conceptual Plan: Use answer from part (a) then convert atm — > psi

14.7 psi
latm

14.7psi
Solution: 0.832atm x- - = 12.2 psi

latm
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Check: The units (mm Hg) are correct. The magnitude of the answer (832 mm Hg) makes physical
sense because the mercury column is higher on the right, indicating that the pressure is above baro-
metric pressure. No significant figures to the right of the decimal point can be reported since the mer-
cury height is known only to the 1's place.

(b) Given: Pbar = 762.4 mm Hg and figure Find: Pgas

Conceptual plan: Measure height difference then convert cm Hg — * mm Hg — » mm Hg
lOmmHg
1cm Hg Pga, = h + Pfc,,

Solution:
10mm Hg

h = -4.4cm-Hg x - - = -44 mm Hg Pgas = -44 mm Hg + 762.4 mm Hg = 718 mm Hg
i Cirrrifi

Check: The units (mm Hg) are correct. The magnitude of the answer (718 mm Hg) makes physical sense
because the mercury column is higher on the left, indicating that the pressure is below barometric pres-
sure. No significant figures to the right of the decimal point can be reported since the mercury height is
known only to the 1's place.

5.34 (a) Given: Pbar = 751.5 mm Hg and figure Find: Pgas

Conceptual plan: Measure height difference then convert cm Hg — > mm Hg — » mm Hg
lOmmHg
1cm Hg P«« = h + Pt«r

Solution:
10mm Hg

h = -2.2crrriHg x - - = -22 mm Hg Pgas = -22 mm Hg + 751.5 mm Hg = 730. mm Hg
Jl CllTjrTrG

Check: The units (mm Hg) are correct. The magnitude of the answer (730 mm Hg) makes physical sense
because the mercury column is higher on the left, indicating that the pressure is below barometric pres-
sure. No significant figures to the right of the decimal point can be reported since the mercury height is
known only to the 1's place.

(b) Given: Pfcar = 751.5 mm Hg and figure Find: Pgas

Conceptual plan: Measure height difference then convert cm Hg — » mm Hg — » mm Hg
lOmmHg
1cm Hg P?°s = h + p>>"

Solution:
lOmmHg

h = 6.8cm-Hg x — __^ = 68 mm Hg Pgas = 68 mm Hg + 751.5 mm Hg = 820. mm Hg

Check: The units (mm Hg) are correct. The magnitude of the answer (820 mm Hg) makes physical sense
because the mercury column is higher on the right, indicating that the pressure is above barometric
pressure. No significant figures to the right of the decimal point can be reported since the mercury
height is known only to the 1's place.

Simple Gas Laws
( 5.35/ Given: Vl = 5.6 L, P1 = 735 mmHg, and V2 = 9.4 L Find: P2

Conceptual Plan: Vlr PI, V2 -» P2

PI v, = P2 v2

Solution:
PI V\ = P2 V2 Rearrange to solve for P2.

P2 = Pj —- = 735 mmHg x |̂  = 437.872 mmHg = 4.4 x 102 mmHg

Check: The units (mmHg) are correct. The magnitude of the answer (440 mmHg) makes physical sense
because Boyle's Law indicates that as the volume increases, the pressure decreases.

5.36 Given: Vl = 13.9 L, Pj = 1.22 atm, and V2 = 10.3 L Find: P2

Conceptual Plan: Va, P,, V2 -» P2

p, v, = P2 v2

Solution: Pl V\ = P2 V2 Rearrange to solve for P2.

PZ ~ pl TT ~ 1.22 atm x - 1.646408 atm = 1.65 atm
1/2 W.J t>

Check: The units (atm) are correct. The magnitude of the answer (2 atm) makes physical sense because
Boyles Law indicates that as the volume decreases, the pressure increases.
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5.37 Given: Vl = 48.3 mL, Tl = 22 °C, and T2 = 87 °C Find: V2

Conceptual Plan: °C -* K then Vlr Tlr T2 -» V2
v v

K = °C + 273.15 fl = 7^

Solution: Tj = 22 °C + 273.15 = 295 K and T2 = 87 °C + 273.15 = 360. K
Vi V2 T2 360 K
—- = —- Rearrange to solve for V2. V2 = Vi — = 48.3 mL x = 58.9 mL
Ti T2 i j 295 K,

Check: The units (mL) are correct. The magnitude of the answer (59 mL) makes physical sense because
Charles's Law indicates that as the volume increases, the temperature increases.

5.38 Given: Vj = 1.55 mL, T, = 95.3 °C, and T2 = 0.0 °C Find: V2

Conceptual Plan: °C -» K then Vlr Tlr T2 -> V2
v v

K = °C + 273.15 T\=T2

Solution: TI = 95.3 °C + 273.15 = 368.5 K and T2 = 0.0 °C + 273.15 = 273.2 K
\7 \7 T r)*7'\ 0 "K.
r = — Rearrange to solve for V2. V2 = V\ — = 1.55 mL x - ' = 1.15 mL

TI T2 11 368.5 IN
Check: The units (mL) are correct. The magnitude of the answer (1.15 mL) makes physical sense because
Charles's Law indicates that as the volume decreases, the temperature decreases.

5.39 Given: Vi = 2.46 L, «i = 0.158 mol, and An = 0.113 mol Find: V2

Conceptual Plan: n\ —* «2 then Vlr n-i, n2 —> V2
Vl V2

«i + A" = "2 m" = ̂
Solution: n2 = 0.158 mol + 0.113 mol = 0.271 mol

— = — Rearrange to solve for V2. V2 = Vi — = 2.46 L x °'27^m^ = 4.21937 L = 4.22 L
n\ n2 ni 0.158frtel

Check: The units (L) are correct. The magnitude of the answer (4 L) makes physical sense because
Avogadro's Law indicates that as the number of moles increases, the volume increases.

5.40 Given: Vj = 253 mL, n\ = 0.553 mol, and An = 0.365 mol Find: V2

Conceptual Plan: «j —» «2
 tnen V\, n\, nz —> V2

v vV\ V2
«i + A« = n2 — = —

Solution: n2 = 0.553 mol + 0.365 mol = 0.918 mol
Vi V7 n2 0.918rrtel
- = —Rearrange to solve for V2.V2 = Vi - z = 253 mLx - - = 419.989 mL = 4.20xl02mL

«! n2 ni 0.553frtel
Check: The units (mL) are correct. The magnitude of the answer (420 L) makes physical sense because
Avogadro's Law indicates that as the number of moles increases, the volume increases.

deal Gas Law

Given: n = 0.118 mol, P = 0.97 atm, and T = 305 K Find: V
Conceptual Plan: n, P, T -» V

PV = nRT

0.118 frtel x 0.08206 ̂ — x 305 K
Solution: PV = nRT Rearrange to solve for V. V = ——- = 3.0 L

The volume would be the same for argon gas because the ideal gas law does not care about the mass of the
gas, only the number of moles of gas.
Check: The units (L) are correct. The magnitude of the answer (3 L) makes sense because, as you will see in
the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies 22.4 L.
Although these are not standard conditions, they are close enough for a ballpark check of the answer. Since
this gas sample contains 0.118 moles, a volume of 3 L is reasonable.

5.42 Given: 12.5 g argon or 12.5 g helium, P = 1.05 atm, and T = 322 K Find: V
Conceptual Plan: g -> n then n,P,T^> V
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Solution: 12.5frAr x — — — — = 0.3128911 mol Ar P V = nRT Rearrange to solve for V.
39.95 g-Ar

roi-Ar x 0.08206 L 'fm x 322 K
- =7.87LArp i.os atm

12.5gi4ex l™°1' -= 3.122658 mol He P V = nRT Rearrange to solve for V.
.̂UUC? 2TTi&

3.122658 Ffroi-He x 0.08206 ' x 322 K

- = 78.6LHe
P 1.05 atm

Check: The units (L) are correct. The magnitude of the answer (8 L and 80 L) makes sense because, as you
will see in the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies
22.4 L. Although these are not standard conditions, they are close enough for a ballpark check of the answer.
Since the molar mass of the two gases are different by a factor of ten, the resulting volumes will differ by a
factor of ten.

Given: V = 10.0 L, n = 0.448 mol, and T = 315 K Find: P
Conceptual Plan: n, V, T -» P

P V = nRT

Solution: K-stm
0 .448 rrtel x 0 .08206 x 315 K

P V = nRT Rearrange to solve for P. P = ^— = - = 1.16 atm

Check: The units (arm) are correct. The magnitude of the answer (~1 atm) makes sense because, as you will
see in the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies
22.4 L. Although these are not standard conditions, they are close enough for a ballpark check of the answer.
Since this gas sample contains 0.448 moles in a volume of 10 L, a pressure of 1 atm is reasonable.

5.44 Given: V = 15.0 L, 32.7 g oxygen, and T = 302 K Find: P
Conceptual Plan: g -> n then n, P, T -> V

Imol pv _
32.00 g

1 mol O2Solution: 32.7g~©2X - ̂ T = 1-021875 mol O2 P V = nRT Rearrange to solve for P.
32.0 ~

1.021875 fuel x 0.08206 x 302 K

- = 1.688282 atm = 1.69 arm
V 15.0 K

Check: The units (atm) are correct. The magnitude of the answer (-1.7 atm) makes sense because, as you
will see in the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies
22.4 L. Although these are not standard conditions, they are close enough for a ballpark check of the answer.
Since this gas sample contains ~ 1 mole in a volume of 15 L, a pressure of 1.7 atm is reasonable.

5.45 Given: V = 28.5 L, P = 1.8 atm, and! = 298 K Find: n
Conceptual Plan: V, P, T -> n

PV = nRT

PV 1.8 atm x 28.5 K
Solution: P V = nRT Rearrange to solve for n. n = — = - - = 2.1 mol

0.08206
mol-K

Check: The units (mol) are correct. The magnitude of the answer (2 mol) makes sense because, as you will see
in the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies 22.4 L.
Although these are not standard conditions, they are close enough for a ballpark check of the answer. Since
this gas sample has a volume of 28.5 L, and a pressure of 1.8 atm, ~ 2 mol is reasonable.

5.46 Given: V= 11.8 L, P = 1.3 atm, and « = 0.52 mol Find: T
Conceptual Plan: V, P, n -» T

P V = nRT
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Solution: P V = nRT Rearrange to solve for T. T = - - = 360 K
nR 0.52 molx 0.08206^^

rttel-K
Check: The units (T) are correct. The magnitude of the answer (360 K) makes sense because, as you will see
in the next section, one mole of an ideal gas under standard conditions (273 K and 1 atm) occupies 22.4 L.
Although these are not standard conditions, they are close enough for a ballpark check of the answer. Since
this gas sample has 0.52 mol, a volume of 11.8 L, and a pressure of 1.3 atm, 360 K is reasonable.

5.47 Given: Pl = 36.0 psi (gauge P), Vl = 11.8 L, Tj = 12.0 °C, V2 = 12.2 L, and T2 = 65.0 °C
Find: P2 and compare to Pmax = 38.0 psi (gauge P)
Conceptual Plan: °C -> K and gauge P -» psi -» atm then Plf Vlr Tlr V^ T2 -» P2

P V P V

K = °C + 273.15 psi = gauge P + 14.7

Solution: Tj = 12.0 °C + 273.15 = 285.2 K and T2 = 65.0 °C + 273.15 = 338.2 K

P! = 36 .0 psi (gauge P) + 14.7 = 50 .7 psi x ^ . =3.44898 atm

^max = 38 .0 psi (gauge P) + 14.7 = 52.7psix & : =3.59 atm
J.~r . / OS!

^- = ̂ Rearrange to solve for P2 .P2= P, ~- ̂  = 3.44898 atm x ̂ TX ̂ ^ = 3.96 arm
1 1 1 2 ' 2 * 1 I/ j/ b /OD .2 K

This exceeds the maximum tire rating of 3.59 atm or 38.0 psi (gauge P).
Check: The units (atm) are correct. The magnitude of the answer (3.95 atm) makes physical sense because
the relative increase in T is greater than the relative increase in V, so P should increase.

5.48 Given: Pj = 748 mmHg, Vl = 28.5 L, Tj = 28.0 °C, P2 = 385 mmHg, and T2 = - 15.0 °C Find: V2

Conceptual Plan: °C — K then Plr Vlr Tlr V& T2 -» P2
P1V1 P1V1

K = °C + 273.15 Ti TT

Solution: Tj = 28.0 °C + 273.15 = 301.2 K and T2 = -15.0 °C + 273.15 = 258.2 K
P,V, P2V2 PI T2 748nrmHg 258 .2 K

Rearrange to solve for V, l/2 = V, = = 28.5 L x x - „ 47.5 L

Check: The units (L) are correct. The magnitude of the answer (47 L) makes physical sense because the relative
decrease in P is greater than the relative decrease in T, so V should increase.

Given: m (CO2) = 28.8 g, P = 742 mmHg, and T = 22 °C Find: V
Conceptual Plan: °C — » K and mmHg — > atm and g — * mol then n, P, T — » V

K = °C + 273.15

Solution: Tj = 22 °C + 273.15 = 295 K, P = 742 nTrrtHg. x _ . . ; J " = 0.976316 atm,
760 mTrtHg

n = 28.8 g x - - = 0.654397 mol P V = nRT Rearrange to solve for V.

0 .654397 frtel x 0 .08206 L ' m x 295 K
=16.2L

P 0.976316 atm
Check: The units (L) are correct. The magnitude of the answer (16 L) makes sense because one mole of an
ideal gas under standard conditions (273 K and 1 atm) occupies 22.4 L. Although these are not standard con-
ditions, they are close enough for a ballpark check of the answer. Since this gas sample contains 0.65 moles,
a volume of 16 L is reasonable.

5.50 Given: 1.0 L of liquid N2 w/rf = 0.807 g/mL, T = 25.0 °C, P = 1.0 atm, and closet is 1.0 m x 1.0 m x 2.0 m
Find: V% of closet displaced by evaporated liquid
Conceptual Plan: °C — » K and L — » mL -> g — » mol then «, P, T — » V*evap

K-C + 273.15 U®*** « = m/V28lifL PV = nRT

thenl,w,h -» Vc!osetm
3 -» cm3 -* L finally Vevap/ ^closet ~* % V displaced
(100 cm)3 , , V««p

v=lwh î 1 % vdisplaced = x 100%
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5.63 Given: m = 38.8 mg, V = 224 mL, T = 55 °C, and P = 886 torr Find: M
Conceptual Plan: mg — » g mL — > L °C -> K torr -» atm then V, m — > d then d, P, T — » .M

- . _
1000 mg lOOOmL K ~ ^ + «*W 760 torr " = RT

Solution: m = 38.8 rng x g = 0.0388 g V = 224 rri x— ^— = 0.224 L T = 55 °C + 273.15 = 328 K
1000 frtg 10 mL

latm m 0.0388g
0.173214 g/L rf ..

0.173214 f x 0 .08206^™- x 328 K
dRT b> K mol

Rearrange to solve for M. M = — — — - =4.00 g/mol

Check: The units (g/mol) are correct. The magnitude of the answer (4 g/mol) makes physical sense because
this is a reasonable number for a molecular weight of a gas, especially since the density is on the low side.

5.64 Given: m = 0.555 g, V = 117 mL, T = 85 °C, and P = 753 mmHg Find: -» M
Conceptual Plan: mL -> L °C — > K mmHg -» atm then V, m -> rf then rf, P, T -> .M

latm _ m PA1
• "

. _
lOOOmL ~ - + - 760 mmHg • "V = RT

Solution: V = 117 mi, x— \ ̂ — = 0.117 L T = 85 °C + 273.15 = 358 K
1000 mt

1 arm m 0.555g PA/f
= 0.9907895 atm d = - = ̂  = 4.74359 g/L rf = —

rfRr 4.74359 fx 0.08206 x 358 K

Rearrange to solve for M. M = — 0.9907895 aim ' S/

Check: The units (g/mol) are correct. The magnitude of the answer (141 g/mol) makes physical sense
because this is a reasonable number for a molecular weight of a gas, especially since the density is on the
high side.

Partial Pressure

Given: PNj = 215 torr, PO2 = 102 torr, PHe = 117 torr, V = 1.35 L, and T = 25.0 °C
Find: PTotal, mNz, mO2, mHe

Conceptual Plan: °C — » K and torr — > atm and P,V,T—> n then mol — > g

K = °C + 273.15 76(ftorr PV = nRT M

and PN2/ Po2/ PHC ^ J°Totai

Plotal = PN;+ PQ2
 + PHe

Solution: Tj = 25.0 °C + 273.15 = 298.2 K, P V = nRT Rearrange to solve for n.
PV latm 0.2828947 atm x 1.35k

„ = - - PN = 215 tow x- - = 0.2828947 atm nN= - - = 0.01560700 mol
0.08206 ̂ ^ x 298.2 K

mol-K

0.01560700 frtel x 28-02mo1 = 0.437gN2
1 frtel

1 arm 0.1342105 atm x 1.35 L,
P0z = 102toKx-^^-- = 0.1342105 atm nOz = - — - = 0.007404252 mol

^ 0.08206 — x 298.2 K
mol-K

0.007404252frtel x 32-00mo = 0.237gO2
1 frtel

i atm 0.1539474 atm x 1.35 L
PHe = 1171DKX- - = 0.1539474 atm nHe = - - = 0.008493113 mol

.
mol-K

0.0084931 13 frtel x 4-003mo1 = 0. 0340 g He and
1 Frtel

J°Totai = pN2+ Po2 +
 pHe = 0-283 atm + 0.134 atm + 0.154 atm = 0.571 atm or

PTotal = PNz+ P02 + PHe = 215 torr + 102 torr + 117 torr = 434 torr
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5.66

5.68

Check: The units (g and arm) are correct. The magnitude of the answer (1 g) makes sense because gases are
not very dense and these pressures are < 1 atm. Since all of the pressures are small, the total is < 1 atm.

Given: PTotal = 745 mmHg, PCo2 = 125 mmHg, PAr = 214 mmHg, PO2 = 187 mmHg, V = 12.0 L, and T = 273 K
Find: PHC and m^e
Conceptual Plan: Ptotai/ PCO? PAI> Po2 ~~* ^He 'hen mmHg —> atm then P,V,T-*n then mol —» g

latm 4.003g
Plbtai = PCOJ + PAT+ %, + PHe 760 mmHg TSoT

Solution: Pjotal = Pco2+ P&r+ Po2 + PHC Rearrange to solve for PHe-
PHe = P-Total - PCO^ pAr+ Po2 = 745 mmHg - 125 mmHg - 214 mmHg - 187 mmHg = 219 mmHg

PHe = 219 rrrrrtHg x^^ - = 0.288 atm P V = nRT Rearrange to solve for n. n =

"He =

nTmHg
0.288 atm x 12 .OK

0.08206- x273K

RT
4.003g

= 0.1543539 mol 0.1543539 rrtel x - - = 0.618 g He
1 rrtel

mol-K
Check: The units (g) are correct. The magnitude of the answer (1 g) makes sense because gases are not very
dense and these pressures are < 1 atm.

5.67 / Given: m (CO2) = 1.20 g, V = 755 mL, PNj = 725 mmHg, and T = 25.0 °C Find: PTotal
Conceptual Plan: mL —» L and °C —> K and g —* mol and n, P, T —> V then atm —» mmHg

760 mmHg
lOOOml K = °C +273.15 flgL PV = nRT

finally PCOy PN2 ~* Piota!
n _ n . P
*Total - * COj* ^N2

Solution: V = 755 mi x _^L . = 0.755 L T = 25.0 °C + 273.15 = 298.2 K,

latm

n = 1.20 g x

1000 mi

= 0.0272665 mol, PV = nRT Rearrange to solve for P.

P =
nRT

V

1 mol
44.01 g-

}\- atm
0.0272665 rrtel x 0.08206 - - x 298.2 K

~ mel-K
0.755 L,

= 0.883735 arm

760 mmHg
= 0.883735 atm x T = 672 mmHg

1 aim

= Pco2
= 672 mmHg + 725 mmHg = 1397 mmHg or 1397toK x

1 arm
= 1.84 atm

Check: The units (mmHg) are correct. The magnitude of the answer (1400 mmHg) makes sense because it
must be greater than 725 mmHg.

Tota]

= P2 V2 Rearrange to solve for P2.
rtiyf- ifc_T

= 752 torr x = 275.733 torr = 276 torr He
750. frtk

Given: V1He = 275 mL, P1He = 752 torr, V1Ar = 475 mL, and PiAr = 722 torr Find: P2He, ?2Ar/
Conceptual Plan: V1He/ ViAr -» V2 Vj, Pa, V2 -> P2 then P2He, P2Ar

Solution: V1He + V1Ar = V2 = 275 mL + 475 mL = 750. mL,
Vi VIH

P^V2
 P2He=PlHe"l^

P2Ar = PiAr ~^- = 722 torr x ?5Q ̂

Plotai = <P2He+ ^2Ar = 275.733 torr + 457.267 torr = 733 torr total pressure
Check: The units (torr) are correct. The magnitude of the answers makes physical sense because Boyles Law
indicates that as the volume increases, the pressure decreases. Since both initial pressures are -700 torr, the
final total pressure should be about the same pressure.

Given: m (N2) = 1.25 g, m (O2) = 0.85 g, V = 1.55 L, and T = 18 °C Find: ^N2, XO2,
 PN2, Po2

Conceptual Plan: g — * mol then nN2, nOa nNj, nO2 — * Xo2 °C K

M
«N2

"N, + "Oj "Nj + "Oj
K = °C + 273.15

then n,V,T-
PV = nKT
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Solution: nN2 = 1.25g.x = 0.0446110 mol, no2 = 0 - 8 5 f e x ^ 7 ~ = 0 .026563 mol,
£fj \j£. 3

«N, 0.04461 10 mol
T = 18 °C + 273.15 = 291 K, *N, = - - = - - = 0.626792 = 0 627

«N2 + "o, 0.04461 10 mol + 0.026563 mol
«0, 0.026563 mol

= 0.373212 We can also calculate this as
«N2 + »02 0.04461 10 mol + 0.026563 mol

= 1 - *N2 = 1 - 0.626792 = 0.373208 = 0.373 P V = nRT Rearrange to solve for P. P = —

0 .04461 1 rrtel x 0 .08206 L'atm
 x 291 K

0 .026563 rrrel x 0 .08206 L'atm
 x 291 K

units (none and atm) are correct. The magnitude of the answers makes sense because the mole
uld total 1 and since the weight of N2 is greater than O2, its mole fraction is larger. The number

so we expect the pressures to be <1 atm, given the V (1.55 L).

air

air

5.70 N) = 10.0 g, T = 273 K, and P = 1.00 atm Find: *o2 and Vai

Coi- . rQ \o2 and g -» mol -> VO2 -» Vai
A^ , Imol 22. 414 L 100 L air
*" V?" 32.00g Imol 21LO2

Solution: from Table 5.3 7u^ % 21 ^%x =0 .21 =

- 33L,ir

Check: The units (none and L) are correct. The /nagnitude of the answer (0.21) makes sense because most of
air is nitrogen. The magnitude of the answer (33 L) makes sense because one mole of an ideal gas under stan-
dard conditions (273 K and 1 atm) occupies 22.4 L and we have about 1 /3 mol of O2 and so over a mole of air.

5.71 Given: T = 30.0 °C, PTotai = 732 mmHg, and V = 722 mL Find: PH2 and mH2

Conceptual Plan: T — » Pn2o
 tnen ^Total/ Pn2o ~~* Pn2

 tnen mniHg -^ atm and mL — > L
latm 1L

Table 5.4 PTota| = PH& + fli2 760 mmHg 1000 mL
and °C -* K P, V, T -> « then mol -» g

2.016g
K = °C + 273.15 PV = nRT TmoT

Solution: Table 5.4 states that at 30° C, PH2o = 31.86 mmHg PTota] = PH2o + ̂ H2

Rearrange to solve for PHr Pn2 = ̂ Totai - PH2O = 732 mmHg - 31.86 mmHg = 700. mmHg

PH2 =700. mmHg x = 0.921052 arm V = ™ ^ x - = 0.722 L,

PV
T = 30.0 °C + 273.15 = 303.2 K, P V = nRT Rearrange to solve for n. n = — -

RI

0.921052 atm x 0.722 L 2.016 g
nH = - - = 0.0267277 mol then 0.0267277 rrtel x - - = 0.0539gH2

0.08206 x 303.2 K
mol • K

Check: The units (g) are correct. The magnitude of the answer (« 1 g) makes sense because gases are not
very dense, hydrogen is light, the volume is small, and the pressure is ~1 atm.

5.72 Given: T = 25 °C, V = 5.45 L, and PTotai = 745 mmHg Find: n
Conceptual Plan: T -» PHZO then PTotai> PH2O -* pair then mmHg -» atm and °C -̂  K

Table 5.4 PTo«al = %O + Pair 7601mmHg K = °C + 273.15

P.V.T-* n
PV = nRT

Solution: Table 5.4 states that at 25°C PIl2O = 23.78 mmHg P-n,̂  = PH2o * Pair Rearrange to solve for
Pair- Pair = Piotai - ^HjO - 745 mmHg - 23.78 mmHg = 721 mmHg



Chapter 5 Gases 175

Pair =721ffimHgx - — — = 0.948684 atm T = 25 °C + 273.15 = 298 K, P V = nRT
760frrmHg

PV 0.948684 atm x 5.45L,
Rearrange to solve for n. n = - - = 0.211 mol

0.08206 - x 2 9 8 K
mol-K

Check: The units (mol) are correct. The magnitude of the answer (0.2 mol) makes sense because 22.4 L of a
gas at STP contains 1 mol. We have only 5.45 L, so the answer makes sense.

'.73 Given: T = 25 °C, PTota, = 748 mmHg, and V = 0.951 L Find: PHz and mH2

Conceptual Plan: T — » PHZO 'hen PTotai, PHZO ~* P»2 then mmHg — » atm and mL — > L

™*5.4 PTotal = Puf, + fy2 TgOmlnHg" lOOOml

and °C -» K P, V, T -» n then mol -» g
2.016g

K = °C + 273.15 PV = nKT TmoT

Solution: Table 5.4 states that at 25° C, PH2o = 23.78 mmHg PTotal = PH;,o + ?H2

Rearrange to solve for PHr PHZ = ̂ Total - PH2O = 748 mmHg - 23.78 mmHg = 724 mmHg

PHz = 724fmrtHgx— -p - = 0.952632 atm T = 25 °C + 273.15 = 298 K, P V = nRT

PV 0.952632 atm x 0.951 K
Rearrange to solve for «. nH, = ~^ = ~ ' = 0.0370474 mol

0. 08206 x 298 K
mol-K

2.016g
0.0370474 fftel x - - = 0.0747gH21 frtel
Check: The units (g) are correct. The magnitude of the answer (« 1 g) makes sense because gases are not
very dense, hydrogen is light, the volume is small, and the pressure is ~1 atm.

.74 Given: m (O2) = 2.0 g, m (He) = 98.0 g, PTotai = 8.5 atm Find: Po2

Conceptual Plan: g -» mol then «Oz/ «He ~* Xo2 then Xo2, Pjotai ~* PO2
"02

M X0i=
«0j + "He

Solution: n0z = 2.0 g x ^ - = 0.0625 mol, nHe ---- 98 .0 g. x ^ ™° ••-- 24 .4816 mol,

"O; 0.0625 mol
=0.0025464/

"Oj + "He 0.0625 mol + 24.4816 mol
Po2 = *o/Totai = 0.0025464 x 8.5 atm = 0.022 atm
Check: The units (atm) are correct. The magnitude of the answer (0.22 atm) makes sense because, at these
depths, high oxygen pressures can cause toxicity.

eaction Stoichiometry Involving Gases

Given: m (C) = 15.7 g, P = 1.0 atm, and T = 355 K Find: V
Conceptual Plan: g C -» mol C — > mol H2 then « (mol H2), P, T

Imol lmolH2
TmdC

Solution: 15 .7 g~C x 1 ̂ ^ x 1 mo1 "2 = 1.30724 mol H^ P V = nRT Rearrange to solve for V.
12.01g~€> 1 rrtDt-C

1.30724 rttel x 0 .08206 ~~ x 355 K
V = = - = 38 L

P 1.0 Strn
Check: The units (L) are correct. The magnitude of the answer (38 L) makes sense because we have more
than one mole of gas, and so we expect more than 22 L.

5.76 Given: Voj = 1.4 L, T = 315 K, Fo2 = 0.957 dim Find: g H2O
Conceptual Plan: P(mol O2), V(mol O2), T -» «(mol O2) then mol O2 -» mol H2O -» g H2O

2molH2O 18.02 gH2O
PV = "RT Imol Oj lmolH20
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Solution: P V = nRT Rearrange to solve for n. n = — - = - = 0.051832 mol O2

0.08206 ̂ ^
frtel-K

18.02gH2O
0.051832 ffioi-Qj x - -x- -= 1.9gH2O- -
Check: The units (g) are correct. The magnitude of the answer (2 g) makes sense because we have much less
than a mole of oxygen.

Given: P = 748 mmHg, T = 86 °C, and m (CH3OH) = 25.8 g, and Find: VH2 and Vco

Conceptual Plan: g CH3OH -+ mol CH3OH -* mol H2 and mmHg -» atm and °C — «• K
lmo!CH,OH 2molH_
_ 3 _ _ 3 _ _ latm _ er
32.04gCH3OH lmoICH3OH 760mmHg

then n (mol H2), P, T -> Vand mol H2 -» mol CO then n (mol CO), P, T -» V

2 mol H2
Solution: 25.8 g^OH x x = 1.61049 mol H2,

PH, = 748nTmHgx T - = 0.984211 atm, T = 86 °C + 273.15 = 359 K, PV = nRT
760 mrn-Hg

1.61049 rrielxO. 08206 T x 3 5 9 K

Rearrange to solve for V. V = ~- V^= 0.98421iatm =48 .2LH 2

0.80525 Iftel x 0 .08206 - — x 359 K
'K

' 0-9842!!^
Check: The units (L) are correct. The magnitude of the answer (48 L and 24 L) makes sense because we hi
more than one mole of hydrogen gas and half that of CO and so we expect significantly more than 22 L l

hydrogen and half that for CO.

5.78 Given: P = 782 mmHg, T = 25 °C, and m (Al) = 53.2 g Find: VOz

Conceptual Plan: g Al —> mol Al — > mol O2 and mmHg — » atm and °C — * K then
ImolAl 3mol°2 latm „ _ or

26.98gAl 4molAl 760 mmHg

n (mol O2), P, T -> V
PV = nRT

P0, = 782 fflmHg x = 1.028947 arm, T = 25 °C + 273.15 = 298 K, P V = nRT
760 mTrtf4g

1 .478873 rrtel x 0 .08206 — ~- x 298 K

Rearrange to solve for V. VO2 = ̂  1.028947 atm = 35'! L °2

Check: The units (L) are correct. The magnitude of the answer (35 L) makes sense because we have more
than one mole of oxygen gas and more than 1 atm, so we expect significantly more than 22 L.

Given: V = 11.8 L, and STP Find: m (NaN3)
Conceptual Plan: VNz — » mol N2 -» mol NaN3 — » g NaN3

lmolN2 2molNaN3 65.03 gNaN3

22.414LN2 SmolNz lmo!NaN3

IfftoiNj 2mcrhNaN9 65.03 gNaN3
Solution: 11. 8 IrNgx ^ x ._ ... ~x - _ . . , , . = 22.8 g NaN322.414 tN? STrtoH^ 1 moi-NaNg
Check: The units (g) are correct. The magnitude of the answer (23 g) makes sense because, we have about a
half a mole of nitrogen gas, which translates to even fewer moles of NaN3 and so we expect significantly
less than 65 g.


