Equilibrium

Practice questions

1 Which statement about chemical equilibria implies they are dynamic?

A The position of equilibrium constantly changes.

B The rates of forward and backward reactions change.

C The reactants and products continue to react.

D The concentrations of the reactants and products continue to change.

2 The reaction below represents the Haber process for the industrial production of ammonia.
N,(g) + 3H,(g) = 2NH;(g) AH® =-92 kJ
The optimum conditions of temperature and pressure are chosen as a compromise between

those that favour a high yield of ammonia and those that favour a fast rate of production.
Economic considerations are also important. Which statement is correct?

A A higher temperature would ensure a higher yield and a faster rate.
B A lower pressure would ensure a higher yield at a lower cost.

C A lower temperature would ensure a higher yield and a faster rate.
D A higher pressure would ensure a higher yield at a higher cost.

3 What is the effect of an increase of temperature on the yield and the equilibrium constant for the
following reaction?

2H,(g) + CO(g) = CH50H(l) AH® =128 k)
A | increases increases
B | increases decreases
C | decreases increases
D | decreases decreases

4 Consider the equilibrium between methanol, CH;0H(l), and methanol vapour, CH;0H(g).
CH,0H(l) = CH50H(g)

What happens to the position of equilibrium and the value of K. as the temperature decreases?

Position of equilibrium Value of K.

A | shifts to the left decreases
B | shifts to the left increases
C | shifts to the right decreases
D | shifts to the right increases

5 0.50 mol of I,(g) and 0.50 mol of Br,(qg) are placed in a closed flask. The following equilibrium is
established.
1,(g) + Bra(g) = 2IBr(g)
The equilibrium mixture contains 0.80 mol of IBr(g). What is the value of K.?
A 0.64 B 13 C 26 D 64
6 Anincrease in temperature increases the amount of chlorine present in the following equilibrium.
PCls(s) = PCly(l) + Cly(g)
What is the best explanation for this?

A The higher temperature increases the rate of the forward reaction only.
B The higher temperature increases the rate of the reverse reaction only.
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C The higher temperature increases the rate of both reactions but the forward reaction is
affected more than the reverse.

D The higher temperature increases the rate of both reactions but the reverse reaction is
affected more than the forward.

7 Consider the following reversible reaction.
Cr,0,%(aq) + H,0(l) = 2Cr0,*(aq) +2H*(aq)

What will happen to the position of equilibrium and the value of K. when more H* ions are
added at constant temperature?

Position of equilibrium Value of K.

A | shifts to the left decreases
B | shifts to the right increases
C | shifts to the right does not change
D | shifts to the left does not change

8 Consider this equilibrium reaction in a sealed container:
H,0(g) = H,0()
What will be the effect on the equilibrium of increasing the temperature from 20 °C to 30 °C?

A More of the water will be in the gaseous state at equilibrium.

B More of the water will be in the liquid state at equilibrium.

C At equilibrium the rate of condensation will be greater than the rate of evaporation.
D At equilibrium the rate of evaporation will be greater than the rate of condensation.

9 Which statement is correct for the equilibrium:
H,0() = H,0(g)
in a closed system at 100 °C?

A Al the H,0(l) molecules have been converted to H,0(g).

B The rate of the forward reaction is greater than the rate of the reverse reaction.
C The rate of the forward reaction is less than the rate of the reverse reaction.

D The pressure remains constant.

10 (a) Consider the following equilibrium:
250,(9) + 0(g) = 2504(g) AH® = +198 kJ mol-’

(i) Deduce the equilibrium constant expression, K., for the reaction. (1)
(i) State and explain the effect of increasing the pressure on the yield of sulfur trioxide. (2)
(iiii) State and explain the effect of increasing the temperature on the yield of sulfur

trioxide. (2)
(iv) State the effects of a catalyst on the forward and reverse reactions, on the position of
equilibrium, and on the value of K. (3)

(b) When a mixture of 0.100 mol NO, 0.051 mol H,, and 0.100 mol H,0 were placed in a 1.0
dm? flask at 300 K, the following equilibrium was established.
2NO(g) + 2H,(g) = N,(g) + 2H,0(q)

At equilibrium, the concentration of NO was found to be 0.062 mol dm=3. Determine the
equilibrium constant, K., of the reaction at this temperature. (4)
(Total 12 marks)
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Equilibrium

11 Consider the following equilibrium reaction.

Cly(g) + SO,(g) = SO,Cly(g) AH® =845k

Ina 1.00 dm? closed container, at 375 °C, 8.60 x 103 mol of SO, and 8.60 x 10-3 mol of Cl,
were introduced. At equilibrium, 7.65 x 10=* mol of SO,Cl, was formed.

(a) Deduce the equilibrium constant expression, K., for the reaction. (1)

(b) Determine the value of the equilibrium constant, K... (3)

(c) If the temperature of the reaction is changed to 300 °C, predict, stating a reason in each
case, whether the equilibrium concentration of SO,Cl, and the value of K. will increase or

decrease. (3)
(d) If the volume of the container is changed to 1.50 dm?, predict, stating a reason in each

case, how this will affect the equilibrium concentration of SO,Cl, and the value of K.. (3)
(e) Suggest, stating a reason, how the addition of a catalyst at constant pressure and

temperature will affect the equilibrium concentration of SO,Cl,. (2)

(Total 12 marks)

12 The Haber process enables the large-scale production of ammonia needed to make fertilizers.
The equation for the Haber process is given below.

N(g) + 3H,(g) = 2NH,(g)
The percentage of ammonia in the equilibrium mixture varies with temperature.
A

percentage of NH? in
equilibrium mixture

Y

temperature

(a) Use the graph to deduce whether the forward reaction is exathermic or endothermic and

explain your choice. (2)
(b) State and explain the effect of increasing the pressure on the yield of ammonia. (2)
(c) Deduce the equilibrium constant expression, K., for the reaction. (1)

(d) A mixture of 1.00 mol N, and 3.00 mol H, was placed in a 1.0 dm? flask at 400 °C. When
the system was allowed to reach equilibrium, the concentration of NH; was found to be
0.062 mol dm=3. Determine the equilibrium constant, K, of the reaction at this

temperature. (3)

(e) Iron is used as a catalyst in the Haber process. State the effect of a catalyst on the value of
K. (M
(Total 9 marks)

13 An example of a homogeneous reversible reaction is the reaction between hydrogen and iodine.

Ha(g) +1,(g) = 2HI(g)
(a) Outline the characteristics of a homogeneous chemical system that is in a state of
equilibrium. (2)
(b) Deduce the expression for the equilibrium constant, K.. (1)
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(c) Predict what would happen to the position of equilibrium if the pressure is increased from

1 atm to 2 atm. (1)
(d) The value of K. at 500 K is 160 and the value of K, at 700 K is 54. Deduce what this
information tells us about the enthalpy change of the forward reaction. (1)

(e) At a temperature just above 700 K it is found that when 1.60 mol of hydrogen and 1.00
mol of iodine are allowed to reach equilibrium in a 4.00 dm? flask, the amount of hydrogen
iodide formed in the equilibrium mixture is 1.80 mol. Determine the value of the equilibrium

constant at this temperature. (4)
(f) The reaction can be catalysed by adding platinum metal. State and explain what effect the
addition of platinum would have on the value of the equilibrium constant. (2)
(Total 11 marks)
14 (a) What is the value of AG® for a reaction in which K = 1? (1)

(b) Nitrogen oxide, NO, is oxidized in the air to NO,.
2NO(g) + 0,(g) = 2NO(g)
At 298 K, the value of K, for this reaction is 1.7 x 10'2. Calculate the value of AG® for the
reaction. (3)
(Total 4 marks)
15 Hydrogen and iodine react together as follows:
Ha(g) + 1(g) = 2HI(g)
(a) 6.0 moles of H,(g) and 3.0 moles of I,(qg) are placed in a 1.0 dm? flask. At the temperature
of the reaction, K. = 4.00. Calculate the equilibrium concentrations of H,(g), I,(g) and HI. (3)
(b) At a different temperature, the value of K for the reaction is 51.50. A sample of HI was
placed into a 1.0 dm? flask at this temperature. At equilibrium, 0.218 mol H,(g) was present.

(i) How much HI was originally placed into the flask? (1
(ii) How much I, and HI were present at equilibrium? (2)
(Total 6 marks)
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