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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.
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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)

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

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

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

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

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

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

https://stemup.co.uk


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

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

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

(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.           

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  .

Which equation represents the standard enthalpy change of atomisation, ΔatH, of bromine?

 

(Total for question = 1 mark)

 

 

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 .

A simplified Born-Haber cycle for the formation of lithium iodide is shown.
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(a)  The enthalpy change of atomisation of iodine (+107 kJ mol–1) is given by the equation

(1)

   A    1⁄2I2(g)   →   I(g)

   B    1⁄2I2(s)   →   I(g)

   C    I2(g)   →   2I(g)

   D    I2(s)   →   2I(g)

(b)  Use the information in the cycle to calculate the electron affinity of iodine.

(1)

   A    –298 kJ mol–1

   B    –242 kJ mol–1

   C    +242 kJ mol–1

   D    +298 kJ mol–1

 

(Total for question = 2 marks)

 

 

Q4.           

Answer the question 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 .

The diagram shows the Born-Haber cycle for magnesium chloride.
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(a)  Which of these is the electron affinity of chlorine?

(1)

   A    y

   B    y/2

   C    (w + y)

   D    (w + y)/2

(b)  Which expression gives the lattice energy (LE) for magnesium chloride?

(1)

   A    LE = u − (v + w + x + y)

   B    LE = v + w + x + y − u

   C    LE = y − u − (v + w + x)

   D    LE = v + w + x − y + u

(c)  Which energy change in the cycle does x represent?

(1)

   A    the first ionisation energy of magnesium

   B    the second ionisation energy of magnesium
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   C    the sum of the first and second ionisation energies of magnesium

   D    the sum of the enthalpy change of atomisation and the first and second ionisation
energies of magnesium

 

(Total for question = 3 marks)

 

 

Q5.           

This question concerns calcium chloride, CaCl2.

Some energy changes related to calcium chloride are shown.

(i)  Complete the Born-Haber cycle by writing appropriate chemical formulae on the horizontal
lines.

Include state symbols and relevant electrons.

(4)

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

https://stemup.co.uk


(ii)  Calculate the second ionisation energy of calcium using the cycle and the values given in the
table.

Include a sign and units with your value.

(3)

(b)  The theoretical lattice energy of formation of CaCl2 is −2 223 kJ mol−1.

Explain why the experimental lattice energy of CaCl2 is more exothermic than the theoretical
value.

(3)

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

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

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

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

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

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

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

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

(c)  The table shows the theoretical lattice energies of some chlorides of Group 2.
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Explain the trend in theoretical lattice energies on descending Group 2.

(3)

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

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

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

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

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

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

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

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

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

(d)  Calculate the enthalpy change of solution of calcium chloride, CaCl2.

Data

Experimental lattice energy (CaCl2) = −2 258 kJ mol−1

(2)

 

(Total for question = 15 marks)

 

 

Q6.           

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 enthalpy change of solution of sodium sulfate, Na2SO4 , may be calculated using three
pieces of data. Which of these pieces of data is not required?

   A    lattice energy of Na2SO4

   B    enthalpy change of hydration of Na+

   C    enthalpy change of formation of Na2SO4
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   D    enthalpy change of hydration of 

 

(Total for question = 1 mark)

 

 

Q7.           

What does X represent on the diagram?

   A    sum of enthalpy changes of hydration of the gaseous ions

   B    enthalpy change of formation of LiCl

   C    enthalpy change of solution of LiCl

   D    lattice energy of LiCl

 

(Total for question = 1 mark)

 

 

Q8.           

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 .
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Some energy changes are given in the table.

Use these data to calculate the enthalpy change of hydration of Ca2+(g).

   A    –1410 kJ mol–1

   B    –1650 kJ mol–1

   C    –2014 kJ mol–1

   D    –3106 kJ mol–

 

(Total for question = 1 mark)

 

 

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 .

Experimental lattice energy values determined using the Born-Haber cycle often differ from
calculated theoretical values.
The ionic radii and charges of some ions are shown.

P, Q, R and S are not the chemical symbols of the elements.

Which of these compounds would be expected to show the largest percentage difference
between the experimental and theoretical lattice energies?
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   A    PR

   B    PS

   C    QR

   D    QS

 

(Total for question = 1 mark)

 

 

Q10.           

Barium oxide is an ionic compound that reacts with water to form barium hydroxide.

(a)  A Born-Haber cycle for barium oxide, BaO, is shown.

Some of the detail is missing. The letters R, W and Z represent some missing information.
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(i)  Identify the missing detail represented by the following letters.

(2)

R ...........................................................

W ...........................................................

(ii)  Use the following data to calculate a value for the quantity ΔZ shown on the Born-Haber
cycle.

Include a sign and units in your answer.

(3)

(iii)  The table gives some information about the lattice energies of barium oxide and magnesium
iodide and shows the % difference between the theoretical and experimental values.

Explain why there is closer agreement for barium oxide than for magnesium iodide.

(3)

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

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

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

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

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

(b)  The table gives some information about Group 2 ions, M2+, and their hydroxides.

(i)  Calculate the enthalpy change of solution, ΔsolH, of Ba(OH)2 using a fully-labelled Hess's
cycle.

[The hydration enthalpy of the hydroxide ion, OH– = –460 kJ mol–1.]

(4)

(ii)  Explain why strontium hydroxide is slightly soluble in water, even though the enthalpy
change of solution is endothermic.

(2)

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

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

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

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

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

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

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

 

(Total for question = 14 marks)

 

 

Q11.           

This question is about halides.

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

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.

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

https://stemup.co.uk


(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)

 

 

Q12.           

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  .

This question is about four ionic compounds.

(a)  Which of these compounds would be expected to have the least exothermic lattice energy?
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(1)

   A    calcium chloride

   B    magnesium chloride

   C    potassium bromide

   D    sodium bromide

(b)  Which of these compounds would be expected to have the largest difference between their
experimental (Born–Haber) and theoretical lattice energies?

(1)

   A    calcium chloride

   B    magnesium chloride

   C    potassium bromide

   D    sodium bromide

 

(Total for question = 2 marks)

 

 

Q13.           

This question is about oxides of iron.

(a)  The equation for the reduction of iron(III) oxide by carbon is shown.

Fe2O3(s)  +  3C(s)  →  2Fe(s)  +  3CO(g)

Some data relating to this reaction are shown.

(i)  Calculate the standard enthalpy change, , for the reduction of iron(III) oxide by carbon.

(2)

(ii)  Calculate the entropy change, ΔSsystem, for this reaction.
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(3)

(iii)  Calculate the temperature at which this reaction becomes feasible, using your answers from
(a)(i) and (a)(ii).

(3)

(b)  The equation for the reduction of iron(III) oxide by carbon monoxide is shown.

Fe2O3(s)  +  3CO(g)  →  2Fe(s)  +  3CO2(g)                = −24.8 kJ mol−1

The entropy change, , for this reaction is +15.2 J mol−1 K−1.

(i)  Explain why the reaction should be feasible at any temperature.

(2)

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

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

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

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

(ii)  Explain how an increase in temperature would affect  total of this reaction. No
calculation is required.

(3)

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

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

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

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

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

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

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

(c)  Iron also forms iron(II) oxide. The data in the table can be used to construct a Born-Haber
cycle for iron(II) oxide, FeO.
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(i)  Complete the Born-Haber cycle by putting letters in the boxes to label the energy changes.

(3)

(ii)  Calculate the value for second ionisation energy of iron, C.
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(2)

(iii)  Suggest why the second electron affinity of oxygen is positive.

(2)

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

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

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

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

 

(Total for question = 20 marks)

 

 

Q14.           

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 standard enthalpy change of solution of potassium chloride, KCl, is +17 kJ mol−1.

The solubility of potassium chloride in water at 298 K is 359 g dm−3.

Which of these explains the solubility of potassium chloride in water?

   A    the hydration enthalpy of K+ and the lattice energy of KCl are exothermic

   B    the hydration enthalpy of K+ and the lattice energy of KCl are endothermic

   C    the total entropy change when KCl dissolves is positive

   D    the total entropy change when KCl dissolves is negative

 

(Total for question = 1 mark)

 

 

Q15.           
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* The table shows the theoretical and experimental (Born-Haber) lattice energy data for two
metal halide compounds, sodium chloride and magnesium iodide.

Using the data, compare and contrast the type and strength of bonding in these compounds.
Give reasons for your answers.

(6)

 

(Total for question = 6 marks)
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