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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.

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.

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.

We know that V' oc 1 /P (Boyle’s law) V o< T (Charles’s law) V' o< n (Avogadro’s law).

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

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.

P : az
Since d = i 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.

The pressure due to any individual component in a gas mixture is called the partial pressure (P,) of that com-
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: Py, = P,
+ Py + P.+ ... where Py, is the total pressure and P,, Py, P. ... are the partial pressures of the components.

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 Pp, 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 P, 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.

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 = Protal = PH,0-

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
X
22414 L a mol limiting reagent * 1 mol product

Volume of limiting reagent (L) x

for the reaction:
aA+bB — cC+dD, where A is the limiting reagent and C is the product of interest.

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.

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.

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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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.

Sulfur oxides (SO,): Sulfur oxides include SO, and SO3, 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 (NO,): Nitrogen oxides include NO and NO,, 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 oyer U.S. cities.

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.

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.

When the sun rises in the Antarctic spring (October), sunlight breaks the relatively weak CI-Cl 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:24.9in Hg Find: atm
\

~~  Conceptual Plan: in Hg — atm
latm
2992 inHg
1atm

Solution: 24.91mHg X 900t 0.832atm

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.

\(b) Given: 249 in Hg Find: mmHg

H__) Conceptual Plan: Use answer from part (a) then convert atm — mmHg
760mm Hg
latm
760mmHg
Solution: 0.832atm x T 632 mmHg
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:24.9in Hg Find: psi
Conceptual Plan: Use answer from part (a) then convert atm — psi
14.7 psi
latm

14.7 psi
Solution: 0.832atm x
1atm

= 122 psi
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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 1s place.

(b)  Given: Py, = 762.4 mm Hg and figure Find: Py,
Conceptual plan: Measure height difference then convert cm Hg — mm Hg — mm Hg

10mm Hg
“mg— Poas = h + Py,
Solution:
10mm Hg
h = —44tmHg x TemHa —44 mmHg Py, =—44 mm Hg + 762.4 mm Hg = 718 mm Hg

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 1s place.

(@)  Given: Py, = 751.5 mm Hg and figure Find: Py,

Conceptual plan: Measure height difference then convert cm Hg — mm Hg — mm Hg
10mm Hg

lcmHg Pngh"'Phu

Solution:

10mm Hg
h=—-22cmHg T T —22mmHg Pgys =—22 mm Hg + 751.5 mm Hg = 730. mm Hg
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: Py, = 751.5 mm Hg and figure Find: Pgas

Conceptual plan: Measure height difference then convert cm Hg — mm Hg — mm Hg
10mm Hg

Tamfg e =+ P

Solution:

h=6.8cmHg Sl 68 mm Hg  Pgys = 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
@ Given: Vy =5.6L, P, =735 mmHg, and V, =94 L Find: P,

5.36

Conceptual Plan: V, Py, V;, — P,
PVi=PVy

Solution:

Py Vy = P, V; Rearrange to solve for P,.

Py, = Py T‘:—; = 735 mmHg x 5% . 437.872 mmHg = 4.4x102mmHg

948
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.

Given: V; =1391L, Py =1.22 atm, and V, =103 L Find: P,
Conceptual Plan: V4, Py, V, — P»

P] Vl ) P; Vz
Solution: Py V; = P, V, Rearrange to solve for Py.
1 1398
Py me Py - = 1.22 atim x = 1.646408 atm = 1.65 atm
=Y X 1038 —

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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Given: V; =483 mL, T; =22°C,and T, =87 °C Find: V,
Conceptual Plan: °C — K then V|, T, T, — V;
1%
K =°C + 27315 =T
Solution: Ty =22 °C + 273.15 =295 K and T, = 87 °C + 273.15 = 360. K

Vi VW, 2 K

_— o —— X v - —_— = 0 = )

T, T, Rearrange to solve for V,. V, = V) T 48.3 mL x 205K 58.9 mL

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.

Given: V1 =155mL, T} =953 °C, and T, = 0.0 °C  Find: V;
Conceptual Plan: °C — Kthen Vy, Ty, T, — V,

K =°C + 27315 i
="C + 273. T

STy &
Solution: T; = 95.3 °C + 273.15 = 368.5 K and T = 0.0 °C + 273.15 = 2732 K

v V T :

?]1 - T—z Rearrange to solve for V,. V, = Vj —,1% = 1.55mL x ;Zg:i = 1.15mL

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.

Given: V=246 L, ny =0.158 mol, and An = 0.113 mol Find: V;
Conceptual Plan: ny — 1, then Vi, 1y, 1y — V3
1 VZ

ny+ An=n; 7 e

Solution: 1, = 0.158 mol + 0.113 mol = 0.271 mol
V V. 0.271 mel

;]—‘ = ;23 Rearrange to solve for V. Vo = V; :—j = 246Lx o = 421971 = 4221

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.

Given: V; = 253 mL, ny = 0.553 mol, and An =0.365 mol Find: V;
Conceptual Plan: ny — n, then Vy, ny, n, — Vs

4
m+ An=n; n‘_: = ‘é
Solution: n1; = 0.553 mol + 0.365 mol = 0.918 mol
Vi Vs ny 0.918 mel
— = — tosolvefor V. V, = V; — = 25 ———— = 4199 = 4,
e =) Rearrange to solve for V,. V3 T, 3 mL x 0.553 419989 mL = 4.20x 10> mL

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.

i Ideal Gas Law

S

5.42

Given: n = 0.118 mol, P = 0.97 atm, and T =305 K Find: V
Conceptual Plan: n, P, T — V
PV = nRT

gy 0:118melx0.08206 ;mlm’; x 305 K
Solution: PV = nRT Rearrange to solve for V. V = 5P - 0.97 atm = 3.0L

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.

Given: 12,5 g argon or 12.5 g helium, P = 1.05 atm, and T =322 K Find: V
Conceptual Plan: g — nthenn, P, T — V

1 il 1 il =
39.95g ° 3.003g PV =nRT
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; 1mol Ar B
Solution: 12.58 A« x 3995 = 0.3128911 mol Ar P V = nRT Rearrange to solve for V.
0.3128911 mokAz x 0.08206 2 x 322
v=20 - s = 7.87L Ar
i) 1.05 atm ’
12.5gHex o T 3.122658 mol He PV = nRT Rearrange to solve for V
' 4003gHe & :
3.122658 iot-He x 0.08206 s x322K
pe BT Lk = 786LH
P 1.05 atm PR

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=100L, n = 0448 mol, and T =315 K Find: P
Conceptual Plan: n, V, T — P

PV = nRT
Solution:
L.
g 0-448mol x0.08206 ma“; x 315K
PV = nRT Rearrange to solve for P. P = v 1005 = 1.16 atm

Check: The units (atm) 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.

Given: V=15.0L, 32.7 g oxygen,and T =302 K Find: P
Conceptual Plan: g — nthenn P, T — V

rmlzfggi;,, PV = nRT
Solution: 32.7 56, 1molO; ) 151875 mol O, PV = nRT R to solve for P
0lu n: g e . = "t mo = earr. e 10 s0O1lve IOor I.
. *32.0070s & 2 ang
b-atm
1.021875 08206 302K
WRT 021875 el x 0.0 i

P v 50% = 1.688282 atm = 1.69 atm

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.

Given: V=285L,P=18atm,and T=298 K Find: n
Conceptual Plan: V, P, T — n

PV = nRT
, PV 1.8atmx 28.5b
Solution: P V = nRT Rearrange to solve for n. n = RT % 3m = 2.1 mol
0.08206 x 298 K
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.

Given: V=11.8L, P=13 atm, and # = 0.52 mol Find: T

Conceptual Plan: V, P,n — T
PV = nRT
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PV J ;
Solution: P V = nRT Rearrange to solve for T.T = — = LoMmSLSD = 360K

nRk L-atm
0.52 mol x 0.08206
— mel - 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 I, and a pressure of 1.3 atm, 360 K is reasonable.

Given: Py = 36.0 psi (gauge P), V;=1181,T; =12.0°C, V, =122 1, and T; = 65.0 °C
Find: P; and compare to Pp,,x = 38.0 psi (gauge P)

Conceptual Plan: °C — K and gauge P — psi — atm then Py, Vy, Ty, Vo, T, — P,
§ : 1atm PV, BN,
K=°C+273.15 psi = gauge P + 14.7 14.7 psi S waot

Solution: Ty = 12.0 °C + 273.15 = 285.2 K and T3 = 65.0 °C + 273.15 = 3382 K

1 atm
47psi 3.44898 atm
} B . latm
Prax = 38.0 psi(gaugeP) + 14.7 = 52.7 psi )(14.,7133i
Py _ PV, Vi T 1185 338.2K

T T Rearrange to solve for Pp. P, = Py V, T, = 3.44898 atm x 228X 2850K

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.

Py = 36.0 psi (gaugeP) + 14.7 = 50.7 psix

= 3.59 atm

= 3.96 atm

Given: P; = 748 mmHg, V, =285 L, Ty = 28.0 °C, P, = 385 mmHg, and T; =-15.0 °C  Find: V,

Conceptual Plan: °C — Kthen Py, Vy, Ty, Vo, T — Py
K =°C +273.15 P‘T'= P‘Tl:‘

Solution: T; = 28.0 °C + 273.15=301.2 K and T5 =-15.0 °C + 273.15 = 258.2 K

P,}—I:l = P;—‘:z Rearrange to solve for V,. V5, = V) g—; % = 285Lx Z;g X i?ii = 475L

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 (CO,) =28.8 g, P =742 mmHg, and T =22°C Find: V
Conceptual Plan: °C — K and mmHg — atm and g — mol thenn, P, T — V

K =°C + 27315 mme &fg{"g PV = nRT
1 atm
Solution: Ty = 22 °C + 273.15 = 295 K, P = 742 mmHg x 76.% = 0.976316 atm,
n=288% x 414rglolg = 0.654397 mol P V = nRT Rearrange to solve for V.
0.654397 el x 0.08206 = » 295 K
nRT - ‘K
V= = =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.

Given: 1.0 L of liquid N, w/d = 0.807 g/mL, T = 25.0 °C, P = 1.0 atm, and closetis .0 m x 1.0 m x 2.0 m

Find: V% of closet displaced by evaporated liquid

Conceptual Plan: °C — Kand L — mL — g — molthenn, P, T — Veyp

K =°C +273.15 m‘{nL“‘L d=mV 215??18 PV = nRT

thenl, w,h — Vet m® — cm® — L finally Vevaps Veloset —> % V displaced

(100em)® 4 \ ~ Vewp
V=lwh (1m]3 1000 mL % Vdisplaced = Voo

x 100%
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5.63 Given: m =388 mg, V=224 mL, T =55 °C, and P = 886 torr Find: M
Conceptual Plan: mg — gmL — L°C — Ktorr — atm then V,m — dthend, P,T — M
1
!ﬂf)(lgmg IOOIGI;J!L K=°C+23.15 ?Tél??::‘n ¢ :% 4 ZP_J;:!
lg 1L
ion: m = 38. =, V= =iz ) =55° -
Solution: m = 38 S‘mgxwoomg 0.0388 g 224?"”"1000m 0224 L T=55°C +273.15=328K
1 atm m _ 0.0388 g PM
= =1 =—-= = 0.173214 =1
P 886t05:x?60m 1.165789 atm d V " 0224L 0173214 g/L d RT
ey 0173214 % X 0.082{]6::4“% x 328 K
- mo
Rearrange to solve for M. M = B ™ 1165789 atm = 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=0.555g, V=117 mL, T =85 °C, and P = 753 mmHg Find: — M

Conceptual Plan: mL — L°C — KmmHg — atm then V,m — dthend, P,T — M

Too0mE. K="C+2315 750 mmig i = ¢ =
501uﬁon:v=117m{,x17.3;“—m =0117L T=85°C+(2J7:%155=358K

lam  _ _m_05%g _ _ M
P = 753 mmg x - = 09907895 atm d = {; = ;o = 47439 g/L d = =

« atm
274359 & x 0.08206 22, 355K

Re Sadive B Al e T e o K- ol = 141 g /mel
arrange to solve for M. M = —= = 0.9907895 atm = g/mo

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.

.P-a\{'tial Pressure

@

Given: Py, = 215 torr, Po, = 102 torr, Py = 117 torr, V=135L, and T = 25.0 °C
Find: PTotalr mNz, moz, MHe

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

K=°C +273.15 760 tors PV = nRT M
and Py, Po,, Pye = Protal
Prowt = P+ PO, + Pre
Solution: Ty = 25.0 °C + 273.15=2982 K, PV = nRT Rearrange to solve for n.
PV 1 0.2828947 atm x 1.35 %

atm
n = — Py, = 215 tore x = 0.2828947 atm ny, = - = 0.01560700 mol
RE b 0.08206 2T | o980 K
28.02 mol molrk
01560700 el x ——— "> = 0437gN
0.015607 X =3 g N,
1 afixi 2105  0.1342105atm x1.35% 0007404252
Po, —102?&5::{760 = 0.1342105 atm ngp, = & = 0.00740 mo
o 0.08206 >3 | 2082 K
y mol K
32.00 mo
i 20270 = 023780
0.007404252 el x == g0,
B = 1 e A (1550474 atm Gl IO DT
He = X = 0.153 a Nye = : = 0.00849 mo
760w 0.08206 22 + 2982 K
mol - K
0.008493113 mel x igoﬂ"—l = 0.0340 g He and

Proal = Pny+ Po, + Ppie = 0.283 atm + 0.134 atm + 0.154 atm = 0.571 atm or
Protal = PN,+ Po, + Phe = 215 torr + 102 torr + 117 torr = 434 torr
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Check: The units (g and atm) 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: Py, = 745 mmHg, PCOg =125 mmHg, P, = 214 mmHg, P02 =187 mmHg, V=120L,and T =273 K
Find: Py, and myg,
Conceptual Plan: Pryay, Pco, Par Po, = PiethenmmHg — atm then P, V, T — n then mol — g

— 4.003
Prowl = Peo,+ Pact B, + Pre 760 :uan V' =nRT 1 mcnl5

Solution: Pryy; = Pco,+ Part Po, + PHe Rearrange to solve for Pyye.
PHe = pTutal = PCC)2+ Pm-+ Poz =745 mmHg -125 I'I‘I.iIng -214 r_m:an - 187 mmHg =219 mmHg

1 atm PV
Phe = 219 imHg x 2 = (0.288 atm PV = nRT Rearrange to solve forn.n = ——

760 TmHg RT
4.003
T 3:’."3’;;2'% = 0.1543539 mol 0.1543539 el x 8 o 0618gHe
0.08206 X 273K
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.

Given: m (COp) =1.20 g, V =755 mL, Py, = 725 mmHg, and T = 25.0 °C  Find: Protal

Conceptual Plan: mL — Land °C — Kand g — moland n, P, T — Vthen atm — mmHg

1L . 1 mol 760 mmHg
momL  K=°C+27315 4401y PV iy Tatm

finally PCO;: PN; — Protal
Protat = Pco,+ P,

- B 1L ) . B
Solution: V = 755mk x 1000 mL 0.755L T=25.0°C+273.15=298.2 K,
n=120% x ;;gf lg = 0.0272665 mol, PV = nRT Rearrange to solve for P.
0.0272665 el x 0.08206 =2 2982 K
s PEL o = = ~ 0.883735 atm
v 0.755 & "
P 760 mmHg
CO; = UBS;?BGQmsx - = 672 mmHg o
Protal = Pco, + Pn, = 672 mmHg + 725 mmHg = 1397 mmHg or 1397?011::76;;; = 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.

Given: Ve = 275 mL, Py = 752 torr, Via, =475 mL, and Pya, = 722 torr  Find: Ppye, Poar, and Py
Conceptual Plan: Vyge, Viar — Vo Vy, Py, Vo — P then Paye, Popr = Prytal

Vike + Viar= V2 PiVy = PV, Protal = Patie + Paas
Solution: Ve + Viar = Vo = 275 mL + 475 mL = 750. mL, Py Vy = P, V; Rearrange to solve for P;.
% 275 mbL
1 1He
= =" - — = = 275.733 torr = 276 torr H
P, = P4 v, Poyge = Pine Vs 752 torr x 750, 5 orr orr He
Viar 475 i
Par = Piar —L—;z— = 722 torr x 750. = 457.267 torr = 457 torr Ar

Protal = Patie+ Paar = 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 (Np) =1.25g, m (02) =085g, V=155L,and T=18°C Find: YN, X0, PN, Po,
Conceptual Plan: g — mol then ny,, ng, — x¥n,and nn, np, — x0,°C — K

n ,
N Xoy = —— K=°C+273.15
My, + ne,

M = ny, + no,

thenn, V,T — P
PV = nRT
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1 mol 1 mol
W02y 0.0446110 mol, ng, = 0'853}(32-0{]3

N, 0.0446110 mol
ny, + Mo,  0.0446110 mol + 0.026563 mol

S B 2o vag = 0.373212 We can also calculate thi
X0 = G ¥ no, | 0.0446110mol + 0.026563mol oo o e can &iso calcwate this as
Xo, =1 — xn, =1 — 0.626792 = 0.373208 = 0.373 PV = nRT Rearrange to solve for P. P = E‘-E,l

b-atm
0.044611 mel x 0.08206———x 291K
= X h'tel-Kx

Pn, = = 0.687 atm

% 1.55%
K-atm
02 mel x 0.08206——— x 291K
0.026563 mel x 0.08 XX

= 155% = 0.409 atm

"he units (none and atm) are correct. The magnitude of the answers makes sense because the mole
-1ld total 1 and since the weight of N is greater than O,, its mole fraction is larger. The number
so we expect the pressures to be <1 atm, given the V (1.55 L).

Solution: ny, = 1.25§x = 0.026563 mol,

T=18°C+27315=291K, xn, = = 0.626792 = 0.627,

M) =10.0g,T=273K,and P=1.00atm Find: yp, and V;,
Cos.. o) Yo,and g = mol — Vg, = V;,
. 5 lmol  22.414L 100Lair
& D 3200g imol 21LO:
Solution: from Table 5.5 70+ _ % 21%x 100%

1mel 22414L 1 100 L air
100% x 32.003" T 700L Vo, finally 7.00 T6s x 26,
Check: The units (none and L) are correct. The magnitude 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 O, and so over a mole of air.

=021 = X0,

= 33 L air

Given: T = 30.0 °C, Ppya) = 732 mmHg, and V =722 mL  Find: Py, and my,
Conceptual Plan: T — Py,0 then Py, Pyo — Pp,then mmHg — atm and mL — L

latm 1L
Table 5.4 Prowar = Pryo + By, 760 mmHg 1000 mL

and °C — KP,V,T — nthenmol — g
2.0l6g
K=°C +273.15 PV =nRT Tmol
Solution: Table 5.4 states that at 30° C, Py,0 = 31.86 mmHg  Protal = Ph,0 + Ph,
Rearrange to solve for Py,. Py, = Protal — Pr,0 = 732 mmHg - 31.86 mmHg = 700. mmHg

1 atm
Py, —700.?0:-&43)(760 = 0.921052 atm V—722mL.meUm = 0.722 L,

T=30.0°C +273.15=3032K, PV = nRT Rearrange to solve forn. n = %

0.921052 atm x 0.722 B 2016 g
ny, = 0 = 0.0267277 mol then 0.0267277 mel x I
0.08206 x303.2K
mol *

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.

= 0.0539 g H,

Given: T =25 °C, V =545 L, and Pry, = 745 mmHg  Find: n
Conceptual Plan: T — Py, then Pyypp, P,o — Pajrthen mmHg — atm and °C — K

latm
Tuble 5.4 Protar = Piyo + Pair ?'W;W K =°C +273.15

PV, T—n
PV =nRT
Solution: Table 5.4 states that at 25°C Pyj,q = 23.78 mmHg Pryga) = Pii,0 + Pajr Rearrange to solve for

Pair. Pair = Protal — Pr,0 = 745 mmHg — 23.78 mmHg = 721 mmHg
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1 atm
Py = 721 Mg T ye—— 0.948684 atm T =25°C +273.15=298K, PV = nRT
PV 0.948684atmx 545b
Rearrange to solve for n. n = RT = ¥ = 0.211 mol
0.08206 x 298 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.

Given: T = 25 °C, Py = 748 mmHg, and V = 0951 L Find: Py, and my,

Conceptual Plan: T — Py, then Py, Py,o — Py, then mmHg — atmand mL — L

latm 1L
Table 5.4 Prow1 = Pu,o + Ry, 760mmHg 1000 mL

and°C — KP,V, T — nthenmol — g

2.016g
K=°C+27315 PV =nRT Tl

Solution: Table 5.4 states that at 25° C, Py,0 = 23.78 mmHg Pyl = Ph,o + Ph,
Rearrange to solve for Py,. Py, = Protal = Pr,0 = 748 mmHg — 23.78 mmHg = 724 mmHg

1 atm
Py, = 724 ———— = (.952632 T=25°C+273.15 = 29, V=
H, Em'ngx760 0.952632 atm +27315=29K, P nRT

PV 0.952632 atm x 0.951 &

Rearrange to solve for n. ny, = RT ~ = k- = 0.0370474 mol
0.08206 x298 K
mol - K

0.0370474 mel x — 8 _ o077 g Hy

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.

Given: m (Oy) = 2.0 g, m (He) = 98.0 g, Pryta; = 8.5 atm Find: Pg,
Conceptual Plan: g — mol then ng,, nge — Yo, then xo, Pra — Po,
"oy

M XOs=— Po,=Xo,Protal
ng, + MHe
Solution: np, = 2.0 5 x 312r3§lg = 0.0625 mol, ne = 98.0%x 41 0‘:]];15 = 24 .4816 mol,

no, 0.0625 mol
XO,= = =0.0025464+
no, Tige  0.0625 mol+24.4816 mol .
Po, = x0,Protal = 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

2
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Given: m (C)=15.7 g, P=1.0atm, and T = 355 K Find: V
Conceptual Plan: g C — mol C — mol H, then n (mol Hy), P, T — V

Lmol _ 1molH, .
12.01gC T molC PV = nRT

1motC 1 mol Hj
12.015€ " 1mokC

Solution: 15.7 g€ x = 1.30724 mol Hy, PV = nRT Rearrange to solve for V.

130724 el x 0.08206 =2 » 355K
nRT = .

&= = =38 L
v P 1.0 atm

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.

Given: Vg, =14 L, T =315 K, Pp, = 0.957 atm  Find: g F,0
Conceptual Plan: P(mol O,), V(mol O,), T — n(mol O,) then mol O, — mol H,O — g H,0
2mol H,0 18.02g H,0
PV =nRT TmolO; Tmol FO
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P 957 atm x 1.
Solution: P V = nRT Rearrange to solve for n. n = ¥ o =0 = 0.051832 mol O,
RT L-atm =
0.08206 — X 315K
2 motH-Q  18.02 g H,0
0.051832 TrrokQs X 8 19510

1motQs 1 motH.0
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 (CH3;0OH) = 25.8 g, and Find: Vi, and Vo
Conceptual Plan: g CH;0H — mol CH;0H — mol H; and mmHg — atm and °C — K

1molCH,OH 2molH,
R4 gCl—?;OH Tmol CH30H ?aol:::Hg K=°C+273.15
then n (mol Hy), P, T — Vand mol H; — mol CO then n (mol CO), P, T — V
PV = nRT l—zﬁ";%%? PV = nRT
1 mot€H;eH 2mol H
Solution: 25.8 g CHZOH x 3234 5 CH,OH X 1 mn;%éi = 1.61049 mol Hy,
1 atm
Py, = 748 MmHg xm%—a = 0984211 atm, T = 86 °C + 273.15 = 359 K, PV = nRT
1.61049 mel x 0.08206 oS x 359K
R D edlB e W= Tk Wiy & — el B =482 LH
earrange 1o so ve 1o . P H; 098&211 e — 4 5
e 0.80525 ol x 0.08206 ——= 350K
13 ————— = ().80525 ? = =24,
1.61049 Mok, x - 525 mol CO, Vo YT 241LC

Check: The units (L) are correct. The magnitude of the answer (48 L and 24 L) makes sense because we h.
more than one mole of hydrogen gas and half that of CO and so we expect significantly more than 22 L +
hydrogen and half that for CO.

Given: P =782 mmHg, T =25 °C, and m (Al) =53.2g Find: Vo,
Conceptual Plan: g Al — mol Al — mol O, and mmHg — atm and °C — K then
1 mol Al smalQ, 1atm

26.98gAl 4mol Al 760mmHg K=°C+27315
n(mol Oy), P, T — V
PV = nRT

: 1motAl  3mol O,

Solution: SS'ZM’(%.‘)B 2 = 1.478873 mol Oy,
1 atm

= —_— =1 =25%* 27315=298K,PV = -

Po, 782imanx760 ! 1.028947 atm, T = 25 °C + 273.15 8 K nRT
1.478873 el x 0.08206 =2 » 208K
R GV gy e o i -k =351L
earrange to solve for V. Vg, = P 1.028947 atm = 35. Oy

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: Vyy, — mol N, — mol NaN; — g NaN;
1molN, 2molNaN, 65.03 g NaN,
22 4T4LN; 3molN; TmolNaN;

1motN, 2 moHNaNg 65.03 g NaN3
Solution: 11.8 TNs x X X B = 22.8 g NaNj
22414TN: 3mokNs 1 molNaNg

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 NaN; and so we expect significantly

less than 65 g.




