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Q1. 
This question is about reversible reactions. 

When 4.68 g of hydrated copper sulfate changes into anhydrous copper sulfate: 
•   2.99 g of anhydrous copper sulfate is produced 
•   1.47 kJ of energy is taken in from the surroundings. 

The equation for the reversible reaction is: 

hydrated copper sulfate  ⇌  anhydrous copper sulfate  +  water 

(a)  Calculate the maximum mass of water that can be produced from 11.7 g of hydrated 
copper sulfate. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Mass =  ____________ g 
(3) 

(b)  15.0 g of anhydrous copper sulfate completely changes into hydrated copper sulfate 
when water is added. 

Calculate the amount of energy transferred to the surroundings. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

Energy =  ____________ kJ 
(2) 

The gases nitrogen dioxide and dinitrogen tetroxide reach dynamic equilibrium in a sealed 
container. 

The equation for the reaction is: 
  

2 NO2(g) ⇌ N2O4(g) 

nitrogen dioxide (brown)   dinitrogen tetroxide 
(colourless) 

The forward reaction is exothermic. 

(c)  What happens to the position of the equilibrium in this reaction if the temperature is 
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increased? 

Tick (✓) one box. 
  

Shifts to the left 
 

Stays the same 
 

Shifts to the right 
 

(1) 

(d)  A teacher seals a brown-coloured mixture of nitrogen dioxide and dinitrogen 
tetroxide in a gas syringe. 

The figure below shows the sealed gas syringe. 

 

The teacher pushes the syringe piston in. 

This increases the pressure in the gas syringe. 

What is the colour of the mixture when a new equilibrium position is reached? 

Tick (✓) one box. 
  

The mixture is a darker shade of 
brown.  

The mixture is the same shade of 
brown.  

The mixture is a lighter shade of brown. 
 

(1) 

Hydrogen iodide gas decomposes into hydrogen gas and iodine gas at high temperatures. 

The equation for the reaction is: 

2 HI(g) ⇌ H2(g) + I2(g) 

(e)  Explain the effect of increasing the pressure on the equilibrium position of this 
reaction. 

___________________________________________________________________ 
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___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(f)   Suggest the effect of adding a catalyst on the equilibrium position of this reaction. 

___________________________________________________________________ 

___________________________________________________________________ 
(1) 

Copper forms coloured compounds. 

Hydrochloric acid is added to an aqueous solution of copper compound A. 

The word equation for the reaction is: 

 

(g)  The reaction mixture is green when both copper compounds are present in a 
solution at equilibrium. 

How can the equilibrium position be shifted to make the reaction mixture more 
yellow? 

Tick (✓) one box. 
  

Add more hydrochloric acid 
 

Add more water 
 

Leave the reaction mixture for 30 
minutes  

(1) 

(h)  The concentrations of the substances in this reaction do not change at dynamic 
equilibrium. 

Explain why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(Total 13 marks) 
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Q2. 
Cobalt forms coloured compounds. 

A pink cobalt compound reacts with hydrochloric acid. 

The reaction can be represented as: 

pink cobalt compound + hydrochloric acid ⇌ blue cobalt compound + water 

The forward reaction is endothermic. 

When both cobalt compounds are present in a solution at equilibrium, the equilibrium 
mixture is purple. 

(a)     What is meant by equilibrium? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(2) 

(b)     The equilibrium mixture is cooled. 

Explain what happens to the concentration of the pink cobalt compound. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 
(3) 

(c)     More hydrochloric acid is added. 

Explain what happens to the colour of the equilibrium mixture 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 



 Page 5 of 9 

(3) 

(d)     Why does cobalt form different coloured compounds? 

___________________________________________________________________ 
(1) 

(e)     An oxide of cobalt has the formula Co2O3 

Which cobalt ion is present in this oxide? 

Tick (✔) one box. 
  

Co+ 
 

Co2+ 
 

Co3+ 
 

Co4+ 
 

(1) 

(f)      Cobalt compounds can act as catalysts. 

Which two statements about cobalt compounds are correct? 

Tick (✔) two boxes. 
  

They allow reactions to reach equilibrium more quickly. 
 

They are reactants in reactions catalysed by cobalt 
compounds.  

They are used up when acting as catalysts. 
 

They increase the equilibrium yield of reactions. 
 

They provide a different reaction pathway. 
 

(2) 

(g)     The reaction of hydrogen with carbon monoxide is catalysed by cobalt metal. 

Balance the equation for the reaction. 

H2  +  CO  ⟶  C6H14  +  H2O 
(1) 
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(h)     C6H14 is an alkane. 

What is the formula of an alkane containing 18 hydrogen atoms? 

__________________________________ 
(1) 

(i)      The graph shows a reaction profile diagram for a reaction without a catalyst. 

  

On the graph: 

•   draw the reaction profile diagram for a catalysed reaction 
•   draw and label an arrow to show the activation energy for the reaction without 

a catalyst. 
(2) 

(Total 16 marks) 
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Mark schemes 

Q1. 
(a)  (mass of water in 4.68 g = 4.68 - 2.99) = 1.69 (g) 

1 

(mass of water in 11.7 g =) 

 
allow correct use of an incorrectly determined 
mass of water in 4.68 g 

1 

= 4.23 (g) 
allow 4.2 / 4.225 (g) 

1 

alternative approach: 

(mass of anhydrous compound = 

 

= 7.475 (g) (1) 

(mass of water =) 
11.7 - 7.475 (1) 

allow correct use of an incorrectly determined 
mass of anhydrous compound 

= 4.23 (g) (1) 
allow 4.2 / 4.225 (g) 

(b)  (energy =) 

 
1 

= 7.37 (kJ) 
allow 7.37458194 correctly rounded to at least 2 
significant figures 

1 

(c)  shifts to the left 
1 

(d)  the mixture is a lighter shade of brown 
1 

(e)  no effect (on equilibrium position) 
allow (equilibrium position) stays the same 

1 

(because) there are equal numbers of (gas) moles / molecules on each side 
(of the equation) 
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1 

(f)  no effect (on equilibrium position) 
allow (equilibrium position) stays the same 

1 

(g)  add more hydrochloric acid 
1 

(h)  (because the) forward and reverse reactions are taking place at (exactly) the 
same rate 

2 

ignore references to closed systems 
allow for 1 mark 
(because) the reactions are taking place at 
(exactly) the same rate 

[13] 

Q2. 
(a)     in a closed system 

1 

the rate of the forward and backward reactions are equal 
1 

(b)     concentration increases 
1 

(because) reaction / equilibrium moves to the left / reactant side 
1 

(since the) reverse reaction is exothermic 
allow (so that) temperature increases 

1 

(c)     becomes blue 
1 

(because) reaction / equilibrium moves to the right / product side 
1 

(so) concentration of blue cobalt compound increases 
allow (so that) concentration of hydrochloric acid decreases 

1 

(d)     (cobalt has) ions with different charges 
allow (cobalt is a) transition metal 

1 

(e)     Co3+ 

1 

(f)      they allow reactions to reach equilibrium more quickly 
1 

they provide a different reaction pathway 
1 
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(g)     13H2 + 6CO → C6H14 + 6H2O 
allow multiples 

1 

(h)     C8H18 
1 

(i)      curve below printed curve 
do not accept different reactant or product levels 

1 

vertical arrow from reactant level to peak of printed curve 
1 

an answer of: 

  

scores 2 marks 
[16] 


