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47. See answer

48. a) see diagram

b) ANZn™'],

494WTemp, ,:QE ANSA of C(s)
50.a) ¥ c\o H' reacts with solid, shift
equilibrium left

b) see diagram

51.
52.
53.
54.
55.
56.
57.

>>OOIIJUJUO

59. a) shift :mE b/c few molecules;
both rates increase due to Inc.
[molecules]

b) Keq remains the same

2
:
3
:



87. A 124. B
88.D 125. D
89.D 126. A
90.B . 127. C
91.D 128. D
92. a) Keq=0.70 129. D
b) Keq = 0.65 130. Ignore
c)WTemp = shift left = AA[N204] _ 131. a) endothermic in order to react
93.C o equilibrium
94, C | b) ANTemp, M[POCI;], W[PCl;] or [O3]
95. A c)Keq=2.97x 107
96.B 132. a) Keq = 17360
97.C b) large Keq = Large [products]
98. Keq =0.0016 C) see answer
99.A A 133. a) no, Keq(T) = 0.39 = shift left
100. C b) [CO] = 0.0488M
101. B [CO,] =0.0813M

102. a) Keq =0.00163

b) Reactants, Keq < 1

C) see answers

103. a) see diagram

b) Keq = 0.0023

104. Keq =453

105. Keq =64

106. Keq=0.499

107. B :

108. [HBr] =0.025M

109. [NO] =0.0139M

110. [NH3] =0.60M

111. D

112. A

113. a) Keq(T) = 0.790, Equilibrium
shifts left

b) [CO] = 0.103M, [CO,] = 0.0671M

¢) A Temp

114. a) Keq(T) = 9 (shift right)

b) [HI] = 0.343M

115. C

116. Keq(T) = 1.0 (shift right)

117.

118.

119.

120.

121.

122. B

123. C
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Prescribed Learning Outcomes - Chemistry 12

Equilibrium Section

D: Dynamic Equilibrinm (Introduction)

DI:.

D2:
D3:

D4:

Ds:
Dé:
D7:
D8:
Dg:

Describe the reversible nature of most chemical reactions

Identify the reversible pathways of a chemical reaction on the PE diagram

Relate the changes in rates of the forward and reverse reactions to the changing concentrations of the
reactants and products as equilibrium is established

Describe the chemical equilibrium as a closed System at constant temperature:
- whose macroscopic properties are constant
- where the forward and reverse reaction rates are equal

- that can be achieved from either direction
~ where the concentrations of reactants and products are constant
Describe the dynamic nature of chemical equilibrium
Infer that a system not at equilibrium will tend to move toward a position of equilibrium
Determine entropy and enthalpy changes from a chemic equation (qualitatively)
State that systems tend toward a position of minimum enthalpy and maximum randonmess (entropy)
Predict the result when enthaply and entropy factors:
- both favour the products
-both favour the reactants
- 0ppose one another

E: Dynamic Equilibrium (Le Chatelier's Principle)

El:
E2:

E3:

E4:
E5:

Describe the term shift as it applies to equilibria

Apply Le Chitelier's principle to the shifting of equilibrium involving the following:
~temperature change :
- concentration change
- volume change of gaseous systems

Explain the above shifts using the concepts of reaction kinetics

. Identify the effect of a catalyst on dynamic equilibrium

Apply the concept of equilibrium to a commercial or industrial process

F: Dynamie Equlibrium (The Equilibrium Constant)

Fl:
F2:

F3:
F4:

F5:
Fé6:
F7:
Fs8:

Untitled Version: 0

Gather and interpret data on the concentration of reactants and products of a system at equlibrium
Write the expression for the equilibrium constant when given the equation for cither a homogeneous or
heterogeneous equilibrium system
relate the equilibrium position to the value of Keq and vice versa
predict the effect (or lack of effect) on the value of Keg of changes in the following factors:
- temperature
- pressure
- concentration
- surface area
- catalyst )
Calculate the value of Keq given the equilibrium concentration of all species
Calculale the value of Keq given the initial concentrations of all species and one equilibrium concentration
Calculate the equilibrium concentrations of all species given the value of Keg and the initial concentrations
Determine whether a system is at equilibrium, and if not, in which direction it will shift to reach
equilibrium when given a set of concentrations for reactants and products
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D1. Describe the reversible nature of most chemical reactions
=221 C 0] 05T chiémical reactions

D2. Identify the reversible pathways of a chemical reaction on the PE diagram

1. Which of the following is true for an endothermic reaction?
. forward E, > reverse E,

reverse E; > forward E,
forward E, = reverse E,
forward B, + reverse E, =0

Do wy

2. Which of the following is true for an exothermic reaction?
A. forward E, > reverse E,
B. reverse E, > forward E,
C. forward E; = reverse E,
D. forward E; + reverse E, =0

D3. Relate the changes in rates of the forward and reverse reactions to the

changing concentrations of the reactants and products as equilibrium is

established.

3. Atdifferent conditions, the relationship between the forward and reverse rates of reactions in an

equilibrium system can be best represented by:

A. B.
Forward Forward
rate rate
Reaverse rate Reverse rate
C D.
Forward Forward
rate rate
Reverse rate Reverse rate

Page: 1 of 52




4. Consider the following:
2502@ + 02(3) s 2SO3(g)

Initially, SO; is added to an émpty flask. How do the rate of the reverse reaction and [SOs3)
change as the system proceeds to equilibrium?

Reverse Rate [SOs]
A. decreases increases
B. decreases decreases _ :
C. increases increases - ‘
D. increases decreases

5. Consider the following equilibrium:
Hyg +he = ZHyg

How will the forward and reverse equilibrium reaction rates change when a catalyst is added to

the system?

Forward rate  Reverse rate
A. increase increase
B. increase decrease
C.  decrease decrease
D. decrease increase

6. Consider the following equilibrium:
Hz(g) + Iz(g) 5 ZHI(g)

How will the forward and reverse equilibrium reaction rates change when Hj is removed from

the system?

Forward rate Reverse rate
A. increase increase
B. increase decrease
C. decrease decrease
D. decrease increase

7. Consider the following equilibrium:
Hyg * h = 2Hgy
How will the forward and reverse equilibrium reaction rates change when the temperature is

lowered within the system?
Forward rate Reverse rate

Al increase increase
B. increase decrease
C. decrease decrease
D. decrease increase

Page: 2 of 52 07/07/2008

8. Some Fe*3 and SCN- were mixed and established the following equilibrium: o -

Fet3 (ag) + SCN- (aq) b FeSCN"’Z (aq)

‘What happened to the forward rate and the [Fe*3] as equilibrium was established?

forward rate [Fe*3)
A. decreased increased
B. increased increased
C. decreased decreased
D. increased decreased

D4. Describe the chemical equilibrium as a closed system at constant temperature:

- whose macroscopic properties are constant

- where the forward and reverse reaction rates are equal

- that can be achieved from either direction

- where the concentrations of reactants and products are constant

9. Which of the following applies to a chemical equilibrium:

1. Forward and reverse reaction rates are equal.
II. Equilibrium can be achieved in either direction.
III. Macroscopic properties are constant.

A. Tonly

B. land I only
C. Iand IIl only
D. LMandIII

10. Which of the following applies to a chemical equilibrium:

1. Forward reaction rate = reverse reaction rate

1. Equilibrium can be acheived in either direction.
III. Macroscopic properties are constant.
IV. [Reactant] = [Product}

A. L IIand IVonly
B. land IV only

C. 1,1 and 1T only
D. Il and III only

11. Which of the factors below is not a condition necessary for equilibrium?
a closed system

a constant temperature ]

equal forward and reverse reaction rates

equal concentrations of reactants and products

Towy
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12. For the equilibrium system below:
15. In which of the following will entropy and enthalpy factors favour the establishment of an

Cu (S) + 2 Ag +1 (aq) s 2 Ag (S) + Cu +2 (aq) equihbnum?
A. CaCOy, +178 = C C
We would know the system is at equilibrium because : a-Os K 30() + COy i
A. [Cu +2]= [Ag +1] B. Mg(s) + ZHCl(aq) 4 Mgclz(aq) + Hz(g) +425KJ
B. [Cu*2]=2[Ag+]) C. 2Cy + 2Hyg) = CHygy  AH=+523 13
D. 2C2H6(g) + 702(3) L 4C02(g) + 6H20(g) AH=71560U

C. the mass of Cu (s) Temains constant

D. the mass of the entire System remains constant A _
16. In which of the following will entropy and enthalpy factors favour the reactants?
A CaCO3(s) +178 k] = CaO(s) + COZ(g)
C. 2C(s) + 2H2(g) = C2H4(g) AH= +52.3kJ

D6. Infer that a system not at equilibrium will tend to more toward a position of D. 2C;Hgy + 705g) @ 4CO, + 6H,0p)  AH=-1560 kJ

equilibrium. )
D8. State that Systems tend toward 3 position of minimum enthalpy and maximum

. . entro
D7. Determine entropy and enthalpy changes from a chemical equation _ =LTopy
A -1 4

DS5. Describe the dynamic nature of chemical equilibrium

| .
) . LA 17. In which of the following will the driving forces of minimum enthalpy and maximum entropy
13. Consider the following: o = ‘( A oppose one another?
? v A 20 + 02y > CO, AH =221 kJ
N, ® * 3H; ® = 2NH; (g) T energy B. 2N2(g) + 0, @ = 2N0 ® . AH =+164 kJ
What positions do minimum enthalpy and maximum enﬁopy tend towards? C. 200, + 0, @ ™ 2C0y, AH =-566 kJ
Minimum Enthalpy Maximum Entropy D. 4C0; (g + 6H,0 ® > 2CHsg + 70,4,  AH=+3122KJ
A. reactants products .
B. reactants reactants - 18. In order for a chemical reaction to 80 to completion, how must the entropy and enthalpy change?
C. products products Entropy Enthalpy
D. products reactants increases increases
B.  increases decreases
14. Consider the following: C.  decreases increases
9 D.  decreases decreases
2N + O + Ener, 5 2N0
2(g) 2(g) & = Eagl () 19. For the reacting system:
What positions to minimum enthalpy and maximum entropy tend towards? ) ) ~
Minimum Enthalpy  Maximum Entropy 2L *2H0 - 2Lion @ *Hyg AH=-433)g
A. products products ) )
B. products reactants What will entropy and enthalpy factors favor?
C. reactants reactants Entropy Enthalpy
t ducts A. products reactants
D. reactants procue B. products products
C. reactants products
D. reactants reactants
ge: 4of 52 07/07/2008
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20. Which of the following reactions is accompanied by an increase in enthalpy?
A 2NO g + Oz = WOy + 1136
B. 2H2(g) + Oz(g) -484K1 = ZHzo(g)
C. 2503 5 28029 * O209) AH=+197K
D. 4HCl g + O 5 2H0 @ + 2Ch@ AH=-1114K
factors:

D9. Predict the result when enthal and entro

- both favour the products
- both favour the reactants
- oppose one another

21. Consider the following reaction:
CsHg g + 5020 300, *4H0 AH =-2202 kJ

‘Which of the following applies t0 the forward reaction?

Entropy Enthalpy
A. increases increases
B. increases decreases
C. decreases decreases
D. decreases increases

99. Consider the following reaction:
PCl4 ® + Clp 03] - PCls ©® AH =+102 kJ

Which of the following applies to the forward reaction?

Entropy Enthalpy
A. increases increases
B. increases decreases
C. decreases decreases
D. decreases increases

3. Consider the following reaction:
Ca ) + 2H20 m - Hz ©® + Ca(OH)z (aq) AH= -102 kJ

Which of the following applies to the forward reaction?

Entropy Enthalpy
A. Increases increases
B. ‘increases decreases
C. decreases decreases
D. decreases increases

Page: 6 of 52

24. Two substances are mixed and

Enthalpy Entropy
A. increases increases
B. increases decreases
C. decreases increases
D. decreases decreases

25. Which of the following forward reaction changes would result in the most products?

Entropy Enthapy
A. decreasing decreasing
B. increasing decreasing
C. decreasing increasing
D. increasing increasing

no reaction occurs. With respect to enthalpy and entropy, which
of the following could explain why no reaction occurs?

26. In which of the following reactions do the tendencies for minimum enthalpy and maximum

entropy both favour reactants?

A 30 5 203

B. NZ(g) + 3H2(g) b 2N-H3(g)

C. 2BrCl ©® S By ©® + Cly ©

D. CaCO3 ) s Ca0 ©) + COZ(_g)

27. Consider the following equation:
?

NHNO;3 (5 = NO@ + 2H,0 (g
Which of the following is true?
Enthalpy Entropy
A. favours reactants favours reactants
B. favours products favours products

favours products
favours reactants

C. favours reactants
D. favours products

28. Consider the following exothermic reaction:
?

AH=+285kJ
AH=-92Kk]
AH=-293k]
AH=+175K

AH=-37kJ

Outcome
reaction does not occur
reaction goes to completion
reaction reaches equilibrium
reaction reaches equilibsium

C3HS(g) + 502(g) ‘:9 3C02(g) + 4H20(g)

Explain, in terms of increasing or decreasing entropy and enthalpy, whether or not the reaction

will reach equilibrium.

A. The reaction will reach equilibrium because
B. The reaction will reach equilibrium because

the entropy and enthalpy are both decreasing.
the entropy is increasing while the enthalpy is

C. The reaction will go 100% because the entropy is increasing while the enthalpy is

decreasing.
. decreasing.
/ D. The reaction will reach equilibrium
07/07/200¢
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because the entropy and enthalpy are both increasing.
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E1l. Describe the term shift as it applies to equilibria

29.

30.

Consider the following system zli//;\eqpxhbrign:
Hzo(g) + C%(g) = COz(g) + }—12(g)

This equilibrium will shift right as the result of the addition of some extra H,O. How will this
shift affect the concentration of the other gases?

[CO] [CO,] [Hz]
A. increases decreases decreases
B. increases increases decreases
C. decreases increases increases
D. decreases decreases increases
Consider the following equilibrium:

2Cr0y4 2 (aq) + 2R+ (ag) pars Cl’207 -2 (a) + Hzo o
yellow orange

a. Is the forward reaction endothermic or exothermic? Explain.

b. When OH-! is added, the color of the solution turns from orange to yellow.
Explain using LeChatelier's Principle.

07/07/200
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"31. Consider the following equilibrium system:
HZ(g) + 12(8) har ZHI(g) AH=-9.4k]

In an experiment, the equilibrium concentrations of the chemical species were measured before
and after a stress was added. The results are displayed:

{Chemical species [ ] before stress was applied [ 1 after stress was applied
H, 0.050 M } 0.070 M
I 0.050 M 0.070 M
HI 0.40 M 0.56 M

Which one of the following stresses would be consistent with the above data?
A. the addition of Hy B. the addition of HI .
C. adecrease in pressure D. anincrease in temperature

E2. Apply Le Chatelier's principle to the shifting of equilibrium involving the

following:
- temperature change

- concentration change
- volume change of gaseous systems
- addition of catalysts or inhibitors

Page: 9 of 52 07/07/2008



32. Consider the following equilibrium:
CH;COOH,,, + H,O, 2 CHCOO0 Ty + H;O‘m) + heat

A stress was applied at time t) and the dala was plotted on the following graphc

o] ———\______

Time

The stress that occured at time = t; is a result of
A. the addition of HO

B. decreasing the temperature

C. the addition of CH3COO -!

D. increasing the volume of the container

33. Consider the following equilibrium:

CH;COOH,,, + HyOyy @ CH;CO0 () + H;0'g,) + beat

A stress was applied at time t; and the data was ploited on the following graph:

[mm]_~_%\~___

The stress that occured at time =t is a result of
A. the addition of HyO
B. increasing the temperature
C. the addition of H;0 *!
D. adding an inhibitor
Page: 10 of 52
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34. Consider the following equilibrium reaction:

NiOyg & INOy,

N.O; .

Concentration —‘_’\

(mol /L) :
NO, /

4

Time

At time ty, heat is applied to the system. Which of the following best describes the
equilibrivm reaction and the change in K7

Cowp

Forward reaction Keq
. exothermic increases
exothermic decreases
endothermic decreases
endothermic increases

35. Consider the following equilibrium:

COz(g) + H2(g) s HzO(g) + CO(g)

Which two stresses will cause the equilibrium to shift to the left?

A. increase [H,] and increase [CO] B. increase [H,] and decrease [CO}
C. decrease [H,] and increase [CO] D. decrease [H,] and decrease [CO]
36. Consider the following:

ZSOZ(g) + 02 ® 5 2803(g) + energy

Which of the following two stresses will each cause the system to shift to the right?

A

B.
C.

D

Page: 11 of 52

. decrease temperature and decrease the [Oq]
increase temperature and increase [SOs]
increase temperature and decrease [ SO;3]
. decrease temperature and increase [ SO;]
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37. Consider the following equilibrium system:
41. Consider the following equilibrium:

2802@) + 02(3) ha 2SO3® Keq= 1.2 x 104
v N204<g) + cnergy = 2N02(g)

If additional SO, is added the system, what happens to the equilibrium and the value of Keq?

Equilibrium Keq Which of the following gfaphs shows the result of adding a catalyst at time t 1?

A. shifts Jeft decreases A . B.
B. shifts right increases
C. shifts right Do change : NG, : I i/ﬁ*
D. no change no change Coaccalaation 4
N,
NO, - R
38. Consider the following equilibrum: X * b
Time Time
Nz(g)+3H2(g) = 2NH3(g) .
C. D.
. . ¢
If some Ne gas is added at a constant volume then how will [Nz], [NH3] and K be affected? NO, [ NO»
[N2] [NH3] Keq Conceairiion Coaceatration
A. increases increases decreases N0, : N0,
B. increase decreases does not change - " — T —
C. decreases increases does not change Time Tae
D. does not change does not change  does not change
39. Consider the following equilibrium: 42. Temperature is gradually decreased then held constant in an exothermic equilibrium. Which of
_ the following represents the change in the reverse reaction rate?
CO(g) + 2 HZ(g) s CH3OH® AH=-9]kJ . : A. B.
Which of the factors below would increase the concentration of the CH;30H at equilibrium?
A. an addition of CO reaction : ot
B. an increase in the volume - e raks
C. adecrease in pressure
D. an increase in temperature time time
40. Consider the following equilibrium: c D.
No + 3Hyg S 2NHyg, s | rewrse
reuction resction
aic fate
Which of the following factors will not alter the position of equilibrium? . ’
- —_—_—
A. apressure dec;ease e ime
B. atemperature increase
C. addition of a catalyst ) .
D. the addition of more N2(g) 43. When the temperature of an exothermic equilibrium is decreased, which of the following will
happen? ) :
A. Equilibrium shifts left and [product] increases
B. Equilibrium shifts left and [product] decreases
C. Equilibrium shifts right and [reactant] incréases
D. Equilibrium shifis right and [reactant] will decrease
Page: 12 of 52 ' 07/07/2008
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44. Consider the following equilibrium:
46. Consider the following equilibrium:

CaCO4 ® % Cao o t CO, ) AH=+175K]
Ny @® + 3H, @® 5 2NHj ® + energy
Which of the following diagrams best represents the change in the concentration of CO, as _
temperature is decreasesd at time 1? The foliowing diagram represents the rate of the reverse reaction:

A. B.
" Rateof —I\_
Reverse |- _

[C01] '—L_ [CO;,] ——l//-——- ' Reaction

4

.‘1 L Time
Time . Time ’
C. D. Which of the following stresses explains what happened at t;?
' A. [Hp] increased
B. [N,] decreased

I— " [coy ———-r———— | C. [NH;] increased

D. [NHj] decreased

‘1 > : t; 47. Consider the following equilibrium:
Time Time
H2 @® + Iz ® = 2HI ®
A 2.0 L container is initally filled with 0.070 mol of H; and 0.060 mol of I.

45. Consider the following equilibrium:

energy + 2KClO3 (s) S 2KCl s + 30, ®
. €.080
Which of the following will cause a shift to the left?
A. increasing pressure 0.070
B. grinding up the KCl
C. adding an inhibitor 0.0601
D. increasing the temperature . :
0.0301 -
concentraton )
(mol/ L) 0.640
0.030
G620
. 0.0104
i
0 50 100 150 00 250
Page: 14 of 52 07/07/2008 1111118
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A 48. Consider the following equilibrium and accompanying graph:

- Zn(10 2 In*  + 210,
Equilibrium is reached after 15.0 minutes, at which time there are 0.060 mol of HI present. ( 3)?—(-‘) «~ {ag) 3 (ag)

a. Sketch the graph for [H,] [1] and [HI] for the first 15 minutes. e e e e e

b. Calculate the Keq for this equilibrium at 15 minutes.

[ Tons]

c. At 15 minutes, the volume of the container is decreased from 2.0 to 1.0 L. Sketch what the : P e ﬁ
graph would look like from 15.0 minutes until 30.0 minutes with this shock and the new t t o
equilibrium that will occur. 1 2 3

d. How will the Keq change with this stress at 15.0 minutes?
a. Identify the stress that occured at time t;.

b. Complete the above graph from t to t; for the [1057]

49. Consider the following equi]ibﬁum system:
Ce t2Hy S CHy AH=-75k)
State three different ways to make more C (s) Feact:
i
if)

iii)

Page: 16 of 52 07/07/2008
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50. Consider the following equilibrium:
Al(H,0)4(0H) Y o) 5 AlH;0)3(0H)3 (5 + H o)

a. Some HClg) is added to the equilibrium. What happens to the amount of solid
Al(H,0);(OH)3? Explain |

b. The HCl is added at time t; and equililibrium is re-established at time tp.
On the axis below, sketch what happens to the reverse reaction rate.

Reverse
Reaction |
Ruee

E3. Explain the above shifts using the concepts of reaction Kinetics

Page: 18 of 52

51. Consider the following equilibrium:

CO + g 5 HO + O

Which of the following graphs best represents the forward rate of reaction when H,0 is added 10
the above equilibrium at time = t;?

Al

raie

1

B.

time

rake

52. Consider the following equilibrium:

COZ(g) + HZ(g) hay HZO(g) + CO(g)

die

Which of the following graphs best represents the forward reaction rate when the volume of the
container is increased at time =t;? »

A,

rate

rae

07/07/2008
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B.

raie

rime

rale

time

time
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53. Consider the following equilibrium:

COz(g) + H2(g) 5 HZO(g) + CO(g)

Which of the following graphs best represents the reverse reaction rate when some H,0 is
removed from the above equilibrium at time = 1;?

A.

|

rawe

rate _H

54. Consider the following:

2302@) + 02 ®
1 Which of the following gr
(‘ the equilibrium at time =, ?
A
rate
Yy time
C.
rate
/-'-h
L, ti;:

Page: 20 of 52

B.

"B.

rate
- .
4 lime
rate
- .
4 time
+ energy

aphs would show the forward reaction rate when a catalyst is added to

fate

Y Hme

rate

L, time

07/07/2008

55. Consider the following equilibrium:

HZ(g) +Br2(g) s 21-[3;(5) + energy

Which of the following shows the reverse rate of reaction when some HBr (g) is

removed at time =t ?

A B.
rale rale
1 time 4 ime
c D.
rate rale
L '
t, time L time

56. Consider the following equilibrium:

Hyg *+ Brygy S 2HBry +energy

Which of the following shows the forward reaction rate when the volume of the container is

increased at time =1t;?
A B.

rate

rate

time

nte raie

A lime

Page: 21 of 52
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57. Consider the following equilibrium:

) E4. Identify the effect of a catalyst on dynamic equilibrium

PCl;(g) + ClZ(g) = PCis(g)

If the volume of the system is decreased, how will the reaction rates in the new equilibrium  60. What is the effect of adding a catalyst to an equilibrium system?
compare with the rates of the original equilibrium? A. The value of E, increases
Forward Ra7i\: Reverse Rate ' B. The value Keq ixicreases
A increases’ increases ’ . .
| B. increases decreases | g For;vard and reverse regcnon rates increase
| C decreases decreases . Product concentrations increase
i D decreases increases . . . :
l 61. Consider the following reaction:
8. Consider the following equilibrium: .
f N2®+3H2®32NH3@)
PClyg + Chgy = PCls(g ) o )
Which of the following diagrams represents what happens to the forward and reverse reaction
If the temperature of the system is increased, how will the reaction rates in the new equilibrium - rates when the catalyst Fe; Oy is added? '
compare with the rates of the original equilibrium? A B.
Forward Rate Reverse Rate
A.  increases increases
B. increases decreases focwasd forward
C. decreases decreases e rale
D. decreases increases .
. RVerse fae overse ruke
59. Consider the following equilibrium: C D

INF ) 5 NoFyqg

The volume is decreased, with temperature constant. fogward ——————— forward
a. Describe the shifts in setting up a new equilibrium, and relate to reaction rates. ' mie ra
[everse yae IOVETSS raty

62. The following equation represents the catalyzed decomposition of O3 (ozone):

b. Will the K4 increase, decrease or stay the same because of this shock? Explain
your answer. Which of the following statements is true?
A. The catalyst O speeds up only the forward rate.
B. The catalyst Cl speeds up only the forward rate.
C. The catalyst O speeds up both the forward and reverse rates.
D. The catalyst Cl speeds up both the forward and reverse rates.

E5. Apply the concept of equilibrium to a commercial or industrial process

Page: 22 of 52 . : 07/07/2008
' Page: 23 of 52 07072008




63. Consider the following reaction for the Haber Process for ammonia production:

N2®+3H2(g) h=y 2NH3(S) AH=-92k]
The system is normally maintained at a temperature of approximately 500° C. Why is the

temperature of 100°C not used?
A. The forward reaction would change from exothermic to endothermic and equilibrium would

be lost.
' .B. The equilibrium would shift to the left, reducing % yield.
! C. The equilibrium would shift to the right, reducing % yield.
D. Too few collisions would decrease the number of successful collisions thus reducing the %
yield.

The Haber Process is used to produce ammonia commercially according to the following
equilibrium:

64.

NZ(g) + 3H2(g) ’—TZNH:.](E) AH=-92kJ

i Which of the following conditions will produce the highest yield of ammonia?
A. increase temperature and increase pressure

B. increase temperature and decrease pressure

C. decrease temperature and decrease pressure

D. decrease temperature and increase pressure

65. Limestone is decomposed to make quicklime {Ca0) according to the following equilibrium:

CaCOj(y +175k1 & CaOy + COy

Which of the following conditions would produce the greatest yield of CaO?

Temperature  Pressure
A. low low
B. low high
C. high low
D. high high

Fl!. Gather and interpret data on the concentration of reactants and products of a
system at equilibrium
!

66. Consider the following equilibrium:

[ ZSOZ(g) + 02 ® = 2503(3) . + energy
Initially, some SOj is placed into a 3.0 L container. At equilibrium there is 0.030 mol SO,
present. What is the [O,] at equilibrium?

B. 0.010 mol/L
D. 0.030 mol/L.

A. 0.0050 mol/L
C. 0.015 mol/L
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67. Consider the following equilibrium:

At equilibrium [Cl,] = 1.0 M and [NO] = 2.0 M. What is the [NOCI] at equilibrium?
A 0.80M B. 0.89M ~ C. 45M D. 10M
68. Consider the following equilibrium:
2NH3 ® s NZ ® + 3H2 ©

Initially, some NHj is placed into a 1.0 L container and allowed to reach equilibrium. At
equilibrium there is 0.030 mol N, present. What is the [H,] at this equilibrium?
"A. 0.010 mol/L B. 0.030 mol/L C. 0.060 mol/L D. 0.050 mol/L

69. Consider the following:
H2(g) + Iz(g) b 2HI )

Initially, some HI is placed into a 1.0 L container. At equilibrium there is 0.010 mol H,, 0.010
mol of I and 0.070 mol of HI present. How many moles of HI were initially placed into the

container?
A. 0.060 mol B. 0.070 mol C. 0.080 mol D. 0.090 mol
70. Consider the following equilibrium and the table of experimental data:
N2Oup) & 2NOy,
o Bqutibion
| e [ Nos] | %0 | [No]
Tdall | 00400 | 0.0000 | 0.0337 | 0.0125
Tdal2 | 0.0200 | 0.0600 | 0.0429 | 0.0141
Which of the following represents the K, value?
A. 4.64x 1073 B. 3.71x 10! C. 742x 10 D. 2.16 x 102
07/07.2008
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71. Consider the following cqlxiﬁbxium:
Cr207 2 () + 20H- (aq) hy 2Cr04 2 (ag) + H20 o Keq =414

The concentration of ions at equilibrium was measured at a specific temperature and found to be
[Cry07 2] =0.100 M and [OH"] = 0.020 M. What is the equilibrium [CrO4 -2)?
A, 17x104M B. 3.1x103M C. 13x102M D. 20x10°1M

F2. Write the expression for the equilibrium constant when glven the eguatlon for

either a homogeneous or heterogeneous equilibrium system

1 72. Consider the following equilibrium:

Hyg +heg 5 2Hg Keq =500

What is the value for Keq for the same reaction rewritten as

2Hly = Hyy +he
A. -50.0 B. -0.0200 C. 250 D. 50.0

73. Consider the following equilibrium:

‘ 2 -
L 2Cr04 2 (oq) + 2HY (o) 5 Cr072 (9 + Hy0 ¢y
1
|

What is the K, expression?

| | L‘i’ﬂ}’l _ > ]c:zof']
[caor”] [cor T
C. . . D'
[cr,02] [c 0 H ]
[ZC‘O*I—]PW] [croy 2‘] [ ]’
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74.

75.

Consider the following equilibrium:

F€203(s) + 3C0(g) hry ZFC(S) +3 COz(g)

Identify the equilibrium constant €Xpression.

A. Keq= [COP B. Keq= [3C0]
[COP [3C0]

C. Keg= BCOP [2Fe P D. Keq= [COPFey031
[3COJ° [ Fe;03] [COP [Fe P

Consider the following equilibrium:
CaC (s) + ZHF(g) = /C}Fz @ F HyO gy + COz g

Which of the following represents the equilibrium [H,0]?

A. [H0] = [HF}? - B. [H0] = &qﬂ]z
Keq [CO2] [CO,]

C. [H,0] = [HFIP[CaCOs] D. [Hy0] = K [HF1?[CaCOs]
K¢q [CO,]CaF)) [COy]CaFy]

F3. Relate the equilibrium position to the vaue of geg and vice versa

76.

77.

78.
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‘A container is initially filled with pure SO3. After a period of time, the following equilibrium is

established:

2802@) + Oz(g) s 2803(g) Keq=7.0X1025

‘What does this equilibrium mixture contain?
A. mostly products
C. 3/5 reactants and 2/5 products

B. mostly reactants -
D. equal amounts of reactants and products

Which of the following reactions will proceed furthest toward complehon"
A. Si (s) + Oy ® 5 810, () Keq 2.0x 10142

B. 2HBr(g SHy t B Keq= 7.0x 1020

C. 2H20 ©® = 2H2(g) + 02 (@ Keq= 73x 10 -18

D. C2H4(g) + HZ(g) SCZHG(g) Keq= 90){10 19

In which of the following equilibria does the concentration of reactants equal the concentration

of products?

A NOy 2NO; (g Keq =071

B. Bt (@q) + OH- (aq) s H20 o ch.—- 1.0x%x 10 14
C. COyg + Hyg 5 CO + Hy0 () Keq=0'_279

D. Hyy + he 5 Mg Kgq = 1.00
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F4. Predict the effect (or lack of effect) on the value of eq. of changes in the 80. The relationship between Kq and the pressure of a gaseous equilibrium at constant temperature

gollowmg factors: : can be best described by:
A. B.

- temperature
- pressure
- concentration
- surface area
- catalyst Ky K,
79. Which of the following best describes the relationship between K.q and temperature for an " Pressure Pressure
endothermic forward reaction?
A B.
C. D.
o3 ‘d
Kq Ky b—m—m—mmmmm—
Temperature Temperature
i Pressure Pressure
C D.
81. The relationship between Keq and the concentrations of reaclants in the same equilibrium system
K., K, at constant temperature can best be described by
A. B.
* Temperature Temperatuse
K, Lo
Concentration Concentration
C D.
K“I K‘ﬂ
Concentration Concentration

82. What will cause the Keq for an exothermic reaction to increase?
A. increasing [reactant]
B. decreasing [product]
C. increasing temperature

07/07/2008 D. dccreasmg temperature
22
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83.

84.

What will cause the value of K for an endothermic reaction to increase?

A. increase [products} B. decrease [products]
C. increase the temperature D. decrease the temperature

What will cause the value of K,q for an exothermic reaction to decrease?

A. increasing the pressure
B. increasing the temperature
C. decreasing the pressure

_ D. decreasing the temperature

86.

87.

. Consider the following equilibrium:

N204(g) + energy s 2N02(g)

How are K¢ and [N,0,] affected by the addition of Ne (an inert gas) into the container at

constant volume?

Keq [N204]
A. no change no change
B. no change increases
C. increases decreases
D. decreases increases

Consider the following equilibrium system:

INOy + Clyg & 2NOClg ~ AH=-T7kI

In which direction will the equilibrium shift and what happens to the value of Keq when the
volume of the system is increased?

Shift Keq
A. right increases
B. right stays constant
C. left stays constant
D. left decreases

Consider the following equilibrium system: X
(1;_

INO) + Chg 5 2N001(g;"‘ AH=-7Tk]

In which direction will the equilibrium shift and what happens to the value of Keq when the

temperature of the system is decreased?

Shift Keq
right increases
right stays constant

left
left

stays constant
decreases

vowp

07/07/2008

89.

90.

In which direction will the equilibrium shift and what happens to the value of Kq when the
temperature of the system is increased?

Shift Keq
A. right increases
B. right stays constant
C. left stays constant
D. left decreases '

The following equilibrium is established in a 1.0 L container:
heat + CH4® + 2H,8 ® = CSZ(g) + 4H2(g)

If some CHy is added to the system, what happens to the net concentration of CHy and the value

of Keg?

[CH,] Keq
A. decreased increased
B. increased . increased
C. decreased remains constant
D. increased remains constant

The following equilibrium is established in 2 1.0 L container:
heat + CH4 ® + Zst ® hy CSZ ® + 4H, ®

If some heat is removed from the system, what happens to the net concentration of CH, and the

value of K¢g?
[CH,] Keq
- A. decreased increased
B. increased decreased
C. decreased remains constant
D. increased remains constant
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91. The following equilibrium is established in a 1.0 L container:

<

heat + CH4(8)+2H25® s CS2(g) +4H2(g)

92.

If the volume of the container is reduced to 0.50 L, what happens to the net concentration of

CH, and the value of K,y?
[CH Ke
A. decreased increased
B. increased decreased
C. decreased remains constant
D. increased remains constant

92. Consider the following diagram for the equilibrium:

— = "
N;.'O_.‘(g) — ZNO._,(g) AH=+59KJ

Concentration :
M) 0‘62_‘”(.,.,.A.4,..

a. Calculate the value of K at t;.

b. Calculate the value of Kq at t3.
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¢. What stress was applied at time t,? Explain.

Stress:

Explanation:

F5. Calculate the value of Eeg given the equilibrinum concentration‘of all species

93.

94.

95.
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Consider the following equilibrium:
PC15 ® o PC13(3) + CIZ(g) Keq=9.0){ 10'2

In a 1.0 L container an equilibrium mixture contains 6.0 x 10 -3 mol PCls and 1.0 x 10 2 mol
PCl;. How many moles of Cl; are also present at equilibrium?
A. 54x10-6 B. 6.7x104 C. 54x102 D. 1.5x10-1

Consider the following equilibrium:
PClsgy 5 PCy(g + Clz @ Keq=9%0x10 3

In a 1.0 L container an equilibrium mixture contains 2.5 x 10 -3 mol PCls , 1.0 x 10 -2 mol PCl;
and 1.0 x 10-2 mol of Cl,. How does the equilibrium shift and why?
A. Keq > Kyriy) and equilibrium shifis left B. Keq> Kyiat and equilibrium shifts right
C. Keq <Kirial and equilibrium shifts left D. Keq < Kgriat and equilibrium shifts right
Consider the following:

N2Oy4 (g 5 2NO;

An equilibrium mixture contains 4.0 x 10-2 mol of N;O,4 and 1.5 x 102 mol of NO;ina 1.0 L

flask. What is the K¢q?
A. 5.6x103 . B. 3.8x10! C. 75x 101 D. 1.8x102

V77,2008



96. Consider the followi ilibrium: _' . i )
onsider the foflowing equiibrivin F6. Calculate the value of Ke!l given the initial concentrations of all species and one
CO + 2Hyg = CH3;0H (g equilibrium concentration

At equilibrium it was found that [CO] = 0.105 mol/L, [Hy] = 0.250 mol/L and

[CH;OH] = 0.00261mol/L. Which of the following is the equilibrium constant valuc? 100. Consider the following equilibrium:

2
Al 994x10 B. 0.398 C. 251 D. 100 M0 5 2Ny * Oz
. i followi ilibrium: ‘ . . .
97. Consider the following equilibrium . Initially, 0.800 mol N,O is placed in a 1.0 L container. At equilibrium, the [N,] is found to be
CHig + B0 ‘:{CO@ . 3H£(g) Keq = 567 0.780 M. What is the value of K47
A. L7x10-3 B. 1.5x10! C. 59x102 D. 1.2x103

An equilibrium mixture of this system was found to contain the following concentrations:

[CHy] = 0.59 M, [H,0] =0.63M, [CO] = 0.25M. What was the equilibrium [H; ] ? ‘101. Consider the following equilibrium:

A. 026 M B. 0.64M C. 20M D. 84M
2NO® + 2H2(g) b N2 @ + 2H20(g)
98. Consider the following equilibrium: . .
Initially, 0.100 mol NO, 0.0500 mol H, and 0.100 mol H,O are placed in a 1.0 L container. -At
Ce + B0 5 CO *+ Ha equilibrium, [H,0] = 0.138 M. What is the value of K¢g?
' A. 35 B. 65x102 C. 1.5x1073 D. 1.3x103

At equilibrium, 4.0 x 102 mol Hy, 4.0x 102 mol €O, 1.0 x 102 mol H,0 and 1.0 x 102 mol C
were present in a 1.0 L container. What is the value of K¢g?

99. Consider the following equlibrium:

CH4 ® + H20 ) S CO ® + 3H2 (8

At equilibrium, 1.2 mol CHy, %LH;O, 0.080 mol CO and 0.040 mol H are present ina
1.0 L container. What is the value of K¢q?
A 43x10°6 B. 3.6x106 C. 27x10°3 D. 2.3x10°3
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102. Consider the following equlibrium: ' ) . .
103. Consider the following equilibrium:

COZ(g) + 2H20 1) s CH4 ® + 202(&)
N-_,(‘) + 3H2(‘) 2 2N}13(‘) -+ cnergy

Initally, 0.450 moles of CO,, 0.480 moles of H,0, 0.250 moles of CH, and 0.500 moles of 0,

are placed in a 5.00 L containér and allowed to reach equilibrium. A 1.00 L conrainer is filled with 5.0 mol NH; and the system proceeds o equibibrium as

indicated by the graph.

a. When equilibrium is reached, the [0,]is 0.0700 M. Calculate the Keq of the equilibrium. A
; god fe

b. Are reactants or products favored? Explain your answer.

¢. How would the following stresses affect the equilibrium? Complete the table below using
the arrows indicated.

(nain)

shift left (from shock) ¢ increased rate of forward reaction after equilibrium reestablished 1 a. Draw and label the graph for N, and H,.

shift right (from shock) = decreased rate of forward reaction after equlibrium reestablished ¢ . :
b. Calculate the Keq for Ny + 3Hy) 5 2NH, ®

no shift - no change in rate -
Stress (shock) Equilibrium shift [CO,] Forward reacti:'(.m rate
introduced (after shifting) | (after equilibrium is back)
Decrease pressure

add CH, (g

increase temperature

add catalyst

increase volume of
container

remove some CO, ()
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104. Consider the following equilibrium:
& cquiibnum : 106. Consider the following equilibrium:

S *3hg = g tlhhg SO3¢p) + NO (g 5 NOyp + SO;¢q)
. 41 ~ . _ . . v
Initially 2.00 x 10 -} mol of I and 3.00 x 10 -1 mol of F5 and 1.00 x 10 ! mol of 14F; are put In an experiment, 0.100 moles of SO3 and 0.100 moles of NO are placed in & 1.00 L container.

into a 10.00 L flask. At equilibrium [IF,]is 2.00 x 10 -3 M Calculate the value of Keq. When equilibrium is achieved, [NO,] = 0.0414 mol/L. Calculate the K, value.

105. Consider the following:

Hyg *he S5 I . N
2 720 2Hl g F7. Calculate the equilibrium concentrations of all species given the value of Keq
and the initial concentrations

Initally, 0.200 mol of H, and 0.200 mol I, are added to an empty 2.00 L container. At
equilibrium [} is 0.020 mol/L. Calculate the value of Keq:
107. Consider the following equilibrium:

H2(g) + Iz(g) s 2HI(g) Keq=49.5 at 4400 C

If 5.0 M HI is initally placed into a container at 4400 C, what will be the equilibrium [HI]?
A 033M B. 3.9M C. 44M D. 48M

>age: 38 of 52 |
07/07/2008 Page: 39 of 52 67/07/2008




108. Consider the following: 109. Consider the following equilibrium:
g +Bng 5  2HBrg  Keg=120 Nag + Oy 5 N0, Keq = 0.0095

Initially, 0.080 mol H; and 0.080 mol of Br, are placed into a 4.00 L container. What is the : Initially, 0.15 mol N, and 0.15 mol O, were placed in a 1.0 L container. Calculate the
[HBr] at equilibrium? concentration of all species at equilibrium.

110. Consider the following equilibrium:
NHZCOONH4 ) by COz @ + 2NH3 ® Keq =0.108

Initially, 2.00 moles of NH,COONH, are placed in a 500.0 mL container. Calculate [NH3] at
equilibrium.
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F8. Determine whether a system is at equilibrium, and if not, in which direction it : . o
113. Consider the following equilibrium:

will shift to reach equilibrium when given a set of concentrations for reactants and
rOduCts E CcO (8) + H20 @® + energy g C02 ® + HZ ©® Keq =0.423
it ) 1 of CO, and 0.160 mol of H
111. Consider the following equilibrium: : 7 Initially there are 0.180 mol of CO, 0.180 mol of H,0, 0 160 mol of CO, 2
k in a 2.00 L container.
2NOC] S 2NOy, + Cl . ey .
® ® @ a. Is the container of gases at equilibrium? If not, which way will the equilibrium shift
to reach equilibrium? ~

A flask is filled with NOCI, NO and Cl, . Initially, there was a total of 5.0 moles of gases
present. When equilibrium is reached, there is a total of 6.0 moles of gases present. Which of
the following explains this observation?
A. The reaction shifted left because Kyja) > Keq:

. B. The reaction shifted right because Kyrja) > Keg-
C. The reaction shified left because Kya) < Keg-
D. The reaction'shifted right because Kyrja) < Keg-

112. Consider the following equilibrium:

Oy + 2H = e
“Co @ 0 @ » b. Calculate the [CO] and [ CO,] when equilibrium is reached.

Some CO, H, and CH30H were placed in a 1.0 L container. When equilibrium was established,
the [CO] had increased. Which of the following is true?

A. Trial Keq > Keq so reaction shifted left to reach equilibrium.

B. Trial Keg <Keq s0 reaction shifted left to reach equilibrium.

C. Trial Keq > K¢q so reaction shifted right to reach equilibrium.

D. Trial K¢q < Keq so reaction shified right to reach equilibrium.

¢. What could be done to the equilibrium to increase the K¢q?

Page: 42 052 07/07/2008
. Page: 43 of 52 U7/07/2008




114. Consider the following equilibrium:
2 HI(E)

Keq =144

HZ(g) + IZ(g) hay

Initially 0.480 mol of HI, 0.160 mol of Hj and 0.160 mol of I, are placed ina 2.00 L container

and allowed to reach equilibrium.

» a. Which way will the equilibrium shift in order to reach equilibrium?

b. What will be the [HI] at equilibrium?

115. Consider the following equilibrium:

2NO;  Keq=9.5x10-3

N204(g) =

Initially, 0.060 mol N0, and 0.020 mol NO, are placed in a 2.00 L container.

Determine the direction in which the reaction will proceed in order to reach equilibrium.

A. It will shift to the right because Kiria > Keg:
B. It will shift to the left because Kirial > Keg-
C. It will shift to the right because Kiria < Keq-
D. It will shift to the left because Kgial < Keq:

age: 44 of 52

07/07/2008

116. Given the following reaction:

Hg + by S Mg Kg=64

Equal moles of H,, I, and HI are placed in a 1.0 L container. Use calculations 10 determine the
direction the reaction will proceed in order to reach equilibrium.

117. Consider the following equilibrium:

M@t he 5 2Hlg Kg=495 atddooC

K0.120M H,, 0.120 M I; and 0.844 M HI are initially placed into a container at 440° C, which
of the following is true as equilibrium is approached?
A. [Iz]_ decreases significantly

B. [HI] decreases significantly,
C. [H,] decreases significantly.

D. [HZJ remains the same,

F9 Review

118. Consider the following:
2HBr(g) s H2(g) + Brz(g)

Initially, HBr is added to an empty flask. How do the rate of the reverse reaction and the [HBr)
change as the system proceeds to equilibrium?

Reverse Rate  [HBr]
A. decreases decreases
B. decreases increases
C. increases increases
D. increases decreases
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119. Two experiments were performed involving the following equilibrium. The temperéturc was the
same in both experiments.

HZ(g) -+ I2(g) = ZHI(E)

In experiment A, 1.0 M H; and 1.0 M I were initially added to a flask and equilibrium was
established. In experiment B, 2.0 M HI was initially added to a second flask and equilibrium
was established. Which of the following statements is always true about the equilibrium
concentrations?

A. [Hy] = [HI] in experiment A

B. [HI] = 2[H;] inexperiment A

C. [HI] in experiment A = [HI] in experiment B.

D. [HI] in experiment A = 1/2[I;] in experiment B.

120. In which of the following equations does entropy most favour reactants?
A. 1/2N2 ® +~02 ) s NOz(g)
B. 4PH3(g) = P4(g) +6H2(g)
C. NH4C1 ©) s I\IH“+ (ag) + Cl’ aq)
D. Sn0O, ) + 2H, ® S Sn ) + 2H,0 ®

121. When the temperature of an endothermic equilibrium is increased, which of the following will
happen?

A. Equilibrium shifts left and [product] increases

B. Equilibrium shifts left and {product] decreases

C. Equilibrium shifts right and [reactant] increases

D. Equilibrium shifts right and {reactant] will decrease
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122. Consider the following equilibrium:

2HBr ) +energy

H2(_g) + Br2(g) =

Which of the following shows the reverse rate of reaction when the volume is
decreased at time = t;?

A. B.
3
\__ '
rale rdte
1 time Y tme
c D.
3 k
rale fale
1, time Y ime

123. Consider the following equilibrium:

2HBr (g +energy

HZ(g) + Bl'z(g) =

Which of the following shows the forward reaction rate when the temperature is
decreased at time = ¢;?

A. B.
rate raie
4 time L time
C D.
b b
rate " rake
L time L lime
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124.

125.

126.

127.

Page: 48 of 52

Consider the following reaction for the Haber Process for ammonia production:

N2(g) + 3H2(g) Ly 2NH3(g) AH=-92k]
The system is normally maintained at a temperature of approximately 500° C. Why is the

temperature of 1000°C not used?
A. The forward reaction would change from exothermic to endothermic and equilibrium would

be lost.
B. The equilibrium would shift to the left, reducing % yield.
C. The equilibrium would shift to the right, reducing % yield.
D. Too many collisions would decrease the number of successful collisions thus reducing the %

yield.
Consider the following equilibrium:

H2(g) + IZ(g) = 2H](g) AH=-719kJ

Which of the following would allow you to conclude that the system has reached equilibrium?
A. The gas pressure remains constant

(Hygl = 2[HLg]

- [Hagyl = [Iyg)

D. The temperature remains constant

o w

Which reaction has the following equlibrium expression?
K. = [NOII [HZOI
“ [nn;o,]

A. 4NH3(g)+702(g) Ly 4N02(g) +6H20(8)
B. 4NH3(g) + 70, ® hary 4N02(g) + 6 H,0 o
C. 4N02(g) + 6H2O V) s 4NH3 © + 702(g)
D. 4N02(g) +6H20(g) o 4NH3(g)+702(g)

Consider the following equilbrium:
COZ(g) + ZHZO(g) s CH4(g) + OZ(g)

Which of the options below indicates that the reactants are favoured?
A. Keqis zero

B. Keq is very large

C. Keqisslightly less than 1

D. Keq is slightly greater than 1
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128. Which of the following best descn'l_)es the relationship between K,q and temperature for an

exothermic forward reaction?
A. B.

Temperamre Temperature

Temperature Terperature

129. What will cause the value of K4 for an exothermic reaction to increase?

B. increase the volume
D. decrease the temperature

A. decrease the volume
C. increase the temperature

130. Consider the following equilibrium:

2Cr04'2 (ag) + 2H* (aq) s Cl’207’2 (aq) + H,0 10}

A solution of Ba(NO3), is added, and a precipitate of BaCfO4 forms. What could you add to the
solution to dissolve the precipitate, and predict the equilibrium shift and change to Keq-

Add Equilibrium shift Keq
A. Cry052 left decreases = -
B. CrO42 _ right increases
C. H,0 left remains constant
D. H* right remains constant
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131. Consider the following equilibrium:
: 132. Consider the following equlibrium:

2POC13(g) = 2PC13(g) + OZ(g)
2CI'O4'2 (ag) + 2H* (aq) s Cr207‘2 (aq) + H,0 )

3.00 moles of POCI; were put into a 2.00 L container and allowed to reach equilibrium. At

equilibrium [O,] = 0.0250 M. Initally, 0.450 moles of Cry072, 0.480 moles of H0, 0.250 moles of CrO,42 and 0.500 moles

of H* are placed in a 5.00 L container and allowed to reach equilibrium.

a. Use the concepts of entropy and enthalpy to predict whether or not the forward reactiob will

be endothermic or exothermic. a. When equilibrium is reached, the [Cr,072]is 0.100 M. Calculate the Keq of the

equilibrium.
b. List three ways that you could shift the equilibrium to the product side.
0]
@) : o b. Are reactants or products favored? Explain your answer.
3

¢. How would the following stresses affect the equilibrium? Complete the table below using

c. Calculate the K, for the above container when equilibrium is reached.
the arrows indicated.

shift left (from shock) €  increased rate of forward reaction after equilibrium reestablished T
shift right (from shock) = decreased rate of forward reaction after equlibrium reestablished ¥

no shift - no change in rate -
Stress (shock) Equilibrium shift [Crr07Y Forward reaction rate
introduced (after shiftin after equilibrium js back

Decrease pressure

add CI04'2 @aq)

increase temperature

add inhibitor

increase volume of
container

remove some Cry0772 (34

—
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133. Consider the following equilibrium:
C02®+H2(g) S H0 +COy Keq=036

Initially, 0.240 moles and CO,, 0.240 moles of Hp, 0.150 moles of Hy0 and 0.150 moles of CO
are placed in a 3.00 L container.
a. Is the container at equilibrium?

If not, which way will the equilibrium shift in order to reach equilibrium,
Support your answer with calculations.

b. Calculate the [CO] and [CO,] at equilibrium.
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