Solutions to the Extra Problems for Chapter 10

1. The temperature is 298.2 K. To convert to Kelvin, we use Equation (10.4):

K=°C + 273.15= 25.0 + 273.15 = 298.2
Since we are adding, the significant figures are determined by precision. 25.0 is the least precise
number, because its last significant figure is in the tenths place. Thus, the answer must be to the

tenths place as well.

2. The temperature is -78 °C. To convert between Kelvin and Celsius, we use Equation (10.4):

K=°C + 273.15
195 = °C + 273.15
°C =195 -273.15 = -78°C

Since 195 has its last significant figure in the ones place, the answer must have its last significant
digit in the ones place.

3. The volume is 86.5 ml.. Since the temperature doesn’t change, T, and T, are the same. That
means they cancel in the combined gas law. Since 567 torr and 149.6 mL go together, we will call
them P, and V,. That means 981 torr is P,

Pl ’V1 Pz ’Vz
+ +

(567 torr)-(149.6 mL) = (981 torr)- V,

Dividing by 981 torr solves for V..

_ (567 4o+ (149.6 mL)
981 +ote

v, = 86.5 mL

4. The volume is 23.7 I.. Since pressure doesn’t change, P, and P, cancel out in the combined gas
law. The volume of 16.7 liters goes with 25.0 °C, so those are V, and T,. This makes 150.0 °C T,.
However, we need to convert both those temperatures to Kelvin first.

K=°C + 273.15= 25.0 + 273.15 = 298.2

K=°C + 273.15= 150.0 + 273.15 = 423.2

'PT’V1 _'Pi’vz
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167L
2982 K 4232K

Multiplying by 423.2 K solves for V,:

_1671L

27 20824

[(423.24€) = 23.7 L

5. The volume is 140 liters. In this problem, nothing is held constant. The volume of 15.6 liters
goes with 25.0 °C and 1.01 atm, so those are V,, T}, and P,. That means -12.1 °Cis T,and 0.10 atm
is P,. Before we use the combined gas law, however, the temperatures must be in Kelvin.

K=°C + 273.15= 25.0 + 273.15

298.2
K=°C + 273.15= -12.1 + 273.15

261.1

(1.01atm)-(15.6 ) _ (0.10 atm)- V,
2982 K 261.1K

Multiplying by 261.1 K and dividing by 0.10 atm solves for V,:

1.01-a¢mm) - (15.6 1) - (261.14€
y, = (L0 (156 1) QOL1H oy
298.24€- (0.10 atsn)

6. There are 0.0249 moles of water vapor. The Ideal Gas Law relates moles to pressure, volume,
and temperature, but the units need to be atm, liters, and K:

745 tore 1 atm

=0.980 atm
1 760 +ose
615k ><O.OOl L 0615 L
1 1

K=°C + 273.15= 215 + 273.15 = 294.7

Now we can use the Ideal Gas Law:

PV = nRT

L.
(0.980 atm)- (0.615 L) = n-(0.0821 ﬂj -(294.7 K)

mole - K



To solve for n, we need to divide both sides by 0.0821 (I-atm)/(mole-K) and 294.7 K:

(0.980 et - (0.6154)
+ ot

= 0.0249 moles

n=

(0.0821 j-(294.7 )

mole -

7. The volume is 151 I.. There is no relationship among grams, volume, pressure, and temperature
for a gas, but the Ideal Gas Law relates moles, volume, pressure, and temperature, as long as
pressure is in atm and temperature is in K. Thus, we must get from grams to moles and convert the
pressure and temperature to the right units.

1000 gNHy 1 mole NH,
1 17.04 s

= 5.869 moles NH;

869-terr->< 1 atm
1 760 tost-

=1.14 atm

K=°C + 273.15= 845 + 273.15 = 357.7

PV = nRT

L-atm
(1.14 atm)- (V) = (5.869 moles)-(0.0821 —j -(357.7 K)
mole - K
Dividing by 1.14 atm solves for V:
L - ater
(5.869 #meles) - (0.0821 'Kj -(357.74)
V= : =151 L
1.14 etxn

8. There are 22.5 L. of hydrogen gas produced. If we want to get the volume of hydrogen, we will
need to figure out the moles of hydrogen. We can get that by doing stoichiometry.

25.0 &=Me  1mole M
X mole V8 _ 1.03 moles Mg
1 24.31 a=Mea

Now we can use the chemical equation to convert to O,

1.03selesMe 1mole H
. leoe 2 =1.03 moles H,

We now have moles for the Ideal Gas Law, but we need to convert the temperature to Kelvin:



K=°C + 273.15= 25.0 + 273.15 = 298.2

PV = nRT

L -atm

(1.12 atm)- (V) = (1.03 moles)-(0.082l j-(298.2 K)

mole- K

Dividing by 1.12 atm solves for V:

L - srbeoer
(1.03 snetes) - (0.0821 j -(298.249
saote I«

V= =225L

1.12 atmm

9. She will need 9 I.. We could use the Ideal Gas Law, but since the things we are interested in are
both gases, we can just use Avogadro’s Law and allow the chemical equation to give us the
relationship between the volumes.

6-l-i-fe-1=s—N-H7X 3 litersH, — 9 liters H
1 2 HtersNHy ?

10. The mole fraction of hydrogen is 0.675, and the mole fraction for nitrogen is 0.325. The mole
fraction is related to the partial pressure and total pressure. We have the partial pressures, so we just
have to get the total pressure:

P = 715 torr + 345 torr = 1.060x10° torr

total

P

total

715 +oxs-
= 3 =0.675
1.060x10° +o+e=

thdrogen

345 ceme
1.060x 10> <ot

=0.325

nitrogen

11. The partial pressures are 1.4 atm for argon, 2.4 atm for hydrogen, and 1.2 atm for nitrogen.
Equation (10.9) allows us to figure out the partial pressure of each gas if we know the mole fraction.
That’s our first step.

moles of componenta

Xa = . .
total moles in the mixture

Total moles in the mixture = 0.54 moles + 0.92 moles + 0.45 moles = 1.91 moles



_0.54 moles

argon =0.28
8 1.91 meles
0.92 metes
thdrogcn = 191—] =0.48
_OdSmolkes

nitrogen 1.91 }

We can now get the partial pressures from the total pressure:

P =X, P

a a total

P, gon = (0.28)-(5.1atm) = 1.4 atm
Pyydrogen = (0.48)-(5.1atm) = 2.4 atm
Pivogen = (0.24)-(5.1atm) = 1.2 atm

12. The chemist made 0.0512 moles. We can’t use the Ideal Gas Law immediately, because the gas
is collected over water. Thus, it is a mixture of hydrogen and water vapor. To subtract out the
water vapor, we need the vapor pressure of water at 30.0 °C. The table on page 311 says it is 31.8
torr. However, to use the Ideal Gas Law, that has to be in atm.

31.8-&0&-)( 1 atm
1 760 toxs—

=0.0418 atm

The pressure given is the total pressure. According to Dalton’s Law of Partial Pressure:

0.921 atm = 0.0418 atm + P,
P gen = 0.921 atm — 0.0418 atm = 0.879 atm
To use the Ideal Gas Law, temperature must be in Kelvin.

K=°C + 273.15= 30.0°C + 273.15 = 303.2

PV = nRT



L -atm

(0.879 atm)-(1.45 L)) = n-(0.0821 j-(303.2 K)

mole - K

To solve for n, we need to divide both sides by 0.0821 (I-atm)/(mole-K) and 303.2 K:

(0.879aes) - (1.45 4
+ —atar

= 0.0512 moles

n=

(0.0821 j-(303.2 )

mole - &
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