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Equilibria

This topic illustrates that many chemical reactions are reversible and involve an 
equilibrium process. The consideration of the many factors that can affect an 
equilibrium is an important aspect of physical chemistry.

a explain, in terms of rates of the forward and reverse reactions, what is  
meant by a reversible reaction and dynamic equilibrium

b state Le Chatelier’s principle and apply it to deduce qualitatively (from appropriate 
information) the effects of changes in temperature, concentration or pressure on a 
system at equilibrium

c state whether changes in temperature, concentration or pressure or the presence of a 
catalyst affect the value of the equilibrium constant for a reaction

d deduce expressions for equilibrium constants in terms of concentrations, Kc , and 
partial pressures, Kp (treatment of the relationship between Kp and Kc is not required)

e calculate the values of equilibrium constants in terms of concentrations or partial 
pressures from appropriate data

f calculate the quantities present at equilibrium, given appropriate data (such 
calculations will not require the solving of quadratic equations)

g describe and explain the conditions used in the Haber process and the Contact 
process, as examples of the importance of an understanding of chemical equilibrium 
in the chemical industry
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7 Equilibria

This topic illustrates that many chemical reactions are reversible and involve an equilibrium process. 
The consideration of the many factors that can affect an equilibrium is an important aspect of physical 
chemistry. 

Learning outcomes 
Candidates should be able to: 

7.1 Chemical equilibria: 
reversible reactions; 
dynamic equilibrium

a) explain, in terms of rates of the forward and reverse reactions, what is 
meant by a reversible reaction and dynamic equilibrium

b) state Le Chatelier’s principle and apply it to deduce qualitatively 
(from appropriate information) the effects of changes in temperature, 
concentration or pressure on a system at equilibrium

c) state whether changes in temperature, concentration or pressure or the 
presence of a catalyst affect the value of the equilibrium constant for a 
reaction

d) deduce expressions for equilibrium constants in terms of concentrations, 
Kc , and partial pressures, Kp (treatment of the relationship between Kp 
and Kc is not required)

e) calculate the values of equilibrium constants in terms of concentrations 
or partial pressures from appropriate data

f) calculate the quantities present at equilibrium, given appropriate data 
(such calculations will not require the solving of quadratic equations)

g) describe and explain the conditions used in the Haber process and the 
Contact process, as examples of the importance of an understanding of 
chemical equilibrium in the chemical industry  

Syllabus content
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EQUILIBRIA

REVERSIBLE REACTIONS

In most reactions the reactants are completely converted to products i.e. the 

reaction proceeds in one direction only. Such reactions are referred to as 

irreversible reactions. 

There are some reactions, which can be reversed by altering the conditions of the 

reactions.  

For example when gaseous ammonia and hydrogen chloride are brought together 

at room temperature white dense fumes of ammonium chloride is formed.  

However, on heating, ammonium chloride decomposes to give ammonia and 

hydrogen chloride. Such reactions are described as reversible reactions.

 2
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REVERSIBLE REACTIONS

If in a reversible reaction the conditions required for the forward reaction and 

the backward reaction are the same, a stage will be reached when the rate of 

the forward reaction becomes equal to the rate of the backward reaction.  

Then the system is said to be in a state of chemical equilibrium.  

The equilibrium is dynamic. i.e. the forward and the backward reactions keep 

on occurring continually without affecting the concentration of the 

components.  

Thus, at equilibrium the concentration of the constituents do not change with 

time.

 3

CHARACTERISTICS OF THE EQUILIBRIUM STATE

A system is said to be in a state of dynamic equilibrium when in a reversible reaction, 

the rate of the forward reaction is equal to the rate of the backward reaction. 

1. The rate of the forward reaction is equal to the rate of the backward reaction. 

2. The concentration of the constituents at equilibrium does not change with time. 

3. Equilibrium is a dynamic state – opposing changes at molecular level are continually 

taking place. 

4. The position of equilibrium is sensitive to changes of temperature and pressure or 

concentration. 

5. The equilibrium may be attained from either direction.

 4
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EQUILIBRIUM LAW

For an equilibrium reaction of the form: 

wA     +     xB     ⇌     yC     +     zD

 5

Then (at a constant temperature) = [C]y . [D]z

[A]w . [B]x
=  a constant, (Kc)

Where [ ]  denotes the equilibrium concentration in mol dm҆3.  Kc is 

known as the Equilibrium Constant. 

Note: Solids are NOT a part of equilibrium expressions because the 

concentration of solids is ALWAYS constant.

EXAMPLE 1

Consider the reaction   2SO2(g)     +     O2(g)     ⇌     2SO3(g) 

If the equilibrium concentrations are:  

SO2: 0.016 mol dm҆3 O2: 0.0083 mol dm҆3 SO3: 0.15 mol dm҆3, 

Calculate the value of the equilibrium constant Kc , stating its units.

 6

Kc =
[SO3]2

[SO2]2 x [O2]

(0.15)2

(0.016)2 x 0.0083
=  1.1 x 104 mol҆1 dm3

=

The units can be calculated by realizing:

 conc2 

conc2 x conc

1

conc
= =  mol҆1 dm3 

1

mol dm҆3
which is =
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EXAMPLE 2

What are the units of the equilibrium constant Kc for the following reactions? 

(a)   N2(g)     +     3H2(g)     ⇌      2NH3(g) 

(b)   H2(g)     +     I2(g)     ⇌     2HI(g)

 7

conc2

conc x conc3

1
conc2

= =  mol҆2 dm6a) Units are

conc2

conc x conc
= no units as all the concentration terms cancelb) Units are

CALCULATING KC ҆ EXAMPLE 1

Consider the equilibrium   P  +  2Q   ⇌    R  +  S  (all species are aqueous) 
One mole of P and one mole of Q are mixed in 1 dm3 water. Once equilibrium has 

been achieved 0.6 moles of P are present. How many moles of Q, R and S are 
present at equilibrium? What is the Kc?

 8

initial moles 1 1 0 0

moles that reacted ______ ______ ______ ______

moles @ equilibrium 0.6 ______ ______ ______

[conc] @ equilibrium ______ ______ ______ ______

 P                        Q                       R                        S
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CALCULATING KC ҆ EXAMPLE 1

The method is: 

1. Construct the balanced equation, including state symbols (aq), (g) etc. 

2. Write down the expression for Kc. 

3. Calculate the moles of each substance that reacted. 

4. Calculate the moles of each substance at equilibrium. 

5. Divide these by the volume to get the concentration of each substance, use V if no 

volume given. 

6. Put the equilibrium values into the expression for Kc and calculate the answer and 

work out the units.

 9

CALCULATING KC ҆ EXAMPLE 1

Consider the equilibrium   P  +  2Q   ⇌    R  +  S  (all species are aqueous) 

One mole of P and one mole of Q are mixed in 1 dm3 water. Once equilibrium has been 

achieved 0.6 moles of P are present.

 10

P Q R S

initial moles 1 1 0 0

moles that reacted 0.4 0.8 0.4 0.4

moles @ equilibrium 0.6 0.2 0.4 0.4

[conc] @ equilibrium 0.6 0.2 0.4 0.4

• If 0.6 mol of P remain of the original 
1 mol, 0.4 mol have reacted. 

• The equation states that 2 moles of 
Q react with every 1 mole of P. 

• This means that 0.8 (2 x 0.4) moles 
of Q have reacted, leaving 0.2 

moles. 

• One mole of R and S are produced 
from every mole of P that reacts. 

• This means 0.4 moles of R and 0.4 
moles of S are present at 

equilibrium. 

 0.4 x 0.4  

  0.6 x (0.2)2
= 6.67Kc = 

 [R] x [S] 

  [P] x [Q]2

=
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CALCULATING KC ҆ EXAMPLE 2

One mole of ethanoic acid reacts with one mole of ethanol at 298K. When equilibrium 

is reached it is found that two thirds of the acid has reacted. Calculate the value of Kc. 

CH3COOH(l)       +       CH3CH2OH(l)       ⇌       CH3CO2CH2CH3(l)         +         H2O(l)

 11

CH3COOH CH3CH2OH CH3CO2CH2CH3 H2O

initial moles 1 1 0 0

moles that reacted 2/3 2/3 2/3 2/3 

moles @ equilibrium 1 ҆ 2/3  = 1/3 1 ҆ 2/3  = 1/3 2/3 2/3 

[conc] @ equilibrium 1/3 / V 1/3 / V 2/3 / V 2/3 / V

Kc = [CH3CO2CH2CH3 ] [H2O]

[CH3COOH] [CH3CH2OH]

2/3 / V  . 2/3 / V

1/3 / V  . 1/3 / V
=  = 4

CALCULATING KC ҆ EXAMPLE 3

2.6 mol of ethanoic acid, CH3COOH, was mixed with 1.6 mol of ethan

҆1,2҆diol and allowed to reach equilibrium when 1.1 mol of the ester 

CH3COOCH2CH2OCOCH3, was present. The total volume was 

250cm3. Calculate the value of the equilibrium constant, Kc.

 12

2CH3COOH(l)    +    CH2(OH)CH2OH(l)    ⇌    CH3COOCH2CH2OCOCH3(l)    +    2H2O(l)
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CALCULATING KC ҆ EXAMPLE 3

 13

CH3COOH CH2(OH)CH2OH ester H2O

initial moles 2.6 1.6 0 0

moles that reacted 2.2 1.1 1.1 2.2

moles @ equilibrium 0.4 0.5 1.1 2.2

[conc] @ equilibrium 0.4 / 0.25 = 1.6  0.5 / 0.25 = 2.0 1.1 / 0.25 = 4.4 2.2 / 0.25 = 8.8

 4.4 x (8.8)2  

 (1.6)2 x 2
= 67 (no units)

Kc = [CH3COOCH2CH2OCOCH3] x [H2O]2

[CH3COOH]2 x [CH2(OH)CH2OH]
=

CALCULATIONS INVOLVING KC

Calculate the amount of hydrogen iodide at equilibrium when 1.0 mol of 

hydrogen and 1.0 mol of iodine are heated at a temperature T until 

equilibrium is reached in a container of volume 10dm3. 

H2(g)     +     I2(g)       ⇌      2HI(g)      Kc = 49 (no units)  

 14
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CALCULATIONS INVOLVING KC

This can be done in some cases where the number of molecules on the 

two sides are the same: 

1. Write down the expression for Kc (there will always be a mark for this). 

2. Assume that x moles of the substance(s) on the left have reacted. 

3. Calculate the equilibrium moles of each substance and their 

concentrations in terms on x. 

4. Substitute these values into the expression for Kc and solve for x by 

taking the square root of both sides.

 15

CALCULATIONS INVOLVING KC

 16

Kc =
[HI]2

[H2][I2]
= 49

Let x mol of hydrogen that react.

H2(g)     +     I2(g)       ⇌      2HI(g) 

H2 I2 HI

initial moles 1 1 0

moles that reacted x x 2x

moles @ equilibrium 1 ҆ x 1 ҆ x 2x

[conc] @ equilibrium (1 ҆ x) / 10 (1 ҆ x) / 10 2x / 10
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CALCULATIONS INVOLVING KC

 17

Kc =
[HI]2

[H2][I2]

(2x/10) 

(1҆x)/10 . (1҆x)/10
=

4x2
(1҆x)2

= 49=

2x
1҆x

= ± 7

2x
1҆x

= + 7
2x

1҆x
= ҆ 7

As the moles of HI at equilibrium is 

2x, there are 1.56 moles of HI at 

equilibrium.

As the moles of H2 at equilibrium is 1 – 

x, that would result in – 0.4 moles of H2 

at equilibrium. NOT POSSIBLE

2x = – 7 + 7x 

–5x = – 7 

x = –7/5 = –1.4

2x = 7 – 7x 
9x = 7 

x = 7/9 = 0.78

EQUILIBRIUM CONSTANT KP

Kp is the equilibrium constant in terms of the partial pressures of the 

gases in the equilibrium reaction. 

For the reaction:          nA(g)  +  mB(g)   ⇌  xC(g)  +  yD(g)

 18

Kp = 
 pCx x pDy 

  pAn x pBm 1. Use the value of the partial 
pressure of any gas in the 
equilibrium mixture. 

2. As with Kc, the units of Kp 
depend on the stoichiometry of 
the reaction. 

Partial pressure of gas A: 

p(A) = mole fraction of A x total pressure 

Mole fraction of A =
moles of A

total moles of gas
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EXAMPLE 1

Calculate the partial pressure of sulfur dioxide in a mixture containing 

0.016 mol SO2, 0.0083 mol O2 and 0.15 mol SO3 in a vessel at a pressure 

of 7.0 atm. and hence the Kp of the following reaction:     

2SO2(g)     +    O2(g)        ⇌        2SO3(g) 

Total number of moles = 0.016 + 0.0083 + 0.15 = 0.1743 mol

 19

EXAMPLE 1

 20

Mole fraction of SO2 = 0.016 / 0.1743 = 0.0918 

Partial Pressure of SO2 = 0.0918 x 7.0 = 0.643 atm

Mole fraction of O2 = 0.0083 / 0.1743 = 0.0476 

Partial Pressure of O2 = 0.0476 x 7.0 = 0.333 atm

Partial Pressure of SO3 = 7 ҆  (0.643   +   0.333) =  6.024 

Kp =
p(SO3)2

p(SO2)2 x p(O2)

 (6.024)2 

(0.643)2 x 0.333
=  264 atm҆1 =

SO2:

O2:

SO3:
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EXAMPLE 2

When some phosphorous pentachloride PCl5, was heated to a 

temperature T in a container, 78% of it decomposed and the pressure in 

the container was 2.2 atm.    

PCl5(g)     ⇌   PCl3(g)   +   Cl2(g) 

Calculate the value of the equilibrium constant Kp.

 21

Kp =
p(PCl3) x p(Cl2)

p(PCl5)

EXAMPLE 2

The method is: 

1. Write down the expression for Kp. 

2. Calculate the moles of each substance at equilibrium – starting amount is 

given, assume there was 1 mol of the reactant on the left. 

3. Add up all the equilibrium moles to get the total number of moles. Work out 

the mole fraction of each gas (moles/total moles). Work out the partial 

pressure of each gas (mole fraction x total pressure). 

4. Put these partial pressures into the expression for Kp and calculate its value 

with units.

 22
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EXAMPLE 2

Assume that there was 1 mol of PCl5 to start with. As 78% reacted, 0.22 mol was present 

at equilibrium. 0.78 mol of PCl3 and Cl2 were formed.

 23

PCl5 PCl3 Cl2

initial moles 1 0 0

moles that reacted 0.78 0.78 0.78

moles @ equilibrium 0.22 0.78 0.78

mole fraction 0.22/1.78 = 0.124 0.78/1.78 = 0.438 0.78/1.78 = 0.438

partial pressure 0.124 x 2.2 = 0.273 0.438 x 2.2 = 0.964 0.438 x 2.2 = 0.964

0.964 x 0.964  
0.272 =  3.42 atm=Kp =

p(PCl3) x p(Cl2)

p(PCl5)

CALCULATING KP

When nitrogen (1 mole) and hydrogen (3 moles) react at constant 

temperature at a pressure of 8 x 106 Pa, the equilibrium mixture was 

found to contain 0.7 moles of ammonia. Calculate Kp. 

                                              N2(g)      +      3H2(g)     ⇌     2NH3(g)

 24

N2 H2 NH3

initial moles 1 3 0

moles that reacted 0.35 1.05 0.7

moles @ equilibrium 0.65 1.95 0.7

partial pressure 0.65/3.3 x 8 x 106 1.95/3.3 x 8 x 106 0.7/3.3 x 8 x 106 
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CALCULATING KP

 25

Kp =
p(NH3)2 

p(N2) x p(H2)3
=  

(1.7 x 106)2                  

(1.58 x 106) x (4.77 x 106)3

Note: The ratio of partial pressures is the same as the mole ratio at equilibrium.

= 1.73 x 10҆14 Pa҆2

SKILL CHECK

When nitrogen (1 mole) and hydrogen (3 moles) react at constant 

temperature at a pressure of 8 x 6 Pa, the equilibrium mixture was found 

to contain 0.7 moles of ammonia. Calculate Kp.

 26
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SKILL CHECK

Given that PCl5 at 700 K and 1.1 atm total pressure dissociated 33%, find 

Kp. 

PCl5(g)     ⇌   PCl3(g)   +   Cl2(g)

 27

SKILL CHECK

A chemist carries out an investigation on the equilibrium system shown 

below. 

2CO(g)   +   2NO(g)     ⇌   2CO2 (g)   +   N2(g) 

The chemist mixes 0.46 mol of CO with 0.45 mol of NO. The mixture is 

left to reach equilibrium at constant temperature. 

The chemist analyses the equilibrium mixture and finds that 0.25 mol NO 

remains and the total pressure was 5 atm. What is the value of Kp.

 28
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SKILL CHECK

1.0 mol of N2O4 was allowed to reach equilibrium at 400K. At equilibrium 

the partial pressure of N2O4 was found to be 0.15 atm. Given that the Kp 

for the reaction is 48 atm, calculate the partial pressure of NO2 in the 

equilibrium mixture. 

N2O4 (g)     ⇌   2 NO2 (g) 

 29

VALUE OF K AND THE EXTENT OF A REACTION 

If the value of Kc is large it means that the position of the equilibrium is well to 

the right (towards products). 

If the value of Kc is close to 1 it means that the position of the equilibrium is 

close to being halfway. 

If the value of Kc is very small ( < 1), the position of equilibrium is well to the left 

(towards reactants). 

Reminder: the concentration of pure solids and pure liquids is a constant and 

so is not included in the expression for Kc. 

e.g. C(s)  +  H2O(g)    ⇌    CO(g)  +  H2(g)

 30

[CO][H2]
[H2O]

Kc =
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VALUE OF K AND THE EXTENT OF A REACTION 

Only the partial pressures of gases are included in the expression for Kp; 

the other substances are ignored. 

Example    State the expression for Kp for the reaction 

             CaCO3(s)     ⇌    CaO(s)  +  CO2(g) 

and calculate the pressure of carbon dioxide when calcium carbonate is 

heated to 800°C given that Kp = 0.80 atm. 

 31

The two solids 
must be omitted 

from the 
expression for Kp

Kp = p(CO2) = 0.80 atm

LE CHATELIER’S PRINCIPLE

If a change in condition is made to a closed system in equilibrium, the 

system responds to counteract the change as much as possible. 

Conditions include concentration, pressure and temperature 

The system counteracts the change by making the direction of the 

reaction move against the change. 

Note: Catalysts do not affect the position of equilibrium! They only speed 

up the rate of reaching equilibrium – getting there faster!

 32
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EFFECT OF CONCENTRATION ON EQUILIBRIUM

TWO GENERAL RULES: 

1. If the concentration of a substance is increased, the system will counteract the change 

by forcing the reaction to go in the direction that uses up the ‘extra’ substance. 

2. If the concentration of a substance is decreased, the system will counteract the change 

by forcing the reaction to go in the direction that makes more of the substance. 

Example   

A(g) + 2B(g)  ⇌  2C(g)  ∆H = ҆ 200 kJ mol҆1  

If concentration of C is increased, the equilibrium will move in a way so as to oppose the 

change, that is, decrease C by favoring the backward reaction.

 33

EFFECT OF CONCENTRATION ON EQUILIBRIUM

 34

CH3COOH(l)  +  C2H5OH(l)    ⇌    CH3COOC2H5(l)  +  H2O(l)

If concentration of 

a reactant 

increases.

The reaction goes 

FORWARD.

Equilibrium moves 

to the right.

The ‘extra’ reactant is 

used up, more products 

are made.

The ‘extra product is 

used up, more 

reactants are made.

Equilibrium 

moves to the left

The reaction 

REVERSES.

If concentration of 

a product 

increases.
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EFFECT OF PRESSURE ON EQUILIBRIUM

CH4(g)  +  H2O(g)   ⇌   CO(g)  +  3H2(g) 

  2 molecules              4 molecules

 35

There are fewer 

gas molecules so 

pressure falls

Equilibrium 

moves to the 

left.

The reaction goes 

to the side with 

fewer gas 

molecules.

If pressure increases

If pressure 

decreases

The reaction goes to the side 

with more gas molecules 

Equilibrium moves to the left.

Equilibrium 

moves to the 

right.

There are more gas 

molecules so 

pressure rises.

EFFECT OF TEMPERATURE ON EQUILIBRIUM

Le Chatelier’s principle also works for temperature changes. 

If the temperature is increased, the reaction will go in the direction that 

reduces the temperature by taking in energy (converting heat energy to 

chemical energy), i.e. the endothermic direction. 

If the temperature is decreased, the reaction will go in the direction that 

increases the temperature by giving out energy (converting chemical 

energy to heat energy), i.e. the exothermic direction.

 36
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EFFECT OF TEMPERATURE ON EQUILIBRIUM

Example                  

A(g)     +     2B(g)     ⇌     2C(g)     ∆H = ҆200 kJ mol҆1  

If temperature increases, the equilibrium shifts in a way so as to decrease the 

temperature of the system. Hence, the backward reaction is favored as it is the 

endothermic reaction and results in a temperature decrease. 

Note: 

Low temperatures favor exothermic reactions. 

High temperatures favor endothermic reactions.

 37

EXOTHERMIC CHANGES

N2(g)  +  3H2(g)    ⇌    2NH3(g)  ∆H = ҆ 92 kJ mol҆1 

 38

Therefore…
The FORWARD reaction is 

exothermic. It gives out energy. 

Increases the temperature.

The REVERSE reaction is 

endothermic. It takes in energy. 

Decreases the temperature

More reactants (N2 

and H2) are made.

The reaction 

REVERSES.

The system will go in the 

endothermic direction.

If the temperature 

increases.

If the temperature 

decreases.

The system will go in the 

exothermic direction.

The reaction goes 

FORWARD

More product (NH3) 

is made.
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EXOTHERMIC CHANGES

N2O4(g)    ⇌   2NO2(g)     ∆H = + 57 kJ mol҆1

 39

The FORWARD reaction is 

endothermic

The REVERSE reaction is 

exothermic

More reactants 

(N2O4) are made.

The reaction 

REVERSES.

The system will go in the 

exothermic direction.

If the temperature 

decreases.

Therefore…

If the temperature 

increases.

The system will go in the 

endothermic direction.

The reaction goes 

FORWARD

More product (NO2) 

is made.

CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 1

Ethanol is made on an industrial scale by reacting ethene with steam at 

300°C. 

C2H4(g)     +     H2O(g)     ⇌      C2H5OH(g) 

Explain the effect that each of the following changes has on the yield of 

ethanol. 

A. Increasing the pressure. 

B. Increasing the concentration of ethene. 

C. Using a catalyst.

 40
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CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 1

A. Increasing the pressure would increase the yield of ethanol. There are 

two molecules on the left of the equation and only one on the right. The 

system would act to reduce the increased pressure by forming fewer 

gas molecules, moving the equilibrium to the right (forward reaction). 

B. Increasing the concentration of ethene would increase the yield of 

ethanol. The system would act to reduce the increased concentration 

by moving to the right (forward reaction) and forming more products. 

C. Catalyst have no effect on yield – they only affect the rate.

 41

CHOOSING THE CONDITIONS

For industrial processes, the best conditions give high yields (more 

products) at a fast rate. 

Changing conditions affects both rate and position of equilibrium. 

‘Compromise conditions’ of pressure and temperature are used to give 

reasonable yields at fast rates.

 42
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CHOOSING THE CONDITIONS

 43

CHANGES RATE EQUILIBRIUM POSITION (YIELD)

Increased 

concentration of 

reactants

Faster
Moves to the right 

More products = higher yield

Increased pressure 

(gases)
Faster

Moves to the side of the reaction with fewer gas molecules 

For some reactions this decreases yield

Increased temperature Faster
Moves in the endothermic direction 

For exothermic reactions this decreases yield

Use of a catalyst Faster No effect

CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 2

Explain whether the yield of the following reactions would increase or 

decrease if the temperature was increased. 

  

A. C2H4(g)  +  H2O(g)   ⇌     C2H5OH(g)                    ∆H = ҆46 kJ mol҆3  

B. N2(g)     +  O2(g)       ⇌     2NO(g)                         ∆H = +90 kJ mol҆3 

C. H2O(g)    +  C(s)        ⇌    CO(g)  +  H2(g)             ∆H = +13 kJ mol҆3 

 44
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CONDITIONS AFFECTING EQUILIBRIUM ҆ EXAMPLE 2

A. The reaction is exothermic in the forward direction. An increase in the 

temperature moves the reaction in the endothermic direction, so it 

reverses and less yield of C2H5OH is formed. 

B. The reaction is endothermic in the forward direction. An increase in 

the temperature moves the reaction in the endothermic direction, so 

it goes forward and more yield of NO is formed. 

C. The reaction is endothermic in the forward direction. An increase in 

the temperature moves the reaction in the endothermic direction, so 

it goes forward and more yield of CO and H2 is formed.

 45

EFFECT OF TEMPERATURE ON K

In the following case:  

A(g) + 2B(g)    ⇌   2C(g) ∆H = ҆ 200 kJ mol҆1  

Only temperature affects Kc and Kp. If temperature increases, Kc decreases. This 

is because increasing temperature will make the reaction move backwards, 

increasing the value of the denominator and lowering the value of numerator. 

Note:  Always write the effect on equilibrium and rate. For example, for an 

exothermic reaction, a low temperature would slow down the rate and 

increase the yield.

 46
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EFFECT OF TEMPERATURE ON K

 47

Temperature

Exothermic

Kc

Temperature

Kc

Endothermic
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ACIDS AND BASES

ARRHENIUS THEORY

Acids are substances that produce H+ ions when they dissolve in 

water. 

Bases are substances that react with H++ ions to produce water. 

Alkalis are bases which dissolve in water to produce OH— ions. 

Hence, the stronger the dissociation, the stronger the acid. 

However, H+ ions exist as Hydronium H3O+ ions, associating with 

water molecules by coordinate bonds.

 2
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ARRHENIUS THEORY

Arrhenius theory limits itself to the concentration of H+ and OH— ions 

determining the strength of acids and bases. 

Hence, this theory is restricted to polar solvents like water. 

However, this is also why Hydrochloric and Ethanoic acid show acidity. 

strong acid:      HCl   →   H+   +   Cl— 

weak acid:      CH3CO2H    ⇌   H+   +   CH3CO2—

 3

BRONSTED-LOWRY THEORY

According to this, an acid is a proton (H+) donor, and bases are proton 

acceptors. 

In the following reaction HCl is an acid because it donates a proton to 

water. This means that water is acting as a Brønsted– Lowry base. The 

water is accepting a proton.

 4

144 8  Equilibrium

The Brønsted–Lowry theory of acids 
and bases
Th e defi nitions of acids and bases given above are limited 
to reactions taking place in water. In 1923 the Danish 
chemist J. Brønsted and the English chemist T. Lowry 
suggested a more general defi nition of acids and bases. 
Th is defi nition is based on the idea that in an acid–base 
reaction, a proton is transferred from an acid to a base 
(a proton is a hydrogen ion, H+).

A better defi nition of an acid is a substance which releases 
hydrogen ions when it dissolves in water. For example:

HCl(g) + aq → H+(aq) + Cl−(aq)

Th e formulae for a number of bases are given in 
Table 8.7. Many metal oxides or hydroxides are bases. 
Some bases dissolve in water to form hydroxide ions in 
solution. A base which is soluble in water is called an 
alkali. For example:

NaOH(s) + aq → Na+(aq) + OH−(aq)

Some alkalis are formed by the reaction of a base with 
water. When ammonia gas dissolves in water, some of 
the ammonia molecules react with water molecules. 
Hydroxide ions are released in this reaction.

NH3(g) + H2O(l) → NH4
+(aq) + OH−(aq)

Aqueous ammonia is therefore an alkali. We can also see 
from the equation above that the ammonia has accepted 
a hydrogen ion to become NH4

+. So a wider defi nition of 
a base is a substance which accepts hydrogen ions.

Name of acid Formula Ions formed in 
water

hydrochloric acid HCl H+ + Cl−

nitric acid HNO3 H+ + NO3
−

sulfuric acid H2SO4 2H+ + SO4
2− 

ethanoic acid CH3COOH CH3COO− + H+

benzoic acid C6H5COOH C6H5COO− + H+

Table 8.6 Formulae and ions of some common acids.

Name of base Formula
calcium oxide CaO
copper(II) oxide CuO
sodium hydroxide NaOH
calcium hydroxide Ca(OH)2

ammonia NH3

Table 8.7 The formulae of some common bases.

13 a  Write an equation to show potassium 
hydroxide dissolving in water.

b Write an equation for liquid nitric acid 
dissolving in water.

c Write ionic equations for:
i the reaction in aqueous solution 

between sodium hydroxide and 
nitric acid

ii the reaction in aqueous solution 
between potassium hydroxide and 
hydrochloric acid.

Check-up

A Brønsted–Lowry acid is a proton donor.
A Brønsted–Lowry base is a proton acceptor.

When hydrochloric acid is formed, hydrogen chloride gas 
dissolves in water and reacts to form hydroxonium ions, 
H3O+, and chloride ions (Figure 8.12). You can see that 
the water is involved in the reaction.

HCl(g) + H2O(l) → H3O+(aq) + Cl−(aq)

Hydrochloric acid is an acid because it donates a proton 
to water. Th is means that water is acting as a Brønsted–
Lowry base. Th e water is accepting a proton.

HCl(g) + H2O(l) → H3O+(aq) + Cl–(aq) 
acid base

H+ donated 
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BRONSTED-LOWRY THEORY

Also, a base has to be a substance with a lone pair, to coordinate with the 

proton.

 5

1458  Equilibrium

(HClO4) reacts with ethanoic acid (CH3COOH) in an 
inert solvent, the following equilibrium is set up:

HClO4 + CH3COOH      ClO4  
– + CH3COOH2 

+ 
acid base

H+ donated 

In this reaction HClO4 is the acid because it is donating a 
proton to CH3COOH. CH3COOH is the base because 
it is a proton acceptor.

Water can also act as an acid. When ammonia reacts with 
water, it accepts a proton from the water and becomes an 
NH4

+ ion (Figure 8.13).

NH3(g) + H2O(l)       NH4  
+(aq) + OH–(aq) 

acid base

H+ donated

Substances like water, which can act as either 
acids or bases are described as amphoteric.

Brønsted–Lowry acids and bases do not have to involve 
aqueous solutions. For example, when chloric(VII) acid 

Figure 8.12 An acid is a proton donor. Hydrogen chloride is the acid in this reaction. A base is a proton acceptor. Water is the base in this reaction. 
Remember that a proton is a hydrogen ion, H+.

H2O(l)

The proton, H+, is donated
by the hydrogen chloride
and accepted by the water…

…forming the
positive hydroxonium ion…

…and leaving a
negative chloride ion.

H H

H HO O

H H

Cl Cl

HCl(g)

proton

+ +H3O+(aq) Cl–(aq)

–

+

Figure 8.13 Water is the proton donor (it is the acid); ammonia is the proton acceptor (it is the base).

H2O(l)

The proton, H+, is donated
by the water and accepted
by the ammonia…

…forming
the positive

ammonium ion…

…and the
negative

hydroxide ion.

H

HH N

H H

O

NH3(g) + +NH4
+(aq) OH–(aq)

H

H N

H

H O

H

+

–

BRONSTED-LOWRY THEORY
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BRONSTED-LOWRY THEORY

NH3   +   H2O   →   NH4+   +   OH— 

A conjugate acid is a base that has accepted a proton. 

A conjugate base is an acid that has donated a proton. 

Hence, the NH4+ ion is said to be the conjugate acid of NH3, and 

likewise, NH3 is the conjugate base of NH4+ ion. 

H2O is the conjugate acid of the OH— ion, and the OH— ion is the 

conjugate base of H2O.

 7

BRONSTED-LOWRY THEORY

This suggests that a substance can both be an acid and a base 

depending on the situation.

 8

146 8  Equilibrium

NH3(g) + H2O(l)       NH4 
+(aq) + OH–(aq) 

acid base

H+ donated

If a reactant is linked to a product by the transfer of a 
proton we call this pair a conjugate pair. Consider the 
following reaction:

HCl(g) + H2O(l)       H3O+(aq) + Cl–(aq)
acid acid base base

conjugate pair 

conjugate pair

Looking at the forward reaction:
• Cl− is the conjugate base of the acid HCl
• H3O+ is the conjugate acid of the base H2O.
Looking at the reverse reaction:
• HCl is the conjugate acid of the base Cl−

• H2O is the conjugate base of the acid H3O+.
In a conjugate pair, the acid has one proton more.

Th e conjugate pairs for the equilibrium between 
ammonia and water to form ammonium ions and 
hydroxide ions are:

NH3(g) + H2O(l)       NH4 
+(aq) + OH–(aq) 

base acid acid base

conjugate pair 

conjugate pair

When an acid or base reacts with water, an equilibrium 
mixture is formed. For acids such as hydrochloric acid, 
the position of equilibrium is almost entirely in favour 
of the products. But for ammonia the position of 
equilibrium favours the reactants. Th e equations can be 
written to show this. For example:

HCl(g) + aq → H+(aq) + Cl−(aq)

A forward arrow is used as this reaction goes to completion.

NH3(g) + H2O(l)  NH4
+(aq) + OH−(aq)

An equilibrium arrow is used as this reaction does not go 
to completion.

Even corrosive acids such as nitric acid can act as bases! 
When sulfuric acid and nitric acid react in an inert solvent, the 
following equilibrium is set up:

H2SO4 + HNO3  HSO4
− + H2NO3

+

Nitric acid is acting as a proton acceptor, so it is a base.

Fact fi le

14 Identify which reactants are acids and which 
are bases in the following reactions:
a NH4

+ + H2O  NH3 + H3O+

b HCOOH + HClO2  HCOOH2
+ + ClO2

−

Check-up

Conjugate acids and conjugate bases
In a reaction at equilibrium, products are being converted 
to reactants at the same rate as reactants are being 
converted to products. Th e reverse reaction can also be 
considered in terms of the Brønsted–Lowry theory of 
acids and bases.

Consider the reaction:

NH3(g) + H2O(l)  NH4
+(aq) + OH−(aq)

In the reverse reaction, the NH4
+ ion donates a proton 

to the OH− ion. So NH4
+ is acting as an acid and OH− is 

acting as a base.

15 a  Identify the acid and the base on the 
right-hand side of these equilibria.
i H ClO2 + HCOOH 

 ClO2
− + HCOOH2

+

ii H2S + H2O  HS− + H3O+

b Identify the acid on the right-hand side of 
this equation which is conjugate with the 
base on the left-hand side.

CH3NH2 + H2O  CH3NH3
+ + OH−

Check-up

146 8  Equilibrium
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STRENGTH OF ACIDS

The strength of acids is judged by their tendency to donate protons. 

The strength of bases is judged by their tendency to accept protons. 

HCl   +   H2O   →   H3O+   +   Cl— 

The above reaction proceeds to completion, therefore, HCl is a 

stronger acid than H3O+, and H2O is a stronger base than Cl—.

 9

STRENGTH OF ACIDS

CH3CO2H   +   H2O   ⇌   H3O+   +   CH3CO2— 

Th above reaction however is a reversible reaction, with the 

equilibrium position well towards the left. 

H3O+ is a stronger acid than CH3CO2H, and CH3CO2— is a stronger 

base than H2O. 

Hence, strong acids have weak conjugate bases, and vice versa.

 10
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SKILL CHECK 1

Identify which reactants are acids and which are bases: 

(a) NH4+   +   H2O   ⇌   NH3   +   H3O+ 

(b) HCOOH   +   HClO2   ⇌   HCOOH2+   +   ClO2— 

(c) HClO4   +   CH3COOH   ⇌   ClO4—  +   CH3COOH2+ 

(d) H2SO4   +   HNO3   ⇌   HSO4—   +   H2NO3+ 

(e) H2S   +   H2O   ⇌   HS−   +   H3O+

 11
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EQUILIBRIA WS 1
SECTION A

1

2

3

4

5

 

4  

© UCLES 2016 9701/13/M/J/16  

7  Methyl isocyanate, CH3NCO, is a toxic liquid which is used in the manufacture of some 

pesticides. 

 

What is the approximate angle between the bonds formed by the N atom in a molecule of methyl 

isocyanate? 

 

A

104°

B

109°

C

120°

D

180°

N CH3C O
N C

H3C

ON C

H3C

ON C

H3C

O

 

 

 

8  Methanol may be prepared by the reaction between carbon monoxide and hydrogen. 

 

CO(g)  +  2H2(g)  →  CH3OH(g) 

 

The relevant average bond energies are given below. 

 

E (C ≡ O) 1077 kJ mol
–1

 

E (C – O) 360 kJ mol
–1

 

E (C – H) 410 kJ mol
–1

 

E (H – H) 436 kJ mol
–1

 

E (O – H) 460 kJ mol
–1

 

 

What is the enthalpy change of this reaction? 

A –537 kJ mol
–1

 

B –101 kJ mol
–1

 

C +101 kJ mol
–1

 

D +537 kJ mol
–1

 

 

 

9 The equilibrium constant, Kc, for the reaction shown is 2 mol
–2 dm

6

, at 600 K. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

What is the concentration of NH3 at equilibrium, at 600 K, when the equilibrium concentrations of 

N2 and H2 are both 2 mol dm
–3

? 

A 8 mol dm
–3

 B 16 mol dm
–3

 C 32 mol dm
–3

 D 32 mol dm
–3

 

 

 

 

4 
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8 Solid carbon dioxide, CO2, is similar to solid iodine, I2, in its structure and properties. Carbon is in 
Group 14. Silica, SiO2, is a Group 14 compound. 

 
Which statement about solid CO2 and solid SiO2 is correct? 

A Both solids exist in a lattice structure. 

B Both solids have a simple molecular structure. 

C Both solids have atoms joined by single covalent bonds. 

D Both solids change spontaneously to gas at s.t.p. 
 
 
9 An article in a science magazine contains the following statement. 
 

‘It is lighter than a feather, stronger than steel, yet incredibly flexible and more conductive than 
copper.’ 

 
Which form of carbon is being described? 

A buckminsterfullerene 

B diamond 

C graphene 

D graphite 
 
 
10 Which equation has an enthalpy change of reaction which corresponds to the standard enthalpy 

change of atomisation of chlorine? 

A 
2
1 Cl 2(g)  →  Cl (g) 

B 
2
1 Cl 2(l)  →  Cl (g) 

C Cl 2(g)  →  2Cl (g) 

D Cl 2(l)  →  2Cl (g) 
 
 
11 In an experiment, 2.00 mol of hydrogen and 3.00 mol of iodine were heated together in a sealed 

container and allowed to reach equilibrium at a fixed temperature. The container had a fixed 
volume of 1.00 dm3. At equilibrium, there were 2.40 mol of iodine present in the mixture. 

 
H2(g)  +  I2(g)    2HI(g) 

 
What is the value of the equilibrium constant, Kc? 

A 0.107 B 0.357 C 0.429 D 2.33 
 
 

 

5 

© UCLES 2016 9701/12/M/J/16 [Turn over 

10 When solid ammonium chloride dissociates at a certain temperature in a 0.500 dm
3

 container, 

ammonia and hydrogen chloride are formed. 

 

NH4Cl (s)    NH3(g)  +  HCl (g) 

 

The initial amount of ammonium chloride was 1.00 mol, and when the system had reached 

equilibrium there was 0.300 mol of ammonium chloride. 

 

What is the numerical value of Kc for this reaction under these conditions? 

A 0.490 B 1.63 C 1.96 D 3.27 

 

 

11 Which stage in the free radical substitution of ethane by chlorine has the lowest activation 

energy? 

A Cl 2  →  2Cl ● 

B Cl ●  +  C2H6  →  C2H5●  +  HCl 

C C2H5●  +  Cl 2  →  C2H5Cl  +  Cl ● 

D Cl ●  +  C2H5●  →  C2H5Cl 

 

 

12 Sodium and sulfur react together to form sodium sulfide, Na2S. 

 

How do the atomic radius and ionic radius of sodium compare with those of sulfur? 

 

 atomic radius ionic radius 

A sodium < sulfur sodium > sulfur 

B sodium < sulfur sodium < sulfur 

C sodium > sulfur sodium > sulfur 

D sodium > sulfur sodium < sulfur 

 

 

13 Solid aluminium chloride sublimes at 178 oC. 

 

Which structure best represents the species in the vapour at this temperature? 

 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al 

Cl 

Cl 

Cl 

Cl 

Al 

Cl 

Cl 

Al Al
Al 

3+(Cl 
–)3

A B C D 

Cl

ClCl
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7  At room temperature and pressure, H2O is a liquid and H2S is a gas. 

 

What is the reason for this difference? 

A O has higher first and second ionisation energies than S. 

B The covalent bond between O and H is stronger than the covalent bond between S and H. 

C There is significant hydrogen bonding between H2O molecules but not between H2S 

molecules. 

D The instantaneous dipole-induced dipole forces between H2O molecules are stronger than 

the instantaneous dipole-induced dipole forces between H2S molecules. 

 

 

8  Gaseous phosphorus pentachloride can be decomposed into gaseous phosphorus trichloride and 

chlorine by heating. The table gives the bond energies. 

 

bond bond energy / kJ mol
–1 

P–Cl (in both chlorides) 330 

Cl –Cl 242 

 

What is the enthalpy change for the decomposition of PCl 5 to PCl 3 and Cl 2? 

A –418 kJ mol
–1

 

B –88 kJ mol
–1

 

C +88 kJ mol
–1

 

D +418 kJ mol
–1

 

 

 

9  An aqueous solution was prepared containing a mixture of 1.0 mol of AgNO3 and 1.0 mol of 

FeSO4 in 1.00 dm
3

 of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in 

the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2

 

 

 

 

4  
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FeSO4 in 1.00 dm
3

 of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in 

the mixture. 

 

Ag
+

(aq)  +  Fe
2+

(aq)    Ag(s)  +  Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.62 B 1.40 C 1.62 D 2.89 

 

 

10 The equation for the reaction between carbon monoxide and hydrogen is shown. 

 

CO(g)  +  3H2(g)    CH4(g)  +  H2O(g) 

 

What are the units of Kp for this reaction?  

A kPa B kPa
–1

 C kPa
2

 D kPa
–2
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 

 

 

 

5 
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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10 Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe the reactions that occur when sulfur dioxide dissolves in water. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

11 Catalysts are an important feature of many industrial processes and biochemical reactions. 

 

Which row correctly describes the effect of a catalyst on a reversible chemical reaction? 

 

 position of equilibrium effect on value of ∆H 

A moved to right decreased 

B unaffected decreased 

C unaffected increased 

D unaffected unaffected 

 

 

12 The oxide and chloride of an element X are separately mixed with water. The two resulting 

solutions have the same effect on litmus. 

 

What could element X be? 

A Al B Ca C Na D P 

 

 

13 Each pair below consists of a sample of two separate elements. Each element is in its standard 

state at room temperature and pressure. 

 

Which pair of elements has chemical bonds of the same type between their atoms? 

A aluminium and phosphorus 

B chlorine and argon 

C magnesium and silicon 

D sulfur and chlorine 

 

 

 

5 
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 
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7 Iodine and propanone react according to the following equation. 
 

I2(aq)  +  CH3COCH3(aq)  →  CH3COCH2I(aq)  +  HI(aq) 
 

If the concentration of propanone is increased, keeping the total reaction volume constant, the 
rate of the reaction also increases. 

 
What could be the reason for this? 

A A greater proportion of collisions is successful at the higher concentration. 

B The particles are further apart at the higher concentration. 

C The particles have more energy at the higher concentration. 

D There are more collisions between reactant particles per second at the higher concentration. 
 
 
8 Sulfur can be oxidised in two ways. 
 
 S(s)  +  O2(g)  →  SO2(g) ∆H 

o = –296.5 kJ mol–1 

 2S(s)  +  3O2(g)  →  2SO3(g) ∆H 
o = –791.4 kJ mol–1 

 
Sulfur trioxide can be made from sulfur dioxide and oxygen. 

 
2SO2(g)  +  O2(g)  →  2SO3(g) 

 
What is the standard enthalpy change for this reaction? 

A –1384.4 kJ mol–1 

B –989.8 kJ mol–1 

C –494.9 kJ mol–1 

D –198.4 kJ mol–1 
 
 
9 Hydrogen iodide dissociates into hydrogen and iodine. 
 

2HI(g)    H2(g)  +  I2(g) 
 

In an experiment, b mol of hydrogen iodide were put into a sealed vessel at pressure p. At 
equilibrium, x mol of the hydrogen iodide had dissociated. 

 
Which expression for Kp is correct? 

A 2

2

)( xb
x  B 2

22

)(
p
x b

x  C 
)(4

p22

x bb
x  D 2

2

)4( xb
x
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9 Sodium chromate(VI), Na2CrO4, is manufactured by heating chromite, FeCr2O4, with sodium 
carbonate in an oxidising atmosphere. Chromite contains Cr2O4

2– ions. 
 

2FeCr2O4  +  4Na2CO3  +  3 2
1 O2  →  4Na2CrO4  +  Fe2O3  +  4CO2 

 
What happens in this reaction? 

A Chromium and iron are the only elements oxidised. 

B Chromium, iron and carbon are oxidised. 

C Only chromium is oxidised. 

D Only iron is oxidised. 
 
 
10 The table shows the partial pressures in an equilibrium mixture formed by the Haber process. 

 
 
 
          3H2(g)  +  N2(g)    2NH3(g) 
 

 

 
What is the numerical value of the equilibrium constant, Kp, for this reaction? 

A 4.46 × 10–9 

B 4.76 × 10–5 

C 7.14 × 10–5 

D 2.24 × 108 
 
 
11 An autocatalytic reaction is a reaction in which one of the products catalyses the reaction. 
 

Which curve would be obtained if the rate of an autocatalytic reaction is plotted against time? 
 

rate 

time 
0 

0 

A 

rate 

time 
0 

0 

B 

rate 

time 
0 

0 

C 

rate 

time 
0 

0 

D 

 
 
 

substance partial pressure / kPa 

nitrogen 7000 

hydrogen 8000 

ammonia 4000 
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10 Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

. It was found that 2.32 mol of nitrogen were 

present in the equilibrium mixture. 

 

What is the value of Kc? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(

 

 

 

11 Lithium reacts with nitrogen at room temperature to form solid Li3N. 

 

Three vessels of equal volume are connected by taps, A and B, as shown. 

 

evacuated N2(g) + 3H2(g) 2NH3(g)

LiA B
 

 

At the start, A and B are closed, the left-hand vessel is evacuated, the middle vessel has the 

indicated reaction at equilibrium and the right-hand vessel contains lithium only. 

 

Which action would allow the equilibrium mixture to contain the most ammonia? 

A Keep both A and B closed. 

B Open both A and B. 

C Open A only. 

D Open B only. 

 

 

 

4 
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  →  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 ∆H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
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10 Oxidation of ethanedioate ions by acidified manganate(VII) ions is very slow at room 

temperature. 

 

2MnO4

–

  +  5C2O4

2–

  +  16H
+

  →  2Mn
2+

  +  10CO2  +  8H2O 

 

Mn
2+

 ions catalyse this reaction. 

 

Which graph shows how the concentration of acidified manganate(VII) ions varies after 

ethanedioate ions are added? 

 

concentration
of MnO4

–

time

A

concentration
of MnO4

–

time

B

concentration
of MnO4

–

time

C

concentration
of MnO4

–

time

D

 

 

 

11 Ammonia is manufactured from nitrogen and hydrogen using the Haber process. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

What is the expression for Kc for this equilibrium? 

A 

(g)]3[H    (g)][N

(g)]2[NH

22

3

+

 

B 

(g)]3[H    (g)][N

(g)]2[NH

22

3

×

 

C 
3

22

2

3

(g)][H    (g)][N

(g)][NH

+

 

D 
3

22

2

3

(g)][H    (g)][N

(g)][NH

×
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8 Na2S2O3 reacts with HCl as shown. 
 

Na2S2O3(aq)  +  2HCl (aq)  →  2NaCl (aq)  +  H2O(l)  +  SO2(g)  +  S(s) 
 

When calculating the oxidation number of sulfur in Na2S2O3, the average oxidation number of the 
two sulfur atoms should be found. 

 
What is the oxidation number of sulfur in each of Na2S2O3, SO2, and S? 

 
 Na2S2O3 SO2 S 

A +2 +2 +1 

B +2 +4 0 

C +4 +4 0 

D +5 +4 0 
 
 
9 Ammonia is produced by the Haber process. 
 
 N2  +  3H2    2NH3 ∆H 

o = –92 kJ mol–1 
 

A fault in the temperature control during the process resulted in the temperature changing to 
600 °C for two hours. 

 
What effect did this have on the ammonia production during this time? 

A Ammonia was formed faster. The equilibrium yield decreased. 

B Ammonia was formed faster. The equilibrium yield increased. 

C Ammonia was formed slower. The equilibrium yield decreased. 

D Ammonia was formed slower. The equilibrium yield increased. 
 
 
10 For the reaction shown, an equilibrium is established at a temperature of 700 K. 
 

The equilibrium constant, Kp, for the reaction is 9.80 kPa. The partial pressure of N2O4 at 
equilibrium is 80.0 kPa. 

 
N2O4(g)    2NO2(g) 

 
What is the partial pressure of NO2 at equilibrium? 

A 8.16 kPa B 28.0 kPa C 66.6 kPa D 784 kPa 
 
 

 

2 
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Section A 

 

For each question there are four possible answers, A, B, C and D. Choose the one you consider to 

be correct. 

 

Use of the Data Booklet may be appropriate for some questions. 

 

 

1 Which ion has the same electronic configuration as Cl –? 

A F
–

 B P
+

 C Sc
3+

 D Si
4+

 

 

 

2 Compounds J and K each contain 40% carbon by mass. 

 

What could J and K be? 

 

 J K 

A a hexose, C6H12O6 starch, (C6H10O5)n 

B a pentose, C5H10O5 a hexose, C6H12O6 

C a pentose, C5H10O5 sucrose, C12H22O11 

D starch, (C6H10O5)n sucrose, C12H22O11 

 

 

3 Two moles of compound P were placed in a sealed container. The container was heated and P 

was partially decomposed to produce Q and R only. A dynamic equilibrium between P, Q and R 

was established. 

At equilibrium x moles of R were present and the total number of moles present was ⎟

⎠

⎞
⎜

⎝

⎛
+

2

  2
x

. 

What is the equation for this reversible reaction? 

A P    2Q  +  R 

B 2P    2Q  +  R 

C 2P    Q  +  R 

D 2P    Q  +  2R 
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7 The following data are needed for this question. 
 

 (P4O10(s)) = –3012 kJ mol–1 

 (H2O(l)) = –286 kJ mol–1 

 (H3PO4(s)) = –1279 kJ mol–1 
 

What is ∆H 
o for the reaction shown? 

 
P4O10(s)  +  6H2O(l)  →  4H3PO4(s) 

 
A –9844 kJ mol–1 

B –388 kJ mol–1 

C –97 kJ mol–1 

D +2019 kJ mol–1 
 
 
8 Which statement is always correct for an oxidation reaction? 

A It involves the gain of oxygen by an element. 

B For one reactant to be oxidised a different reactant must be reduced. 

C The element or ion being oxidised will gain electrons. 

D The oxidation number of the element being oxidised will increase. 
 
 
9 Nitrogen dioxide, NO2, is a brown gas. 
 

Dinitrogen tetroxide, N2O4, is a colourless gas. 
 
An equilibrium is established between NO2 and N2O4 in a closed vessel. 

 
 2NO2(g)    N2O4(g) ∆H = –57 kJ mol–1 
 brown colourless 
 

Which row describes the effects of changing conditions on the colour of an equilibrium mixture of 
NO2 and N2O4? 

 
 increasing the pressure increasing the temperature 

A colour becomes darker colour becomes darker 

B colour becomes darker colour becomes lighter 

C colour becomes lighter colour becomes darker 

D colour becomes lighter colour becomes lighter 
 
 

 

4 
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8 A reaction sequence is shown. 
 
 1 2 3 4 

SO2    SO3    H2SO4    H2S    SO2 
 

In each stage of this sequence the sulfur is oxidised, reduced or neither oxidised nor reduced. 
 

Which row is correct? 
 

 1 2 3 4 

A neither oxidised reduced reduced 

B oxidised neither reduced reduced 

C oxidised neither reduced oxidised 

D oxidised oxidised reduced oxidised 
 
 
9 Hydrogen and carbon dioxide gases are mixed at 800 K. A reversible reaction takes place. 
 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 
 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 
 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 
 
 
10 A reaction involved in the Contact process is shown. 
 
 2SO2(g)  +  O2(g)    2SO3(g) ∆H 

o = –197 kJ mol–1 
 

The reaction is investigated at 200 kPa and 700 K and the value of the equilibrium constant, Kp, is 
found to be Y. The reaction is then investigated at 1000 kPa and 700 K and the value of Kp is 
found to be Z. 

 
Which statement comparing Y and Z is correct? 

A Y and Z are the same. 

B Y is greater than Z. 

C Z is 2.2 times greater than Y. 

D Z is 5.0 times greater than Y. 
 
 

  
[M‘18 P12 Q11]

4 
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10 Which reaction is not a redox reaction? 

A Mg  +  2HNO3  →  Mg(NO3)2  +  H2 

B 2Mg(NO3)2  →  2MgO  +  4NO2  +  O2 

C SO2  +  NO2  →  SO3  +  NO 

D SO3  +  H2O  →  H2SO4 
 
 
11 The reaction between sulfur dioxide and oxygen is reversible. 
 
 2SO2  +  O2    2SO3 ∆H 

o = –196 kJ mol–1 
 

Which conditions of pressure and temperature favour the reverse reaction? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
 
 
12 Which statement about the effect of a catalyst on a reversible reaction is correct? 

A The activation energy of the forward reaction stays the same. 

B The composition of the equilibrium mixture stays the same. 

C The rate of the backward reaction stays the same. 

D The value of the equilibrium constant changes. 
 
 
13 Which oxide is insoluble in aqueous sodium hydroxide? 

A MgO B Al 2O3 C P4O10 D SO2 
 
 
14 X, Y and Z are three elements in the third period. 
 

● X reacts with chlorine to give a liquid product. 

● Y reacts with chlorine to give a solid product that dissolves in water to give a 
solution of pH 7. 

● Z reacts with chlorine to give a solid product that dissolves in water to give a solution 
of pH 6. 

 
Which elements are good conductors of electricity? 

A X and Y B Y and Z C Y only D Z only 
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7 Anhydrous copper(II) chloride, CuCl 2, combines with water to form CuCl 2.2H2O. The standard 
enthalpy changes of formation for this reaction are shown in the table. 

 
  

H2O –286 

CuCl 2 –206 

CuCl 2.2H2O –808 
 

What is the standard enthalpy change of the reaction shown? 
 

CuCl 2  +  2H2O  →  CuCl 2.2H2O 
 

A –1586 kJ mol–1 

B –316 kJ  mol–1 

C –110 kJ  mol–1 

D –30 kJ  mol–1 
 
 
8 Xenon hexafluoride, XeF6, reacts with water. 
 

XeF6  +  3H2O  →  XeO3  +  6HF 
 

Which statement is correct? 

A Hydrogen is reduced in this reaction. 

B Hydrogen is the only element oxidised in this reaction. 

C The only element oxidised in this reaction is xenon. 

D This is not a redox reaction. 
 
 
9 Hydrogen is produced industrially from methane as shown in the equation. 
 
 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ∆H 

o = +205 kJ mol–1 
 

Which conditions would most favour the formation of hydrogen? 
 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 
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9 Materials can be classified by their chemical structures. Four common types of structure are 
metallic, ionic, simple molecular and giant molecular. 

 
Some physical properties of four substances are shown in the table. 

 
Which substance has a simple molecular structure? 

 

 melting point 
/ °C 

effect of 
adding water 

electrical 
conductivity 

A 64 reacts good when solid 

B 113 insoluble always poor 

C 767 soluble good when solid 

D 1600 insoluble always poor 
 
 
10 In a particular reversible reaction the yield of product is increased 
 

● if the temperature is increased; 

● if the pressure is decreased. 
 

Which equation could describe this reversible reaction? 

A CH4(g)  +  H2O(g)    3H2(g)  +  CO(g) ∆H = +206 kJ mol–1 

B 4NH3(g)  +  3O2(g)    2N2(g)  +  6H2O(g) ∆H = –227 kJ mol–1 

C 2NO2(g)    N2O4(g) ∆H = –58 kJ mol–1 

D 3O2(g)    2O3(g) ∆H = +143 kJ mol–1 
 
 
11 A chemical company used a catalyst in a chemical process. The company has now decided not 

to use the catalyst but to increase the temperature so that the rate of the reaction is the same as 
it was when the catalyst was used. 

 
Which statement about the new conditions compared to the original conditions is correct? 

A The activation energy has been decreased. 

B The activation energy has been increased. 

C There are fewer successful collisions per unit time. 

D There are more successful collisions per unit time. 
 
 
12 Which oxide does not react with cold, dilute sodium hydroxide to produce a salt? 

A Al 2O3 B P4O10 C SO2 D SiO2 
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10 The chemical equilibrium shown is formed when ammonia is produced in the Haber process. 
 

N2  +  3H2    2NH3 
 

The following concentrations are found to be present at equilibrium under certain conditions. 
 

N2 H2 NH3 

0.200 mol dm–3 0.300 mol dm–3 0.600 mol dm–3 
 

What is the numerical value of Kc under these conditions? 

A 0.0150 B 6.0 C 10.0 D 66.7 
 
 
11 The enzyme maltase speeds up the reaction between maltose and water. 
 
 maltase 

maltose + water  glucose 
 

Maltase shows specificity. 
 

Which statement describes the specificity of maltase? 

A Maltase is a biological catalyst and it is a type of protein. 

B Maltase is most effective between pH 6.1 and pH 6.8. 

C Maltase lowers the activation energies of the reactions it catalyses. 

D Maltase only speeds up a small number of chemical reactions. 
 
 
12 Which description of the bonding and acid / base nature of aluminium oxide is correct? 
 

 bonding acid / base nature 

A simple covalent amphoteric 

B giant covalent basic only 

C ionic amphoteric 

D ionic basic only 
 
 
13 X and Y are elements of the third period. 
 

X and Y are individually heated in excess chlorine. Each product is purified and then separately 
added to water, producing two solutions. Both solutions have a pH of less than 5. 

 
What could be X and Y? 

A Na and P B Mg and Al C Mg and Si D Si and P 
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7 Nitric acid is known to take part in the oxidation of atmospheric sulfur dioxide. One possible 

reaction is shown. 

 

SO2  +  HNO3  →  NO
+
  +  HSO4

–
 

 

Which row shows the correct changes in oxidation numbers of nitrogen and sulfur? 

 

 nitrogen sulfur 

A –3 +3 

B –2 +2 

C –2 +3 

D –1 +2 

 

 

8 A transition metal ion, M
2+

, reacts with acidified dichromate(VI) ions to form M
4+

 ions, Cr
3+

 ions, 

and H2O. 

 

Which equation correctly represents this reaction? 

A Cr2O7
2–

  +  14H
+
  +  M

2+
  →  2Cr

3+
  +  7H2O  +  M

4+
 

B Cr2O7
2–

  +  14H
+
  +  2M

2+
  →  2Cr

3+
  +  7H2O  +  2M

4+
 

C Cr2O7
2–

  +  14H
+
  +  3M

2+
  →  2Cr

3+
  +  7H2O  +  3M

4+
 

D Cr2O7
2–

  +  14H
+
  +  6M

2+
  →  2Cr

3+
  +  7H2O  +  6M

4+
 

 

 

9 In this question you should assume that all gases behave ideally. 
 

Hydrogen and iodine react reversibly in the following reaction. The system reaches dynamic 

equilibrium. 

 

 H2(g)  +  I2(g)    2HI(g) ∆H = –9.5 kJ mol
–1

 

 

Which statement must be true for the Kp of this equilibrium to be constant? 

A The partial pressures of H2, I2 and HI are equal. 

B The external pressure is constant. 

C The forward and reverse reactions have stopped. 

D The temperature is constant. 

 

 

f
§
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17 Silver chloride and silver iodide form equilibria when added to water. 
 
 AgCl(s)    Ag+(aq)  +  Cl –(aq) Kc = K1 

 AgI(s)    Ag+(aq)  +  I–(aq) Kc = K2 
 

Each equilibrium position lies well to the left. 
 

Silver iodide will not dissolve in aqueous ammonia. Silver chloride will dissolve in aqueous 
ammonia. Another equilibrium is formed. 

 
 Ag+(aq)  +  2NH3(aq)    Ag(NH3)2

+(aq) Kc = K3 
 

The position of this equilibrium lies to the right. 
 

What is the order of magnitude for these three equilibrium constants? 

A K1 > K2 > K3 

B K2 > K1 > K3 

C K3 > K1 > K2 

D K3 > K2 > K1 
 
 
18 Elements and their compounds are important as catalysts. 
 

In which process is a compound used, rather than an element? 

A catalytic converters 

B Contact process 

C Haber process 

D hydrogenation of alkenes 
 
 
19 The gaseous products of heating a mixture of Ca(OH)2 and NH4Cl are passed through solid CaO. 

This absorbs water vapour and a gas, W, is collected. 
 

A sample of W is oxidised by Cl 2(g) to produce two gases, X and Y. 
 

X is an element. Y is acidic. 
 

Y reacts with W to produce Z. 
 

What are X and Z? 
 

 X Z 

A N2 CaCl 2 

B N2 NH4Cl 

C O2 CaCl 2 

D O2 NH4Cl 

. I

:

:
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10 0.200 mol of sulfur dioxide and 0.200 mol of oxygen are placed in a 1.00 dm3 sealed container. 
The gases are allowed to react until equilibrium is reached. 

 
2SO2  +  O2    2SO3 

 
At equilibrium there is 0.100 mol of SO3 in the container. 

 
What is the value of Kc? 

A 0.150 mol dm–3 

B 0.800 mol dm–3 

C 1.25 mol–1
 dm3 

D 6.67 mol–1
 dm3 

 
 
11 Two reactions are shown. 
 

reaction 1 N2(g)  +  3H2(g)    2NH3(g) 

reaction 2 2O3(g)    3O2(g) 
 

In reaction 1, a finely powdered iron catalyst is used. 
 

In reaction 2, a vaporised tetrachloromethane catalyst in ultraviolet light is used. 
 

Which statement about the catalysts used is correct? 

A Both reaction 1 and reaction 2 use a heterogeneous catalyst. 

B Both reaction 1 and reaction 2 use a homogeneous catalyst. 

C Reaction 1 uses a heterogeneous catalyst and reaction 2 uses a homogeneous catalyst. 

D Reaction 1 uses a homogeneous catalyst and reaction 2 uses a heterogeneous catalyst. 
 
 
12 Sodium and sulfur are burned separately in oxygen. 
 

Each reaction has a distinctive coloured flame. 
 

Which row is correct? 
 

 Na  +  O2 S  +  O2 

A white blue 

B white yellow 

C yellow blue 

D yellow yellow 
 
 

§
§
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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 

!
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34 The Brønsted-Lowry theory describes acid and base character. 

 

When concentrated sulfuric acid and concentrated nitric acid are mixed, the following reactions 

occur. 

 

H2SO4  +  HNO3    HSO4

–

  + H2NO3

+

 

H2NO3

+

    H2O  +  NO2

+

 

H2O  +  H2SO4    HSO4

–

  +  H3O
+

 

 

Which species are bases in these reactions? 

1 HSO4

–

 

2 HNO3 

3 NO2

+

 

 

 

35 Pollutant oxide Y, which contains non-metallic element X, is formed in a car engine. 

 

Further oxidation of Y to Z occurs in the atmosphere. In this further oxidation, 1 mol of Y reacts 

with 0.5 mol of gaseous oxygen molecules. 

 

X could be either nitrogen or sulfur. 

 

Which statements about X, Y and Z can be correct? 

1 The oxidation number of X increases by two from Y to Z. 

2 Y has an unpaired electron in its molecule. 

3 Y is a polar molecule. 

 

 

36 A test-tube of HI gas and a test-tube of HBr gas are placed together in an environment at 

temperature, T. 

 

Which combinations of observations are possible depending on the temperature, T? 

1 A brown vapour appears in one of the test-tubes. No change is apparent in the other  

test-tube. 

2 A brown vapour appears in one of the test-tubes. A purple vapour appears in the other  

test-tube. 

3 No change is apparent in either test-tube. 

 

 

37 Which pairs of reagents will take part in a redox reaction? 

1 CH3COCH3  +  Tollens’ reagent 

2 CH3CH2CHO  +  Fehling’s reagent 

3 CH3CH=CH2  +  Br2 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Use of the Data Booklet is relevant to this question. 

 

When the liquid N
2
F
4
 is heated, it decomposes into a single product, X. 

 

Which statements are correct? 

1 N –  F bonds are broken during this decomposition. 

2  The enthalpy change when N
2
F
4
 decomposes into X is approximately +160 kJ mol

–1

. 

3 Molecules of X are non-linear. 

 

 

32  P and Q are two liquid compounds with similar M
r
 values. Molecules of P attract each other by 

hydrogen bonds. Molecules of Q attract each other by van der Waals’ forces only. 

 

How do the properties of P and Q differ? 

1 P has a higher surface tension than Q. 

2  P is less soluble in water than Q. 

3 P has a lower melting point than Q. 

 

 

33 R and S react together. 

 

R  +  S    T 

 

Which factors affect the rate of the forward reaction? 

1 the activation energy of the reaction 

2  the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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33 Methanoic acid molecules, HCO2H, and hydrogen carbonate ions, HCO3

–

, can both behave as 

acids. 

 

Why does a solution of methanoic acid have a lower pH than a solution of sodium hydrogen 

carbonate of the same concentration? 

1 HCO2H molecules dissociate more fully than HCO3

–

 ions do. 

2 Each HCO2H molecule has two hydrogen atoms; each HCO3

–

 ion only has one. 

3 Methanoic acid is a weaker acid than sodium hydrogen carbonate. 

 

 

34 The following equilibrium is an exothermic reaction in the forward direction. 

 

2CrO4

2–

(aq)  +  2H
+

(aq)    Cr2O7

2–

(aq)  +  H2O(l) 

 

What happens when the concentration of CrO4

2–

 ions increases and the temperature 

decreases? 

1 The concentration of Cr2O7

2–

 ions increases. 

2 The equilibrium constant increases. 

3 The activation energy decreases. 

 

 

35 Which processes involve the conversion of sulfur dioxide into sulfur trioxide? 

1 the combustion of sulfur contaminated fossil fuels 

2 the Contact process for manufacturing sulfuric acid 

3 the catalytic oxidation of sulfur dioxide by oxides of nitrogen 

 

 

36 Which chlorides of Period 3 elements will form a neutral solution when added to water? 

1 NaCl 

2 Al 2Cl 6 

3 PCl 5 
 

 

37 A series of tests was carried out on the compound shown below. 

 

OO

H

CH3CCH2CH CHCH2C

 

 

Which pairs of reagents would both give a positive result for this compound? 

1 Tollens’ reagent and a solution containing acidified dichromate(VI) ions 

2 aqueous bromine and Fehling’s reagent 

3 2,4-dinitrophenylhydrazine reagent and sodium carbonate 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
 
33 Which statements about reversible reactions are correct? 

1 An increase in concentration of a reactant always increases the concentration of the product. 

2 An increase in temperature always increases the rate at which the equilibrium is established. 

3 An increase in temperature always increases the concentration of the product at equilibrium. 
 
 
34 A chemist puts a sample of dilute aqueous hydrochloric acid into beaker 1. She adds a sample of 

zinc and measures the rate of production of hydrogen gas. 
 

She then puts a different sample of dilute aqueous hydrochloric acid into beaker 2. She adds a 
different sample of zinc and measures the rate of production of hydrogen gas. 

 
The rate of the reaction in beaker 2 is greater than the rate of the reaction in beaker 1. 

 
Which factors could help to explain this observation? 

1 The reaction in beaker 1 has a higher activation energy than the reaction in beaker 2. 

2 The zinc in beaker 1 is in larger pieces than the zinc in beaker 2. 

3 The acid in beaker 1 is at a lower concentration than the acid in beaker 2. 
 
 
35 In some rice-growing parts of the world, farmers use a combination of paddy fields and a fish 

farm. Rice paddy fields are flooded for much of the growing cycle and water running off the fields 
flows through pens where fish are raised. Nitrogen-based fertilisers are generally very soluble in 
water. 

 
Which problems could result from farmers applying excess nitrogen-based fertilisers to their 
paddy fields? 

1 decreased fish production in the fish pens 

2 decreased levels of oxygen in the water 

3 increased growth of algae in the fish pens 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 X is an element that has 

 

● its outer electrons in the 4th principal quantum shell, 

● a higher 1st ionisation energy than calcium. 

 

What could be the identity of X? 

1 bromine 

2 krypton 

3 xenon 

 

 

34 Methanol, CH3OH, can be produced industrially by reacting CO with H2. 

 

 CO(g)  +  2H2(g)    CH3OH(g) ∆H = –91 kJ mol
–1

 

 

The process can be carried out at 4 × 10
3 kPa and 1150 K. 

 

Which statements about this reaction are correct? 

1 Increasing the temperature will increase the rate of reaction because more effective 

collisions will occur. 

2 Lowering the temperature will reduce the rate of reaction because the forward reaction is 

exothermic. 

3 Increasing the pressure will reduce the rate of reaction because there are a larger number of 

moles on the left-hand side of the equation. 

 

 

35 Equal masses of barium carbonate and magnesium carbonate powders are mixed together. The 

mixture is then heated using a Bunsen burner flame until there is no further change. A gas is 

given off. 

 

Which statements are correct? 

1 The residue left after heating reacts with aqueous hydrochloric acid to produce carbon 

dioxide. 

2 The percentage decrease in mass after heating is 26% (to 2 significant figures). 

3 The gas given off during heating relights a glowing splint. 
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34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
 
 

!
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33 In this question, all gases can be assumed to behave ideally. 

 

A chemist heats a mixture of nitrogen and oxygen gases in a sealed container at a constant 

temperature until the mixture reaches a dynamic equilibrium containing N2(g), O2(g) and NO(g). 

 

N2(g)  +  O2(g)    2NO(g) 

 

The chemist repeats the experiment at the same temperature using the same initial amounts of 

N2(g) and O2(g), but at a much higher pressure. 

 

Which statements about the second experiment at higher pressure are correct? 

1 At higher pressure, there are more particles per unit volume. 

2 The composition of the equilibrium mixture does not change. 

3 There are more collisions per second so equilibrium is reached faster. 

 

 

34 An ethanol burner can be used to heat water. If appropriate measurements are taken, a value for 

the enthalpy of combustion of ethanol can be calculated. The equation 

 

heat transferred = –mc∆T 

 

is used as part of the calculation. 

 

Which symbols are correctly described? 

1 ∆T is the change in temperature of the water. 

2 m is the mass of water used in the experiment. 

3 c is the specific heat capacity of ethanol. 

 

 

!
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34 In the manufacture of sulfuric acid, the following exothermic reaction occurs. 
 

2SO2(g)  +  O2(g)    2SO3(g) 
 

Which changes will move the position of the equilibrium to the right? 

1 increasing the pressure 

2 increasing the temperature 

3 using twice as much catalyst 
 
 
35 Water is added to anhydrous aluminium chloride to make a 0.1 mol dm–3 solution. 
 

Which observations are correct? 

1 The reaction is endothermic. 

2 The solution is acidic. 

3 The solution contains the ion [Al (H2O)6]3+. 
 
 
36 Catalytic converters are used to modify exhaust emissions from motor vehicles. 
 

Which reactions occur in catalytic converters? 

1 C8H18  +  12 2
1 O2  →  8CO2  +  9H2O 

2 2NO  +  2CO  →  N2  +  2CO2 

3 NO  +  SO3  →  NO2  +  SO2 
 
 
37 Which compounds would produce a carboxylic acid and a ketone when treated with hot, 

concentrated, acidified KMnO4? 
 

1 2 3

 
 
 
38 Bromoethane reacts with NaOH in different ways depending on the solvent used. 
 

Which statements about these reactions are correct? 
 

 solvent used main organic product 

1 water ethane-1,2-diol 

2 ethanol ethene 

3 water ethanol 
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34 Which statements are correct when a reversible reaction is at equilibrium? 

1 All species are at equal concentration. 

2 The concentrations of all species remain constant. 

3 The rate of the forward reaction equals the rate of the reverse reaction. 

 

 

35 Each of the three mixtures shown can result in a chemical reaction. 

 

Which mixtures result in a redox reaction? 

1 bromine + hydrogen 

2 sodium chloride + concentrated sulfuric acid 

3 potassium iodide + silver nitrate 

 

 

36 Which statements correctly describe an oxide of nitrogen acting as an atmospheric pollutant? 

1 Nitrogen monoxide, NO, reacts with oxygen to form nitrogen dioxide which contributes to 

acid rain. 

2 Nitrogen dioxide reacts with sulfur dioxide to form sulfur trioxide which reacts with water to 

form sulfuric acid. 

3 Nitrogen oxides react with unburnt hydrocarbons in sunlight to form other pollutants. 

 

 

37 Polymer Z contains the length of polymer chain shown below. 

 

This short length of chain is found many times within the chains of polymer Z, although it is not 
the repeat unit. 

 

– CH2 – CHCl – CH2 – 

 

What could be the name of polymer Z? 

1 poly(2-chloropropene) 

2 poly(chloroethene) 

3 PVC 
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34 In which reactions does NH3 behave as a Brønsted-Lowry acid? 

1 2NH3  →  NH2
–  +  NH4

+ 

2 HSO4
–  +  NH3  →  SO4

2–  +  NH4
+ 

3 Ag+  +  2NH3  →  [Ag(NH3)2]
+ 

 
 
35 Chlorine reacts with hot aqueous sodium hydroxide. 
 

Which oxidation states does chlorine show in the products of this reaction? 

1 –1 

2 +3 

3 +1 
 
 
36 In which different forms does nitrogen exist in compounds? 

1 bonded by a triple covalent bond 

2 as part of a cation 

3 in an oxidation state of +5 
 
 
37 Poly(ethene) and PVC are examples of addition polymers. 
 

Which statements are correct? 

1 On combustion, PVC can produce carbon monoxide, carbon dioxide and hydrogen chloride. 

2 When poly(ethene) is buried in a landfill site, it will not significantly biodegrade. 

3 The empirical formula of an addition polymer is the same as that of the monomer. 
 
 
38 Organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 
 

What could X be? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo-2-methylpropane 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Compound Q contains 40% carbon by mass. 
 

What could Q be? 

1 glucose, C6H12O6 

2 starch, (C6H10O5)n 

3 sucrose, C12H22O11 
 
 
32 A container is partially filled with hot water, sealed and left to cool. 
 

Which statements are correct? 

1 As the temperature decreases, water molecules lose kinetic energy. 

2 As the temperature decreases, more water molecules move from vapour to liquid. 

3 As the temperature decreases, the vapour pressure of the water decreases. 
 
 
33 Ammonia and chlorine react together in the gas phase. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Ammonia behaves as a reducing agent. 

2 Ammonia behaves as a base. 

3 The oxidation number of hydrogen changes. 
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Complete combustion of a sample of a hydrocarbon gave 0.132 g of carbon dioxide and 0.054 g 

of water. 
 

Which formulae could correctly represent this hydrocarbon? 

1 CH2=CH2 

2 CH3CH=CH2 

3 CH3CH=CHCH3 
 
 
32 Which statements are correct? 

1 Magnesium carbonate decomposes at a lower temperature than calcium carbonate. 

2 Calcium hydroxide is more soluble in water than magnesium hydroxide. 

3 Calcium is a stronger reducing agent than magnesium. 
 
 
33 Ammonia and chlorine react as shown. 
 

8NH3  +  3Cl 2  →  N2  +  6NH4Cl 
 

Which statements are correct? 

1 Each nitrogen atom is oxidised. 

2 Each chlorine atom is reduced. 

3 Ammonia behaves as a base. 
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 (c)  At temperatures above 1500 K, HCl will decompose.

  A sample of 0.300 mol of HCl decomposed in a sealed container.

  The resulting equilibrium mixture was found to contain 1.50  10–2 mol of Cl 2.

 (i)  Calculate the amounts, in mol, of H2 and HCl present in the equilibrium mixture.

H2 = .............................. mol

HCl = .............................. mol
[2]

 (ii)  Calculate the mole fraction of each gas in the equilibrium mixture.

mole fraction of HCl = ..............................

mole fraction of H2 = ..............................

mole fraction of Cl 2  = ..............................
[1]

 (d)  In another experiment under different conditions, an equilibrium mixture was produced with 
mole fractions for each species as shown.

species mole fraction

HCl 0.88

H2 0.06

Cl 2 0.06

 (i)  Write the expression for the equilibrium constant, Kp, for the decomposition of HCl.

2HCl (g)    H2(g)  +  Cl 2(g)

 Kp =

[1]
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 (b)  The equation for the preparation of hydrogen chloride using concentrated sulfuric acid is 
shown.

H2SO4  +  NaCl    NaHSO4  +  HCl

 (i)  Use the Brønsted-Lowry theory of acids and bases to identify the base and its conjugate 
acid in this reaction. Explain your answer.

 Brønsted-Lowry base (base-I) =  .........................................................................................

 conjugate acid (acid-II) =  ....................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................
[2]

 (ii)  Explain why the reaction of concentrated sulfuric acid and sodium iodide is not suitable for 
the preparation of hydrogen iodide.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

!
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 (ii)  Explain why the total pressure of the system does not need to be known for Kp to be 
calculated for this experiment.

  .............................................................................................................................................

  .......................................................................................................................................  [1]

 (iii)  Calculate the value of Kp for this experiment.

Kp = ..............................  [1]

[Total: 18]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

CEDAR COLLEGE EQUILIBRIA WS 2

Online Classes : Megalecture@gmail.com

www.youtube.com/megalecture



 100

!

9

9701/22/F/M/17© UCLES 2017 [Turn over

 (iv)  When 1.60 mol of HCl are mixed in a sealed container with 0.500 mol of O2 at 400 °C, 
0.600 mol of Cl 2 and 0.600 mol of H2O are formed.

  The total pressure inside the container is 1.50  105 Pa.

	 	 	 a cu ate	the	a ounts 	in	 o 	o 	 l and O2 in the equilibrium mixture.

HCl = ..............................  mol

O2 = ..............................  mol

	 	 	 a cu ate	 the	 o e	 raction	 o 	 l 2 and hence the partial pressure of Cl 2 in the 
equilibrium mixture.

mole fraction of Cl 2 = .....................................

pCl 2
 = ..............................  Pa

[3]
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 (v)  In a separate experiment, an equilibrium reaction mixture was found to contain the four 
gases at the partial pressures shown in the table.

gas HCl O2 Cl 2 H2O

partial pressure / Pa 4.8  104 3.0  104 3.6  104 3.6  104

Kp =
(pCl 2

)2  (pH2O
)2

(pHCl )4  pO2

  Use this information and the expression given for Kp to calculate a value for Kp. State the 
units of Kp.

Kp = ..............................

units = ..............................
[2]

 (vi)  The reaction is repeated without a catalyst.

  State the effect of this on Kp.

  .......................................................................................................................................  [1]

[Total: 22]
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Answer all the questions in the spaces provided.

1  Ammonia, NH3, is manufactured from nitrogen and hydrogen by the Haber process.

 N2(g)  +  3H2(g)    2NH3(g) H = –92 kJ mol–1 

 (a)  Some bond energies are given.

	 	 	 	k 	 o –1

	 	 	 	k 	 o –1

 (i)  Explain the meaning of the term bond energy.

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  Use the data to calculate a value for the N–H bond energy.
  You must show your working.

N–H bond energy = .............................. kJ mol–1  [2]

 (b)	 	 he	 a er	 rocess	 is	 usua y	 carrie 	 out	 at	 a	 te erature	 o 	 a ro i ate y	 	°C in the 
presence of a catalyst. Changing the temperature affects both the rate of production of 
ammonia and the yield of ammonia.

	 	 he	 o t ann	 istri ution	 or	a	 i ture	o 	nitrogen	an 	hy rogen	at	 	°C is shown.
  Ea represents the activation energy for the reaction.

proportion
of molecules
with a given
energy

molecular energy
Ea

 (i)  Using the same axes, sketch a second curve to indicate the Boltzmann distribution at a 
higher temperature. [2]

3
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 (ii)  With reference to the Boltzmann distribution, state and explain the effect of increasing 
temperature on the rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  State and explain the effect of increasing temperature on the yield of ammonia.
  Use Le Chatelier’s principle to explain your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (c)	 	 t	a	 ressure	o 	 . 	 	 7	 a 	 . 	 o 	o 	nitrogen 	 2 g 	was	 i e 	with	 . 	 o 	o 	hy rogen 	
H2 g .	 he	fina 	e ui i riu 	 i ture	 or e 	containe 	 . 	 o 	o 	a onia 	 3(g).

 (i)  Calculate the amounts, in mol, of N2(g) and H2(g) in the equilibrium mixture.

N2(g) = .............................. mol

H2(g) = .............................. mol
[2]

 (ii)  Calculate the partial pressure of ammonia, pNH3, in the equilibrium mixture.

  Give your answer to three	significant	figures.

pNH3 = .............................. Pa  [3]
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 (d)  In another equilibrium mixture the partial pressures are as shown.

substance partial pressure / Pa

N2(g) . 	 	

H2(g) . 	 	 5

NH3(g) . 	 	

 (i)  Write the expression for the equilibrium constant, Kp, for the production of ammonia from 
nitrogen and hydrogen.

 Kp =

[1]

 (ii)  Calculate the value of Kp for this reaction.

  State the units.

Kp = ..............................

units = ..............................
[2]

 (iii)  This reaction is repeated with the same starting amounts of nitrogen and hydrogen. The 
same temperature is used but the container has a smaller volume.

  State the effects, if any, of this change on the yield of ammonia and on the value of Kp.

 effect on yield of ammonia  ..................................................................................................

 effect on value of Kp  ............................................................................................................
[2]

[Total: 22]
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2  At 450 K phosphorus(V) chloride, PCl 5(g), decomposes to form phosphorus(III) chloride, PCl 3(g), 
and chlorine, Cl 2(g). A dynamic equilibrium is established as shown.

 PCl 5(g)    PCl 3(g)  +  Cl 2(g) H = +124 kJ mol–1

 (a)  The enthalpy change of formation of PCl 3(g) under these conditions is given.

Hf PCl 3(g) = –320 kJ mol–1

  Calculate the enthalpy change of formation of PCl 5(g) under these conditions.

  Include a sign with your answer.

enthalpy change = .............................. kJ mol–1  [1]

 (b) (i)  State and explain the effect of increasing temperature on the rate of decomposition of 
PCl 5(g).

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  State and explain the effect of increasing temperature on the percentage of PCl 5(g) that 
decomposes.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  Explain the meaning of the term dynamic equilibrium and the conditions necessary for it to 
become established.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]
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 (d)  When 2.00 mol of PCl 5(g) are decomposed at 450 K and 1.00  105 Pa the resulting equilibrium 
mixture contains 0.800 mol of Cl 2(g).

 (i)  Calculate the partial pressure of phosphorus(V) chloride, pPCl 5, in this equilibrium mixture.

pPCl 5 = .............................. Pa  [2]

 (ii)  Write the expression for the equilibrium constant, Kp, for the decomposition of PCl 5(g).

 Kp =

[1]

 (iii)  The partial pressures of PCl 3(g) and of Cl 2(g) in this equilibrium mixture are both 
2.86  104 Pa.

  Calculate the value of Kp and state its units.

Kp = ..............................

units = ..............................
[2]

[Total: 12]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]
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 (c)  Hydrogen chloride undergoes a reversible reaction with oxygen.

4HCl (g)  +  O2(g)    2Cl 2(g)  +  2H2O(g)

  The reaction is carried out at 400 °C in the presence of a copper(II) chloride catalyst.

 (i)  Use the data in the table to calculate the overall enthalpy change of reaction.

compound enthalpy change of
formation / kJ mol–1

HCl (g) –92

H2O(g) –242

enthalpy change of reaction = .............................. kJ mol–1  [2]

 (ii)  State the type of catalyst used in this reaction. Explain how a catalyst is able to increase 
the rate of a chemical reaction.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (iii)  The reaction exists in dynamic equilibrium.

  The reaction was repeated at 1000 °C and the same pressure.

  State and explain the effect on the composition of the equilibrium mixture of the change in 
temperature.

  .............................................................................................................................................

  .............................................................................................................................................
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  The equation for this stage of the Contact Process is shown.

 2SO2(g)  +  O2(g)    2SO3(g) H = –196 kJ mol–1

 (d) (i)  State and explain the effect of increasing temperature on the rate of production of SO3.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (ii)  State and explain the effect of increasing temperature on the yield of SO3.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (e)  The SO3	 ro uce 	 is	 con erte 	 to	su uric	aci 	 in	 two	stages.	 n	 the	first	 stage	 the	S 3 is 
reacted with concentrated sulfuric acid to produce oleum, H2S2O7.

  The oleum is then reacted with water to form sulfuric acid.

  Suggest an equation for the reaction of oleum, H2S2O7, with water to form sulfuric acid.

  ..............................................................................................................................................  [1]
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 (d)  2.00 moles of SO2(g) and 2.00 moles of O2(g) are sealed in a container with a suitable catalyst, 
at constant temperature and pressure. The resulting equilibrium mixture contains 1.98 moles 
of SO3(g).

  The total volume of the equilibrium mixture is 40.0 dm3.

2SO2(g)  +  O2(g)    2SO3(g)

 (i)  Write the expression for the equilibrium constant, Kc, for the reaction between SO2(g) and 
O2(g) to produce SO3(g).

 Kc =

 [1]

 (ii)  Calculate the amount, in moles, of SO2(g) and O2(g) in the equilibrium mixture.

 SO2(g) = .............................. mol

 O2(g) = .............................. mol
 [2]

 (iii)  Use your answers to (d)(i) and (d)(ii) to calculate the value of Kc for this equilibrium mixture.
  Give the units of Kc.

 Kc = ..............................

 units = ..............................
 [3]

 [Total: 22]
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 (ii)  With reference to the Boltzmann distribution, state and explain the effect of increasing 
temperature on the rate of production of ammonia.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (iii)  State and explain the effect of increasing temperature on the yield of ammonia.
  Use Le Chatelier’s principle to explain your answer.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [3]

 (c)	 	 t	a	 ressure	o 	 . 	 	 7	 a 	 . 	 o 	o 	nitrogen 	 2 g 	was	 i e 	with	 . 	 o 	o 	hy rogen 	
H2 g .	 he	fina 	e ui i riu 	 i ture	 or e 	containe 	 . 	 o 	o 	a onia 	 3(g).

 (i)  Calculate the amounts, in mol, of N2(g) and H2(g) in the equilibrium mixture.

N2(g) = .............................. mol

H2(g) = .............................. mol
[2]

 (ii)  Calculate the partial pressure of ammonia, pNH3, in the equilibrium mixture.

  Give your answer to three	significant	figures.

pNH3 = .............................. Pa  [3]
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 (d)  In another equilibrium mixture the partial pressures are as shown.

substance partial pressure / Pa

N2(g) . 	 	

H2(g) . 	 	 5

NH3(g) . 	 	

 (i)  Write the expression for the equilibrium constant, Kp, for the production of ammonia from 
nitrogen and hydrogen.

 Kp =

[1]

 (ii)  Calculate the value of Kp for this reaction.

  State the units.

Kp = ..............................

units = ..............................
[2]

 (iii)  This reaction is repeated with the same starting amounts of nitrogen and hydrogen. The 
same temperature is used but the container has a smaller volume.

  State the effects, if any, of this change on the yield of ammonia and on the value of Kp.

 effect on yield of ammonia  ..................................................................................................

 effect on value of Kp  ............................................................................................................
[2]

[Total: 22]
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2  At 450 K phosphorus(V) chloride, PCl 5(g), decomposes to form phosphorus(III) chloride, PCl 3(g), 
and chlorine, Cl 2(g). A dynamic equilibrium is established as shown.

 PCl 5(g)    PCl 3(g)  +  Cl 2(g) H = +124 kJ mol–1

 (a)  The enthalpy change of formation of PCl 3(g) under these conditions is given.

Hf PCl 3(g) = –320 kJ mol–1

  Calculate the enthalpy change of formation of PCl 5(g) under these conditions.

  Include a sign with your answer.

enthalpy change = .............................. kJ mol–1  [1]

 (b) (i)  State and explain the effect of increasing temperature on the rate of decomposition of 
PCl 5(g).

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (ii)  State and explain the effect of increasing temperature on the percentage of PCl 5(g) that 
decomposes.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................  [2]

 (c)  Explain the meaning of the term dynamic equilibrium and the conditions necessary for it to 
become established.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  [2]
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 (d)  When 2.00 mol of PCl 5(g) are decomposed at 450 K and 1.00  105 Pa the resulting equilibrium 
mixture contains 0.800 mol of Cl 2(g).

 (i)  Calculate the partial pressure of phosphorus(V) chloride, pPCl 5, in this equilibrium mixture.

pPCl 5 = .............................. Pa  [2]

 (ii)  Write the expression for the equilibrium constant, Kp, for the decomposition of PCl 5(g).

 Kp =

[1]

 (iii)  The partial pressures of PCl 3(g) and of Cl 2(g) in this equilibrium mixture are both 
2.86  104 Pa.

  Calculate the value of Kp and state its units.

Kp = ..............................

units = ..............................
[2]

[Total: 12]
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7 When heated, solid iodine readily forms iodine vapour.

What does this information suggest about the nature of the particles in these two physical states
of iodine?

solid vapour

A ionic atomic

B ionic molecular

C molecular atomic

D molecular molecular

8 Which statement about the standard enthalpy change of formation of carbon dioxide is correct?

A It is equal to the standard enthalpy change of combustion of carbon.

B It is equal to twice the bond energy of the C=O bond.

C It is the energy released when one mole of carbon dioxide is formed from carbon at the
temperature of combustion of the carbon.

D It is the same for carbon dioxide produced from graphite and from diamond.

9 Use of the Data Booklet is relevant to this question.

Hydrazine was used as a fuel for the Messerschmidt 163 rocket fighter in World War II and for the
American Gemini and Apollo spacecraft.  It has the following formula.

What is the enthalpy change of atomisation of 1 mol of gaseous hydrazine?

A 550 kJ 

B 1720 kJ 

C 1970 kJ 

D 2554 kJ 

10 For which equilibrium does Kc have no units?

A C(s) + H2O(g)         CO(g) + H2(g)

B CH3OH(l) + CH3CO2H(l)         CH3CO2CH3(l) + H2O(l)

C Cu2+(aq) + 4NH3(aq)         Cu(NH3)4
2+(aq)

D N2O4(g)         2NO2(g)

N N

H

H

H

H

 

5 
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10 Titanium occurs naturally as the mineral rutile, TiO
2
. One possible method of extraction of 

titanium is to reduce the rutile by heating with carbon. 

 

TiO
2
(s) + 2C(s) → Ti(s) + 2CO(g) 

 

The standard enthalpy changes of formation of TiO
2
(s) and CO(g) are –940 kJ mol

–1

 and  

–110 kJ mol
–1

 respectively. 

 

What is the standard enthalpy change of this reaction? 

A –830 kJ mol
–1

 

B –720 kJ mol
–1

 

C +720 kJ mol
–1

 

D +830 kJ mol
–1

 

 

 

11 For the reaction 

 

W(aq) + 2X(aq)  2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant K
c
? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6

 

 

 

 

4 
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7  An exothermic chemical reaction proceeds by two stages. 

 

reactants intermediate products
stage 1 stage 2

 

 

The activation energy of stage 1 is 50 kJ mol
–1

. The overall enthalpy change of reaction is 

–100 kJ mol
–1

. 

 

Which diagram represents the reaction pathway for this reaction? 

 

A

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

B

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

C

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

D

100
75
50
25

0
-25
-50
-75

-100

progress
of reaction

reactants

products

 

 

 

8  Skiers trapped by snowstorms use heat packs to keep warm. The heat may be generated by the 

reaction below. 

 

4Fe(s) + 3O2 (g) → 2Fe2 O3 (s) ; ∆HO = –1648 kJ
 

 

What is the standard enthalpy change of formation of iron(III) oxide? 

A 0 kJ mol
–1

 

B –824 kJ mol
–1

 

C –1648 kJ mol
–1

 

D –3296 kJ mol
–1

 

 

 

9  Two equilibria are shown below. 

 

reaction I 2X2 (g) + Y2 (g)  2X2 Y(g) 

reaction II X2 Y(g)  X2 (g) + )g(
2

1

!
!  

 

The numerical value of K
c
 for reaction I is 2. 

 

Under the same conditions, what is the numerical value of K
c
 for reaction II? 

A 

2

1
 B 

2

1
 C 

4

1
 D –2 

 

 

 

4
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8 When ammonia is converted into nitric acid on a commercial scale, the following reactions can
occur.

In which reaction does the greatest change in oxidation number of the nitrogen occur?

9 At the age of 17, in a woodshed in Ohio, Charles Martin Hall discovered the commercial process
for the production of aluminium metal by the electrolysis of a mixture of bauxite, Al2O3, and
cryolite, Na3AlF6.

What is the main purpose of the cryolite?

A Al2O3 is covalent, and AlF ions interact with it to produce Al3+ ions which can be 
discharged at the cathode.

B Cryolite is a base, forming NaAlO2 with bauxite, enabling aluminium to be discharged at the
anode.

C Cryolite reduces the melting point of the bauxite.

D Cryolite minimises the release of O2– ions at the graphite anodes, which are otherwise burnt
away to CO.

10 When 0.20 mol of hydrogen gas and 0.15 mol of iodine gas are heated at 723 K until equilibrium is
established, the equilibrium mixture is found to contain 0.26 mol of hydrogen iodide.

The equation for the reaction is as follows.

H2(g) + I2(g)         2HI(g)

What is the correct expression for the equilibrium constant Kc?

A

B

C

D (0.26)2
–––––––––
0.13 x 0.13

(0.26)2
–––––––––
0.07 x 0.02

(2 x 0.26)2
–––––––––
0.20 x 0.15

2 x 0.26–––––––––
0.20 x 0.15

3–
6

reaction

A 4NH3 + 5O2 → 4NO + 6H2O

B 3NO2 + H2O → 2HNO3 + NO

C 2NO + O2 → 2NO2

D 4NH3 + 6NO → 5N2 + 6H2O
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11 A dimer, X, is stable when solid but a dynamic equilibrium is set up in solution. 

 

X(aq)  2Y(aq) 

 

A solution of X has an initial concentration of 0.50 mol dm
–3

. When equilibrium has been reached 

[X(aq)] has fallen to 0.25 mol dm
–3

. 

 

The changes in [X(aq)] and [Y(aq)] are plotted against time until equilibrium is reached. The value 

of Kc is then calculated. 

 

Which graph and value for Kc are correct? 

 

A 1

Kc / mol dm–3graph

0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

B
2

0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

C

1
0.5
0.4
0.3
0.2
0.1

0
0 time

X

Y

X

Y

D

20.5
0.4
0.3
0.2
0.1

0
0 time

concentration
/ mol dm–3

concentration
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7  What are the lattice structures of solid diamond, iodine and silicon(IV) oxide? 

 

 giant molecular simple molecular 

A diamond, silicon(IV) oxide iodine 

B diamond, iodine silicon(IV) oxide 

C iodine diamond, silicon(IV) oxide 

D silicon(IV) oxide diamond, iodine 

 

 

8  Which equation represents the standard enthalpy change of atomisation of bromine? 

A Br2(l) → 2Br(g) 

B Br2(g) → 2Br(g) 

C 
1

2

Br2(l) → Br(g) 

D 
1

2

Br2(g) → Br(g) 

 

 

9  In an experiment, 50.0 cm
3 

of a 0.10 mol dm
–3

 solution of a metallic salt reacted exactly with     

25.0 cm
3

 of 0.10 mol dm
–3

 aqueous sodium sulphite. 

 

The half-equation for oxidation of sulphite ion is shown below. 

 

SO
−2

3
(aq) + H2O(I) → SO

−2

4
(aq) + 2H

+

(aq) + 2e
–

 

 

If the original oxidation number of the metal in the salt was +3, what would be the new oxidation 

number of the metal? 

A +1 B +2 C +4 D +5 

 

 

10  Nitrogen dioxide decomposes on heating according to the following equation. 

 

2NO2(g)  2NO(g) + O2(g) 

 

When 4 mol of nitrogen dioxide were put into a 1 dm
3

 container and heated to a constant 

temperature, the equilibrium mixture contained 0.8 mol of oxygen. 

 

What is the value of the equilibrium constant, K
c
, at the temperature of the experiment? 

A 
2

2

4

8.08.0 ×

 B 
2

4.2

8.06.1 ×

 C 
2

2

4

8.06.1 ×

 D 
2

2

4.2

8.06.1 ×

 

 

 

 

4  

© UCLES 2010 9701/11/O/N/10  

8  Enthalpy changes of combustion can be used to determine enthalpy changes of formation. The 

following equation represents the enthalpy change of formation of butane. 

 

4C(s) + 5H2(g) → C4H10(g) 

 

By using the following standard enthalpy of combustion data, what is the value of the standard 

enthalpy change of formation,        , for this reaction? 

 

compound 
o

 

carbon –394 

hydrogen –286 

butane –2877 

 

A –5883 kJ mol
–1

 

B –129 kJ mol
–1

 

C +129 kJ mol
–1

 

D +2197 kJ mol
–1

 

 

 

9  In a calorimetric experiment 1.60 g of a fuel is burnt. 45 % of the energy released is absorbed by  

200 g of water whose temperature rises from 18 °C to 66 °C. The specific heat capacity of water is 

4.2 J g–1 K–1

. 

 

What is the total energy released per gram of fuel burnt? 

A 25 200 J B 56 000 J C 89 600 J D 143 360 J 

 

 

10  The value of the equilibrium constant, K
c
, for the reaction to form ethyl ethanoate from ethanol 

and ethanoic acid is 4.0 at 60 °C. 

 

C2H5OH + CH3CO2H  CH3CO2C2H5 + H2O 

 

When 1.0 mol of ethanol and 1.0 mol of ethanoic acid are allowed to reach equilibrium at 60 °C, 

what is the number of moles of ethyl ethanoate formed? 

A 

3

1
 B 

3

2
 C 

4

1
 D 

4

3
 

 

 

11 Which equation represents the change corresponding to the enthalpy change of atomisation of 

iodine? 

A 
2

1

I2(g) → I(g) 

B I2(g) → 2I(g) 

C 
2

1

I2(s) → I(g) 

D I2(s) → 2I(g) 

 

 

4 
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8  In the conversion of compound X into compound Z, it was found that the reaction proceeded by 

way of compound Y, which could be isolated. The following steps were involved. 

 

X → Y ; ∆H, positive 

Y → Z ; ∆H, negative 

 

Which reaction profile fits these data? 

 

e
n

e
rg

y

progress of
reaction

A

e
n

e
rg

y

progress of
reaction

B

e
n

e
rg

y

progress of
reaction

C

e
n

e
rg

y

progress of
reaction

D

X

Y

Z

X

Y

Z

Y

Z

X

X

Y Z

 

 

 

9  The nickel-cadmium rechargeable battery is based upon the following overall reaction. 

 

Cd + 2NiOOH + 4H2 O → Cd(OH)2  + 2Ni(OH)2 .H2 O 

 

What is the oxidation number of nickel at the beginning and at the end of the reaction? 

 

 beginning end 

A +1.5 +2 

B +2 +3 

C +3 +2 

D +3 +4 

 

 

10  At a total pressure of 1.0 atm, dinitrogen tetraoxide is 50 % dissociated at a temperature of 60 o C, 

according to the following equation. 

 

N2 O4   2NO2  

 

What is the value of the equilibrium constant, K
p
, for this reaction at 60 o C? 

A 
1

/3  atm B 
2

/3  atm C 
4

/3  atm D 2 atm 

 

 

 

5
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10 At 600 °C oxides of nitrogen react with unburnt hydrocarbons in a catalytic converter in a car
exhaust. The equation using methane as representative of a hydrocarbon molecule would be as
follows.

4NO  +  CH4 → 2N2 +  CO2 +  2H2O

Which statement is likely to be true about the energy change of this reaction?

A It is endothermic as heat energy is converted into chemical energy.

B It is exothermic as a high temperature is required.

C It is exothermic as the triple bond N O is broken.  

D It is exothermic as the products have large negative enthalpy changes of formation.

11 In an experiment, b mol of hydrogen iodide were put into a sealed vessel under pressure p. At
equilibrium, x mol of the hydrogen iodide had dissociated, the reaction being represented by the
following equation.

2HI(g)       H2(g)  +  I2(g)

Which expression for Kp is correct?

A

B

C

D

12 A piece of zinc foil dissolved completely in 20 cm3 of a dilute sulphuric acid solution and the
volume of hydrogen evolved was noted at equal, short time intervals. Another piece of zinc foil of
the same surface area and mass was added to 40 cm3 of the same solution of dilute sulphuric
acid.

How will the initial rate of reaction and the total volume of hydrogen evolved in this second
experiment compare to the first experiment?

initial rate of reaction total volume of hydrogen evolved

A no change decrease

B no change no change

C increase no change

D increase increase

x 2______
4(b – x)2

x 2p2_______
4b(b – x)

x 2p2______
(b – x)2

x 2______
(b – x)2

____
←
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9  The diagram represents the reaction pathway for the following reaction. 

 

W(g) + X(g) → Y(g) + Z(g) 

 

energy

W + X

Y + Z

reaction pathway
 

 

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 

 

 

10  For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of K
p
? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

11 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

  

N2O4(g)  2NO2(g) 

 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 

N2O4, 0.67 atm. 

 

What is the numerical value of K
p
 at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 
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10 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+

 + H2O        V 3+

 + 
2

H

2

1
+ OH

–

What would alter the composition of the equilibrium mixture in favour of the V 2+

 ions?

A adding an acid

B adding a reagent that selectively precipitates V
3+

 ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

11 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)        Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as

shown in the graphs.

100

90

80

70

60

50

40

30

20

10

0
25 100 200 300 400

pressure / atm

equilibrium % of Z

773 K

673 K

573 K

473 K
373 K

Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the value of the equilibrium constant.

B Decreasing the temperature increases the rate of this reaction.

C Increasing the pressure increases the value of the equilibrium constant.

D The reaction is exothermic in the forward direction.

 

4 
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8 Use of the Data Booklet is relevant to this question. 

 

 Which expression gives the pressure exerted by 1.6 x 10
– 3 mol of N2 in a container of volume 

 3.0 dm
3

 at 273 oC? 

 A 
6

3

10 x 3.0

273 x 8.31x   x101.6

−

−

 Pa 

 B 
6

3

10 x 3.0

)273 273( x 8.31x 10 x 1.6  
−

−

+

 Pa 

 C 
3

 

3

10 x 3.0

273 x 8.31x 10 x 1.6

−

−

 Pa 

 D 
3

3

10 x 3.0

)273 273( 
 

 x8.31x 10 x 1.6

−

−

+

 Pa 

 

 

9 Which of these compounds, on complete combustion of one mole, will release the greatest 

amount of energy? 

 A CH3CH2CH2OH 

 B CH3CH2CH3 

 C CH3CH2CO2H 

 D CH3COCH3 

 

 

10 At high temperatures, steam decomposes into its elements according to the following equation. 

 

2H2O(g)        2H2(g) + O2(g) 

 

In one experiment at 1 atm pressure, it was found that 20 % of the steam had been converted into 

hydrogen and oxygen. 

 

What are the values of the equilibrium partial pressures, in atm, of the components of this 

equilibrium? 

 

 
partial pressure 

of steam 

partial pressure 

of hydrogen 

partial pressure 

of oxygen 

A 
1.0

1x0.80
 

1.0

1x0.10
 

1.0

1x0.10
 

B 
1.0

1x0.80
 

1.0

1x0.133
 

1.0

1x0.067
 

C 
1.0

1x0.80
 

1.0

1x0.20
 

1.0

1x0.10
 

D 
1.1

1x0.80
 

1.1

1x0.20
 

1.1

1x0.10
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9  The diagram represents the reaction pathway for the following reaction. 

 

W(g) + X(g) → Y(g) + Z(g) 

 

energy

W + X

Y + Z

reaction pathway
 

 

What statement can be made about the reverse reaction, Y(g) + Z(g) → W(g) + X(g)? 

A It will have a larger activation energy and a positive ∆H. 

B It will have a larger activation energy and a negative ∆H. 

C It will have a smaller activation energy and a positive ∆H. 

D It will have a smaller activation energy and a negative ∆H. 

 

 

10  For the equilibrium 2SO2(g) + O2(g)  2SO3(g), what will change the value of K
p
? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

11 Dinitrogen tetroxide dissociates into nitrogen dioxide on heating. 

  

N2O4(g)  2NO2(g) 

 

In an experiment the partial pressures of the gases at equilibrium were found to be NO2, 0.33 atm; 

N2O4, 0.67 atm. 

 

What is the numerical value of K
p
 at the temperature of the experiment? 

A 0.16 B 0.49 C 0.65 D 2.03 

 

 

 

5 
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11 Which statement concerning the equilibrium reaction below is true? 

 

(aq)2H(aq)2CrO

_
2

4

+

+       O(l)H(aq)OCr
2

_
2

72
+  

 

A An increase in acid concentration will result in an increase in the concentration of 

(aq).OCr

_
2

72
 

B A redox reaction is taking place. 

C The addition of a catalyst will result in an increase in the concentration of (aq)OCr

_
2

72
. 

D The equilibrium constant, Kc, has no units. 
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10  An experiment is set up to measure the rate of hydrolysis of methyl ethanoate. 

 

CH3CO2CH3 + H2O  CH3CO2H + CH3OH 

 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 

rate when the solution is acidified with hydrochloric acid. 

 

What is the function of the hydrochloric acid? 

A to dissolve the methyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 

 

 

11 The distribution of molecular kinetic energies within a gas at temperature T1 and T2 are shown in 

the diagram. 

 

fraction of
total molecules

T2 > T1

Ea = activation energy

0
0 kinetic energy

Ea

T1

T2

 

 

Which statement correctly explains why a small increase in temperature leads to a significant 

increase in the rate of a gaseous reaction? 

A The frequency of collisions between molecules is greater at a higher temperature. 

B The activation energy of the reaction is less when the gases are at a higher temperature. 

C The frequency of collisions between molecules with kinetic energy greater than the activation 

energy is greater at higher temperature. 

D The proportion of molecules with more kinetic energy than the activation energy is lower at a 

higher temperature. 

 

 

 

4  

© UCLES 2010 9701/11/M/J/10  

7  The Haber process for the manufacture of ammonia is represented by the following equation. 

 

N2(g) + 3H2(g)  2NH3(g) ∆H = –92 kJ mol
–1

 

 

Which statement is correct about this reaction when the temperature is increased? 

A Both forward and backward rates increase. 

B The backward rate only increases. 

C The forward rate only increases. 

D There is no effect on the backward or forward rate. 

 

 

8  Use of the Data Booklet is relevant to this question. 

 

2.920 g of a Group II metal, X, reacts with an excess of chlorine to form 5.287 g of a compound 

with formula XCl2. 

 

What is metal X? 

A barium 

B calcium 

C magnesium 

D strontium 

 

 

9  Which mass of gas would occupy a volume of 3 dm
3

 at 25 °C and 1 atmosphere pressure? 

[1 mol of gas occupies 24 dm
3

 at 25 °C and 1 atmosphere pressure.] 

A 3.2 g O2 gas 

B 5.6 g N2 gas 

C 8.0 g SO2 gas 

D 11.0 g CO2 gas 

 

 

 

8  
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15  Which graph correctly describes a trend found in the halogen group? 

 

 [X represents a halogen atom.] 

 

bond
length

in X2

Cl2 Br2 I2

A

strength of
van der Waals'

forces

Cl2 Br2 I2

B

boiling
point
of X2

Cl2 Br2 I2

C

bond
energy

of HX

HCl HBr HI

D

 

 

 

16  During electrolysis of brine in a diaphragm cell, chlorine, hydrogen and sodium hydroxide are 

produced.  

 

What is the molar ratio of these products? 

 

 chlorine hydrogen sodium hydroxide 

A 1 1 1 

B 1 1 2 

C 2 1 1 

D 2 2 1 

 

 

17  When sulfur trioxide is manufactured from sulfur dioxide and oxygen, using the Contact process, 

which condition affects the value of the equilibrium constant, K
c
? 

A adjusting the temperature 

B adjusting the pressure 

C using a catalyst 

D removing SO3 from the equilibrium mixture 

 

 

 

5 
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8 The equilibrium 

 

N2 (g) + O2 (g)  2NO(g) ∆H = +180 kJ mol
–1

 

 

contributes to a series of reactions producing photochemical smog. 

 

Which factors would affect the value of K
p
 of the above equilibrium? 

 

 
change in 

pressure 

change in 

temperature 

presence or absence 

of a catalyst 

A ✓ ✓ ✗ 

B ✓ ✗ ✓ 

C ✗ ✓ ✓ 

D ✗ ✓ ✗ 

 

 

9 PCl5  dissociates as follows. 

 

PCl5 (g) → PCl3(g) + Cl2 (g) 

 

The extent of dissociation is 13 % at 160 °C and 100 % at 300 °C. 

 

Which pair of statements about this formation of PCl3 is correct? 

 

 shape of PCl
3
 molecule the reaction is 

A pyramidal endothermic 

B pyramidal exothermic 

C trigonal endothermic 

D trigonal exothermic 
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8 The equilibrium 

 

N2 (g) + O2 (g)  2NO(g) ∆H = +180 kJ mol
–1

 

 

contributes to a series of reactions producing photochemical smog. 

 

Which factors would affect the value of K
p
 of the above equilibrium? 

 

 
change in 

pressure 

change in 

temperature 

presence or absence 

of a catalyst 

A ✓ ✓ ✗ 

B ✓ ✗ ✓ 

C ✗ ✓ ✓ 

D ✗ ✓ ✗ 

 

 

9 PCl5  dissociates as follows. 

 

PCl5 (g) → PCl3(g) + Cl2 (g) 

 

The extent of dissociation is 13 % at 160 °C and 100 % at 300 °C. 

 

Which pair of statements about this formation of PCl3 is correct? 

 

 shape of PCl
3
 molecule the reaction is 

A pyramidal endothermic 

B pyramidal exothermic 

C trigonal endothermic 

D trigonal exothermic 

 

 

 

5 
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10 The dissociation of dinitrogen tetraoxide into nitrogen dioxide is represented by the equation 

below. 

 

N2O4(g)  2NO2(g);  ∆H o = +57 kJ mol –1

 

 

If the temperature of an equilibrium mixture of the gases is increased at constant pressure, will 

the volume of the mixture increase or decrease and why? 

A The volume will increase, but only because of a shift of equilibrium towards the right. 

B The volume will increase, both because of a shift of equilibrium towards the right and also 

because of thermal expansion. 

C The volume will stay the same, because any thermal expansion could be exactly 

counteracted by a shift of equilibrium towards the left. 

D The volume will decrease, because a shift of equilibrium towards the left would more than 

counteract any thermal expansion. 

 

 

11 The reaction represented by the following equation was carried out. 

 

HCO2CH3(aq) + NaOH(aq) → HCO2Na(aq) + CH3OH(aq) 

 

Which graph best shows the relationship between [CH3OH(aq)] and t, the time from mixing of the 

reactants? 

 

[CH3OH(aq)]

A

0

0
t

[CH3OH(aq)]

B

0

0
t

[CH3OH(aq)]

C

0

0
t

[CH3OH(aq)]

D

0

0
t

 

 

 

 

5 
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10 The table gives the concentrations and pH values of the aqueous solutions of two compounds, X 

and Y. Either compound could be an acid or a base. 

 

 X Y 

concentration 2 mol dm
–3

 2 mol dm
–3

 

pH 6 9 

 

Student P concluded that X is a strong acid. 

 

Student Q concluded that the extent of dissociation is lower in X(aq) than in Y(aq). 

 

Which of the students are correct? 

A both P and Q 

B neither P nor Q 

C P only 

D Q only 

 

 

11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 

 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 

 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 
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15 The percentage of ammonia obtainable, if equilibrium were established during the Haber process, 

is plotted against the operating pressure for two temperatures, 400 °C and 500 °C. 

 

Which diagram correctly represents the two graphs? 

 

A 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

400 °C

500 °C% NH3  at 
equilibrium 

B 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa 

500 °C

400 °C% NH3  at 
equilibrium 

C 
40 

20 

10 20 
0 
0 

pressure / 103
 kPa

400 °C

500 °C

% NH3  at 
equilibrium 

D 
40 

20 

10 20
0 
0 

pressure / 103
 kPa 

% NH3  at 
equilibrium 

500 °C

400 °C

 

 

 

16 Consecutive elements X, Y, Z are in the third period of the Periodic Table. Element Y has the 

highest first ionisation energy and the lowest melting point. 

 

What could be the identities of X, Y and Z? 

A aluminium, silicon, phosphorus  

B magnesium, aluminium, silicon 

C silicon, phosphorus, sulfur 

D sodium, magnesium, aluminium 

 

 

17 Which property of Group II elements (beryllium to barium) decreases with increasing atomic 

number? 

A reactivity with water 

B second ionisation energy 

C solubility of hydroxides 

D stability of the carbonates 

 

 

 

4
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10 When vanadium(II) compounds are dissolved in water, the following equilibrium is established.

V 2+

 + H2O        V 3+

 + 
2

H

2

1
+ OH

–

What would alter the composition of the equilibrium mixture in favour of the V 2+

 ions?

A adding an acid

B adding a reagent that selectively precipitates V
3+

 ions

C allowing the hydrogen to escape as it forms

D making the solution more alkaline

11 In an industrial process, two gases X and Y react together to form a single gaseous product Z.

X (g) + Y (g)        Z (g)

The percentage yield of product Z varies according to the pressure and the temperature as

shown in the graphs.

100
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Which statement about this equilibrium reaction is correct?

A Decreasing the temperature decreases the value of the equilibrium constant.

B Decreasing the temperature increases the rate of this reaction.

C Increasing the pressure increases the value of the equilibrium constant.

D The reaction is exothermic in the forward direction.
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11 Why is ethanoic acid a stronger acid in liquid ammonia than in aqueous solution?

A Ammonia is a stronger base than water.

B Ammonium ethanoate is completely ionised in aqueous solution.

C Ammonium ethanoate is strongly acidic in aqueous solution.

D Liquid ammonia is a more polar solvent than water.

12 It is often said that the rate of a typical reaction is roughly doubled by raising the temperature by
10°C. 

What explains this observation?

A Raising the temperature by 10°C doubles the average energy of each molecule.

B Raising the temperature by 10°C doubles the average velocity of the molecules.

C Raising the temperature by 10°C doubles the number of molecular collisions in a given time.

D Raising the temperature by 10°C doubles the number of molecules having more than a
certain minimum energy.

13 A mixture of the oxides of two elements of the third period is dissolved in water. The solution is
approximately neutral.

What could be the constituents of the mixture?

A Al2O3 and MgO

B Na2O and MgO

C Na2O and P4O10

D SO3 and P4O10

14 Aluminium chloride catalyses certain reactions by forming carbocations (carbonium ions) with
chloroalkanes as shown.

RCl + AlCl3 → R+ + AlCl–4

Which property makes this reaction possible?

A AlCl3 is a covalent molecule.

B AlCl3 exists as the dimer Al2Cl6 in the vapour.

C The aluminium atom in AlCl3 has an incomplete octet of electrons.

D The chlorine atom in RCl has a vacant p orbital.

 

3
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5 Which of the following particles would, on losing an electron, have a half-filled set of p orbitals?

A C – B N C N – D O
+

6 Magnesium oxide is used to line industrial furnaces because it has a very high melting point.

Which type of bond needs to be broken for magnesium oxide to melt?

A co-ordinate

B covalent

C ionic

D metallic

7 Which solid exhibits more than one kind of chemical bonding?

A brass

B copper

C diamond

D ice

8 The standard enthalpy changes of formation of iron(II) oxide, FeO(s), and aluminium oxide,

Al2O3(s), are  –266 kJ mol
–1

 and –1676 kJ mol
–1

 respectively.

What is the enthalpy change under standard conditions for the following reaction?

3FeO(s) + 2Al (s) ! 3Fe(s) + Al 2O3(s)

A + 878 kJ B – 878 kJ C –1942 kJ D –2474 kJ

9 Which substance, in 1 mol dm
–3

 aqueous solution, would have the same hydrogen ion

concentration as 1 mol dm
!3

 of hydrochloric acid?

A ethanoic acid

B nitric acid

C sodium hydroxide

D sulphuric acid
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10 The table gives the concentrations and pH values of the aqueous solutions of two compounds, X 

and Y. Either compound could be an acid or a base. 

 

 X Y 

concentration 2 mol dm
–3

 2 mol dm
–3

 

pH 6 9 

 

Student P concluded that X is a strong acid. 

 

Student Q concluded that the extent of dissociation is lower in X(aq) than in Y(aq). 

 

Which of the students are correct? 

A both P and Q 

B neither P nor Q 

C P only 

D Q only 

 

 

11 Swimming pool water can be kept free of harmful bacteria by adding aqueous sodium chlorate(I), 

NaOCl. This reacts with water to produce HOCl molecules which kill bacteria. 

 

OCl –(aq) + H2O  OH
–

(aq) + HOCl (aq) 

 

In bright sunshine, the OCl – ion is broken down by ultra-violet light. 

 

OCl –(aq) + uv light → Cl –(aq) + ½O2(g) 

 

Which method would maintain the highest concentration of HOCl (aq)? 

A acidify the pool water 

B add a solution of chloride ions 

C add a solution of hydroxide ions 

D bubble air through the water 

 

 

 

5 
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7 Flask X contains 5 dm
3

 of helium at 12 kPa pressure and flask Y contains 10 dm
3

 of neon at 6 kPa 

pressure. 

 

If the flasks are connected at constant temperature, what is the final pressure? 

A 8 kPa B 9 kPa C 10 kPa D 11 kPa 

 

 

8 Use of the Data Booklet is relevant to this question. 

 

The enthalpy change of formation, ∆Hf, of hydrated calcium ions is the enthalpy change of the 

following reaction. 

 

Ca(s) + aq – 2e
–

 → Ca
2+

(aq) 

 

The following enthalpy changes are not quoted in the Data Booklet. 

 

 Ca(s) → Ca(g) ∆Ha = 177 kJ mol
–1

 

 Ca
2+

(g) + aq → Ca
2+

(aq) ∆Hhyd = –1565 kJ mol
–1

 

 

What is the enthalpy change of formation of hydrated calcium ions? 

A –1388 kJ mol
–1

 

B –798 kJ mol
–1

 

C –238 kJ mol
–1

 

D +352 kJ mol
–1

 

 

 

9 The following equilibrium is set up in a mixture of concentrated nitric and sulfuric acids. 

 

HNO3 + H2SO4  H2NO3

+

 + HSO4

–

 

 

Which row correctly describes the behaviour of each substance in the equilibrium mixture? 

 

 HNO3 H2SO4 H2NO3

+

 HSO4

–

 

A acid acid base base 

B acid base base acid 

C base acid acid base 

D base acid base acid 

 

 

10 Which molecule or structure does not contain three atoms bonded at an angle between  

109° and 110°? 

A ethanoic acid 

B graphite 

C propane 

D silicon(IV) oxide 
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3 Aluminium is the most abundant metal in the Earth’s crust. The extraction of aluminium is carried 

out by the electrolysis of aluminium oxide dissolved in molten cryolite. 

 

Which material is used for each of the electrodes in this electrolysis? 

 

 anode cathode 

A aluminium carbon 

B carbon carbon 

C carbon steel 

D steel aluminium 

 

 

4 The esterification reaction 

 

ethanol + ethanoic acid  ethyl ethanoate + water 

 

is an equilibrium. The forward reaction is exothermic. 

 

How can the value of the equilibrium constant KC be increased? 

A by adding a little concentrated sulfuric acid as a catalyst 

B by increasing the initial concentration of ethanol  

C by lowering the temperature 

D by raising the temperature 

 

 

5 Ammonia is manufactured on a large scale by the Haber process. 

 

In a particular plant, conditions of 400 °C and 250 atm in the presence of an iron catalyst are 

used. 

 

N2(g) + 3H2(g) 
 2NH3(g) ∆H

o

 = –92 kJ mol
–1

 

 

What could contribute most to increasing the equilibrium yield of ammonia? 

A adding more catalyst 

B increasing the pressure to 400 atm 

C increasing the temperature to 1000 °C 

D using air rather than nitrogen 

 

 

 

3 
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7 The table shows the enthalpy change of neutralisation per mole of water formed, ∆H, for various 

acids and bases. 

 

acid base ∆H / kJ mol
–1

 

hydrochloric acid sodium hydroxide –57.0 

P sodium hydroxide –54.0 

hydrochloric acid Q –52.0 

nitric acid R –57.0 

 

What are P, Q and R? 

 

 P Q R 

A ethanoic acid ammonia potassium hydroxide 

B ethanoic acid sodium hydroxide ammonia 

C sulphuric acid ammonia potassium hydroxide 

D sulphuric acid sodium hydroxide ammonia 

 

 

8 During the electrolysis of brine using a diaphragm cell, which reaction occurs at the cathode? 

A 2Cl –

(aq) → Cl2(g) + 2e
– 

B 4OH –(aq) → O2(g) + 2H2O(l) + 4e
–

 

C 2H2O(l) + 2e
–

 → H2(g) + 2OH
–

(aq) 

D Na
+

(aq) + e
–

 → Na(s) 

 

 

9 Chlorine dioxide is produced on a large scale as it is used for bleaching paper pulp. It is made by 

the following reaction. 

 

2Cl O (aq) + SO2(g) → 2Cl O2(g) + SO
−2

4
(aq) 

 

How do the oxidation numbers of chlorine and sulphur change in this reaction? 

 

 chlorine sulphur 

A decreases by 1 increases by 1 

B decreases by 1 increases by 2 

C decreases by 3 increases by 1 

D decreases by 3 increases by 2 

 

 

−

3

 

3 
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5 The presence of dipoles helps to explain why the element Br2 and the compound CHCl 3  exist as 

liquids at room temperature. 

 

Which types of dipole are involved? 

 

 Br2 CHCl 3  

A 
induced dipoles and permanent 

dipoles 

induced dipoles and permanent 

dipoles 

B 
induced dipoles and permanent 

dipoles 
induced dipoles only 

C induced dipoles only 
induced dipoles and permanent 

dipoles 

D induced dipoles only induced dipoles only 

 

 

6 Three compounds have the physical properties shown in the table. 

 

compound P Q R 

melting point / °C 2852  993  –119 

boiling point / °C 3600  1695  39 

conductivity (solid) poor poor poor 

conductivity (liquid) good good poor 

conductivity (aqueous) insoluble good insoluble 

 

 

What might be the identities of P, Q and R? 

 

 P Q R 

A MgO KCl NH3  

B MgO NaF C2H5 Br 

C SiO2 KCl C2H5 Br 

D SiO2 NaF HCl 

 

 

7 For the equilibrium 2SO2(g) + O2(g)  2SO3 (g), what will change the value of Kp ? 

A adding a catalyst 

B adding more O2 

C increasing the pressure 

D increasing the temperature 

 

 

8 Which pollutant, present in the exhaust fumes of an internal combustion engine, has an element 

in the +2 oxidation state and an odd number of electrons in one molecule of the pollutant? 

A CO B H2S C NO D NO2 

 

4  
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7  When chlorine and aqueous sodium hydroxide are heated together the following overall reaction 

occurs. 

 

3Cl 2(aq) + 6NaOH(aq) → 5NaCl (aq) + NaCl O3(aq) + 3H2O(l) 

 

What are the oxidation numbers for chlorine in each of the following species? 

 

 Cl 2 NaCl NaCl O3 

A 0 +1 –5 

B +2 –1 +3 

C 0 –1 +5 

D –2 +1 –3 

 

 

8  Sulfur dioxide is used as a preservative in wine making. 

 

The following equations describe how sulfur dioxide dissolves. 

 

H2O + SO2  HSO3

–

 + H
+

 

HSO3

–

 + H
+

  SO3

2–

 + 2H
+

 

 

Which statement about these two reactions is correct? 

A HSO3

–

 acts as a base. 

B SO2 acts as an oxidising agent. 

C SO3

2–

 acts as an acid. 

D SO3

2–

 acts as a reducing agent. 

 

 

9  An aqueous solution was prepared containing 1.0 mol of AgNO3 and 1.0 mol of FeSO4 in 1.00 dm
3

 

of water. When equilibrium was established, there was 0.44 mol of Ag
+

(aq) in the mixture. 

 

Ag
+

(aq) + Fe
2+

(aq)  Ag(s) + Fe
3+

(aq) 

 

What is the numerical value of Kc? 

A 0.35 B 0.62 C 1.62 D 2.89 
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12 For the reaction 

 

W(aq) + 2X(aq) 2Y(aq) + 3Z(aq) 

 

what are the correct units for the equilibrium constant Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
–1 dm

3

 D mol
–2 dm

6

 

 

 

13 Methyl mercaptan, CH3SH, has a foul smell and is often used to impart a smell to natural gas. 

 

What will be formed when CH3SH is burned in an excess of air? 

A CO H2O SO2 

B CO2 H2O H2S 

C CO2 H2O SO2 

D CO2 H2O SO3 

 

 

14 Nitrogenous fertilisers are used extensively in modern farming. If rainwater washes excess 

fertiliser into a nearby lake, a process called eutrophication may occur. 

 

Three of the stages of eutrophication are described below. 

 

P Water plants growing on the lake bed die due to lack of sunlight. 

Q An excessive growth of algae occurs. 

R Excessive bacterial activity causes a reduction in oxygen levels. 

 

In which order do these three stages occur? 

A P → Q → R 

B P → R → Q 

C Q → P → R 

D Q → R → P 

 

 

15 Chlorine can be manufactured from brine in a diaphragm cell. 

 

Which row represents the correct electrodes? 

 

 
nature of 

anode 

nature of 

cathode 

A graphite titanium 

B steel titanium 

C titanium graphite 

D titanium steel 

 

 

5 
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10 When gaseous iodine is heated with hydrogen at 450 °C, an equilibrium is established. 

 

H2(g)     +     I2(g)          2HI(g) ∆H = +53 kJ mol
–1

 

 colourless purple colourless 

 

Which change of conditions will cause the purple colour of the equilibrium mixture to become 

paler? 

A decrease in pressure 

B decrease in temperature 

C increase in pressure 

D increase in temperature 

 

 

11 Which solid-line curve most accurately represents the distribution of molecular speeds in a gas at 

500 K if the dotted-line curve represents the corresponding distribution for the same gas at 300 K? 

 

fraction of 
molecules 

speed 

A  

fraction of 
molecules 

speed 

B  

fraction of 
molecules 

speed 

C 

fraction of 
molecules 

speed 

D 

 

 

 

12 Butanedioate ions can be dehydrogenated to form trans-butenedioate ions. The enzyme 

fumarase speeds up this reaction. 

 

Why does fumarase speed up this reaction? 

A Fumarase is a protein. 

B Fumarase is effective at body temperature. 

C Fumarase lowers the activation energy of the dehydrogenation reaction. 

D The enzyme fumarase is specific for this dehydrogenation reaction. 

 

 

 

4  
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8  The value of the third ionisation energy of aluminium is 2740 kJ mol
–1

. 

 

Which correctly represents this statement? 

A Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = –2740 kJ mol
–1

 

B Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = –2740 kJ mol
–1

 

C Al (g) → Al 3+

(g) + 3e
–

 ∆H
o

 = +2740 kJ mol
–1

 

D Al 2+

(g) → Al 3+

(g) + e
–

 ∆H
o

 = +2740 kJ mol
–1

 

 

 

9  Methanol is manufactured by reacting carbon dioxide and hydrogen. 

 

CO2(g) + 3H2(g)  CH3OH(g) + H2O(g) ∆H = –49 kJ mol
–1

 

 

What would increase the equilibrium yield of methanol in this process? 

A adding a catalyst 

B adding an excess of steam 

C increasing the pressure 

D increasing the temperature 

 

 

10  Which molecule has the largest overall dipole? 

 

CH3

CH3

H

H

C C

A 

CH3

CH3

O C

B 

Cl

Cl

O C

C 

H3 C

Cl

Cl

CH3

C C 

D 

 

 

 

11 In which substance does nitrogen exhibit the highest oxidation state? 

A NO B N2O C N2O4 D NaNO2 

 

 

12  Red lead oxide, Pb3O4, is used in metal priming paints. It can be made by heating PbO in air. 

 

6PbO(s) + O2(g) → 2Pb3O4(s) 

 

Which two values are needed to calculate the enthalpy change for this reaction? 

A enthalpy change of atomisation of O2 and enthalpy change of formation of Pb3O4  

B enthalpy change of formation of O2 and enthalpy change of formation of Pb3O4 

C enthalpy change of formation of PbO and enthalpy change of atomisation of O2 

D enthalpy change of formation of PbO and enthalpy change of formation of Pb3O4 

 

 

 

4  
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9 Two moles of compound P were placed in a vessel. The compound P was partly decomposed by 

heating. A dynamic equilibrium between chemicals P, Q and R was established. 

 

At equilibrium, x mol of R were present and the total number of moles present was (2 + x). 

 

What is the equation for this equilibrium? 

A P  2Q + R 

B 2P  2Q + R 

C 2P  Q + R 

D 2P  Q + 2R 

 

 

10  The oxide of titanium, TiO
2
, is used as a ‘whitener’ in toothpaste. It is obtained from the ore 

iron(II) titanate, FeTiO
3
. 

 

What is the change, if any, in the oxidation number (oxidation state) of titanium in the reaction 

FeTiO
3
 → TiO

2
? 

A It is oxidised from +3 to +4. 

B It is reduced from +3 to +2. 

C It is reduced from +6 to +4. 

D There is no change in the oxidation number. 

 

 

11 The diagram shows a cell for the manufacture of aluminium. 

 

graphite anodes 

mixture of Al 2O3 and molten cryolite

graphite lining acting as cathode 

molten aluminium  

 

Which statement is incorrect? 

A Aluminium ions are oxidised in this process. 

B Aluminium is liberated at the cathode by the reaction Al 3+

 + 3e
–

 → Al . 

C The cryolite acts as a solvent. 

D The graphite anode burns away. 
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4 Use of the Data Booklet is relevant to this question. 

 

The elements radon (Rn), francium (Fr) and radium (Ra) have proton numbers 86, 87 and 88 

respectively. 

 

What is the order of their first ionisation energies? 

 

 
least 

endothermic 

 
most 

endothermic 

A Fr Ra Rn 

B Fr Rn Ra 

C Ra Fr Rn 

D Rn Ra Fr 

 

 

5 In which species are the numbers of protons, neutrons and electrons all different? 

A lA
27

13
 B 

−

lC
35

17
 C 

−232

16
S  D 

+

K
39

19
 

 

 

6 An experiment is set up to measure the rate of hydrolysis of ethyl ethanoate. 

 

CH3CO2C2H5  +  H2O    CH3CO2H  +  C2H5OH 

 

The hydrolysis is found to be slow in neutral aqueous solution but it proceeds at a measurable 

rate when the solution is acidified with hydrochloric acid. 

 

What is the function of the hydrochloric acid? 

A to dissolve the ethyl ethanoate 

B to ensure that the reaction reaches equilibrium 

C to increase the reaction rate by catalytic action 

D to suppress ionisation of the ethanoic acid formed 

 

 

 

4  
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7  Which stage in the free radical substitution of methane by chlorine will have the lowest activation 

energy? 

A CH3•  +  Cl 2  →  CH3Cl  +  Cl • 

B Cl •  +  Cl •  →  Cl 2 

C Cl •  +  CH4  →  CH3•  +  HCl 

D Cl 2  →  Cl •  +  Cl • 
 

 

8  Use of the Data Booklet is relevant to this question. 

 

The approximate percentage composition of the atmosphere on four different planets is given in 

the table below. 

 

The density of a gas may be defined as the mass of 1 dm
3

 of the gas measured at s.t.p. 

 

Which mixture of gases has the greatest density? 

 

 planet 
major gases / 

% by number of molecules 

A Jupiter H2 89.8,  He 10.2  

B Neptune H2 80.0,  He 19.0,  CH4 1.0 

C Saturn H2 96.3,  He 3.25,  CH4 0.45 

D Uranus H2 82.5,  He 15.2,  CH4 2.3 

 

 

9  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 2.00 mol of nitrogen, 6.00 mol of hydrogen, and 2.40 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel of volume 1 dm
3

 under certain conditions. It was found that 

2.32 mol of nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)96.6)(32.2(

)76.1(

 

B 
3

2

)32.6)(32.2(

)76.1(

 

C 
3

2

)32.6)(32.2(

)08.2(

 

D 
3

2

)00.6)(32.2(

)40.2(
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8 The reaction between sulfur dioxide and oxygen is a dynamic equilibrium. 

 

2SO2(g)  +  O2(g)    2SO3(g) 

 

What happens when the pressure of the system is increased?  

A The rate of reaction will decrease and the position of the equilibrium will move to the left. 

B The rate of reaction will decrease and the position of the equilibrium will move to the right. 

C The rate of reaction will increase and the position of the equilibrium will move to the left. 

D The rate of reaction will increase and the position of the equilibrium will move to the right. 

 

 

9 Dicarbon monoxide, C2O, is found in dust clouds in space. Analysis of it shows that the sequence 

of atoms in this molecule is C – C – O. All bonds are double bonds and there are no unpaired 

electrons. 

 

How many lone pairs of electrons are present in a molecule of C2O? 

A 1 B 2 C 3 D 4 

 

 

10 Use of the Data Booklet is relevant to this question. 

 

A student mixed 25 cm
3

 of 0.10 mol dm
–3

 sodium hydroxide solution with 25 cm
3

 of 0.10 mol dm
–3

 

hydrochloric acid and noted a temperature rise of 2.5 °C. 

 

What is the enthalpy change of the reaction per mole of NaOH? 

A –209 kJ mol
–1

 

B –104.5 kJ mol
–1

 

C –209 J mol
–1

 

D –522.5 J mol
–1

 

 

 

11 Which energy change corresponds to the enthalpy change of atomisation of hydrogen at 298 K? 

A the bond energy of a H – H bond 

B half the bond energy of a H – H bond 

C minus half the bond energy of a H – H bond 

D minus the bond energy of a H – H bond 
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7  The Contact process is used in the manufacture of sulfuric acid. The equation for the main 

reaction is shown below. 

 

 2SO
2
(g)  +  O

2
(g)    2SO

3
(g) ∆H = –196 kJ mol

–1

 

 

Which statement about this reaction is incorrect? 

A Increased pressure gives a higher yield of SO
3
. 

B Increased temperature gives a higher yield of SO
3
. 

C In the forward reaction the oxidation state of sulfur changes from +4 to +6. 

D Vanadium(V) oxide is used as a catalyst. 

 

 

8  When making sparkler fireworks, a mixture of barium nitrate powder with aluminium powder, 

water and glue is coated onto wires and allowed to dry. At this stage, the following exothermic 

reaction may occur. 

 

16Al  +  3Ba(NO
3
)
2
  +  36H

2
O  →  3Ba(OH)

2
  +  16Al (OH)

3
  +  6NH

3
 

 

Which conditions would be best to reduce the rate of this reaction during the drying process, and 

would also keep the aluminium and barium nitrate unchanged? 

 

 temperature / K pH 

A 298 7 

B 298 14 

C 398 7 

D 398 14 

 

 

9  Which molecular structure will have the smallest overall dipole? 

 

C C 

H

A

C C 

B

C C 

C

C C 

D
H3C H3C CH3

CH3

Cl Cl ClCl Cl

ClH3C H3C H3CClCl H2C
 

 

 

10  The equilibrium constant, K
c
, for the reaction H

2
(g)  +  I

2
(g)    2HI(g), is 60 at 450 °C. 

 

What is the number of moles of hydrogen iodide in equilibrium with 2 mol of hydrogen and 0.3 mol 

of iodine at 450 °C? 

A 

100

1

 B 

10

1

 C 6 D 36 
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9  Use of the Data Booklet is relevant to this question. 

 

When an evacuated fluorescent light tube of volume 300 cm
3

 is filled with a gas at 300 K and 

101 kPa, the mass of the tube increases by 1.02 g. The gas obeys the ideal gas equation 

pV = nRT. 

 

What is the identity of the gas? 

A argon 

B krypton 

C neon 

D nitrogen 

 

 

10  Nitrogen reacts with hydrogen to produce ammonia. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

A mixture of 1.00 mol of nitrogen, 3.00 mol of hydrogen and 1.98 mol of ammonia is allowed to 

reach equilibrium in a sealed vessel under certain conditions. It was found that 1.64 mol of 

nitrogen were present in the equilibrium mixture. 

 

What is the value of Kc under these conditions? 

A 
3

2

)92.4)(64.1(

)70.0(

 

B 
3

2

)64.3)(64.1(

)34.1(

 

C 
2

3

)70.0(

)92.4)(64.1(

 

D 
2

3

)34.1(

)64.3)(64.1(

 

 

 

11 Use of the Data Booklet is relevant to this question. 

 

Which calcium compound contains 54.1 % by mass of calcium? 

A calcium hydroxide 

B calcium nitrate 

C calcium oxide 

D calcium sulfate 
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6 In which reaction is the species in bold acting as an oxidising agent? 

A 2Ca  +  O2  →  2CaO 

B Cr2O7

2–

  +  8H
+

  +  3SO
3

2–

  →  2Cr
3+

  +  4H2O  +  3SO4

2–

 

C Mg  +  Fe
2+

  →  Mg
2+

  +  Fe 

D SO
2
  +  2H2O  +  2Cu

2+

  +  2Cl –  →  H2SO4  +  2H
+

  +  2CuCl 

 

 

7  The formation of hydrogen and ethyne, C2H2, from methane reaches dynamic equilibrium. 

 

2CH4(g)    3H2(g)  +  C2H2(g) 

 

What are the units of Kc? 

A mol dm
–3

 B mol
2 dm

–6

 C mol
3 dm

–9

 D mol
4 dm

–12

 

 

 

8  Which equation represents the standard enthalpy change of formation of ethanol, C2H5OH? 

A 2C(g)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

B 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(l) 

C 2C(s)  +  3H2(g)  +  
2

1

O2(g)  →  C2H5OH(g) 

D 2C(g)  +  6H(g)  +  O(g)  →  C2H5OH(l) 

 

 

9 Use of the Data Booklet is relevant to this question. 

 

In an experiment, 12.0 dm
3

 of oxygen, measured under room conditions, is used to burn 

completely 0.10 mol of propan-1-ol. 

 

What is the final volume of gas, measured under room conditions? 

A 7.20 dm
3

 B 8.40 dm
3

 C 16.8 dm
3

 D 18.00 dm
3
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3 The enthalpy change of formation of carbon dioxide is –394 kJ mol
–1

. 

The enthalpy change of formation of water is –286 kJ mol
–1

. 

The enthalpy change of formation of methane is –74 kJ mol
–1

. 

 

What is the enthalpy change of combustion of methane? 

A –892 kJ mol
–1

 

B –606 kJ mol
–1

 

C +606 kJ mol
–1

 

D +892 kJ mol
–1

 

 

 

4 Hydrogen and carbon dioxide gases are mixed in equal molar amounts at 800 K. A reversible 

reaction takes place. 

 

H2(g)  +  CO2(g)    H2O(g)  +  CO(g) 

 

At equilibrium, the partial pressures of H2 and CO2 are both 10.0 kPa. Kp is 0.288 at 800 K. 

 

What is the partial pressure of CO in the equilibrium mixture? 

A 5.37 kPa B 18.6 kPa C 28.8 kPa D 347 kPa 

 

 

5 In the diagram, curve X was obtained by observing the decomposition of 100 cm
3

 of 1.0 mol dm
–3

 

hydrogen peroxide, catalysed by manganese(IV) oxide. 

 

volume of
oxygen
formed

0 
0 time

Y
X

 

 

Which alteration to the original experimental conditions would produce curve Y? 

A adding more manganese(IV) oxide 

B adding some 0.1 mol dm
–3

 hydrogen peroxide 

C adding water 

D raising the temperature 
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4 In oxygen difluoride, OF2, fluorine has an oxidation number of –1. OF2 will react with sulfur 

dioxide according to the following equation. 

 

OF2  +  SO2  →  SO3  +  F2 

 

What is oxidised and what is reduced in this reaction? 

 

 fluorine 
oxygen 

in OF2 
sulfur 

A oxidised oxidised reduced 

B oxidised reduced oxidised 

C reduced oxidised reduced 

D reduced reduced oxidised 

 

 

5 Use of the Data Booklet is relevant to this question. 

 

The gas laws can be summarised in the ideal gas equation below. 

 

pV = nRT 

 

0.96 g of oxygen gas is contained in a glass vessel of volume 7.0 × 10
–3 m3

 at a temperature of 

30 °C. 

 

Assume the gas behaves as an ideal gas. 

 

What is the pressure in the vessel? 

A 1.1 kPa B 2.1 kPa C 10.8 kPa D 21.6 kPa 

 

 

6 One mole of phosphorus(V) chloride, PCl 5, is heated to 600 K in a sealed flask of volume 1 dm
3

. 

Equilibrium is established and measurements are taken. 

 

PCl 5(g)    PCl 3(g)  +  Cl 2(g) 

 

The experiment is repeated with one mole of phosphorus(V) chloride heated to 600 K in a sealed 

flask of volume 2 dm
3

. 

 

How will the measurements vary? 

A The equilibrium concentrations of PCl 3(g) and Cl 2(g) are higher in the second experiment. 

B The equilibrium concentration of PCl 5(g) is lower in the second experiment. 

C The equilibrium concentrations of all three gases are the same in both experiments. 

D The value of the equilibrium constant is higher in the second experiment. 
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8  Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4. 

 

2NO2(g)    N2O4(g) ∆H = –57 kJ mol
–1

 

 

Which conditions give the greatest percentage of N2O4(g) at equilibrium? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  When a sample of HI is warmed to a particular temperature the equilibrium below is established. 

 

2HI(g)    H2(g)  +  I2(g) 

 

At this temperature, it is found that the partial pressure of HI(g) is 28 times the partial pressure of 

H2(g). 

 

What is the value of Kp at this temperature? 

A 1.28 × 10
–3

 B 0.035 C 28 D 784 

 

 

10  Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is related to the 

concentration of silver atoms. 

 

The following reactions are involved. 

 

reaction 1 Ag
+

  +  Cl
 –
    Ag  +  Cl 

reaction 2 Cu
+

  +  Cl  →  Cu
2+

  +  Cl – 

reaction 3 Cu
2+

  +  Ag  →  Cu
+

  +  Ag
+

 

 

Which statement about these reactions is correct? 

A Cu
+

 and Cu
2+

 ions act as catalysts. 

B Cu
+

 ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 
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7  The standard enthalpy changes of combustion of glucose and ethanol are given as –2820 and  

–1368 kJ mol
–1

 respectively. 

 

Glucose, C6H12O6, can be converted into ethanol. 

 

C6H12O6(s)  →  2C2H5OH(l)  +  2CO2(g) 

 

 

What is the standard enthalpy change for this reaction? 

A –1452 kJ mol
–1

 

B –84 kJ mol
–1

 

C +84 kJ mol
–1

 

D +1452 kJ mol
–1

 

 

 

8 In which reaction is the underlined substance acting as a base? 

A HNO3  +  H2SO4  →  H2NO3

+

  +  HSO4

–

 

B HSiO3

–

  +  HCN  →  CN
–

  +  H2O  +  SiO2 

C HNO2  +   HCO3

–

  →  H2O  +  CO2  +  NO2

–

 

D C6H5O
–

  +  CH2Cl CO2H  →  C6H5OH  +  CH2Cl CO2

–

 

 

 

9 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

following equation. 

 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 

 

When the equilibrium concentration of O2 is 7.6 × 10
–6 mol dm

–3

, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 

 

What is the value of Kc  for this equilibrium? 

A 3.0 × 10
20

 B 1.3 × 10
5

 C 7.6 × 10
–6

 D 3.3 × 10
–21

 

 

 

10  The double bond between the two carbon atoms in an ethene molecule consists of one σ bond 

and one π bond. 

 

Which orbitals overlap to form each of these bonds? 

 

 σ bond π bond 

A sp
2

–sp
2

 p–p 

B sp
2

–sp
2

 sp
2

–sp
2

 

C sp
3

–sp
3

 p–p 

D sp
3

–sp
3

 sp
2

–sp
2
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7  The standard enthalpy changes of combustion of glucose and ethanol are given as –2820 and  

–1368 kJ mol
–1

 respectively. 

 

Glucose, C6H12O6, can be converted into ethanol. 

 

C6H12O6(s)  →  2C2H5OH(l)  +  2CO2(g) 

 

 

What is the standard enthalpy change for this reaction? 

A –1452 kJ mol
–1

 

B –84 kJ mol
–1

 

C +84 kJ mol
–1

 

D +1452 kJ mol
–1

 

 

 

8 In which reaction is the underlined substance acting as a base? 

A HNO3  +  H2SO4  →  H2NO3

+

  +  HSO4

–

 

B HSiO3

–

  +  HCN  →  CN
–

  +  H2O  +  SiO2 

C HNO2  +   HCO3

–

  →  H2O  +  CO2  +  NO2

–

 

D C6H5O
–

  +  CH2Cl CO2H  →  C6H5OH  +  CH2Cl CO2

–

 

 

 

9 One molecule of haemoglobin, Hb, can bind with four molecules of oxygen according to the 

following equation. 

 

Hb(aq)  +  4O2(aq)    Hb(O2)4(aq) 

 

When the equilibrium concentration of O2 is 7.6 × 10
–6 mol dm

–3

, the equilibrium concentrations of 

Hb and Hb(O2)4 are equal. 

 

What is the value of Kc  for this equilibrium? 

A 3.0 × 10
20

 B 1.3 × 10
5

 C 7.6 × 10
–6

 D 3.3 × 10
–21

 

 

 

10  The double bond between the two carbon atoms in an ethene molecule consists of one σ bond 

and one π bond. 

 

Which orbitals overlap to form each of these bonds? 

 

 σ bond π bond 

A sp
2

–sp
2

 p–p 

B sp
2

–sp
2

 sp
2

–sp
2

 

C sp
3

–sp
3

 p–p 

D sp
3

–sp
3

 sp
2

–sp
2
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8  Nitrogen dioxide, NO2, exists in equilibrium with dinitrogen tetroxide, N2O4. 

 

2NO2(g)    N2O4(g) ∆H = –57 kJ mol
–1

 

 

Which conditions give the greatest percentage of N2O4(g) at equilibrium? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  When a sample of HI is warmed to a particular temperature the equilibrium below is established. 

 

2HI(g)    H2(g)  +  I2(g) 

 

At this temperature, it is found that the partial pressure of HI(g) is 28 times the partial pressure of 

H2(g). 

 

What is the value of Kp at this temperature? 

A 1.28 × 10
–3

 B 0.035 C 28 D 784 

 

 

10  Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes 

more transparent again when the light is less bright. The darkness of the glass is related to the 

concentration of silver atoms. 

 

The following reactions are involved. 

 

reaction 1 Ag
+

  +  Cl
 –
    Ag  +  Cl 

reaction 2 Cu
+

  +  Cl  →  Cu
2+

  +  Cl – 

reaction 3 Cu
2+

  +  Ag  →  Cu
+

  +  Ag
+

 

 

Which statement about these reactions is correct? 

A Cu
+

 and Cu
2+

 ions act as catalysts. 

B Cu
+

 ions act as an oxidising agent in reaction 2. 

C Reaction 3 increases the darkness of the glass. 

D Silver atoms are reduced in reaction 3. 
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7 The process of electrolysis can be used to purify copper, and to extract aluminium from an 

aluminium oxide / cryolite mixture. 

 

What are the reactions at the anode in each of these processes? 

 

 purification of copper extraction of aluminium 

A Cu
2+

  +  2e
–

  →  Cu 2O
2–

  →  O2  +  4e
–

 

B Cu
2+

  +  2e
–

  →  Cu 4OH
–

  →  O2  +  2H2O  +  4e
–

  

C Cu  →  Cu
2+

  +  2e
–

 2O
2–

  →  O2  +  4e
–

 

D Cu  →  Cu
2+

  +  2e
–

 4OH
–

  →  O2  +  2H2O  +  4e
–

  

 

 

8 Hydrogen can be obtained by reacting methane with steam. 

 

 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ∆H o = +210 kJ mol
–1

 

 

Which conditions of pressure and temperature will give the greatest equilibrium yield of hydrogen? 

 

 pressure temperature 

A high high 

B high low 

C low high 

D low low 

 

 

9  Nitrogen monoxide reacts with oxygen in a reversible reaction according to the equation shown 

below. 

 

2NO(g)  +  O2(g)    2NO2(g) 

 

The partial pressures of each of the components in an equilibrium mixture are shown in the table. 

 

partial pressure NO / kPa partial pressure O2 / kPa partial pressure NO2 / kPa 

10 30 20 

 

What is the numerical value of the equilibrium constant, Kp, for this equilibrium? 

A 6.67 × 10
–2

 B 1.33 × 10
–1

 C 7.50 D 15.0 
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11 Ammonia is made by the Haber process. The reactants are nitrogen and hydrogen. 

 

 N2(g)  +  3H2(g)    2NH3(g) ∆H –ve 

 

What will increase the rate of the forward reaction? 

A adding argon to the mixture but keeping the total volume constant 

B decreasing the temperature 

C increasing the total pressure by reducing the total volume at constant temperature 

D removing ammonia as it is made but keeping the total volume of the mixture the same 

 

 

12 X is a Group II metal. The carbonate of X decomposes when heated in a Bunsen flame to give 

carbon dioxide and a white solid residue as the only products. This white solid residue is 

sparingly soluble in water. Even when large amounts of the solid residue are added to water the 

pH of the saturated solution is less than that of limewater. 

 

What could be the identity of X? 

A magnesium 

B calcium 

C strontium 

D barium 

 

 

13 Rat poison needs to be insoluble in rain water but soluble at the low pH of stomach contents. 

 

What is a suitable barium compound to use for rat poison? 

A barium carbonate 

B barium chloride 

C barium hydroxide 

D barium sulfate 

 

 

14 Use of the Data Booklet is relevant to this question. 

 

Which of the elements sodium, magnesium, aluminium, silicon, phosphorus, sulfur and chlorine 

 

• has a lower first ionisation energy than the preceding element in the Periodic Table, 

• conducts electricity and 

• has a lower atomic radius than the preceding element in the Periodic Table? 

A aluminium 

B magnesium 

C phosphorus 

D sulfur 

 

4  

© UCLES 2015 9701/11/O/N/15  

8  Which row correctly describes the electrodes that can be used in a diaphragm cell for the 

production of chlorine, hydrogen and sodium hydroxide? 

 

 anode cathode 

A steel graphite 

B steel titanium 

C titanium graphite 

D titanium steel 

 

 

9  Hexamine is a crystalline solid used as a fuel in portable stoves. 

 

The diagram shows its skeletal structure. 

 

N

N
N N

 

 

What is the empirical formula of hexamine? 

A CH2N B C3H6N2 C C4H8N4 D C6H12N4 

 

 

10 A mixture of nitrogen and hydrogen gases, at a temperature of 500 K, was put into an evacuated 

vessel of volume 6.0 dm
3

. The vessel was then sealed. 

 

N2(g)  +  3H2(g)    2NH3(g) 

 

The mixture was allowed to reach equilibrium. It was found that 7.2 mol of N2 and 12.0 mol of H2 

were present in the equilibrium mixture. The value of the equilibrium constant, Kc, for this 

equilibrium is 6.0 × 10
–2

 at 500 K. 

 

What is the concentration of ammonia present in the equilibrium mixture at 500 K? 

A 0.58 mol dm
–3

 

B 0.76 mol dm
–3

 

C 3.5 mol dm
–3

 

D 27 mol dm
–3
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 A reversible reaction is catalysed. 

 

Which statements about the effects of the catalyst on this system are correct? 

1 The catalyst alters the mechanism of the reaction. 

2 The catalyst reduces the energy of activation (the energy barrier) for both the forward and 

the backward reaction. 

3 The catalyst alters the composition of the equilibrium mixture. 

 

 

34 Which magnesium compounds lose mass when heated by a Bunsen flame? 

1 magnesium carbonate 

2 magnesium nitrate 

3 magnesium oxide 

 

 

35 What happens when chlorine is bubbled through aqueous sodium hydroxide solution? 

1 In cold solution, ClO
–

(aq) ions are formed. 

2 In hot solution, ClO3

–

(aq) ions are formed. 

3 Disproportionation of chlorine occurs in both cold and hot aqueous solutions. 

 

 

36 Which fertilisers, when washed out of soil by rain, cause excessive growth of river plants and 

algae with the result that fish in the river die? 

1 K2 SO4  

2 NH4 NO3 

3 NaNO3 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Hydroxyapatite, Ca5(PO4)3OH, is the main constituent of tooth enamel. In the presence of saliva, 

the following equilibria exist. 

 

Ca5(PO4)3OH(s)  5Ca
2+

(aq) + 3PO   (aq) + OH
–

(aq) 

 

HPO   (aq)  H
+

(aq) + PO   (aq) 

 

Which of the following statements help to explain why tooth enamel is dissolved more readily 

when saliva is acidic? 

1 The hydroxide ions are neutralised by the acid. 

2 The phosphate ion PO   (aq) accepts H
+

(aq) 

3 Calcium ions react with acids. 

 

 

35 What properties enable magnesium oxide to be used as a refractory lining in a furnace? 

1 It has a high melting point. 

2 It has a low thermal conductivity. 

3 It does not react with basic slags. 

 

 

36 Chlorine reacts with hot concentrated aqueous sodium hydroxide according to the equation 

below. 

 

3Cl2(g) + 6NaOH(aq) → NaCl O3(aq) + 5NaCl (aq) + 3H2O(l) 

 

Which conclusions can be drawn from this information? 

1 The oxidation state of the chlorine in one of the products is +5. 

2 The chlorine undergoes disproportionation. 

3 The sodium hydroxide acts as a reducing agent. 

 

 

−3

4

−2

4

−3

4

−3

4

�
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Section B 
 
For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 
be correct. 
 
Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 
the statements that you consider to be correct). 
 
The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 
are 

correct 

1 and 2 
only are 
correct 

2 and 3 
only are 
correct 

1 only 
is 

correct 

 
No other combination of statements is used as a correct response. 
 
Use of the Data Booklet may be appropriate for some questions. 
 
 
31 Which statements about the atoms 23Na and 24Mg are correct? 

1 They have the same number of filled electron orbitals. 

2 They have the same number of neutrons. 

3 They are both reducing agents. 
 
 
32 Which compounds contain covalent bonds? 

1 aluminium chloride 

2 ammonia 

3 calcium fluoride 
 
 
33 Ethylene glycol, HOCH2CH2OH, is used as a de-icer. It allows ice to melt at temperatures below 

0 °C. 
 

Which statements are correct? 

1 Ethylene glycol changes the extensive network of hydrogen bonds in ice. 

2 Ethylene glycol molecules form hydrogen bonds with other ethylene glycol molecules. 

3 Ethylene glycol molecules will dissolve in the water formed from the ice. 
 
 

!
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34 Two bulbs R and S, connected by a mercury manometer, are held in a thermostat, as shown. The 

volume of R is twice that of S. R contains gas, X, at the same pressure as the nitrogen in S. 

 

nitrogenX

S
R

manometer

mercury

thermostat

 

 

When the temperature is increased, which gases in bulb R would cause the mercury level in the 

right-hand limb of the manometer to rise? 

1 an equilibrium mixture N2F4(g)  2NF2(g); ∆H positive 

2 an equilibrium mixture CH3NC(g)  CH3CN(g); ∆H negative 

3 nitrogen 

 

 

35 Which statements concerning the third period elements (sodium to argon) and their compounds 

are correct? 

1 The elements become more electronegative from sodium to chlorine. 

2 Aluminium oxide is the only oxide which is insoluble in water. 

3 The maximum oxidation state is shown by silicon. 

 

 

36 Use of the Data Booklet is relevant to this question. 

 

The element astatine lies below iodine in Group VII of the Periodic Table. 

 

What will be the properties of astatine? 

1 It forms diatomic molecules which dissociate more readily than chlorine molecules. 

2 It reacts explosively with hydrogen. 

3 It is a good reducing agent. 

 

 

37 Nitrogen and oxygen react in a hot car engine to form nitrogen monoxide which is a serious 

pollutant in our cities and in the countryside. However, nitrogen and oxygen do not react at room 

temperature. 

 

Which statements help to explain why nitrogen and oxygen do not react at room temperature? 

1 The reaction is endothermic. 

2 A high activation energy is required. 

3 Nitrogen has a high bond energy. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 What are assumptions of the kinetic theory of gases and hence of the ideal gas equation,          

PV = nRT ? 

1 Molecules move without interacting with one another except for collisions. 

2 Intermolecular forces are negligible. 

3 Intermolecular distances are much greater than the molecular size. 

 

 

32 Carbon monoxide burns readily in oxygen to form carbon dioxide. 

 

What can be deduced from this information? 

1 The +4 oxidation state of carbon is more stable than the +2 state. 

2 The standard enthalpy change of formation of carbon dioxide is more negative than that of 

carbon monoxide. 

3 The value of the equilibrium constant for the reaction, 2CO(g) + O2(g)  2CO2(g), is likely to 

be high. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Kevlar has the structure below. 

 

N

O

C

O

C

H

N

H

O

C N

O

C

H

N

H
 

 

Compared to a steel rope of similar dimensions, a Kevlar rope is both lighter and stronger. 

 

Which properties of Kevlar help to explain these facts? 

1 The fibres of Kevlar align due to hydrogen bonding. 

2 The mass per unit length is less in a Kevlar rope than in a steel rope. 

3 The Kevlar molecule has no permanent dipole. 

 

 

32 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+

 

2 
+

4
NH  

3 H2O 

 

 

33 Under given conditions, what governs the rate of a forward reaction? 

1 the activation energy of the reaction 

2 the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 For complete combustion, 1 mol of an organic compound X was found to require 2.5 mol of 

molecular oxygen. 

 

Which compounds could be X? 

1 C
2
H

5
OH 

2 C
2
H

2
 

3 CH
3
CHO 

 

 

32 Catalysts are used in many reversible reactions in the chemical industry. Vanadium(V) oxide is 

used in this way in the Contact process for the formation of SO
3
. 

 

2SO
2
(g) + O

2
(g)  2SO

3
(g) 

 

What effect does vanadium(V) oxide have on this equilibrium? 

1 It speeds up the forward reaction. 

2 It increases the value of K
p
. 

3 It increases the value of E
a
 for the reverse reaction. 

 

 

33 Which statements about the properties of a catalyst are correct? 

1 A catalyst increases the average kinetic energy of the reacting particles. 

2 A catalyst increases the rate of the reverse reaction. 

3 A catalyst has no effect on the enthalpy change of the reaction. 

 

 

!
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

33 Phosphorus pentachloride is introduced into an empty gas syringe which has a movable, tightly-

fitting plunger. The gas is allowed to expand until equilibrium is reached at a temperature at 

which the phosphorus pentachloride partially dissociates. 

 

PCl5(g)  PCl3(g) + Cl2(g) 

 

plungergas

syringe oven

self-sealing
cap for

introducing
sample

 

 

Which statements are correct? 

1 The equilibrium pressure inside the syringe will be greater than atmospheric pressure. 

2 When the plunger is pushed in the equilibrium adjusts to produce more PCl5(g). 

3 The volume of gas in the syringe at equilibrium will be greater than if no dissociation had 

occurred. 

 

 

34 Which statements are correct about the activation energy of a reaction? 

1 It is different for the forward and back reactions in an exothermic process. 

2 It is low for a reaction that takes place slowly. 

3 It is unaffected by the presence of a catalyst. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 The chlorine oxide free radical, ClO
•

, is formed during the depletion of the ozone layer by 

chlorofluoroalkanes (CFCs). 

 

Cl • + O3 → ClO
•

 + O2 

 

Which features are present in the chlorine oxide free radical? 

1 an odd number of electrons 

2 a single covalent bond 

3 a dative covalent bond from oxygen to chlorine 

 

 

32 Concentrated sulphuric acid behaves as a strong acid when it reacts with water. 

 

H2SO4(l) + aq → H
+

(aq) + 
−

4
HSO (aq) 

 

The 
−

4
HSO  ion formed behaves as a weak acid. 

 

−

4
HSO (aq)  H

+

(aq) + 
−2

4
SO (aq) 

 

Which statements are true for 1.0 mol dm
–3

 sulphuric acid? 

1 [H
+

(aq)] is high 

2 [
−2

4
SO (aq)] is high 

3 [
−

4
HSO (aq)] = [

−2

4
SO (aq)] 
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The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34 Which statements concerning the Group II elements magnesium, calcium and barium are 

correct? 

1 Their reactivity increases with increasing relative atomic mass. 

2 The oxidation number exhibited in their stable compounds is +2. 

3 On strong heating, their nitrates give off oxygen only. 

 

 

35 Chlorine is a greenish-yellow gas, bromine is a dark red liquid and iodine is a dark grey solid.  

 

What causes these differences in volatility? 

1 the halogen-halogen bond energy 

2 the magnitude of the van der Waals’ forces between the molecules 

3 the number of electrons in the halogen molecule 

 

 

36 Which statements about the Haber process for the industrial production of ammonia are correct? 

1 The equilibrium constant K
p
 increases with pressure. 

2 As the temperature increases, the equilibrium constant for the forward reaction becomes 

smaller. 

3 The process is usually carried out at between 450 °C and 550 °C at a pressure of at least 

150 atm. 

 

 

37 Which statements about alkenes are correct? 

1 They are formed when higher alkanes are cracked. 

2 They are used as monomers for polymerisation. 

3 They are less reactive than alkanes towards electrophiles. 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2  and 3 

are 

correct 

1 and 2  

only are 

correct 

2  and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Which statements are correct in terms of the Brønsted-Lowry theory of acids and bases? 

1 Water can act as either an acid or a base. 

2  Sulfuric acid, H2SO4, does not behave as an acid when dissolved in ethanol, C2H5OH. 

3 The ammonium ion acts as a base when dissolved in liquid ammonia. 

 

 

32  Which are features of the structure of metallic copper? 

1 a lattice of ions 

2  delocalised electrons 

3 ionic bonds 

 

 

33 Use of the Data Booklet is relevant to this question. 

 

Zinc reacts with hydrochloric acid according to the following equation. 

 

Zn + 2HCl → ZnCl 2 + H2 

 

Which statements are correct?  

[All volumes are measured at room conditions.] 

1 A 3.27 g sample of zinc reacts with an excess of hydrochloric acid to give 0.050 mol of zinc 

chloride. 

2  A 6.54 g sample of zinc reacts completely with exactly 100 cm
3

 of 1.00 mol dm
–3

 hydrochloric 

acid. 

3 A 13.08 g sample of zinc reacts with an excess of hydrochloric acid to give 9.60 dm
3

 of 

hydrogen. 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct.   

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct).   

 

The responses A to D should be selected on the basis of 
 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 Kevlar has the structure below. 

 

N

O

C

O

C

H

N

H

O

C N

O

C

H

N

H
 

 

Compared to a steel rope of similar dimensions, a Kevlar rope is both lighter and stronger. 

 

Which properties of Kevlar help to explain these facts? 

1 The fibres of Kevlar align due to hydrogen bonding. 

2 The mass per unit length is less in a Kevlar rope than in a steel rope. 

3 The Kevlar molecule has no permanent dipole. 

 

 

32 Which of the following can act as a Bronsted-Lowry acid? 

1 H3O
+

 

2 
+

4
NH  

3 H2O 

 

 

33 Under given conditions, what governs the rate of a forward reaction? 

1 the activation energy of the reaction 

2 the enthalpy change of the reaction 

3 the equilibrium constant of the reaction 

 

 

!
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 A monomer undergoes addition polymerisation. A 1 mol sample of the monomer is completely 

polymerised. 

 

How many moles of polymer might, theoretically, be formed? 

1 1 

2 10
–6

 

3 
23

10
  .026

1

×

 

 

 

32 Which physical properties are due to hydrogen bonding between water molecules? 

1 Water has a higher boiling point than H2 S. 

2 Ice floats on water. 

3 The H−O−H bond angle in water is approximately 104°.
 

 

 

 

33 Which equilibria, in which all species are gaseous, would have equilibrium constants, K
p
, with no 

units? 

1 sulfur dioxide and oxygen in equilibrium with sulfur trioxide 

2 hydrogen and iodine in equilibrium with hydrogen iodide 

3 carbon monoxide and steam in equilibrium with carbon dioxide and hydrogen 
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The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

34  If N2O4 gas is placed in a sealed vessel the following equilibrium is established. 

 

N2O4(g)    2NO2(g) 

 

The forward reaction is endothermic. 

 

What happens when the temperature is increased? 

1 The equilibrium constant increases. 

2 The partial pressure of NO2 increases. 

3 The activation energy is unchanged. 

 

 

35  Which types of bonding are present in ammonium carbonate, (NH4)2CO3? 

1 ionic 

2 covalent 

3 co-ordinate (dative covalent) 

 

 

36  Sulfur dioxide and sulfites are used in food preservation. 

 

Why are they used for this purpose? 

1 They are reducing agents which slow down the oxidation of food. 

2 They inhibit the growth of aerobic bacteria. 

3 They react with NO2(g) converting it to NO(g). 

 

 

37  The organic compound X gives a precipitate when warmed with aqueous silver nitrate. This 

precipitate dissolves when concentrated aqueous ammonia is added. 

 

What is a possible identity for X? 

1 1-bromopropane 

2 2-chlorobutane 

3 2-iodo,2-methylpropane 
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Section B 

 

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may 

be correct. 

 

Decide whether each of the statements is or is not correct (you may find it helpful to put a tick against 

the statements that you consider to be correct). 

 

The responses A to D should be selected on the basis of 

 

A B C D 

1, 2 and 3 

are 

correct 

1 and 2 

only are 

correct 

2 and 3 

only are 

correct 

1 only 

is 

correct 

 

No other combination of statements is used as a correct response. 

 

 

31 X is a particle with 18 electrons and 20 neutrons. 

 

What could be the symbol of X? 

1 Ar
38

18
 

2 
+240

20
Ca  

3 
+

K
39

19
 

 

 

32 Use of the Data Booklet is relevant to this question. 

 

Carbon and nitrogen are adjacent in the Periodic Table. 

 

Which properties do they both have? 

1 There is an empty 2p orbital in one atom of the element. 

2 The principal quantum number of the highest occupied orbital is 2. 

3 They form compounds in which their atoms form bonds with four other atoms. 

 

 

33 What are necessary properties of a dynamic equilibrium? 

1 Equal amounts of reactants and products are present. 

2 Concentrations of reactants and products remain constant. 

3 The rate of the forward reaction is the same as the rate of the reverse reaction. 

 

 

!
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The responses A to D should be selected on the basis of

No other combination of statements is used as a correct response.

34 The equilibrium constant Kp for the reaction 

X(g)  +  Y(g)         Z(g)

varies with temperature as shown in the diagram below.

Which conclusions can be drawn from this information?

1 The reaction is exothermic in the forward direction.

2 The equilibrium mixture contains a greater proportion of Z at higher pressures.

3 The equilibrium mixture contains a greater proportion of Z at higher temperatures.

35 When decomposing in water, organic refuse is oxidised to form carboxylic acids.  The water
becomes acidic and aquatic life is destroyed.

Which additives are suitable to remove this acid pollution?

1 calcium carbonate

2 calcium hydroxide

3 potassium nitrate

36 Which properties would be expected for the Group II element, strontium, or its compounds?

1 When heated in oxygen, strontium does not burn.

2 On being heated, strontium carbonate decomposes to give strontium oxide.

3 When strontium oxide is added to water, the solution is alkaline.

Kp

T

A B C D

1, 2 and 3 are 1 and 2 only are 2 and 3 only are 1 only is correct
correct correct correct
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1 Hydrogen iodide dissociates into its elements according to the equation below.

2HI(g) H2(g) + I2(g)

(a) Write the expression for the equilibrium constant, Kc.

[1]

(b) At 120 °C the equilibrium mixture contains 1.47 mol dm–3 of HI(g), 0.274 mol dm–3 each
of H2(g) and I2(g).

Calculate the value of Kc for the equilibrium at 120 °C.

[1]

(c) Suggest and explain why it would be more difficult to determine Kc for this equilibrium at
room temperature.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(d) (i) Explain how enthalpy changes, ∆H values, for covalent bonded molecules can be
calculated from bond energies.

...................................................................................................................................

...................................................................................................................................
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 (c) (i) Write the expression for the equilibrium constant, Kc , for this reaction. Give the 
units.

  (ii) Calculate the value of Kc at each of the temperatures given.

230 °C

465 °C

  (iii) Is the forward reaction endothermic or exothermic? Explain your answer.

 ..................................................................................................................................

 ..................................................................................................................................
 [5]

 (d) The temperature of the equilibrium was then altered so that the equilibrium 
concentrations of NOCl and NO were the same as each other. 

  What will be the effect on the equilibrium concentration of NOCl when the following 
changes are carried out on this new equilibrium? In each case, explain your answer.

  (i) The pressure of the system is halved at constant temperature.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) A mixture of NOCl(g) and NO(g) containing equal numbers of moles of each gas is 
introduced into the container at constant temperature.

 ..................................................................................................................................

 ..................................................................................................................................
 [4]

 [Total: 15]
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3 When hydrocarbons such as petrol or paraffin wax are burned in an excess of air in a 
laboratory, carbon dioxide and water are the only products.

 When petrol is burned in a car engine, nitrogen monoxide, NO, is also formed.

 (a) Explain how NO is formed in an internal combustion engine but not formed when a 
small sample of petrol is burnt in an evaporating basin. 

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [2]

 The engines of modern motor cars have exhaust systems which are fitted with catalytic 
converters in order to reduce atmospheric pollution from substances such as NO.

 (b) (i) State three more pollutants, other than CO2 and H2O, that are present in the 
exhaust gases of a car engine. 

.................................... and .................................... and  ...........................................

  (ii) What is the active material present in the catalytic converter?

 ..................................................................................................................................

  (iii) Write one balanced equation to show how NO is removed from the exhaust gases 
of a car engine by a catalytic converter.

 ..................................................................................................................................
 [4]

 NO is also formed when nitrosyl chloride, NOCl, dissociates according to the following 
equation.

2NOCl (g)  2NO(g) + Cl2(g)

 Different amounts of the three gases were placed in a closed container and allowed to come 
to equilibrium at 230 °C. The experiment was repeated at 465 °C.

 The equilibrium concentrations of the three gases at each temperature are given in the table 
below.

concentration / mol dm–3

temperature / °C NOCl NO Cl 2

230 2.33 × 10–3 1.46 × 10–3 1.15 × 10–2

465 3.68 × 10–4 7.63 × 10–3 2.14 × 10–4
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2 Ethanoic acid is a common ingredient in cooking. It is also used in industry as a reagent.

(a) Ethanoic acid is a weak acid.

(i) Explain, in Bronsted-Lowry terms, what is meant by an acid.

...................................................................................................................................

...................................................................................................................................

(ii) Explain, with the aid of an equation, the term weak acid.

...................................................................................................................................

...................................................................................................................................
[3]

(b) Ethanoic acid, CH3CO2H, reacts with ethanol, C2H5OH, to produce ethyl ethanoate and
water. The reaction is an example of dynamic equilibrium.

CH3CO2H  +  C2H5OH         CH3CO2C2H5 +  H2O

(i) Explain what is meant by dynamic equilibrium.

...................................................................................................................................

...................................................................................................................................

(ii) Write an expression for the equilibrium constant, Kc, for this reaction.

[2]

(c) A mixture of 6.0 g of ethanoic acid and 6.0 g of ethanol was added to 4.4 g of ethyl
ethanoate and the overall mixture allowed to reach equilibrium. It was found that
0.040 mol of ethanoic acid was present in the equilibrium mixture.

(i) Calculate the number of moles of each compound, both initially and at equilibrium.
Place the results in the spaces provided.

CH3CO2H    +    C2H5OH             CH3CO2C2H5 +    H2O

initially .............. .............. .............. 0.00

at equilibrium 0.040 .............. .............. ..............
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(ii) Calculate the equilibrium constant, Kc, for the reaction.

(iii) Explain why Kc in this reaction has no units.

...............................................................................................................................[4]

[Total : 9]

3 The oxides of the third period include the following:

Na2O;      MgO;      Al2O3;      SO2;      SO3.

(a) Showing outer electrons only, draw a dot-and-cross electron diagram for magnesium
oxide, MgO.

[1]

(b) From the list above, identify one oxide (in each case) which fits the description given.

(i) An oxide that reacts with water forming a strongly alkaline solution.

..........................................................

(ii) An oxide that is insoluble in water.

..........................................................

(iii) An oxide that reacts vigorously with water forming a strongly acidic solution.

..........................................................

(iv) An oxide that has a simple molecular structure.

..........................................................

(v) An oxide that acts as a food preservative.

..........................................................
[5]
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2 The reaction of ethanoic acid with ethanol to form ethyl ethanoate and water is an example
of dynamic equilibrium. It is catalysed by the presence of H+ ions.

CH3CO2H(l) + C2H5OH(l) CH3CO2C2H5(l) + H2O(l)

!H = + 14 kJ mol–1

(a) (i) Explain what is meant by dynamic equilibrium.

..................................................................................................................................

..................................................................................................................................

(ii) On the axes below, draw and label a reaction pathway/energy diagram for both
the catalysed and uncatalysed reaction.

Also label your diagram with the !H value given.

[5]

(b) (i) State the expression for the equilibrium constant, Kc, for this reaction.

(ii) State why, in determining the value of Kc for this reaction, it is only necessary to
know the number of moles rather than the concentrations of each substance.

..................................................................................................................................

..................................................................................................................................
[2]

reaction pathway

energy

4
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(c) In an experiment to determine Kc, 1.00 mol of ethanoic acid was allowed to reach
equilibrium at 60 °C with 1.00 mol of ethanol in the presence of 0.100 mol of H+
dissolved in 1.00 mol of water. It forms an homogeneous mixture.

(i) At equilibrium, it was found that 0.43 mol of ethanoic acid was present.

How many moles of each of the following are present at equilibrium?

ethanol .....................................................................................................................

ethyl ethanoate .........................................................................................................

water ........................................................................................................................

(ii) Use these values to calculate the equilibrium constant, Kc.

[4]

[Total : 11]

5

8701/2/O/N/01 [Turn over

For
Examiner’s 

Use

CEDAR COLLEGE EQUILIBRIA WS 4

Online Classes : Megalecture@gmail.com

www.youtube.com/megalecture



 137

5

!

4

9701/02/M/J/07© UCLES 2007

For
Examiner’s

Use

2 Alcohols and esters are important organic compounds which are widely used as solvents.

 Esters such as ethyl ethanoate can be formed by reacting carboxylic acids with alcohols.

CH3CO2H  +  C2H5OH    CH3CO2C2H5  +  H2O

 This reaction is an example of a dynamic equilibrium.

 (a) Explain what is meant by the term dynamic equilibrium.

 ..........................................................................................................................................

 ......................................................................................................................................[1]

 (b) Write the expression for the equilibrium constant for this reaction, Kc.

 [1]

 (c) For this equilibrium, the value of Kc is 4.0 at 298 K.
  A mixture containing 0.5 mol of ethanoic acid, 0.5 mol ethanol, 0.1 mol ethyl ethanoate 

and 0.1 mol water was set up and allowed to come to equilibrium at 298 K. The final 
volume of solution was V dm3.

  Calculate the amount, in moles, of each substance present at equilibrium.

 [4] 
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    Answer all the questions in the spaces provided.

1 Ethanoic acid can be reacted with alcohols to form esters, an equilibrium mixture being 
formed.

CH3CO2H  +  ROH    CH3CO2R  +  H2O

 The reaction is usually carried out in the presence of an acid catalyst.

 (a) Write an expression for the equilibrium constant, Kc, for this reaction, clearly stating the 
units.

  Kc  =

 units  .................................................  [2]

 In an experiment to determine Kc a student placed together in a conical flask 0.10 mol of 
ethanoic acid, 0.10 mol of an alcohol ROH, and 0.005 mol of hydrogen chloride catalyst.

 The flask was sealed and kept at 25 °C for seven days.
 After this time, the student titrated all of the contents of the flask with 2.00 mol dm–3 NaOH 

using phenolphthalein indicator.
 At the end-point, 22.5 cm3 of NaOH had been used.

 (b) (i) Calculate the amount, in moles, of NaOH used in the titration.

  (ii) What amount, in moles, of this NaOH reacted with the hydrogen chloride?

  (iii) Write a balanced equation for the reaction between ethanoic acid and NaOH.

  (iv) Hence calculate the amount, in moles, of NaOH that reacted with the ethanoic 
acid.

 [4]
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 (c) (i) Use your results from (b) to calculate the amount, in moles, of ethanoic acid present 
at equilibrium. Hence complete the table below.

CH3CO2H ROH CH3CO2R H2O

initial 
amount / mol 0.10 0.10 0 0

equilibrium 
amount / mol

  (ii) Use your results to calculate a value for Kc for this reaction.

 [3]

 (d) Esters are hydrolysed by sodium hydroxide. During the titration, sodium hydroxide reacts 
with ethanoic acid and the hydrogen chloride, but not with the ester.

  Suggest a reason for this.

 ..........................................................................................................................................

 .....................................................................................................................................  [1]

 (e) What would be the effect, if any, on the amount of ester present if all of the water were 
removed from the flask and the flask kept for a further week at 25 °C?

  Explain your answer.

 ..........................................................................................................................................

 ..........................................................................................................................................

 .....................................................................................................................................  [2]

 [Total: 12]
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(d) Under certain conditions the equilibrium pressures of the three gases are

nitrogen 44.8 atm,
hydrogen 105.6 atm,
ammonia 37.2 atm.

(i) Write an expression for the equilibrium constant, Kp, for the Haber Process.

(ii) Calculate Kp from these data, giving the units.

[4]

(e) One of the uses of ammonia is to form nitrates which are used as efficient inorganic
fertilisers. The uncontrolled use of these fertilisers has led to environmental problems.
Briefly describe and explain these problems.

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[3]

[Total : 13]
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3 Concern over the ever-increasing use of fossil fuels has led to many suggestions for 
alternative sources of energy.  One of these, suggested by Professor George Olah, winner of 
a Nobel Prize in chemistry, is to use methanol, CH3OH, which can be obtained in a number 
of different ways.

 Methanol could be used instead of petrol in a conventional internal combustion engine or 
used to produce electricity in a fuel cell. 

 (a) Construct a balanced equation for the complete combustion of methanol.

 ..................................................................................................................................... [1]

 When hydrocarbon fuels are completely burned in an internal combustion engine, several 
toxic pollutants may be formed. 

 (b) State two toxic pollutants that can be produced after complete combustion of a 
hydrocarbon fuel in an internal combustion engine.

 
 ..........................................................................................................................................

 ..................................................................................................................................... [2]

 Methanol may be manufactured catalytically from synthesis gas, a mixture of CO, CO2 
and H2.  The CO is reacted with H2 to form methanol, CH3OH.

 
CO(g)  +  2H2(g)    CH3OH(g)                            ∆H  =  –91 kJ mol-1

 (c)  From your understanding of Le Chatelier’s principle, state two conditions that could be 
used in order to produce a high yield of methanol. 

  In each case, explain why the yield would increase.

condition 1  .......................................................................................................................

explanation  ......................................................................................................................

 ..........................................................................................................................................

condition 2  .......................................................................................................................

explanation  ......................................................................................................................

 ..................................................................................................................................... [4]
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 Carbon monoxide, which can be used to make methanol, may be formed by reacting carbon 
dioxide with hydrogen.

 
CO2(g)  +  H2(g)    CO(g)  +  H2O(g)                             Kc  =  1.44 at 1200 K

 (d) (i) It has been suggested that, on a large scale, this reaction could be helpful to the 
environment.  

   Explain, with reasons, why this would be the case.

 ..................................................................................................................................

 ..................................................................................................................................

  (ii) A mixture containing 0.50 mol of CO2, 0.50 mol of H2, 0.20 mol of CO and 0.20 mol 
of H2O was placed in a 1.0 dm3 flask and allowed to come to equilibrium
at 1200 K.

   Calculate the amount, in moles, of each substance present in the equilibrium 
mixture at 1200 K.

    CO2          +  H2             CO          +          H2O   

   initial 0.50 0.50 0.20 0.20
   moles

[6]

[Total: 13]
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3  Methanol, CH3OH, is considered to be a possible alternative to fossil fuels, particularly for use 
in vehicles.

  Methanol can be produced from fossil fuels and from agricultural waste. It can also be 
synthesised from carbon dioxide and hydrogen.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of formation of carbon dioxide.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

 (b) Relevant         values for the reaction that synthesises methanol are given in the table.

compound

CO2(g) –394

CH3OH(g) –201

H2O(g) –242

 (i)  Use these values to calculate                for this synthesis of methanol.

  Include a sign in your answer.

CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g)

�  = .........................kJ mol–1

 (ii)  Suggest one possible environmental advantage of this reaction. Explain your 
answer.

  ....................................................................................................................................

  ....................................................................................................................................
[5]
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3  Methanol, CH3OH, is considered to be a possible alternative to fossil fuels, particularly for use 
in vehicles.

  Methanol can be produced from fossil fuels and from agricultural waste. It can also be 
synthesised from carbon dioxide and hydrogen.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 
change of formation of carbon dioxide.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

 (b) Relevant         values for the reaction that synthesises methanol are given in the table.

compound

CO2(g) –394

CH3OH(g) –201

H2O(g) –242

 (i)  Use these values to calculate                for this synthesis of methanol.

  Include a sign in your answer.

CO2(g)  +  3H2(g)    CH3OH(g)  +  H2O(g)

�  = .........................kJ mol–1

 (ii)  Suggest one possible environmental advantage of this reaction. Explain your 
answer.

  ....................................................................................................................................

  ....................................................................................................................................
[5]
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 (c)  The synthesis of methanol is carried out at about 500 K with a pressure of between 40 and 

100 atmospheres (between 4 u 106
 Pa and 10 u 107

 Pa) and using a catalyst. The use of

such conditions will affect both the rate of reaction and the equilibrium yield.

  In the spaces below, explain the effects of higher temperature, higher pressure, and the 

use of a catalyst on the equilibrium yield of methanol.

 higher temperature

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

 higher pressure

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

 use of catalyst

 effect  .................................................................................................................................

 explanation  .......................................................................................................................

  ...........................................................................................................................................

[6]

[Total: 14]
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2  Alcohols such as methanol, CH
3
OH, are considered to be possible replacements for fossil 

fuels because they can be used in car engines.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 

change of combustion,         , for methanol at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

  Methanol may be synthesised from carbon monoxide and hydrogen. Relevant           values 

for this reaction are given in the table below.

compound

CO(g) –283

H
2
(g) –286

CH
3
OH(g) –726

 (b)  Use these values to calculate                  for the synthesis of methanol, using the following 

equation. Include a sign in your answer.

CO(g)  +  2H
2
(g)  o  CH

3
OH(g)

 = ................kJ mol–1

[3]

4
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2  Alcohols such as methanol, CH
3
OH, are considered to be possible replacements for fossil 

fuels because they can be used in car engines.

 (a)  Defi ne, with the aid of an equation which includes state symbols, the standard enthalpy 

change of combustion,         , for methanol at 298 K.

 equation  ............................................................................................................................

 defi nition  ...........................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [3]

  Methanol may be synthesised from carbon monoxide and hydrogen. Relevant           values 

for this reaction are given in the table below.

compound

CO(g) –283

H
2
(g) –286

CH
3
OH(g) –726

 (b)  Use these values to calculate                  for the synthesis of methanol, using the following 

equation. Include a sign in your answer.

CO(g)  +  2H
2
(g)  o  CH

3
OH(g)

 = ................kJ mol–1

[3]
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 (c) The operating conditions for this reaction are as follows.

 pressure 200 atmospheres (2 u 107
 Pa)

 temperature 600 K

 catalyst oxides of Cr, Cu, and Zn

  In the spaces below, explain how each of these conditions affects the rate of formation 
of methanol.

 pressure

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

 temperature

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................

 catalyst

  ...........................................................................................................................................

  ...........................................................................................................................................

  ...........................................................................................................................................
[6]

[Total: 12]
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2  Each of the Group VII elements chlorine, bromine and iodine forms a hydride.

 (a) (i)  Outline how the relative thermal stabilities of these hydrides change from HCl to HI.

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  Explain the variation you have outlined in (i).

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[3]

  Hydrogen iodide can be made by heating together hydrogen gas and iodine vapour. The 
reaction is incomplete.

H2(g)  +  I2(g)    2HI(g)

 (b)  Write an expression for Kc and state the units.

 Kc = ........................................... units ........................................... [2]

 (c)  For this equilibrium, the numerical value of the equilibrium constant Kc is 140 at 500 K and
59 at 650 K.

  Use this information to state and explain the effect of the following changes on the 
equilibrium position.

 (i)  increasing the pressure applied to the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the temperature of the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................
[4]
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 (d)  A mixture of 0.02 mol of hydrogen and 0.02 mol of iodine was placed in a 1 dm3 fl ask and 
allowed to come to equilibrium at 650 K.

  Calculate the amount, in moles, of each substance present in the equilibrium mixture at 
650 K.

 H2(g) + I2(g)  2HI(g)

 initial moles 0.02 0.02 0

[4]

[Total: 13] 
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3  Hydrogen is the most abundant element in the Universe, although on Earth only very small 
quantities of molecular hydrogen have been found to occur naturally.

  Hydrogen is manufactured on a large scale for use in the chemical industry and is also 
regarded as a possible fuel to replace fossil fuels in internal combustion engines.

 (a)  State one large scale use of hydrogen in the chemical industry.

  .....................................................................................................................................  [1]

  One common way of producing hydrogen on a large scale for use in the chemical industry 
is by the steam ‘reforming’ of methane (natural gas), in which steam and methane are 
passed over a catalyst at 1000–1400 K to produce carbon monoxide and hydrogen.

 CH4(g)  +  H2O(g)    CO(g)  +  3H2(g) ¨H = +206 kJ mol–1

 (b)  Use the information above to state and explain the effect on the equilibrium position of 
the following changes.

 (i)  increasing the pressure applied to the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the temperature of the equilibrium

  ....................................................................................................................................

  ....................................................................................................................................
[4]

 (c)  What will be the effect on the rate of the reaction of increasing the pressure at which it is 
carried out? Explain your answer.

  ...........................................................................................................................................

  ...........................................................................................................................................

  .....................................................................................................................................  [2]
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 (d)  Further hydrogen can be obtained by the ‘water-gas shift’ reaction in which the carbon 
monoxide produced is reacted with steam.

 CO(g)  +  H2O(g)    CO2(g)  +  H2(g) Kc  =  6.40 u 10–1 at 1100 K

  A mixture containing 0.40 mol of CO, 0.40 mol of H2O, 0.20 mol of CO2 and 0.20 mol of H2 
was placed in a 1 dm3 fl ask and allowed to come to equilibrium at 1100 K

 (i) Give an expression for Kc for this reaction.

 (ii)  Calculate the amount, in moles, of each substance present in the equilibrium mixture 
at 1100 K.

 CO(g) + H2O(g)  CO2(g) + H2(g)

 initial moles 0.40 0.40 0.20 0.20

[5]

[Total: 12] 
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2  Ammonium nitrate fertiliser is manufactured from ammonia. The fi rst reaction in the 
manufacture of the fertiliser is the catalytic oxidation of ammonia to form nitrogen monoxide, 
NO. This is carried out at about 1 u 103

 kPa (10 atmospheres) pressure and a temperature of 
700 to 850 qC.

 4NH3(g)  +  5O2(g)    4NO(g)  +  6H2O(g) ¨H   =  –906 kJ mol–1

 (a)  Write the expression for the equilibrium constant, Kp, stating the units.

 Kp  =

 units .................................. [2]

 (b)  What will be the effect on the yield of NO of each of the following?
 In each case, explain your answer.

 (i) increasing the temperature

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................

 (ii)  decreasing the applied pressure

  ....................................................................................................................................

  ....................................................................................................................................

  ....................................................................................................................................
[4]

CEDAR COLLEGE EQUILIBRIA WS 4

Online Classes : Megalecture@gmail.com

www.youtube.com/megalecture



 149

14

!

4

9701/23/M/J/13© UCLES 2013

For
Examiner’s

Use

2  Methanol, CH
3
OH, can be produced industrially by reacting carbon monoxide, CO, with 

hydrogen, H
2
.

CO(g)  +  2H
2
(g)    CH

3
OH(g)              'H  =  –91 kJ mol–1

 The process is carried out at 4 u 103
 kPa (40 atmospheres) and 1150 K.

 (a) (i)  State Le Chatelier's Principle.

  ....................................................................................................................................

  ....................................................................................................................................

  ..............................................................................................................................  [2]

 (ii)  From your understanding of Le Chatelier’s Principle, state the conditions of 

temperature and pressure that could be used in order to produce an increased yield 

of methanol in this process.

  In each case, explain why the yield would increase.

 temperature  ...............................................................................................................

 explanation  ................................................................................................................

  ....................................................................................................................................

 pressure  .....................................................................................................................

 explanation  ................................................................................................................

  ....................................................................................................................................

[4]
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 (b)  The carbon monoxide for use in the production of methanol may be formed by reacting 
carbon dioxide with hydrogen.

CO2(g)  +  H2(g)    CO(g)  +  H2O(g)                 Kc  =  1.44 at 1200 K

  A mixture containing 0.70 mol of CO2, 0.70 mol of H2, 0.30 mol of CO and 0.30 mol of H2O 
was placed in a 1 dm3 fl ask and allowed to come to equilibrium at 1200 K.

  Calculate the amount, in moles, of each substance present in the equilibrium mixture at 
1200 K.

CO2      +      H2            CO      +      H2O

 initial 0.70 0.70 0.30 0.30
 moles

[4]

[Total: 10]
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3  Nitrogen dioxide, NO
2
, can enter the atmosphere in a variety of ways.

 (a) (i)  State one natural and one man-made source of atmospheric NO
2
.

 natural  .................................................................................................................................

 man-made  ..........................................................................................................................

[1]

 (ii)  Write an equation to show how NO
2
 leads to the formation of nitric acid in acid rain.

  .......................................................................................................................................   [1]

 (iii)  Use equations to illustrate the catalytic role of NO
2
 in the formation of sulfuric acid in acid 

rain.

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [3]

 (b)  Nitrogen dioxide exists in equilibrium with dinitrogen tetroxide, N
2
O

4
.

2NO
2
(g)    N

2
O

4
(g)

  2.00 mol of dinitrogen tetroxide was sealed in a container at 350 K. After equilibrium had been 

established the total pressure was 140 kPa and the mixture of gases contained 1.84 mol of 

dinitrogen tetroxide.

 (i)  Give the expression for the equilibrium constant, K
p
, for this equilibrium.

 K
p
 =

[1]

 (ii)  Calculate the number of moles of NO
2
 present at equilibrium.

[1]

 (iii)  Calculate the total number of moles of gas present at equilibrium and hence the mole 

fraction of each gas present at equilibrium.

[2]
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 (iv)  Calculate the partial pressure of each gas present at equilibrium.

[2]

 (v)  Calculate the value of the equilibrium constant, K
p
, at 350 K.

  Give your answer to three signifi cant fi gures and include the units.

K
p
 = .................................

units = .................................

[2]

[Total: 13]
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 (d)  The conversion of sulfur dioxide into sulfur trioxide is carried out at a temperature of 400 qC.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of sulfur trioxide 
from sulfur dioxide.

 Kp =

[1]

 (iii)  2.00 moles of sulfur dioxide and 2.00 moles of oxygen were put in a fl ask and left to reach 
equilibrium.

  At equilibrium, the pressure in the fl ask was 2.00 u 105
 Pa and the mixture contained

1.80 moles of sulfur trioxide.

  Calculate Kp. Include the units.

Kp = ..............................

units = ..............................
[5]

[Total: 19]
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2  The Contact process for the manufacture of sulfuric acid was originally patented in the
19th century and is still in use today.

  The key step in the overall process is the reversible conversion of sulfur dioxide to sulfur trioxide in 
the presence of a vanadium(V) oxide catalyst.

 2SO2(g)  +  O2(g)    2SO3(g) ¨H = –196 kJ mol–1

 (a)  One way in which the sulfur dioxide for this reaction is produced is by heating the sulfi de ore 
iron pyrites, FeS2, in air. Iron(III) oxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [2]

 (b)  The sulfur trioxide produced in the Contact process is reacted with 98% sulfuric acid. The 
resulting compound is then reacted with water to produce sulfuric acid.

 (i)  Explain why the sulfur trioxide is not fi rst mixed directly with water.

  .............................................................................................................................................

  .......................................................................................................................................   [1]

 (ii)  Write equations for the two steps involved in the conversion of sulfur trioxide into sulfuric 
acid.

  .............................................................................................................................................

  .......................................................................................................................................   [2]

 (c) (i)  Sulfur dioxide and sulfur trioxide both contain only S=O double bonds.

  Draw labelled diagrams to show the shapes of these two molecules.

 SO2 SO3

[2]

 (ii)  For your diagrams in (i), name the shapes and suggest the bond angles.

 SO2 shape  .................................................    SO3 shape  ...................................................

 SO2 bond angle  .........................................    SO3 bond angle  ...........................................
[2]

7
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 (d)  The conversion of sulfur dioxide into sulfur trioxide is carried out at a temperature of 400 qC.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of sulfur trioxide 
from sulfur dioxide.

 Kp =

[1]

 (iii)  2.00 moles of sulfur dioxide and 2.00 moles of oxygen were put in a fl ask and left to reach 
equilibrium.

  At equilibrium, the pressure in the fl ask was 2.00 u 105
 Pa and the mixture contained

1.80 moles of sulfur trioxide.

  Calculate Kp. Include the units.

Kp = ..............................

units = ..............................
[5]

[Total: 19]
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2  The Haber process for the manufacture of ammonia, NH3, was originally devised at the start of the 
20th century and was developed into a full-scale industrial process by Carl Bosch in 1913.

  The key step in the process is the reversible reaction of nitrogen and hydrogen in the presence of 
an iron catalyst.

 N2(g)  +  3H2(g)    2NH3(g) ¨H = –92 kJ mol–1

 (a)  The hydrogen for this reaction can be formed by reacting methane with steam, during which 
carbon monoxide is also produced. Write an equation for this reaction.

  ..............................................................................................................................................   [1]

 (b)  Use the Boltzmann distribution shown to explain why a catalyst increases the rate of this 
reaction.

number of
molecules

kinetic energy

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................   [4]

 (c)  Draw a three-dimensional diagram to show the shape of an ammonia molecule. Name this 
shape and state the bond angle.

 shape .......................................................................................  bond angle ........................  [3]
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 (d)  The Haber process is typically carried out at a temperature of 400 C.

 (i)  With reference to Le Chatelier’s Principle and reaction kinetics, state and explain one 
advantage and one disadvantage of using a higher temperature.

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .............................................................................................................................................

  .......................................................................................................................................   [4]

 (ii)  State the expression for the equilibrium constant, Kp, for the formation of ammonia from 
nitrogen and hydrogen in the Haber process.

 Kp =

[1]

 (iii)  2.00 moles of nitrogen and 3.00 moles of hydrogen were put in a vessel and left to reach 
equilibrium.

  At equilibrium, the pressure was 2.00 × 107
 Pa and the mixture contained 1.60 moles of 

ammonia.

  Calculate Kp. Include the units.

Kp = ............................

units = ............................
[5]

[Total: 18]
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2  Dinitrogen tetraoxide, N
2
O

4
, and nitrogen dioxide, NO

2
, exist in dynamic equilibrium with each other.

 N
2
O

4
(g)    2NO

2
g  H = +54 kJ mol–1

  he energ  profile for this reaction is shown.

energy

reaction pathway

N2O4 (g)

2NO2(g)

 (a)  Add labelled arrows to the energ  profile to indicate

   the enthalpy change of the reaction, H,

   the activation energy of the forward reaction, E
a
.

[2]

 (b)  0.0500 mol of N
2
O

4
 was placed in a sealed vessel of volume 1.00 dm3, at a temperature of 50 C 

and a pressure of 1.68  105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.

 (i)  Calculate the average molecular mass, M
r
, of the resulting equilibrium mixture. Give your 

answer to three significant figures.

M
r
 = .............................  [2]

 (ii)  The number of moles of N
2
O

4
 that dissociated can be represented by n. 

 State, in terms of n, the amount, in moles, of NO
2
 in the equilibrium mixture.

moles of NO
2
 = .............................  [1]

!
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and a pressure of 1.68  105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.
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, of the resulting equilibrium mixture. Give your 
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M
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 = .............................  [1]
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 (a)  Add labelled arrows to the energ  profile to indicate

   the enthalpy change of the reaction, H,

   the activation energy of the forward reaction, E
a
.

[2]

 (b)  0.0500 mol of N
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O

4
 was placed in a sealed vessel of volume 1.00 dm3, at a temperature of 50 C 

and a pressure of 1.68  105 Pa. The mass of the resulting equilibrium mixture was 4.606 g.

 (i)  Calculate the average molecular mass, M
r
, of the resulting equilibrium mixture. Give your 

answer to three significant figures.

M
r
 = .............................  [2]

 (ii)  The number of moles of N
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 in the equilibrium mixture.

moles of NO
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 = .............................  [1]
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  The number of moles of N
2
O

4
 remaining at equilibrium is (0.05 – n).

 (iii)  State, in terms of n, the total amount, in moles, of gas in the equilibrium mixture.

[1]

 (iv)  State, in terms of n, the mole fraction of NO
2
 in the equilibrium mixture.

[1]

  In this equilibrium mixture, the mole fraction of NO
2
 is 0.400.

 (v)  Use your answers to (ii) and (iv) to calculate the amount in moles of each gas in the 

equilibrium mixture. Give your answers to three significant figures.

amount of N
2
O

4
 = ............................. mol

amount of NO
2
 = ............................. mol

[2]

 (vi)  Write the expression for the equilibrium constant, K
p
, for this equilibrium.

 K
p
 =

[1]

 (vii)  Use the total pressure of the mixture, 1.68  10
5
 Pa, to calculate the value of the equilibrium 

constant, K
p
, and give its units.

K
p
 = .............................

units = .............................

[3]

[Total: 13]
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