Chapter 6: Chemical Equilibrium

1. Given the two reactions shown with their equilibrium constants,

PCls(g) + Cl(g) == PCls(g) Ki

2NO(g) + Cly(g) =— 2NOCI(g) K
What is the equilibrium constant for the reaction,

PCIs(g) + 2NO(g) == PCls(g) + 2 NOCI(g)

a. KiKs

* h. Ko/Ky (flip first equation and added to the second equation)

C. K1/K2

d. (KiK't

e. Ky-Kq

2. The equilibrium constant for the reaction, Hx(g) + 1x(g) = 2 HI(g) is 54.9 at

699.0 K. What is the equilibrium constant for 4 HI(g) = 2 Hj(g) + 2 I(g) under
the same conditions?
a. 109.8
b. 0.00911
* ¢, 0.000332 K;= (1/Ky)?*= (1/54.9)* =3.32 x 10™ = 0.000332
d. -109.8
e. 0.0182

3. Using this data,
2NO(g) + Cl(g) == 2NOCI(g) Ke =3.20x10°
2NOx(g) = 2NO(g) + O2A9) Ko= 155
Calculate a value for K. for the reaction,
NOCI(g) + %2 02(9) = NO(g) + % Cl(g)
a. 2.06 x 10™
b. 4.84 x 10
c. 0.223
* d.4.49 flip and multiply eq 1 by (1/2) then do the same for eq2. Add two eq.
e.202 K= (1/K)Y2. (1/K)Y? = (1/3.20 x 1032 x (1/15.5)%= 4.49

4. For which one of the following reactions is K, equal to K.? when An(gases) =0
a. 4NHs(g) +502(9) == 4NO(g) + 6H20(g)
b. C(s) + CO,(g) = 2CO(9g)

. BCO,(g) + 6H0(l) == C¢H1206(s) + 602(g)

d. CaCOs(s) == CaO(s) + CO,(g)

. H20(g) + C(s) == Ha(g) + CO(g)
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5. For the reaction, 250,(g) + 10,(g) = 2S0s(g), at 900.0 K the equilibrium con-
stant, K, has a value of 13.0. Calculate the value of K, at the same temperature.
a. 97.3 x 10°
* b. 0176 K, = K¢ (RT)*" =13 x (0.082 x 900)™* = 13/(0.082 x 900) = 0.176
c. 960
d. 0.00174
e. 0.077

6. Write the mass action expression for the following reaction:
4Cr(s) + 3CCl4(g) = 4CrCls(g) + 4C(s)

[C][crCly]
° " [cr][ccl,]

b. K _[C]A[CrCI3T

[cr]'[ccl, T
v c B _[ere T
[ccl, T

[CrCl; ]
°~ [ccl,]

a. K

e. K.=[CrCl,]*+[CCl,T

7. Consider the following system, which is at equilibrium,
CO(g) + 3H2(g) = CHa4(g) + H,0(9). (will shift to right side)
The result of removing some CHy(g) and H,0(g) from the system is that

* a.  more CHy(g) and H,O(g) are produced to replace that which is removed
b. K. decreases

c. more CO(qg) is produced
d. more H,O(g) is consumed to restore the equilibrium
e. more CHy(g) is consumed to restore the equilibrium

8. The following reactions have equilibrium values all measured at 500 K. Arrange them

in order of increasing tendency to proceed to completion (least completion — greatest
completion).
1) 2NOCI == 2NO+Cl, K,=1.7x 10f2

2) N0, == 2NO, Kp,=1.5x 10}

3) 2S0; == 2S0,+0, K,=13x10®

4) 2NO; == 2NO+0, K,=59x 108
a. 2<1<3<4

b.4<3<1<?2



c. 3<1<4<2
* d. 3<4<1<2 fromsmallerno to a larger one of K,
e. 4<3<2<1

9. The reaction, Q + 2 SO3(g) = 2 SO,(g) + O(g) is endothermic. Predict what
will happen if the temperature is increased.
a. K. remains the same
K. decreases
the pressure decreases
more SO3(g) is produced
K. increases T increase, reaction will shift to right side and K increase

® oo o

10. Consider the following system, which is at equilibrium,
CO(g) +3Ha(g) = CHa(g) + H20(g).
The result of removing some CHy(g) and H,0(g) from the system is that
* a. more CHy(g) and H,O(g) are produced to replace that which is removed
b. K. decreases

more CO(g) is produced

more H,O(g) is consumed to restore the equilibrium

more CHy(g) is consumed to restore the equilibrium
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11. The system, 2H,0(g) + 2Cl,(g) = 4HCI(g) + O(g), has a value of 8.00 for K.
Initially, the partial pressures of H,O(g) and Cl,(g) are set at 0.100 atm, while those of
HCI(g) and Oy(g) are set at 0.250 atm. Which statement below is true?
Q =(0.250)* /(0.1)*=39.06 , Q > K, Q must decrease, will shift to left side

a. Qp> K and the reaction proceeds to the right to reach equilibrium.

b. Qp < K, and the reaction proceeds to the left to reach equilibrium.

c. The reaction system is already at equilibrium.

* d. Qp > K, and the reaction proceeds to the left to reach equilibrium.
e. Qp <Kp and the reaction proceeds to the right to reach equilibrium.

12. A study of the system, 4NHs(g) + 702(9) = 2N,04(g) + 6H,0(g), was carried
out. A system was prepared with [NH3] = [O,] = 3.60 M as the only components initially.
At equilibrium, [N2O4] is 0.60 M. Calculate the equilibrium concentration of O,.
a. 3.00 M
b. 2.40 M
* ¢. 1.50M
d. 210 M
e. 3.30 M



4NHs(g) + 702(g) = 2N204(g) + 6H,0(g)

I 3.6 3.6 0 0

C 4x X 2X 6X

E 3.6-4x 3.6-7x 2X 6X
2x=0.6 x=0.3 3.6-7(0.3)=15M

13. For the reaction system, 2SO,(g) + O,(g) = 2S0s(g), the equilibrium
concentrations are: SOs: 0.120M  SO,: 0.860M  O,: 0.330M. Calculate the value of K, for
this reaction.

Kc = [SO3]* /[SO,]* [0,] = (0.120)? / (0.860)% (0.330) =0.05899

a. 1.31

b. 251
c. 0.423
d. 0.872
e. 0.0590
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14. At 1500 ‘C the system, 2NO(g) = Na(g) + O,(g), was allowed to come to
equilibrium. The equilibrium concentrations were: NO(g) = 0.00035 M, N»(g) = 0.040
M, and O(g) = 0.040 M. What is the value of K for the system at this temperature?

Kc = [N2] [O,] /[NOJ]? = (0.040) (0.040) / (0.00035)*= 13061=1.3 x 10*

a. 1.5x10°
b. 7.7 x 10°
c. 2.2x107
d. 4.6

* ¢ 1.3x10*

15. A chemical system is considered to have reached equilibrium when

a. the rate of consumption of each of the product species by the reverse reaction
is equal to the rate of production of each of the reactant species by the reverse reaction.

b. the sum of the concentrations of each of the reactant species is equal to the
sum of the concentrations of each of the product species.

* ¢. the rate of production of each of the product species is equal to the rate of

consumption of each of the product species by the reverse reaction.

d. the rate of production of each of the product species is equal to the rate of
consumption of each of the reactant species by the reverse reaction.

e. the rate of production of each of the product species by the forward reaction
is equal to the rate of production of each of the reactant species by the reverse reaction.



16. The system, 2NO(g) = Na(g) + O(g) was allowed to come to equilibrium at
1500 °C. The equilibrium concentrations were: NO(g) = 0.00035 M, N»(g) = 0.040 M,
and O,(g) = 0.040 M. What is the value of K, for the system at this temperature?
Kc = [N2] [0,] /[NOJ? = (0.040) (0.040) / (0.00035)*= 13061=1.3 x 10*

Ko, = K¢ (RT)*"=1.3 x 10" (0.082 x 1773)f7théA K, =K.=1.3x 10
2.2x10™
1.3x10™
1.9 x 10"
1.7
15
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17. A study of the system, 4 NHs(g) + 7 Ox(g) = 2 NyO4(g) + 6 H,O(g), was
carried out. A system was prepared with [NH3] = [O,] = 3.60 M as the only components

initially. At equilibrium, [N,O4] is 0.60 M. Calculate the value of the equilibrium
constant, K., for the reaction.

4NH3(g) + 702(9) = 2N,04(g) + 6H.0(Q)

| 3.6 3.6 0 0
C 4x X 2X 6X
E 3.6-4x 3.6-7X 2X 6X
2x=0.6 x=0.3 3.6-4(0.3) 3.6-7(0.3) 0.6 6x0.3
[ leq 2.4 15 0.6 1.8
K = (1.8)° (0.6)?/(1.5)" (2.4)* K=0.0216
a. 8.1
b. 0.0000093
c. 0.30
* d. 0.022
e. 3.3

18. Given the reaction, 2NO(g) + O,(g) = 2NO,(g) + Q, for which the enthalpy of
reaction is -118.9 kJ. Which one of the following actions will cause an increase in the
equilibrium concentration of NO(g) in a closed reaction chamber?
Will shift to the left by increasing T
a. adding more O,(g) through an injection nozzle
* b. increasing the temperature of the system
c. removing the NO,(g) from the system
d. increasing the pressure of the system while temperature is kept constant
e. adding a catalyst



