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18 · Equilibrium
UNIT TEST • PRACTICE
SECTION 1: A, B, OR C.  For each of the following descriptions, determine whether the reaction shifts to the right, shifts to the left, or has no shift from its equilibrium position. (1 point each)
NH4NO3 (s) 
[image: image1.png]


 2 H2O (g) + N2O (g) + heat

	
	A



B



C

	1. A catalyst is added.
	Left


Right

No Shift

	2. N2O (g) is removed.
	Left


Right

No Shift

	3. NH4NO3 (s) is added.
	Left


Right

No Shift

	4. The pressure is increased by decreasing the volume.
	Left


Right

No Shift

	5. The temperature is increased.
	Left


Right

No Shift


SECTION 2: MULTIPLE CHOICE.  Select the best answer choice for each question. (2 points each)

6. For the reaction system,
N2(g) + 3H2(g) [image: image2.bmp] 2NH3(g) + heat
the conditions that would shift this equilibrium to the right are

(A) high temperature and high pressure

(B) high temperature, pressure unimportant

(C) high temperature and low pressure

(D) low temperature and high pressure

(E) low temperature and low pressure

7. Consider the following equilibrium:
H2(g) + I2(g) [image: image3.bmp] 2HI(g)   (H =  40 kJ/mol
Which change will shift the equilibrium to the left?

(A) adding H2(g)

(B) increasing the temperature

(C) reducing the volume

(D) adding a catalyst

(E) removing some HI.
8. What would cause the change in the kinetic energy diagrams as shown?
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(A) increasing the (H

(B) decreasing the temperature

(C) increasing the surface area

(D) addition of a catalyst

(E) increasing the concentration of reactant

9. Which of the following does NOT influence the speed of a chemical reaction?

(A) concentration of reactants

(B) temperature

(C) surface area of solid reactant

(D) presence of a catalyst

(E) none of these

10. 
What distance corresponds to the activation energy for the reaction of X to Y?

[image: image6.png]Abasus Tet3zuszod
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(A) a

(B) b

(C) c

(D) d

(E) b + c

11. Which point/points remain unchanged if a catalyst is added to the reaction?

[image: image7.png]potential energy
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(A) a only

(B) b only

(C) a and e only

(D) c, d and e

(E) b and d only

12. Consider the reaction system, 

CoO(s) + H2(g) [image: image8.bmp] Co(s) + H2O(g).
The equilibrium constant expression is

	(A) 
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	(B) 
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	(C) 
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	(D) 
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	(E) 
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Questions 13-15:  Use the following reaction:

CH4 (g) + 2 Cl2 (g) 
[image: image14.png]


 CCl4 (ℓ) + 2 H2 (g) + heat

At 25°C, the value of Keq is 285.

In a particular experiment, some CH4 and Cl2 were placed in a container and were allowed to mix until equilibrium was established.

13. The equilibrium expression for this reaction is:

(A)  eq \f([CCl4][H2]2,[CH4][Cl2]2) 
(B)  eq \f([H2]2,[CH4][Cl2]2) 
(C)  eq \f([H2],[CH4][Cl2]) 
(D)  eq \f( [CH4][Cl2],[H2]2) 
(E)  eq \f([2 H2],[CH4][2 Cl2]) 
14. Which of the following changes to the equilibrium mixture would shift the reaction so that more H2 (g) would be produced?

I.
Add a catalyst

II.
Add Cl2 (g)

III.
Remove CCl4 (ℓ)

(A) I only.

(B) II only.

(C) I and III only.

(D) II and III only.

(E) I, II, and III.

15. Under which of the following conditions would we have the most CCl4 (ℓ) when equilibrium is established? (T = temperature, V = volume)

(A) T = 50°C

V = 2.0 L

(B) T = 50°C

V = 8.0 L

(C) T = 75°C

V = 5.0 L

(D) T = 100°C

V = 2.0 L

(E) T = 100°C

V = 8.0 L

16. 
Which of the following is/are true at equilibrium?

I.
The concentrations of the reactants and products are equal.

II.
The rates of the forward and reverse reactions are equal.

III.
The reaction has stopped.

(A) I only.

(B) II only.

(C) II and III only.

(D) I and II only.

(E) I, II, and III.

17. Which of the following lists acids in increasing strength?

HNO2 
[image: image15.png]


 H+ + NO2– 


Keq = 4.0 × 10–4
HCO2H 
[image: image16.png]


 H+ + HCO2–


Keq = 1.8 × 10–4
HC6H5O2 
[image: image17.png]


 H+ + C6H5O2–

Keq = 6.4 × 10–5
(A) HC6H5O2 < HCO2H < HNO2
(B) HC6H5O2 < HNO2 < HCO2H

(C) HNO2 < HCO2H < HC6H5O2
(D) HCO2H < HNO2 < HC6H5O2
(E) HNO2 < HC6H5O2 < HCO2H 


Questions 18-20: The graph below shows the concentrations of the reaction A (g) 
[image: image18.png]


 2 B (g) over time.


[image: image19]
18. At approximately what time is equilibrium established?

(A) 0 s

(B) 1 s

(C) 2 s

(D) 3 s

(E) 4 s

19. What is the value of the equilibrium constant, Keq, for this reaction A(g) 
[image: image20.png]


 2 B(g)?

(A) 0.25

(B) 0.40

(C) 0.80

(D) 3.2

(E) 4.0

20. If we started with equal concentrations of reactants and products, at equilibrium:

(A) [A] > [B]

(B) [A] ≈ [B]

(C) [A] < [B]

(D) [A] = 0

(E) It cannot be determined from the information given.

SECTION 3: FREE RESPONSE.  Show all your work, including listing the appropriate variables, the correct substitution of the formulas, and the final answer with the correct units to receive full credit.

21. Given the following reaction:
A ( B
The potential energy of A is –70 kJ, the potential energy of B is −40 kJ, and the activation energy is 50 kJ.

(a) Draw the Potential Energy graph, labeling A, B, the Transition State, Ea, and ∆H. (4 points)


[image: image21]
(b) What is the potential energy of the Transition State? (no work needed) (1 point)

(c) What is the value of ∆H? (Show your work.) (4 points)

This reaction is [ endothermic | exothermic ] because:

(d) The kinetic energy graph at 40°C is shown below.  Sketch the graph and shade in the collisions that result in a reaction if the temperature is lowered to 20°C AND a catalyst is added.  (4 points)


[image: image22]
22. 
Given the following reaction:

heat + HF (g) + H2O (ℓ) 
[image: image23.png]


 H3O+ (aq) + F– (aq)

(a) Write the equilibrium expression for this reaction. (2 points)
(b) The concentrations at equilibrium are:

[HF] = 0.25 M

[H3O+] = 0.0134 M

[F–] = 0.0134 M
Find the value of the equilibrium constant. (2 points)
(c) At equilibrium, this reaction is: (select one)
(1 point)
[ reactant-favored | product-favored | about equal reactants and products ].
23. Given the following reaction:

heat + N2O4 (g) + 2 H2 (g) 
[image: image24.png]


 N2H4 (g) + 2 O2 (g)

An experiment is performed by placing equal amounts of N2O4 (g) and H2 (g) in a 2.0 L container at 25°C.

(a) Write the equilibrium expression, Keq, for the reaction: (2 points)
(b) The value of the equilibrium constant, Keq, is 1.15 × 10–9.    

At equilibrium, this reaction is: (select one)
(1 point)

[ reactant-favored | product-favored | about equal reactants and products ].
(c) How can we tell when the reaction mixture has reached equilibrium? (2 points)
(d) Another experiment is conducted by placing equal amounts of N2H4 (g) and O2 (g) in a 2.0 L container at 25°C.  The value of Keq at equilibrium is (select one): [greater than | the same as | less than ] that of the first experiment. (1 point)
Answers:
	1.
C

2.
B

3.
C

4.
A

5.
A

6.
D

7.
B

8.
D

9.
E
10.
B

11.
C

12.
E

13.
B

14.
D

15.
A

16.
B

17.
A

18.
E

19.
D

20.
C

21.
(b)
−20 kJ


(c)
+30 kJ; endothermic because ∆H > 0

22.
(a)(b)
Keq = [H3O+][F−]/[HF] = 0.000718
(c)
Reactant-favored

23.
(a)
Keq = ([N2H4][O2]2) / ([N2O4][H2]2)

(b)
Reactant-favored


(c)
Concentrations (or other macroscopic property) are constant

(d)
same as


concentration (M)





time (s)





1





2





3





4





5





6





0





0.20





0.40





0.60





0.80





0





[B]





[A]





0





−10





−20





−30





−40





−50





−60





−70





−80





−90





−100





Reaction Progress





Potential Energy (kJ)





Kinetic Energy





# of Collisions





Threshold �Energy









_970280357.unknown

_1012871399.doc
[image: image1.bmp]

KE
















_1046136128.psd

_1012871354.doc
[image: image1.bmp]

KE
















_970280378.unknown

_970280300.unknown

_970280326.unknown

_970280216.unknown

