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1. The dissociation of XY molecules, as shown below, occurs at a temperature of 800 K. The rate constant, k = 6.0 x
10° s,

2XY e 7 Xag * Yar
What is the reaction order?

A)0
B)1
02
D)3
E) 4

2. For a first-order reaction of half-life 75 min, what is the rate constant in min™'?

A) (0.693)/75
B) (0.693)/1.25
C) (0.693)(75)
D) 75/(0.693)
E) 0.693

3. For the chemical reaction, PCls )+ Cly (o) €= PCls (o), AHO = -92.6 kJ
Which conditions favor maximum conversion of the reactants to product?

A) high pressure and high temperature
B) high pressure and low temperature
e C) low pressure and low temperature
D) low pressure and high temperature
E) adding a catalyst
4. Which of the following equilibrium constants indicates that its corresponding reaction goes nearly to completion?

2

A)K,=1.0x10?
B)K.=1.0x10"*
C)K.=1.0

D)K,=1.0x 10
E)K.=1.0x 10*

5. Ammonia is placed in a flask and allowed to come to equilibrium at a specified temperature according to the
equation.

3Ha () + Na € 2NH;

Analysis of the equilibrium mixture shows that it contains 3.00 atm NH; and 1.00 atm N,. What is the value of the
equilibrium constant, K,?

A)0.333
B)27
€)3.00
D) 0.25
E)0.50



[image: image2.jpg]6. The mechanism below has been proposed for the reaction of CHCl; with Cl,.
Step I: Cl, =22 Cl(g) fast
Step 2: Cl(g) + CHCly(g) — CCli(g) + HCI(g) slow
Step 3: CCli(g) + Cl(g) — CCly(g) fast

Which of the following rate laws is consistent with this mechanism?

Rate = £[Cl,]

Rate = K[CHCL][Cl,]
Rate = K[CHCl,]
Rate = A{CHCL)/[Cl,]
Rate = {{CHCL][Cl,]"?

MO W

7. For the following reaction: NO,(g) + CO(g) — NO(g) + CO(g), the rate law is: Rate = k[NO,]* If a small amount of
gaseous carbon monoxide (CO) is added to a reaction mixture that was 0.10 molar in NO, and 0.20 molar in CO, which of
the following statements is true?

Both & and the reaction rate remain the same.

Both & and the reaction rate increase.

Both k and the reaction rate decrease.

Only & increases, the reaction rate remains the same.
Only the reaction rate increases; k remains the same.

mO oW

8. The table below gives the initial concentrations and rate for three experiments.

INITIAL RATE OF
INITIAL | INITIAL | FORMATION OF
ol [l COCk mol L'
EXPERIMENT| {mol L") | (mol L") | min")
1 0200 | 0000 | 39x 107

5]

0.100 | 0200 | 39x1077
0.200 | 0200 | 781077

(&3]

The reaction is CO(g) + Cly(g) — COCl,(g). What is the rate law for this reaction?

Rate = £{CO]

Rate = k[COJ*[Cl,]
Rate = [Cl,]

Rate = k{CO][CL,J*
Rate = £k[CO][Cl;]

Mmoo

9. When the concentration of H'(aq) is doubled for the reaction H,O,(aq) + 2 Fe’(aq) + 2 H'(aq) — 2 Fe*"(aq) + 2
H,0(g), there is no change in the reaction rate. This indicates

the H' is a spectator ion

the rate-determining step does not involve H”
the reaction mechanism does not involve H"
the H' is a catalyst

the rate law is first order with respect to H"

mo oW

10. Consider the following reaction at equilibrium.
2C0,(g) €2 2CO(g) + Ox(g) AH® =-514 kJ



[image: image3.jpg]—e Chatelier's principle predicts that the equilibrium partial pressure of CO (g) can be maximized by carrying out the
reaction

A) at high temperature and high pressure
1) at high temperature and low pressure
~=C) at low temperature and low pressure
D) at low temperature and high pressure
E) in the presence of solid carbon

11. The K., for the equilibrium below is 0.135 at 700.0 ° C.
SOy (g) + ¥20x(g) €~ SOs(g)
What is the value of K., at this temperature for the following reaction?
2805(g) € 280x(g) + Ox(g)
A) 54.86
B)5.49
C)7.86
D) 15.46
E) 8.93

Free Response Questions

1. A 40.0 g sample of solid ammonium carbonate is placed in a closed, evacuated 3.00 L flask and heated to 400 °C. It
decomposes to produce ammonia, water, and carbon dioxide according to the equation:

(NH,),COs) € 2NHygpy + HyOp) + COny

a) Write the K, equilibrium constant expression for the reaction.

b) Calculate K. at 400°C.

c) Calculate the partial pressure of NHs g at equilibrium at 400 °C.

d) Calculate the total pressure inside the flask at equilibrium.

e) Calculate the number of grams of solid ammonium carbonate in the flask at equilibrium.

f) What is the minimum amount of grams of solid (NH4),COs that is necessary to be placed in the flask in order
for the system to come to equilibrium?

Mojes

\

2) Use the diagram above to show/draw the answer to the question below.
A +B €= 2C +D The amount of C produced in this reaction is as shown on the graph. Draw the
corresponding change for the reactant A on the graph if the reaction started with 9 moles of A.
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3)2A +B C+2D
The change in [A] for the above reaction is given in the above graph. Indicate the change in [C] on the graph.

4.The value of the equilibrium constant K, for the below reaction is 3.1 x10™ at 700K.
N: (g) + 3Ha(g) € 2NH; (g)
a) Write down the expression for the equilibrium constant K, for the reaction.
b) Given the initial partial pressures of the gases, pN, = 0.411 atm ; pH, = 0.903 atm;  pNH; = 0.224 atm, complete the _
following:
1. Calculate the value of the reaction quotient, Q at these initial conditions.
2. Predict the direction in which the reaction will proceed at 700K with the given pressure values as above. Justify your
answer.
¢) Calculate the value of equilibrium constant K, if the K, of the reaction at 700K is 3.1 x10 .
d) The K, for the reaction below is 8.3 x107? at 700K.
NH; (g) + HzS(g) <> NH:HS (g)
Calculate the value of Kp at 700K for each of the reactions represented below.
L. NHHS (g) ¢ NH; (g) + HS (9)
2. 21,8 () + Ny(g) + 3Hx(g) € > 2NH,HS(g)
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1. The dissociation of XY molecuﬂles, as shown below, occurs at a temperature of 800 K.
The rate constant, k = 6.0 x 10~ st

2XY(p 2 Xaw + Yagg
What is the reaction order?

A0
B)1
Q)2
D)3
E)4

Answer: B
2. For a first-order reaction of half-life 75 min, what is the rate constant in min™?

A) (0.693)/75
B) (0.693)/1.25
C) (0.693)(75)
D) 75/(0.693)
E) 0.693

Answer: A

3. For the chemical reaction, PCly (o) + Cly (o) €= PCls (o), AHO,,= -92.6 KJ
Which conditions favor maximum conversion of the reactants to product?

A) high pressure and high temperature
B) high pressure and low temperature
C) low pressure and low temperature
D) low pressure and high temperature
E) adding a catalyst

Answer: B

4. Which of the following equilibrium constants indicates that its corresponding reaction
goes nearly to completion?

A K, =1.0x10"
B)K.=1.0x10®
C)K.=1.0

D)K.=1.0x 10°
E)K.=1.0x 10

Answer: E



[image: image6.jpg]5. Ammonia is placed in a flask and allowed to come to equilibrium at a specified
temperature according to the equation.

3Hy 9t Nap €2 2NHs

Analysis of the equilibrium mixture shows that it contains 3.00 atm NH; and 1.00 atm N,.
What is the value of the equilibrium constant, K,?

A)0.333
B)27
€)3.00
D) 0.25
E) 0.50

Answer: A

6. The mechanism below has been proposed for the reaction of CHCI; with Cl,.
Step I: Cl, =2 Cl(g) fast
Step 2: Cl(g) + CHCl3(g) — CCly(g) + HCI(g) slow
Step 3: CCly(g) + Cl(g) — CCly(g) fast

Which of the following rate laws is consistent with this mechanism?

Rate = £[Cl,]
Rate = k[CHCL][Cl,]
Rate = k[CHCl5]

Rate = k{CHCL;)/[Cl
Rate = K[CHCI;][Cl,

moO® >

Z]L

Ans: E—The rate law depends on the slow step of the mechanism. The reactants in the slow step
are Cl and CHCl; (one of each). The rate law is first order with respect to each of these. The Cl is
half of the original reactant molecule Cl,. This replaces the [Cl] in the rate law with [Cl**

13. For the following reaction: NOs(g) + CO(g) — NO(g) + COx(g), the rate law is: Rate =
k[NOz]z. If a small amount of gaseous carbon monoxide (CO) is added to a reaction mixture that
was 0.10 molar in NO» and 0.20 molar in CO, which of the following statements is true?

Both & and the reaction rate remain the same.

Both & and the reaction rate increase.

Both & and the reaction rate decrease.

Only k increases, the reaction rate remains the same.
Only the reaction rate increases; k remains the same.

moOw

Ans:A

14. The table below gives the initial concentrations and rate for three experiments.
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EXPERIMENT | (mol U | (mol L'y | min'")
1 0200 | 0000 | 39% 1077
2 0100 | 0200 | 39wk l0”
3 0200 | 0200 | 7.8x 107

The reaction is CO(g) + Cly(g) — COCly(g). What is the rate law for this reaction?

A. Rate =4[CO]

B. Rate = k[CO][CL,]

C. Rate =k[Cl,]

D. Rate = A[CO][CL]’

E. Rate=[CO][Cl,]
Ans: E

15. When the concentration of H'(aq) is doubled for the reaction HO,(aq) + 2 Fe*'(aq) + 2
H'(aq) — 2 Fe'"(aq) + 2 H,O(g), there is no change in the reaction rate. This indicates

the H' is a spectator ion

the rate-determining step does not involve H™
the reaction mechanism does not involve H”
the H' is a catalyst

the rate law is first order with respect to H™

mo 0w

Ans: B

16. Consider the following reaction at equilibrium.

2C05(g) €= 2CO(g) + Ox(2) AH® =-514 kI
Le Chatelier's principle predicts that the equilibrium partial pressure of CO (g) can be maximized
by carrying out the reaction

A) at high temperature and high pressure
B) at high temperature and low pressure
C) at low temperature and low pressure

D) at low temperature and high pressure

E) in the presence of solid carbon

Ans:C

17. The K. for the equilibrium below is 0.135 at 700.0 © C.
SOx(g) + %:0x(g) € SOx(g)

What is the value of K at this temperature for the following reaction?
2S05(g) €= 2805(g) + Ox(g)



[image: image8.jpg]A) 54.86
B)5.49
C)7.86
D) 15.46
E) $.93

Ans:A

Free Response Questions

1. A 40.0 ¢ sample of solid ammonium carbonate is placed in a closed, evacuated 3.00 L flask
and heated to 400 °C. It decomposes to produce ammonia, water, and carbon dioxide according to
the equation:

(NH,),COs6) € 2NHyy) + HyOgy + COse)

a)
b)
)
d)
e)

f

@

@

o

Moles

~

Write the K, equilibrium constant expression for the reaction. (PZZ\[H})(PH]O) (PCO;)
Calculate K. at 400°C. 3.77 x 10°

Calculate the partial pressure of NHs at equilibrium at 400 °C. 1.04 atm

Calculate the total pressure inside the flask at equilibrium. 2.08 arm

Calculate the number of grams of solid ammonium carbonate in the flask at
equilibrium. 37.3 g

What is the minimum amount of grams of solid (NH,)>CO; C\that is necessary to be
placed in the flask in order for the system to come to equilibrium? Slightly more than
272g

2) Use the diagram above to show/draw the answer to the question below.

A +B € 2C +D The amount of C produced in this reaction is as shown on the
graph. Draw the corresponding change for the reactant A on the graph if the reaction
started with 9 moles of A
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3)2A +B C+2D
The change in [A] for the above reaction is given in the above graph. Indicate the
change in [C] on the graph.
Ans:
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4. The value of the equilibrium constant K, for the below reaction is 3.1 x10™ at 700K.
N, (g) + 3Hx(g) € 2NH; (g)

a) Write down the expression for the equilibrium constant K, for the reaction.
b) Given the initial partial pressures of the gases. pN, =0.411 atm ; pH, = 0.903 atm;  pNH; = 0.224
atm, complete the following:

1. Calculate the value of the reaction quotient, Q at these initial conditions.

2. Predict the direction in which the reaction will proceed at 700K with the given pressure values

as above. Justify your answer.
c) Calculate the value of equilibrium constant K, if the K, of the reaction at 700K is 3.1 x10 -
d) The K, for the reaction below is 8.3 x107 at 700K.

NH; (g) + HS(g) € NH.HS (g)

Calculate the value of Kp at 700K for each of the reactions represented below.

I NIH;HS (g) €= NH; (g) + HsS (2)
2, 2H,S (g) + Na(g) + 3Ha(g) <> 2NH,HS(g
Ans:
(@) Kp= [Punl’ / [Pra] x [Pro]’
b.

Q =0.2242/0.411 x0.903° =0.161

1
2. since Q > K, the equilibrium will proceed to the left to bring the value of Q
down to 3.1 x 107

¢. Ke=K,/(RT)™ =3.1x10"/(0.0821x700)" = 1.023

d.
I K, = 1/Kp=1/8.3x107 = 120.48
2. N; + 3H, > 2NH; 3.1x107

2NH; +2H,S > 2NH,HS (83x107)°
N, +3H, + 2H,S = 2 NH,HS 2.1x10°%





Kp= 0.295














