INSTRUCTIONS: For each question, select the BEST answer and record your choice on the
. answer sheet provided. Using an HB pencil, completely fill in the circle that has
the letier corresponding o your answer.

I. Atequilibnum, which of the following are equal?

Moles of reactanis and products.

Rates of forward and reverse reactions.
Concentrations of reactants and products.
Potential energies of reactants and products.

onw>

2. Which equation has the largest value of Keq:

: = e
Hz(g) + iOZ(g)(-—-——) HQO(g) AH = -240kJ

o 0w >

. Cbnsider the following equilibnum:
| PCly(g) + Clag) @ PClyy)

When 0.40 mol of PCly and 0.40 mol of Cl, are placed in a 1.00 L container and allowed to reach

Acqui]ibn'um, 0.244 mol of PCly are present.
From this information, the value of Keq 1s

0.10

A.

B. 0.30
C. 3.3
D. 10

. 0.300 mol of S, and 0.310 mol of C are placed in a 1.00 L flask and allowed to reach equilibrium
according to this reaction:

Syp + Gy 2 CS

2g)
At equilibrium, 0.271 mol of CS, is present. ‘The value of K¢y for the reaction is
A, 09]
B. 29
C. 93
D. 240



<. LOslaer ine roilowing equiliona:
[ PClsy, ﬁPCl3(g) + Clyg)
11 2803(g) + Oy @ 2505,

IL NOg) + O3(g) & NOy(g) + Oge)

An increase in pressure alone will cause the value of Keq to decrease in

reacaon L.

reaction I.

reaction I11.

none of the reactions.

gnw>

&. Which is the equilibrium constant expression for the following reaction?

1
Hag) +502¢5) @H20(y)
i

A. Ko =[H,]O,)2

1

B. Keq=—’—f
[H,][0,]?
[H,1%[0,]

C. K =iz’
(H,0]

D. Keq:—-L——l
[H,)[0,]?

7. Consider the equilibrium below:

2NOy) & NyOye

After 2.0 moles of NO, are introduced into an empty 10.0 L container, product concentrations

increase and reactant concentrations increase.

increase and reactant concentrations decrease.
decrease and reactant concentrations increase.
decrease and reactant concentrations decrease.

com»

8. Equilibrium is attained when there is a balance between the tendencies to

minimum enthalpy and minimum entropy.

minimum enthalpy and maximum entropy.
maximum enthalpy and minimum entropy.
maximum enthalpy and maximum entropy.

onw»>



9. Which statement describes the concentrutions of reactants and products in every chemical sysiem at

equilibrium?

A.  Reactant concentrations are less than product concentrations.

B.  Reacunt concentrations and product concentrations are cqual.

C.  Reactant concentrations ire greater than product concentrnions.
— D.  Reactant concentrations and product concentrations are constant.

10. Equilibrium is achieved in a chemical system as it auempts o proceed towards

minimum enthalpy and minimum entropy.

minimum enthalpy and maximum entropy.
maximum enthalpy and minimum entropy.
maximum enthalpy and maximum eniropy.

vz

1t. Consider the following equilibrium:

12(8) + Clz(g) 2 ZICI(E)

Which graph below best illustrates the change in the concentration of 1, when some more I, 15 added
atume t?
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12. Addition of a catalyst 10 a reaction system causes

equilibrium to be reached faster.

the equilibrium to shift to the right.

the rate of the reverse reaction 1o decrease.
more products to be present at equilibrium.

gaow»>



13.

16.

Methanol, CH3OH, can be manufactured using the following equilibrium:

COyyy + 2H2(g) o CH;3O0H ,, + energy

The equilibrium will shift to the right when

A.

B.
C.
D

a cartalyst is added.

the [CO] is increased.

the [CH3OH] is increased.
the temperature is increased.

To increase the yield of product in the following equilibrium:

oow>»

280 + 02(g 2 280 AH = -92 kJ

2(g) ) 3g)
increase the pressure and temperature.
decrease the pressure and temperature.
increase the pressure and decrease the temperature.
decrease the pressure and increase the temperature.

Which of the following systems most favours products at equilibriumn?

A.

B.

When air is drawn into a car’s engine, the following endothermic reaction occurs:

At room temperature the K for this reaction is 4.8 x 107!, At the high temperatures found in a car's

2NO ) +0,, @ 2NO, ., K_ =155x10"°
Hyp *Clyg, @ 2HC ) K, =1.80x 102
CO,,, +Cl,,, 2 COCl, K,“* =8.20x107!
250,,, + 0,y @ 2503(3) K., =2.61x102

N2(g) +02(:;) r=s ZNO(g)

engine the

A.

B.
C.
D

[NO] increases and the K.q increases.

[NOJ] increases and the Keq decreases.
[NO] decreases and the Keq increases.
[NO] decreases and the Keq decreases.



{1. Consider the following equilibrium system:

FCO(S) +H2(8) (j FC(_‘-) +H29(g)

Which one of the following statements describes the effect that a decrease in volume would have on
the position of equilibrium and the [H,] in the above system?

O 0w >

No shift, [H,] increases.

Shift right, [H,] increases.
Shift right, [H,] decreases.

No shift, [H,] remains constant.

. Tooth enamel, Ca(PQO,);OH establishes the following equilibrium:

Cas(PO,4),0H,, 2 5Caly, +3POj,, +OH,

Which one of the following, when added to the above equilibrium system, would result in a shift to

the night?
A Higy)
B. OH_,
2+
C. Ca(aq)
D. Caz(PO,),0H,

. Consider the following equilibrium system:

SHOQ(S) +2C0(8‘) 2 Sﬂ(s) +2C02(g)

The equilibrium constant expression for the above system is

A.

2
Keq ._._.____{COZ:{
[CO]
2 .
Keq =._____[2C022
[2CO]
g _[C0O21” [Sn]
“ [cO1?(Sn0, ]
Keq = [2CO, 1% [Sn)

 [2COJ%[Sn0, ]



20, Consider the following system:

2l

2z,

23.

24.

A solution of Fe(NOj), is added to a solution of KSCN. As equilibrium is being established, the

A. [Fe>*]increases and the [FeSCN2*] increases.
B. [Fe3+] decreases and the [FeSCN2+] increases.
C. [Fe.3+] increases and the [FeSCN2*] decreases.
D

. [Fe®*] decreases and the [FeSCN2*] decreases.

A system has reached equilibrium when

maximum entropy has been.achieved.

minimum enthalpy has been achieved.

the rate of the forward and reverse reactions is zero.

the concentration of reactants and products has stopped changing.

oW

Entropy is a measure of

A. disorder.

B. kinetic energy.

C. potential energy.

D. change in potential energy.

Consider the following system at equilibrium:

CH,y,y + Hy Oy 2 Co(g) + 3Hy,)

Which of the following chemxca]s when added to the above cquxhbnum would result in a decrease in
[HZ(‘E,’)]‘7

H,
CO
CH,
H,0

SnNnw»

Consider the following reaction:
2Hy(g) + O2(g) @ 2H20,

A container at 0°C s filled with a mixture of oxygen and hydrogen. The fastest way to establish an
equilibrium is to

A. add more Hs,.

B. increase the temperature.

C. increase the surface area.

D. do nothing, equilibrium will occur.



26.

27.

. Consider the following equilibrium:

NH,COONH, )

The K4 expression for this reaction is:

A.  [NH,J’[CO,]

B. [2NH,ICO,]

[NH,J*[CO,)
[NH,COONH, ]

[2NH,][CO,]
[NH,COONH, ]

2NH, . + CO
g

2(g)

In which of the following equilibrium reactions will the products be favoured the most?

A N0, @ 2NO, Keq= 0.20

B.  PClL, @ PClL,+Cl,,,  Kg=18

C. Sy + Ciy@ CSy Keq = 9.4

D. Hy + Cly,, @ 2HCl ) Keqg= 2.5 x 10

Consider the following equilibrium:

CHd(g) + 1120(8) 2 C()(g) + 3112(3)

The value of Kq can be changed by

A adding a catalyst.

B increasing the temperature.

C.  increasing the concentration of CH,.
D.  increasing the pressure in the system.

Keg = 26



LG, LONLIACT e 10HOoOWINg equiilonum System:

COyg) + Hygy @ CO,y + H,0,,

Atequilibrium, [CO;] = 0.648 mol/L, [H;] = 0.148 mol/L, [CO] = 0.352 mol/L and
[H,0] = 0.352 mol/L. From these data, the K value for the above system is

0.774
1.29
3.07
3.67

Sow»

29. Given the following equilibrium system:
Cisy + HoOggy @ COpy + Hyy

The equilibrium constant expression for the above system is

A. Koq = [COJH,)

B k- LCOIH,]
B [H,0]
c. g - [COIH,]

°“ (H,O][C]
D x_ - _[H0O]
B [CO]JH,]

30. Given the following system:

Nyg) + 3Hy) @ 2NH,

Which of the following would alter the numerical value of K eq for the above system?

Change in pressure.

Addition of a catalyst.

Change in temperature.
Change in concentration of N,.

onw»

3l. Consider the following equilibrium system:

2HI(,y @ Hypy + Iy,

An analysis of the above equilibrium systern shows that the [reactants] are much larger than the
[products]. Which of the following equilibrium constant values would be consistent with these data?

A. -0.040
B. 0.0030
C. 10

D. 25



Lonsider thc loliowmy cquilibriuni:

Nogy + 205, 2 N0,

(g)

The K, cxpression for this reaction is:

[N,0,]
(N2 1O, ]

[(N,0O,]
[N,]0,)

[N,O, ]
[N,][20,]

[N,0,]
[N,][20,)?

Which of the following reactions will come closest to completion?

A, 2HCl,, 2 Hyy + Cly Ke = 5.5 x 107
B.  2NO,,y @ N;04,, Keq = 1.2
C. €Oy + Hy0p @ COypy + Hygy - Ky = 10
D.  Cy + 2Hy,, 2 CHy,, Keq = 81 x 10°
Consider the following equilibrium:
PCly,, + H,0(, @ 21Cl,,, + POCl, ) All =

As the temperature is increased, the equilibrium

A.  shifts to the left and the value of K4 Increases.
B shifts to the left and the value of K, decreases.
C.  shifts to the right and the value of K¢y Increases.
D

shifts to the n'ghf and the value of K, decreases.

Equilibrium is considered to be a "dynamic” process because

it occurs in a closed system.

equilibrium can be achieved from either directon.

the forward and reverse reactions continue to occur.

the concentrations of reactants and products are constant.

Unow>

- 120 kJ



36.

3

38,

39.

An equal number of moles of 1;(,) and Bry(,) are placed into a closed container and allowed to
establish the following equilibrium:

]2‘8)+Bl’2(3) —(:).. 2IBI’(8) ch = 280

Which one of the following relates [ IBr] to [ ] at equilibrium?

A. [1,]1=[IBr]
B. [I,]<[IBr]
C. [1,]=2[IBr]
D. [I,]=280[IBr]

Consider the following equilibrium system:
2NO(8)+02(Z) Z_'_-) ZNOQ(R) ch =65

At equilibrium, the [NO] = 0.600 M and the [O,] = 0.300 M. Using this data, the equilibrium
[NO,] is .

A, 70M
B. 34M
C. 26 M
D. 0.60M

Consider the following equilibrium system:
COyg) +Ha(g) & CO¢g) +H2 0y

1.00 mole of CO, and 2.00 moles of HZ(g) are placed into a 2.00 litre container. At
equilibrium, the [CO] = 0.31 mol/L. Based on this data, the equilibrium [COZ] is

0.19 M
031 M
0.38 M
0.69 M

oaw»

In which of the following reactions will entropy favour the reactants while enthalpy favours the
products?

-
A. ClZ(g) yacd ClZ(aq) +25kJ
-

B. Pd(s) +6H2(g) +37k] 2 4PH3(g)

= ' H =
C. PCls(g) rad PCI3(g)+Cl AH=+92.5KJ

2g)

D. NO. .2 IN. +0 AH =-33.8 kJ

2 € 70 2g) T P ug)



40. Reactants are mixed and allowed 10 react according to this reaction:

COz(g)+ Hz(g) o Co(g)-i' Hz()(g)

Which diagram below represents the changing concentrations of CO, and H,0 as equilibrium is
established?

A. { ‘ B. i

Concentration Concontiation

Progress ol Reaction Progress ol Reaction

C. 1\ D.
A

Concentration Concenration

Progress o! Reaction Progress ol Reaction

4}, Consider the following equilibrium:

Equal moles of H, and Br, were placed in a flask and at equilibrium the [HBr] was 0.500 mol/L.
The equilibrium concentration of Hy(, was

A. 0.123 mol/L
B. 0.245 mol/L
C. 0.495 mol/L
D. 0.700 mol/L.

42. Consider the following equilibrium:

203(8) (——-) 302(g) K., =55

eq

If 0.060 mol of O and 0.70 mol of O, are introduced into a 1.0 L vessel, the

A. Ku—ia] > K‘sq and the [O,] increases.

wal < ch and the [O, ] increases.

C. Km.aJ > Keq and the [O,] decreases.

D. Koy < Keq and the [O,] decreases.



43, Consider the following equilibrium system:
N2(g) + 02(g) (f)_ ZNO(g) AH =+182 kJ

Which one of the following changes would cause the K., value to increase?

Remove Oy,
Add more NO,,.

Decrease volume.

oo w»

Increase temperature.

44. Consider the following equilibrium system:
ZICl(g) (.__) 12(8)+C]2(8) Keq =0.11

At equilibrium, the [IC1]= 0.40 mol/L and the [I, ]=0.10 mol/L. The equilibrium [Cl, ] is

A. 0.44 mol/L
B. 0.20 moVL
C. 0.10 mol/L.
D. 0.18 mol/L

45. Consider the following equilibrium system:

Sa1g) +Cs) @ CSyg) Keq =9.0 at 627°C

In trial one of an experiment, S, and C were placed into a 1.0 L container. In trial two,
CS, was placed into a different 1.0 L container. Both containers were then heated to

627°C. After 5 minutes at this temperature, the following data was recorded for each

trial:
Trial mol S, - mol C mol CS,
one 0.020 0.300 0.180
two 0.050 0.050 0.270

Based on the above data, equilibrium was estabh'shed in

both trial one and trial two.
trial one but not in trial two.
trial two but not in trial one.
neither trial one nor trial two.

oowy



46,

47.

49.

Identify the equilibrium system that least favours the formation of products.

=22

A. 2HgO,) 2 2Hg, +0,, K,, =1.2x10
- — -5

B.  CH;COOH,, +H,0( 2 H3o[aq)+CH3coo(aq) K, =18x10
5

C. 2NO, +0,,, 2 2NO,, K, =6.5x10
33

D.  Hy,)+Cly,, 2 2HC, K, =18x10

Consider the following equilibrium:

2HyS(,)+ 20 2 2H, ) + 25,

Which of the following would cause the concentration of the H, to increase?

A.  Removal of some S.

B.  Decrease in pressure.
C.  Addition of a catalyst.
D. Increase in temperature.

Given this reaction at equilibrium:

2Cro?” 2 Cr0% + H,0

4(aq) + 2H

+
(a9) )

An increase in the concentration of CrOi' will

A.  shift the equilibrium to the left.

B.  increase the concentration of H* |

C.  increase the concentration of Cr,07".
D

cause no change in the position of equilibrium.

In which of the following systems would the tendencies toward minimum enthalpy and maximum

~entropy be in opposition to each other?

Bl’z([) + heat — Brz(g)
+ -
NHOH(:) - Na(aq) +OH(aq) + heat

2C, +2H,(,, = CyHy,) AH is positive

o aow >

K(s) #H20q1y = K{,,) +OH gy +1Hy g, AH is negative



W LOILIACT UIC 101H0OWINE CHUNOTIUTTL

S K.= 42 x 10™

2H?S(g) & 2H2(4g)+ 2(g) oq

if 6.050 mol of 1,5, 0.020 mol of H; and 0.015 mol of S, are placed in a 1.00 L flask, then
the mial K, is : :

A. lessthan K., and the reaction proceeds to the left.

B less than K, and the reaction proceeds to the right.

C.  greater than K, and the reaction proceeds to the left.
D

greater than K, and the reaction proceeds to the right.



1C EQUILI M _REVIEW

1. State Le Chatelier's Prninciple. (2 marks)

2.. 0.400 mol of H, and 0.200 mol of I, were placed in a 2.00 L flask and allowed to reach
equilibrium according to the reacton:

Hyg) +1a(g) & 2Hl,,

At equilibrium the concentration of HI was 0.160 mol/L. Calculate the equilibrium
constant value. (4 marks)



3. Define the term ‘closed system'’. (1 mark)

4. At equilibrium, the macroscopic properties of a system are constant. Give an example of
a macroscopic property and explain why it is constant at equilibrium. (2 marks)

5. Consider the following equilibrium:
SO3(g) + NO,y 2 NO;yg) + SO, Keq =0.500

Exactly 0.100 mol SO; and 0.100 mol NO were placed in a 1.00 L flask and.allowed to
react. Calculate the concentration of SO, at equilibrium. (4 marks)



6. Consider the following cquilibrium systeim:
— -
Cisy TH0,, & COpy +Hy, Keq =080

In an experiment, a student places 0.10 mol of C, 0.15 mol of H,0, 0.25 mol of CO,
and 0.20 mol of H, into a 1.0 L flask. The student predicts that the [CO] will decrease

as equilibrium becomes cstablished. (3 marks)

a) Would you agree or disagrec with the student?

b) Justify your answer, including appropriate calculations.

The production of ammonia by the Haber process involves the foliowing equilibrium:
N2(g) + 3H2(g) (_'__) 2NH3(8) + heat

The table below indicates the percentage of ammohia in equilibrium mixtures at various
temperatures.

Temperature °C Percentage of Ammonia in Equilibrium

200 | 98
350 80
500 51

a) Explain why the lower temperature results in a higher percentage of ammonia in the
equilibrium mixture. (1 mark)

b) Explain why a temperature of 500°C is used in the Haber process rather than a lower
temperature. (1 mark)




8. Consider the equilibrium below:
2+ —
CO(H20)6(aq) + 2C1(aq) (_—)CO(Hzo)4 Clz(aq) + 2H20(])
pink blue

The colour of this equilibrium mixture is pink at 5°C, and blue at 60°C. Is the forward
reaction endothermic or exothermic? Explain. (2 marks)

Consider the following equilibrium:
2POCl35y @ 2PCla(g) + Oy

2.0 mol POCl, are placed in a 2.00 L container and allowed to establish equilibrium. At
equilibrium, [O,] = 0.16 M. Calculate the value of Keq- (3 marks)



