Non Sibi High School

Andover’s Chem 550/580: Advanced Chemistry

Chapter 15, Review Quiz 1 Answers

1

a. Write the K, and K, expressions for the reaction 3I5(s) + 3Cla(g) = ICI(1).

b. If K, = 1.19 x 10? for this reaction, calculate the equilibrium molarity of
chlorine gas.

a.

1
K. = T
[Cla]=
1
Ky = T
Pcy, 2
b.
3 1
119 % 10° = —
[Cly]2

[Cly] = 7.06 x 107" M

2

For the reaction $I5(s) + 3Cly(g) = ICI(l), the value of K, = 241. Calculate
the value of K, for the following reaction:

2IC1(1) = Ix(s) + Cla(g)

1 2
K, = <> =1.72x107°

3

a. Write the K. expression for the reaction 2Cr(s) + 3Ge** (aq) = 2Cr®** (aq) + 3Ge? " (aq).

b. Solid chromium metal is added to a solution containing the initial concen-
trations 0.30 M Ge**t, 0.86 M Cr®t, and 0.73 M Ge?T. When equilibrium is



reached, the molarity of Cr3* is found to be 0.68 M. Calculate the equilibrium
molarity of Ge?t and Ge** as well as K, for the reaction.

N [Cr32[Ge?H]?

b. Molarity of Cr3* decreases, so reaction goes left to reach equilibrium:

K. =

R) 2Cr(s) + 3Ge'f(aq) = 2Cr3T(aq) + 3Ge?T(aq)

I) 0.30 0.86 0.73
C) +3x -2x -3x
E) 0.30+3x 0.86-2x 0.73-3x

[Cr®F] = 0.68 = 0.86 — 2x
x = 0.090 M
[Ge*T] = 0.30 + 3(0.090) = 0.57M
[Ge?T] = 0.73 — 3(0.090) = 0.46 M
_(0.68)%(0.46)°

= 0.24
¢ (0.57)3

4

For the reaction 2CO(g) + O2(g) = 2C02(g), K, = 7.7. If a mixture initially
contains 0.79 atm CO, 0.67 atm O, and 0.21 atm COs, calculate the equilibrium
pressure of each gas and the total pressure at equilibrium.

(0.21)2

Qp = W = 0.11 < K, = 7.7, so goes right to reach equilibrium

R) 2CO(g) + O2(g) = 2COs(g)

I) 0.79 0.67 0.21
C) -2x -X +2x
E) 0.79-2x 0.67-x 0.214-2x
(0.21 + 2x)?
K,=77=
P (0.79 — 2x)2(0.67 — x)
x = 0.22atm

Pco = 0.79 — 2(0.22) = 0.35 atm
Po, = 0.67 — (0.22) = 0.45 atm
Pco, = 0.21 4 2(0.22) = 0.65 atm
Piotal = 0.35 + 0.45 4 0.65 = 1.45atm



5

a. Write the K, expression for the decomposition of liquid bromine trifluoride
to form bromine gas and fluorine gas:

2BrF3(1) = Bra(g) + 3F2(g)

b. After a 0.85 gram sample of liquid bromine trifluoride was placed in a 225
mL container and heated to 75°C, the total pressure at equilibrium was found
to be 0.68 atm. Calculate the equilibrium pressure of each gas and K, for this
reaction.

c. Calculate the mass of liquid bromine trifluoride present at equilibrium.

a.
K, = Pg,,Pr, ®
b.
R) 2BrF3(l) = Bra(g) + 3Fa(g)
I) 0 0
C) +x +3x
E) X 3x
Ptotal =0.68 =x+4 3x
x =0.17atm = Pg,,
Pr, = 3(0.17) = 0.51 atm
K, = (0.17)(0.51)® = 0.023
C.
0.51 atm x 225 2 mol BrF 136.9 g BrF
o~ 1000 0.004O2m01F2< ooy 3)( 36.9 8 Brls
0.0821 Latm (75 4 973) K 3mol Fy 1 mol BrF;

0.85 — 0.37 = 0.48 g BrF3 at equilibrium

6

Consider the reaction:
2K(s) + Cla(g) + 302(g) = 2KClO3(s) AH < 0

a. State whether the amount of chlorine gas present at equilibrium will increase,
decrease, or remain unchanged when each of the following occurs:

i. Helium gas is added at constant volume.

> = 0.37 g BrF3 reacted



ii. Oxygen gas is removed.

iii. The volume of the container is decreased.
iv. The temperature is increased.

v. Neon gas is added at constant pressure.
vi. A catalyst is added.

vii. Solid potassium metal is added.

i. Inert gas added with no volume change = no shift = amount of chlorine
gas unchanged (guideline 7a).

ii. Remove (g) reactant = shifts left = amount of chlorine gas increases
(guideline 2a).

ili. Volume of container decreases = shifts to side with fewer (g) moles.
There are fewer (g) moles on the right (4 = 0), so shifts right = amount of
chlorine gas decreases (guideline 4b).

iv. Temperature increases = shifts in endothermic direction = shifts left =
amount of chlorine gas increases (guideline 8a).

v. Inert gas added with no pressure change = volume increases = shifts
to side with more (g) moles = shifts left = amount of chlorine gas increases
(guideline 7b).

vi. Add catalyst = no shift = amount of chlorine unchanged (guideline 6).

vii. Add (s) product = no shift = amount of chlorine gas unchanged (guide-
line 3a).

b. Of the changes above, which will change the value of K. and K, and will
K. and K, increase or decrease?

Only a temperature change will change the value of K. and K. Reaction
shifts left when temperature is increased, so K. and K;, decrease.

7

If K, = 0.29 at 35°C for the reaction NH4HS(s) = H2S(g) + NHs(g), calculate
K. for the reaction at 35°C.

Do not include solid:
0.29 = K.(0.0821 x 308)(1+1)~0=2
K,=45x10"*

8

If K. = 3.65 x 10% at 425°C for the reaction Oz(g) + 2S04(g) = 2S03(g), cal-
culate AG® for the reaction at 425°C.

K, = 3.65 x 10%(0.0821 x 698)2~(1+2="1 — .37 x 10*



AG® = —8.31J/mol - K(698 K)In(6.37 x 10*) = —6.42 x 10* J/mol = —64.2kJ/mol

9

If AG® = 14.0kJ /mol at 45°C for the reaction PbCly(s) = Pb** (aq) + 2C1~ (aq),
calculate K, for the reaction at 45°C.

1.40 x 10* J/mol = —8.31 J/mol - K(318 K)InK,
K. = 0.00500

10

Given that K, = 0.0094 at 175°C for the reaction below, estimate K for the
reaction at 222°C:

1
NO,(g) = NO(g) + 502(g) AH® = 57kJ/mol

Keq = K,
LK)y 5.7 % 10*J/mol - K (1 1
0.0094  8.31J/mol-K 448K 495K

(Kp)2 = 0.040 at 222°C

11

The normal boiling point of acetone is 56°C. If AHY, i, ation = 31.2 kJ/mol for

acetone, estimate the vapor pressure of acetone in mmHg at 41°C.

At normal boiling point 56°C, vapor pressure of acetone = 760 mmHg;:

o P2 _312x10*J/mol-K /1 1
760mmHg  8.31J/mol - K 329K 314K

Py = 441 mmHg = vapor pressure of acetone at 41°C

QO8O

This work is licensed under a
Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License
Contact: kcardozo@andover.edu



http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en_US

