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Q1.           

This question is about ammonia and ammonium chloride.

(a)  Ammonia is produced by reacting nitrogen and hydrogen as shown.

N2(g)  +  3H2(g)  ↔  2NH3(g)

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

(1)

(ii)  An equilibrium was established by mixing nitrogen and hydrogen in a 1 : 3 ratio by volume,
at a temperature of 450 °C and pressure of 200 atm.
The equilibrium mixture contained 28 % of ammonia by volume.

Complete the table.

(3)

(iii)  Calculate the equilibrium constant.

Give your answer to an appropriate number of significant figures and include units, if required.

(3)

(iv)  When the temperature was reduced to 400 °C at the same pressure, the equilibrium mixture
contained 36 % of ammonia.

Explain what can be deduced about this reaction from this information.

(2)

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

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

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

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

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

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

(b)  Ammonium chloride can be produced by reacting ammonia with hydrogen chloride.

S T E M U P . C O . U K

https://stemup.co.uk


Ammonium chloride is a white solid that is very soluble in water.

Hess's Law can be used to calculate the enthalpy of solution of ammonium chloride, using
hydration enthalpies and lattice energy.

(i)  Complete the Hess cycle by filling in the empty box.

(1)

(ii)  Complete the expression for the enthalpy change of solution using the hydration enthalpies
and lattice energy.

(1)

ΔsolH =

(iii)  Calculate the enthalpy change of solution, using your expression in (b)(ii) and these data.

Enthalpy change of hydration of  = −307 kJ mol−1

Enthalpy change of hydration of Cl−   = −378 kJ mol−1

Lattice energy of NH4Cl                      = −705 kJ mol−1

(2)

(iv)  A student suggested that the enthalpy change of solution of ammonium bromide would be
of a similar magnitude to the enthalpy change of solution of ammonium chloride.

Comment on this suggestion in terms of the hydration enthalpies and lattice energies of these
two compounds.

(3)

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

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

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

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

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

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

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

(c)  Write an ionic equation to show why aqueous solutions of ammonium chloride are acidic.
State symbols are not required.

(1)

 

(Total for question = 17 marks)

 

 

Q2.           

Ammonia is manufactured in the Haber Process.

In this process, pressures between 100 atm and 300 atm and temperatures between 675 K and
725 K are usually used.

(2)

(ii)  Explain, using ideas about disorder, whether the sign of your answer to (a)(i) is as expected.

(2)

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

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

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

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

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

(iii)  At 700 K, the enthalpy change for this reaction is ΔH = −110.2 kJ mol−1.

Calculate the entropy change of the surroundings, ΔSsurroundings , at 700 K. Include a sign and units
in your answer.
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(2)

(iv)  At 700 K, the total entropy change, ΔStotal = −78.7 J K−1 mol−1.

Calculate ΔSsystem for this reaction at 700 K. Include a sign and units in your answer.

(1)

*(v)  Explain one advantage and one disadvantage of using a temperature higher than 700 K in
the Haber process.

Consider the effect of an increase in temperature on the rate of reaction, on the values of
ΔSsurroundings and ΔStotal and on the equilibrium constant.

(6)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(b)  (i)  Write the expression for the equilibrium constant, Kp , for the reaction in the Haber
Process.

(1)

(ii)  A mixture of nitrogen, hydrogen and ammonia is at equilibrium at 255 atm and 700 K. The
partial pressure of nitrogen is 25 atm and that of hydrogen is 150 atm.

Calculate the equilibrium constant, Kp , for the formation of ammonia, at 700 K. Include units in
your answer.

(3)

(iii)  The pressure of the system is doubled at constant temperature.

Explain the effect of this on the yield of ammonia by considering the change in the Kp expression
and hence the position of equilibrium.

(3)

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

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

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

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

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

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

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

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

 

(Total for question = 20 marks)

 

 

Q3.           

Equal amounts of W and X are mixed and allowed to reach equilibrium.
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The value of the equilibrium constant is Kc = 4.85. At equilibrium, the mixture will contain

   A    almost all Y and Z

   B    almost all W and X

   C    W, X, Y and Z but there is less Y and Z than W and X

   D    W, X, Y and Z but there is more Y and Z than W and X

 

(Total for question = 1 mark)

 

 

Q4.           

A student carried out an experiment to determine the equilibrium constant for the reaction to
form ethyl ethanoate from ethanol and ethanoic acid.

Different amounts of each substance were added to conical flasks, each containing 2.0 cm3 of
1.0 mol dm−3 hydrochloric acid.

The flasks were then stoppered and left for a week to reach equilibrium.

Each mixture was then titrated with 1.0 mol dm−3 sodium hydroxide.

(a)  In which flask(s) was the equilibrium approached from the right-hand side of the equation?

(1)

   A    flask 1 only

   B    flask 4 only
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   C    flasks 1 and 4 only

   D    flasks 2 and 3 only

(b)  Which of these statements explains why it is possible to titrate the reaction mixture directly
to find the equilibrium concentrations?

(1)

   A    the equilibrium reaction is slow

   B    the sodium hydroxide quickly hydrolyses the ester

   C    all the reactant concentrations remain constant during the titration

   D    a buffer solution forms in the reaction

 

(Total for question = 2 marks)

 

 

Q5.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The reaction shown is at equilibrium. The forward reaction is endothermic.

C(s) + CO2(g)  ↔ 2CO(g)

(a)  Which will increase when the temperature is lowered?

(1)

   A    the mole fraction of carbon dioxide

   B    the partial pressure of carbon monoxide

   C    the rate of the backward reaction

   D    the value of Kp for the forward reaction

(b)  At 680 °C and 1 atm, 52.6 % of the molecules in the gas mixture are carbon monoxide. What
is the partial pressure of carbon dioxide, in atmospheres?

(1)

   A    0.237
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   B    0.263

   C    0.474

   D    0.526

 

(Total for question = 2 marks)

 

 

Q6.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

The equation for the precipitation of lead(II) chloride is shown.

Pb2+(aq)   +   2Cl–(aq)   ↔   PbCl2(s)

What are the units of the equilibrium constant, Kc?

   A    dm9 mol–3

   B    dm6 mol–2

   C    mol2 dm–6

   D    mol3 dm–9

 

(Total for question = 1 mark)

 

 

Q7.           

Ethanol may be manufactured by the hydration of ethene.

(a)  In a laboratory investigation of this reaction, 1.00 mol of ethene was mixed with 1.00 mol of
steam at 150 °C. At equilibrium, when the total pressure of the system was 50.0 atm, 0.450 mol
of ethanol had formed.
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(i)  Give the expression for the equilibrium constant, Kp, for the reaction.

(1)

(ii)  Calculate the equilibrium constant, Kp, for the hydration of ethene at 150 °C.

Include units with your answer.

(5)

(b)  The manufacture of ethanol is carried out at 230 °C and 70 atm; the overall conversion into
ethanol is 95 %.

Comment on these conditions in relation to their effect on the equilibrium and the overall yield of
ethanol.

(3)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 9 marks)

 

 

Q8.           

Answer the questions with a cross in the boxes you think are correct . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross .
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The water gas reaction is used in the manufacture of hydrogen.

C(s) + H2O(g)    ↔    CO(g)  +  H2(g)             = +131.2 kJ mol−1

(a)  What is the equilibrium constant, Kc, for this reaction?

(1)

(b)  What happens to the equilibrium constants of the forward and reverse reactions when the
temperature is increased?

(1)

 

(Total for question = 2 marks)

 

 

Q9.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The equation for the equilibrium decomposition of hydrogen iodide into hydrogen and iodine can
be written in two ways.

What is the expression linking the two equilibrium constants?
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(Total for question = 1 mark)

 

 

Q10.           

Esters are used in flavourings and perfumes.
They can be made by reactions involving alcohols.

(a)  A flask containing a mixture of 0.200 mol of ethanoic acid and 0.150 mol of ethanol was left
at 25 °C, in the presence of a catalyst, until equilibrium had been established.

The ethanoic acid present in the equilibrium mixture required 34.8 cm3 of a 2.50 mol dm–3

solution of sodium hydroxide for complete neutralisation.

(i)  Calculate the value of the equilibrium constant, Kc, for this reaction at 25 °C.

(4)

(ii)  The enthalpy change for this reaction is small.

Explain, by reference to the type and number of bonds being broken and made, how this might
have been predicted.

(2)

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

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

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

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

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

(b)  An ester which smells of raspberries can be formed by either of two different reactions.

Reaction 1
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Reaction 2

(i)  Name the carboxylic acid, alcohol and catalyst used in Reaction 1.

(2)

(ii)  Explain one advantage and one disadvantage of using Reaction 2 rather than Reaction 1.

(4)

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

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 12 marks)

 

 

Q11.           

This question is about halides.

(a)  Silicon tetrachloride, SiCl4 , is used in the manufacture of optical fibres. It can be made by
the reaction of silicon carbide, SiC, with hydrogen chloride using a catalyst of nickel(II) chloride.
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The standard molar entropies , of the substances are shown in the table.

(i)  Calculate the total entropy change, ΔStotal, for this reaction, at 298 K, using the information
given.

Include a sign and units in your answer which should be given to an appropriate number of
significant figures.

(5)

(ii)  In industry, the reaction is carried out at 700 °C.

By considering entropy and other relevant factors, justify the use of this temperature.

(3)

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

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

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

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

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

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

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

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

(iii)  Use your answer from (a)(i) to calculate the equilibrium constant for the reaction at 298 K.

(2)

(b)  The following data can be used in a Born-Haber cycle for calcium iodide, CaI2.
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(i)  Complete the Born-Haber cycle by adding letters in the boxes for the energy changes,
relevant species on the blank lines and arrowheads to show the direction of each energy change.

(3)

(ii)  Use the data to calculate the value for the enthalpy change of formation of calcium iodide.

(2)

(iii)  The value for the lattice energy of calcium iodide determined experimentally by using the
Born-Haber cycle differs significantly from the theoretical calculated value.

Explain why the Born-Haber and the theoretical values for the lattice energies are similar for
calcium fluoride but significantly different for calcium iodide.

(4)
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.............................................................................................................................................

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

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

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

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

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

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

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

(c)  The electron affinity of iodine is –295.4 kJ mol–1.

Explain how the electron affinity of chlorine differs from that of iodine.

(3)

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

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

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

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

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

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

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

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

 

(Total for question = 22 marks)
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Q1.           

Answer the question with a cross in the box you think is correct  . If you change
your mind about an answer, put a line through the box  and then mark your new
answer with a cross  .

The total entropy change, ΔStotal , of a reaction at 298 K is −85.0 J K−1 mol−1.

What is the value of the equilibrium constant for this reaction at 298 K?

[R = 8.31 J mol−1 K−1]

   A    3.61 × 10−5

   B    9.07 × 10−1

   C    9.66 × 10−1

   D    2.77 × 104

 

(Total for question = 1 mark)

 

 

Q2.           

Calcium oxide is manufactured by heating limestone at 1000 °C for 30 minutes.

The equation for the reaction is:

(a)  The numerical value of the equilibrium constant for this reaction is increased by:

(1)

   A    allowing the carbon dioxide to escape

   B    increasing the heating time

   C    increasing the temperature

   D    reducing the pressure

(b)  Which is the correct expression for the equilibrium constant, Kc, for this reaction?

(1)
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(Total for question = 2 marks)

 

 

Q3.           

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box  and then mark your
new answer with a cross .

At 25 °C, the pH of pure water is 7.00 and at 100 °C, the pH of pure water is 6.14. What can be
deduced from this information?

 

(Total for question = 1 mark)

 

 

Q4.           

Iodine was dissolved in an organic solvent, trichloromethane, and the resulting solution added to
an equal volume of deionised water. The mixture was then shaken, producing two immiscible
solutions: iodine in water and iodine in trichloromethane.
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At equilibrium, the equation for the reaction can be written as:

(a)  What is the expression for this equilibrium constant, Kc?

(1)

(b)  Which statement describes what is happening at equilibrium?

(1)

   A    iodine molecules move from the water to the trichloromethane layer only

   B    iodine molecules move from the trichloromethane to the water layer only

   C    iodine molecules move from the water to the trichloromethane and from the
trichloromethane to the water layer.

   D    there is no movement of individual iodine molecules

 

(Total for question = 2 marks)

 

 

Q5.           

The reversible reaction between hydrogen chloride and oxygen produces water vapour and
chlorine.

(a)  Explain what effect, if any, each of the following changes has on the yield of chlorine at
equilibrium and on the equilibrium constant, Kp .

(i)  An increase in the total pressure
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(3)

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

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

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

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

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

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

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

(ii)  An increase in the temperature

(2)

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

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

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

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

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

(iii)  The use of a catalyst

(2)

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

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

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

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

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

(b)  0.850 mol of hydrogen chloride was mixed with 0.600 mol of oxygen and allowed to reach
equilibrium in a closed flask.
At equilibrium the total pressure was 1.50 atm and there was 0.250 mol of chlorine in the flask.

(i)  Complete the table.

(3)
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(ii)  Write the expression for the equilibrium constant, Kp .

(1)

(iii)  Use your answers to (b)(i)  and (b)(ii)  to calculate the value for Kp. Give your answer to an
appropriate number of significant figures, and include units.

(3)

(iv)  Use your answer to (b)(iii)  to calculate a value for the total entropy change of the reaction,
ΔStotal.

(2)

(c)  Draw a sketch of entropy against temperature for water to illustrate the entropy changes as
temperature increases, including when water changes state.

A scale is not required for the vertical axis

(3)
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(Total for question = 19 marks)

 

 

Q6.           

This question is about sulfuric acid and its salts.

(a)  The manufacture of sulfuric acid involves the equilibrium

2SO2(g)  + O2(g)  2SO3(g)  ΔrH = −197 kJ mol−1

(i)  A catalyst of vanadium(V) oxide is used in this reaction.

State the effect, if any, of the catalyst on the value of the equilibrium constant, Kp .

(1)

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

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

(ii)  The temperature used for this reaction in industry is 700 K.

Explain, in terms of the equilibrium constant and the equilibrium position, the effect of an
increase in temperature on the equilibrium yield of sulfur trioxide.

(2)

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

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

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

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

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

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

(iii)  Write the expression for the equilibrium constant, Kp , for this equilibrium. State symbols are
not required.

(1)

(iv)  A mixture of 2.00 mol of sulfur dioxide and 1.00 mol of oxygen is allowed to reach
equilibrium at 5.00 atm pressure.
1.60 mol of sulfur trioxide is formed.

Calculate the value of Kp.
Include units and give your answer to an appropriate number of significant figures.
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(4)

(b)  Sulfur trioxide is used to produce sulfuric acid.

(i)  Commercial concentrated sulfuric acid contains 98.5 % H2SO4 and 1.5 % water by mass.
The density of concentrated sulfuric acid is 1800 g dm−3.

Calculate the concentration of this sulfuric acid in mol dm−3.

(2)

(ii)  The pH of a 0.10 mol dm−3 solution of sulfuric acid at 25 °C is 0.97.

Calculate the concentration of hydrogen ions, in mol dm−3, in this solution.

(1)

(iii)  In an aqueous solution of sulfuric acid, the following equilibria exist.

Explain, in terms of these equilibria, why the concentration of hydrogen ions in a 0.10 mol dm−3

solution of sulfuric acid is not 0.20 mol dm−3. No calculation is required.

(2)

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

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

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

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

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

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

(c)  A buffer solution is made from  and  ions.

(i)  Write two ionic equations involving  and  ions to show how this solution acts as a
buffer.
State symbols are not required.

(2)

(ii)  A buffer solution is formed by mixing

25.0 cm3 of a solution that is 0.150 mol dm−3 with respect to  ions with
75.0 cm3 of a solution that is 0.100 mol dm−3 with respect to  ions.

Calculate the pH of this buffer solution.

[Ka for  ions = 0.012 mol dm−3]
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(5)

 

(Total for question = 20 marks)

 

 

Q7.           

The equation for the formation of ammonia in the Haber Process is shown

(a)  At 298 K the standard entropy change of the system, .

Calculate the standard entropy of one mole of ammonia.

Use the value of  and the data in the table.

(2)

(b)  The value of the total entropy change, ΔStotal, varies with temperature.

Data for the value of ΔStotal at different temperatures but at standard pressure of 100 kPa are
given for this reaction.

Plot a graph of ΔStotal against 1/T on the grid.

Include a line of best fit.
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(2)

(c)  The relationship between ΔStotal and 1/T can be found by combining the two equations:

ΔStotal = ΔSsurroundings + ΔSsystem

and ΔSsurroundings = –ΔH/T

to give

ΔStotal = –ΔH/T + ΔSsystem

(i)  Determine the gradient of the line plotted in (b), including units in your answer.

(1)
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(ii)  Identify the thermodynamic quantity that can be obtained from this gradient.

(1)

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

(iii)  Determine the temperature at which the reaction ceases to be thermodynamically feasible
at a pressure of 100 kPa.

(1)

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

(d)  The industrial synthesis of ammonia

is carried out at pressures of about 20 000 kPa and temperatures between 700K and 750K.
These temperatures are higher than the answer to (c)(iii).

(i)  State the relationship between the total entropy, ΔStotal, and the equilibrium constant, K.

(1)

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

(ii)  Calculate the value of the equilibrium constant K at 750K.

[ΔStotal at 750K = –37.7 J K–1 mol–1]

(2)

(iii)  Explain why ΔStotal decreases with an increase in temperature.

(3)

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

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

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

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

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

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

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

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

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

(iv)  State how the Haber Process is made economically feasible at 750 K even though the total
entropy change is negative.
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(1)

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

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

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

(e)  Ammonia from the Haber Process reacts with acids.

With phosphoric acid, H3PO4, a number of products are formed in solution.
One of these is the fertiliser diammonium hydrogenphosphate.

(i)  Write an equation for the production of this fertiliser.

State symbols are not required.

(2)

(ii)  Write an ionic equation to show that ammonium ions are acidic in aqueous solution.

State symbols are not required.

(1)

(iii)  A solution containing both ammonia and ammonium ions acts as a buffer.

Explain, using a relevant ionic equation, the effect of adding a small amount of acid to this
buffer.

(3)

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

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

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

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

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

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

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

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

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

 

(Total for question = 20 marks)
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Q8.           

This question is about the thermodynamics of the reaction:

(a)  Calculate the entropy change for the reaction, using the information in the table.

Include a sign and units in your answer.

(2)

(b)  Calculate the enthalpy change of formation, ΔfH, of N2O4 (g) at 298 K, using the information
in the table and the enthalpy change of the reaction.

Include a sign and units in your answer.

(2)

(c)  Calculate the entropy change of the surroundings, ΔSsurroundings, at 298 K.

Give your answer to an appropriate number of significant figures.
Include a sign and units in your answer.

(3)

(d)  (i)  Use your answers to parts (a) and (c) to calculate the total entropy change, ΔStotal, for
this reaction at 298 K.

(1)

(ii)  This reaction can also be written as an equilibrium:

Calculate the temperature at which ΔStotal is zero for this equilibrium.

(2)

(e)  (i)  Write the expression for the equilibrium constant, Kp, for this reaction, including the units,
if any.

(2)

(ii)  In an experiment, 10 mol of N2O4(g) was placed in a closed container at 50 °C. At
equilibrium, 27% of the N2O4(g) had dissociated, and the pressure in the container was 4.0 atm.
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Calculate the value of Kp at 50 °C.

(4)

(iii)  The total pressure is doubled to 8.0 atm.

State the effect on Kp.

(1)

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

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

(iv)  The total pressure is doubled to 8.0 atm at constant temperature.

Explain the change in the percentage dissociation of N2O4(g) by considering the effect on the
partial pressures of NO2(g) and N2O4(g).

(3)

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 20 marks)
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