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Questions

1 
A chemical reaction is said to be in a state of dynamic equilibrium at a specified temperature when the rate of the forward reaction is exactly equal to the rate of the reverse reaction.
2 
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3 
a 
K' = K2 = (6.37 × 105)2 = 4.06 × 1011 M2
b 
K' =  
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a 
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Experiment 1: K = 
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Experiment 2: K = 
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Experiment 3: K = 
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Average value of K = 46.7

5 
K = 
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8 
	
	Reactants
	Products

	Mole ratio in the equation
	PCl3
	Cl2
	PCl5

	ni
	0.40
	0.65
	0

	Change
	–0.10
	–0.10
	+0.10

	neq
	0.30
	0.55
	0.10

	[ ]eq, V = 10.0 L
	0.030 M
	0.055 M
	0.010 M


K =  
[image: image22.wmf]]

][Cl

[PCl

]

[PCl

2

3

5

 = 
[image: image23.wmf]055

.

0

030

.

0

010

.

0

´

 = 6.1 M–1
9


	
	Reactants
	Products

	Mole ratio in the equation
	N2O4
	2NO2

	ni
	0.836
	0.836

	Change
	+0.215
	–0.429

	neq
	1.05
	0.407

	[ ]eq, V = 3.60 L
	0.292 M
	0.113 M


K = 
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	Reactants
	Products

	Mole ratio in the equation
	SO2
	NO2
	SO3
	NO

	ni
	0.250
	0.350
	0
	0

	Change
	–0.224
	–0.224
	+0.224
	+0.224

	neq
	0.026
	0.126
	0.224
	0.224

	[ ]eq, V = 10.0 L
	0.0026 M
	0.0126 M
	0.0224 M
	0.0224 M
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[image: image26.wmf]]

][NO

[SO

]

][NO

[SO

2

2

3

 = 
[image: image27.wmf]0126

.

0

0026

.

0

0224

.

0

0224

.

0

´

´

 = 15.3
11 


	
	Reactants
	Products

	Mole ratio in the equation
	H2O
	Cl2O
	2HOCl

	ni
	0
	0
	0.600

	Change
	+0.0555
	+0.0555
	–0.111

	neq
	0.0555
	0.0555
	0.489

	[ ]eq, V = 3.00 L
	0.0185 M
	0.0185 M
	0.163 M
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12 
a 
If a system is at equilibrium and any of the temperature, pressure or concentrations of the species are changed, the reaction will proceed in such a direction as to partially compensate for this change.

b 
An increase in temperature would cause an exothermic reaction to proceed to the left (in favour of the backwards endothermic process).

c 
The equilibrium constant for this reaction would decrease as a result of the increase in temperature.

13 
a 
i 
Equilibrium position moves to right.
ii 
Equilibrium constant increases.
b 
i 
Equilibrium position moves to left.
ii 
Equilibrium constant decreases.
c 
i 
Equilibrium position moves to right.
ii 
Equilibrium constant increases.
d 
i 
Equilibrium position moves to left.
ii 
Equilibrium constant decreases.
14 
Sketches required.
15 
a 
Equilibrium position moves to right as extra reactant is added.

b 
Equilibrium position moves to left as extra product is added.

c 
Equilibrium position moves to right as extra reactant is added.

d 
Equilibrium position moves to left as extra product is added.

16 
a 
Equilibrium position moves to right as extra reactant is added.

b 
Equilibrium position moves to right as the reaction is endothermic.

c 
There is no change to the position of equilibrium.
17 
a 
Equilibrium position moves to right as there are more moles of product than reactant.

b 
Equilibrium position moves to right as some product is lost.

c 
Equilibrium position moves to right as extra reactant is added.

d 
Equilibrium position moves to right as the NaOH will react with the H3O+ that is present as a product of reaction, thus removing it.

18 
a 
Addition of excess oxygen will ensure greater yield, as excess reactant is used.

b 
A catalyst will increase only the rate of the reaction, not the yield.

c 
Supplying extra heat will decrease the yield, as the reaction is exothermic.

19 
Sketches required.
20 
a 
As this reaction is exothermic, a lower temperature should be used as this will cause the equilibrium position to move to the right and will increase the equilibrium constant.

b 
The pressure should be increased, as there are 2 mol of product and 4 mol of reactant gases, and so an increase in pressure will favour the forward reaction.

c 
To improve the rate of reaction, the temperature should be increased, the pressure increased and a catalyst employed. 

Review Questions 

1 
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a 
Reactants 
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Products 
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Reactants 
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Products 
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a 
K' = K2 = (16.6)2 = 276 M4
b 
K' = 
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5 
a 
Experiment 1: K = 
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Experiment 2: K = 
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b 
The second experiment was conducted at the higher temperature as the equilibrium constant was smaller. As this is an exothermic reaction, an increase in temperature favours the reverse reaction, resulting in a smaller equilibrium constant.
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a 
K' = 
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K' = K2 = x2
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K = 
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a
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b 
As the forward reaction is exothermic, an increase in temperature favours the reverse reaction, resulting in a smaller equilibrium constant.

10 
[NO] = 0.30 M, [O2] = 0.20 M, [NO2] = 0.25 M

K =  
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11 
Experiment 1: K = 
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Experiment 2: K = 
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Experiment 3: K = 
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Experiment 4: K = 
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a 
Experiments 1 and 4 were conducted at 348 K.

b 
Experiment 3 was conducted at a temperature greater than 348 K, as the equilibrium constant for this endothermic reaction increased.

c 
Experiment 2 was conducted at a temperature less than 348 K, as the equilibrium constant for this endothermic reaction decreased.

12 


	
	Reactants
	Products

	Mole ratio in the equation
	CO
	Cl2
	COCl2

	ni
	1.50
	0.500
	0

	change
	–0.485
	–0.485
	+0.485

	neq
	1.015
	0.015
	0.485

	[ ]eq, V = 10.0 L
	0.1015 M
	0.0015 M
	0.0485 M
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13 
From the equation, the concentrations of CO2 and H2 at equilibrium must be the same, as equal amounts of CO and H2O were added to the vessel initially. 
If we let the [CO2] = [H2] = x, then:
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The concentrations of CO2 and H2 at equilibrium are 0.706 M.

14 
a 
i 
The position of equilibrium moves to the right.

ii 
The equilibrium constant increases.

b 
i 
The position of equilibrium moves to the left.

ii 
The equilibrium constant decreases.

c 
i 
The position of equilibrium moves to the left.

ii 
The equilibrium constant decreases.

d 
i 
The position of equilibrium moves to the right.

ii 
The equilibrium constant increases.
15 
a
The equilibrium position would move to the right to compensate for the loss of product.

b 
The equilibrium position would move to the right to compensate for the loss of product.

c 
The equilibrium position would move to the left to compensate for the loss of reactant.

d
The equilibrium position would move to the left to compensate for the loss of reactant.

16 


	Change
	Equilibrium position
	Equilibrium constant

	Add nitrogen gas
	Right
	No change

	Cool gases
	Right
	Increases

	Increase pressure
	Right
	No change

	Remove hydrogen
	Left
	No change

	Employ a catalyst
	No change
	No change


17 
a 
The position of equilibrium moves to the left to partially compensate for the fact that extra product has been added.

b 
The position of equilibrium moves to the left to partially compensate for the fact that this exothermic equilibrium has been heated.

c 
The addition of an inert gas at constant volume has no effect on the position of equilibrium.

d 
The position of equilibrium moves to the right to partially compensate for the fact that some product has been removed.

e 
A catalyst has no effect on the position of equilibrium, just on the rate of reaction.

18 
Sketch graphs required.
19 
a 
The position of equilibrium moves to the right to partially compensate for the fact that extra reactant has been added.

b 
The position of equilibrium moves to the left to partially compensate for the fact that some reactant had been removed.

c 
The position of equilibrium moves to the left to partially compensate for the fact that there were more moles of reactant than product and so the dilution affected the reactants more than the product.

d 
The position of equilibrium moves to the left to partially compensate for the fact that heat has been provided to this exothermic equilibrium reaction.

20 
a
The reaction reaches equilibrium four times, as this is the number of occasions on which the concentrations of all three species remain unchanged for a period of time.

b 
At the 10 minute mark a quantity of COCl2 was added, as its concentration increased virtually instantaneously.

c 
Over this period of time the concentrations of CO and Cl2 were increasing and that of COCl2 was decreasing, so the reaction was proceeding to the left (backwards).

d 
At 8 minute mark: K = 
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At 18 minute mark: K = 
[image: image66.wmf]]

[CO][Cl

]

[COCl

2

2

 = 
[image: image67.wmf]068

.

0

088

.

0

030

.

0

´

 = 5.0 M–1
e 
At the 20 minute mark a change occurred and the reaction reached a new equilibrium by about the 25 minute mark and remained at this new equilibrium for approximately 5 minutes.

At 28 minute mark: K = 
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As the equilibrium constant has increased from its previous value, the temperature must have changed, as temperature is the only factor that changes the constant. As this is an endothermic equilibrium, it must have been a temperature increase that caused this increase in the magnitude of the equilibrium constant.

f 
At the 30 minute mark the concentrations of all three species decreased almost instantaneously. To achieve this, either a valve was opened to release some gases or the volume of the vessel was increased. The reaction responded by moving backwards to the side with more moles of gas.

Examination Questions 

Multiple choice

1 
C

2 
A

Extended response

1 
a


	
	Reactants
	Products

	Mole ratio in the equation
	CO
	2H2
	CH3OH

	ni
	4.65
	7.33
	0

	Change
	–2.36
	–4.72
	+2.36

	neq
	2.29
	2.61
	2.36

	[ ]eq, V = 10.0 L
	0.229 M
	0.261 M
	0.236 M


[CO] = 0.229 M, [H2] = 0.261 M, [CH3OH] = 0.236 M

b 
K =  
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c 
To act as a catalyst, as catalysts work by lowering the activation energy and so enhancing the rate of reaction.

d 
The addition of argon gas had no effect on the yield of the reaction.

e 
An increase in temperature would decrease the yield of the reaction by favouring the reverse reaction for this exothermic reaction. The rate of the reaction would increase with an increase in temperature.
2 
a 
Experiment 1

i
An increase in temperature would increase the concentration of the reactant PCl5 by favouring the reverse reaction for this exothermic reaction. 

ii 
The equilibrium constant will decrease.

b
Experiment 2

i 
When the valve is first opened the concentration of all species decreases. The reaction proceeds to the right, to the side with the greater number of moles to partially compensate for the decrease in pressure. The equilibrium concentration of Cl2 will still be less than the original concentration, as the reaction can only partially compensate for the initial decrease in pressure.

ii 
A change in pressure will have no effect on the equilibrium constant.

c
Experiment 3


The addition of inert nitrogen gas has no effect on the position of equilibrium, as the partial pressures of the individual gases in the equilibrium mixture are not changed. There will be no change in the equilibrium constant.
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