
CHEMICAL EQULIBRIUM  




QUESTION 1

The reaction represented by the equation below reaches equilibrium in a 
closed

container.


N2(g) + 3H2(g) ⇋ 2NH3(g) ΔH = -92 kJ

1.1 Is the above equilibrium HOMOGENEOUS or HETEROGENEOUS?

Give a reason for the answer.

(2)

1.2 Changes were made to the TEMPERATURE, PRESSURE and 
CONCENTRATION of the above equilibrium mixture. The graphs 
below

represent the results obtained.

(2)

 1.2.1 What changes were made to the reaction conditions at each of the 
following times? 

(a) t1


(b) t2

 

 

(1)


(1)

 1.2.2 How does the rate of the forward reaction compare to the rate of the 
reverse reaction between 0 and t1?

Write down HIGHER THAN, LOWER THAN or EQUAL TO. (1)

 1.3 Equal number of moles of hydrogen gas and nitrogen gas are 
injected into a

sealed 1 dm3 container. When the reaction reaches equilibrium at 
temperature T1  it is found that 10% of the original amount of 
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  1.3.1 Calculate the initial mass of N2 in the container. (10)

 Use your knowledge of Le Chatelier’s principle to explain 
how an increase in temperature will affect the value of Kc. (3)


[18]

QUESTION 2

A certain amount of nitrogen monoxide gas and oxygen gas react in a 50 
cm3 closed container at 230 °C to form nitrogen dioxide gas. The reaction 
reaches equilibrium according to the following balanced equation:  

2 NO(g)   +   O2(g) ⇌   2NO2(g)        ∆H = -114 kJ·mol-1 

colourless                      brown


At 230 °C, the equilibrium constant for this reaction is 6,44 x 105. 

2.1 Initially, 1 mol of NO(g) and an unknown quantity of O2(g) were 
placed in the container. At equilibrium, the number of particles of 
NO(g) present is     3,01 x 1021 . Calculate the initial number of moles 
of O2(g) placed in the container. (9)

2.2 What would be the significance of such a high Kc for the industrial 
production of NO2 (g)? (1)

2.3 Will the colour of the mixture of gases become LIGHTER or DARKER as 
the temperature is decreased to room temperature?  (1)

2.4 Using Le Chatelier’s principle, explain the answer to QUESTION 2.3. (3)

2.5 How will a change in the pressure of the gases influence the equilibrium 
constant at room temperature? 

Write down only INCREASES, DECREASES or NO EFFECT.  (1)


[15]

QUESTION 3    
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When a number of moles of X2 (g) and Y2 (g) are placed in an empty, closed 
2 dm3 container at 800 °C , a reaction takes place and eventually reaches 
equilibrium according to the following equation: 


X2(g)   +   3Y2(g)   ⇌    2XY3(g)

At equilibrium there is 0,4 mol∙dm-3 each of Y2 and XY3 present in the 
container. The value for Kc is 4,0 at 800 °C.

3.1 Calculate the initial number of moles of X2 and Y2 placed in the 
container.

(8)

You are also given the following information for the reaction: 

Temperature (°C)	 Kc


400	 0,8

600	 2,5

800	 4,0


3.2
 Is the forward reaction endothermic or exothermic? 

Refer to the table above to explain the answer. (3)

3.3
 What effect will adding more Y2 (g) at 800°C have on the 
concentration         of X2 (g)? Write only INCREASE, DECREASE or 
STAY THE SAME.  

(1)

3.4
 Which ONE of the following gases XY3 or X2 would be present in a 
higher concentration in the equilibrium mixture at 400°C? 

Explain the answer. (3)


[1
5]

QUESTION 4

4.1 The first step in the Ostwald process for the manufacture of nitric 
acid is the catalytic oxidation of ammonia. A platinum alloy gauze is 
used as catalyst. The gauze is heated at the start of the process.

The equation for the reaction is:


4NH3(g)   +   5O2(g) ⇌   4NO(g) + 6 H2O(g)        ∆H = -905 kJ·mol-1

 4.1.1 Define the term catalyst. (2)

 4.1.2 Why does the platinum alloy gauze remain warm during this 
3



 The second step in the ostwald process takes place in a closed 
container and is represented by the following equation:


2NO(g)   +   O2(g) ⇌   2NO2(g)           ∆H = -113 kJ·mol-1

 4.1.3 Use Le Chatlier's principle to explain what effect the 
increase of pressure will have on the yield of NO2. (3)

4.2 The equation below represents an equilibrium reaction in sealed 1 
dm3 container. 


NO2(g)   +  NO(g) ⇌   N2O(g)  + O2 (g)           ∆H >0

Equilibrium is reached at a certain temperature. The Kc value at this 
temperature is 3,93 and the concentrations for each reactant and 
product in the container at equilibrium was:


[NO2] = 0,06 mol∙dm-3


[NO] = 0,29 mol∙dm-3


[N2O] = 0,18 mol∙dm-3


[O2] = 0,38 mol∙dm-3


One of the conditions which influence equilibrium is changed and a 
new equilibrium is reached. The concentration of  NO2 at this new 
equilibrium is 0,12 mol∙dm-3. 

 

 4.2.1 Calculate the Kc value at the new equilibrium. (8)

 4.2.2 Name the condition which was changed and explain how it 
was changed. (2)


[18]

QUESTION 5  

Initially excess NH4HS(s) is placed in a 5 dm3 container at 218 °C. The 
container is sealed and the reaction is allowed to reach equilibrium 
according to the following balanced equation:


NH4HS(s) ⇌ NH3(g) + H2S(g)                ∆H > 0

5.1 State Le Chatelier's principle. (2)

5.2 What effect will each of the following changes have on the 
amount of NH3(g) at equilibrium? Write down only INCREASES, 
DECREASES or REMAINS THE SAME.
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5.2.1 More NH4HS(s) is added (1)

5.2.2 The temperature is increased (1)

5.3 The equilibrium constant for this reaction at 218 °C is 1,2 x 10-4. 


Calculate the minimum mass of NH4HS(s) that must be sealed in 
the container to obtain equilibrium. (6)

The pressure in the container is now increased by decreasing the volume 
of the container at constant temperature. 

5.4 How will this change affect the number of moles of H2S(g) 
produced? Fully explain the answer. (3)

[13]
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QUESTION 6

Pure hydrogen iodide, sealed in a 2 dm3 container at 721 K, decomposes 
according to the following balanced equation: 


2HI(g) ⇌ H2(g) + I2(g) ΔH = + 26 kJ∙mol-1 

The graph below shows how reaction rate changes with time for this 
reversible reaction. 

6.1 Write down the meaning of the term reversible reaction. (1)

6.2 How does the concentration of the reactant change between the 
12th and the 15th minute? Write down only INCREASES, 
DECREASES or NO CHANGE.  (1)

6.3 The rates of both the forward and the reverse reactions suddenly 
change            at t = 15 minutes.   

6.3.1 Give a reason for the sudden change in reaction rate. (1)

6.3.2 Fully explain how you arrived at the answer to 
QUESTION 6.3.1. (3)

The equilibrium constant (Kc) for the forward reaction is 0,02 at 721 K. 

6.4 At equilibrium it is found that 0,04 mol HI(g) is present in the 
container. Calculate the concentration of H2(g) at equilibrium. (6)


6



6.5 Calculate the equilibrium constant for the reverse reaction. (1)

6.4 The temperature is now increased to 800 K. How will the value of 
the equilibrium constant (Kc) for the forward reaction change? 
Write down only INCREASES, DECREASES or REMAINS THE 
SAME. (1)

[14]
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