Equilibrium Worksheet MC Practice Problems



AP Chem

For each of the following Multiple Choice questions, select the best option from those provided.  Also, show work to prove why you chose that answer as the best option.

For questions 1-6, consider the reaction:

Fe2O3 (s) + 3 H2(g) ( 2 Fe(s) + 3 H2O (g) 

ΔH= 15 kJ

1. The equilibrium concentrations under certain conditions were found to be [H2O] = 1.0 M   [H2] = 2.5 M. What is the value for Kc?

(A) 0.40

(B) 0.064

(C) 15.6

(D) Insufficient information to calculate.

2. Kp is

(A) less than Kc.

(B) greater than Kc.

(C) equal to Kc.

(D) insufficient information to calculate.

Use the following choices for questions 3-6:

(A) Shift left

(B) Shift right

(C) No change

(D) Not possible to predict to indicate the effect of each of the following stresses on the position of this system at equilibrium

3. Decrease the volume of the container.

4. Add Fe2O3(s)

5. Remove H2O(g)
6. Increase the temperature.

7. For the reaction:
4 NH3 (g) + 5 O2(g) ( 4 NO (g) + 6 H2O (g), 

ΔH is negative. The position of this equilibrium would be shifted to the left by

(A) Removing NO (g).

(B) Adding O2 (g).

(C) Increasing the pressure by decreasing the volume of the container.

(D) Decreasing the temperature.

(E) None of these.

8. Calculate the equilibrium constant for the following reaction: 2A (g) ( B (g) + 3 C(g), 
given that a 1.0 L vessel was initially filled with 5.0 atm of pure A and the partial pressure of gas A was found to be 3.5 atm at equilibrium.

(A) 11.1 atm2
(B) 0.70 atm2
(C) 3.8 atm2
(D) 0.48 atm2
(E) None of these

9. Increasing the volume of the reaction vessel in question 8 would have what effect?

(A) Increase the equilibrium constant.

(B) Force the reaction to proceed to the right.

(C) Force the product ratio [C]/[B] to be greater than 3.

(D) Only (A) and (B) are correct.

(E) (A), (B), and (C) are correct.

KEY: For questions 1-6, consider the reaction:

Fe2O3 (s) + 3 H2(g) ( 2 Fe(s) + 3 H2O (g) 

ΔH= + 15 kJ

1. The equilibrium concentrations under certain conditions were found to be [H2O] = 1.0 M   [H2] = 2.5 M. What is the value for Kc?

Kc = [H2O]3 / [H2]3 = (1.0)3 / (2.5)3 = 0.064

a. 0.40

(B) 0.064

(C) 15.6

(D) Insufficient information to calculate.

2. Kp is

Kp = Kc (RT)n = 0.064 (RT)0 = 0.064 x 1 = 0.064

a. less than Kc.

b. greater than Kc.

c. equal to Kc.

(D) insufficient information to calculate.

Use the following choices for questions 3-6:

(E) Shift left

(F) Shift right

(G) No change

(H) Not possible to predict to indicate the effect of each of the following stresses on the position of this system at equilibrium

3. Decrease the volume of the container. C
4. Add Fe2O3(s) C
5. Remove H2O(g) B
6. Increase the temperature. Reaction is endothermic, so heat is a reactant. B
7. For the reaction:
4 NH3 (g) + 5 O2(g) ( 4 NO (g) + 6 H2O (g), 

ΔH is negative. The position of this equilibrium would be shifted to the left by

a. Removing NO (g).

(B) Adding O2 (g).

(C) Increasing the pressure by decreasing the volume of the container. 9 ↔ 10 moles

(D) Decreasing the temperature.

(E) None of these.

8. Calculate the equilibrium constant for the following reaction: 2A (g) ( B (g) + 3 C(g), 
given that a 1.0 L vessel was initially filled with 5.0 atm of pure A and the partial pressure of gas A was found to be 3.5 atm at equilibrium.

	


	A (g)
	B (g)
	C  (g)

	Initial
	5.0 atm
	0 atm
	0 atm

	Change
	- 2 X = - 1.5 atm
	+ X
	+ 3 X

	Equilibrium
	3.5 atm
	0.75
	3x .75


a. 11.1 atm2
(B) 0.70 atm2
(C) 3.8 atm2
(D) 0.48 atm2
(E) None of these

9. Increasing the volume of the reaction vessel in question 9 would have what effect?

a. Increase the equilibrium constant.

(B) Force the reaction to proceed to the right.

(C) Force the product ratio [C]/[B] to be greater than 3.

(D) Only (A) and (B) are correct.

(E) (A), (B), and (C) are correct.
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1. For the system 2 SO2(g) + O2(g) ( 2 SO3(g) , ∆H is negative for the production of SO3. Assume that one has an equilibrium mixture of these substances. Predict the effect of each of the following changes on the value of the equi​librium constant and on the number of moles of SO3 pre​sent in the mixture at equilibrium. Briefly account for each of your predictions. (Assume that in each case all other factors remain constant.)

(a) Decreasing the volume of the system.

(b) Adding oxygen to the equilibrium mixture.

(c) Raising the temperature of the system.

2. Ammonium hydrogen sulfide is a crystalline solid that de​composes as follows:

NH4HS(s) ( NH3(g) + H2S(g)
(a) Some solid NH4HS is placed in an evacuated ves​sel at 25˚C. After equilibrium is attained, the total pres​sure inside the vessel is found to be 0.659 at​mo​sphere. Some solid NH4HS remains in the ves​sel at equilibrium. For this decomposition, write the ex​pression for KP and calculate its nu​merical value at 25˚C.

(b) Some extra NH3 gas is injected into the vessel con​taining the sample described in part (a). When equi​librium is reestablished at 25˚C, the partial pressure of NH3 in the vessel is twice the partial pressure of H2S. Calculate the numerical value of the partial pressure of NH3 and the partial pres​sure of H2S in the vessel after the NH3 has been added and the equilibrium has been reestablished.

(c) In a different experiment, NH3 gas and H2S gas are introduced into an empty 1.00 liter vessel at 25˚C. The initial partial pressure of each gas is 0.500 atmo​spheres. Calculate the number of moles of solid NH4HS that is present when equi​librium is estab​lished.

3. Sulfuryl chloride, SO2Cl2, is a highly reactive gaseous compound. When heated, it decomposes as follows: SO2Cl2(g) (SO2(g) + Cl2(g). This decomposition is en​dothermic. A sample of 3.509 grams of SO2Cl2 is placed in an evacuated 1.00 litre bulb and the tempera​ture is raised to 375K.

(a) What would be the pressure in atmospheres in the bulb if no dissociation of the SO2Cl2(g) occurred?

(b) When the system has come to equilibrium at 375K, the total pressure in the bulb is found to be 1.43 at​mospheres. Calculate the partial pressures of SO2, Cl2, and SO2Cl2 at equilibrium at 375K.

(c) Give the expression for the equilibrium constant (either Kp or Kc) for the decomposition of SO2Cl2(g) at 375K. Calculate the value of the equilibrium con​stant you have given, and specify its units.

(d) If the temperature were raised to 500K, what ef​fect would this have on the equilibrium constant? Ex​plain briefly.

KEY to FR Practice:

1. (a)
As volume decreases, pressure increases and the re​action shifts in the direction of fewer molecules (less volume; more SO3) to relieve the stress. Value of Keq does not change.

(b)
Additional O2 disturbs the equilibrium and SO3 is formed to relieve the stress. Value of Keq does not change.

(c)
Increase in temperature shifts the reaction to the left to “use up” some of the added heat. Less SO3 re​mains. Value of Keq decreases due to the relative greater increase in the rate of the endothermic re​ac​tion (reaction to the left).

2. (a)
KP = (PNH3)(PH2S)


PNH3 = PH2S = 0.659/2 atm = 0.330 atm


KP = (0.330)2 = 0.109

(b)
PNH3 = 2 PH2S

(2x)(x) = 0.109 ; x = 0.233 atm = PH2S

PNH3 = 0.466 atm

(c)
Equilibrium pressures of NH3 and H2S are each 0.330 atm. Amounts of each NH3 and H2S that have reacted correspond to (0.500 - 0.330) = 0.170 atm.


n = mol of each reactant = mol of solid product
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3. (a)



= 0.800 atm

(b)
PSO2Cl2 = (0.800 - y) atm


PSO2 = PCl2 = y atm


PT = PSO2Cl2 + PSO2 + PCl2

1.43 atm = (0.800 - y + y + y) atm


y = 0.63 atm = PSO2 = PCl2

PSO2Cl2 = (0.800 - 0.63) atm = 0.17 atm

(c)



(d)
Heat is absorbed during the dissociation and so K500 > K375. A stress is place on the system and K in​creases, which reduces the stress associated with the higher temperature.
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