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UNIT 2

1. Brass is an alloy consisting mainly of copper and zinc.  To
determine the percentage of copper in a sample of brass, 2.63 g of
the brass was dissolved in concentrated nitric acid and the solution
diluted to 250 cm3 in a standard flask.  Excess potassium iodide was
added to 25.0 cm3 of this solution, iodine being produced
according to the equation:

2Cu2+(aq) + 4I–(aq) → 2CuI(s) + I
2
(aq)

The iodine formed was titrated with 0.10 mol l–1 sodium
thiosulphate solution, Na

2
S

2
O

3
(aq), the volume required for

complete reaction being 24.8 cm3.

I
2
(aq) + 2S

2
O

3
2–(aq) → 2I–(aq) + S

4
O

6
2–(aq)

colourless colourless

(a) Which species in the first equation is oxidised? 1
(b) How could the end-point for the titration be made more

obvious? 1
(c) How many moles of sodium thiosulphate were required in

the titration? 1
(d) Calculate the percentage by mass of copper in the sample

of brass. 3

SY/94
(6)

2. 1.8 g of iron(II) ammonium sulphate, Fe(NH4)2(SO4)2.6H2O, was
dissolved in 35 cm3 of distilled water.  The solution was then
diluted to 50 cm3 using dilute sulphuric acid.  The final solution
was titrated against potassium permanganate solution and 40 cm3

of the potassium permanganate solution was required to reach the
end-point at which all the iron(II) had been converted to iron(III).
Calculate the concentration of the potassium permanganate
solution.

SY/93
(4)

3. Before 1947, ‘silver’ coins were made from an alloy of silver,
copper and nickel.  To determine the metal composition, a coin
weighing 10.00 g was dissolved in nitric acid and the resulting
solution diluted to 1000 cm3 in a standard flask.  A 100 cm3 portion
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was treated in the following way.  Hydrochloric acid (0.20 mol l–1)
was added to this solution until precipitation of silver(I) chloride
was complete.  The precipitate was recovered by filtration.  It was
washed and dried and found to weigh 0.60 g.

(a) (i) Calculate the percentage by mass of silver in the coin. 3
(ii) How could you tell when precipitation was complete? 1

(b) The filtrate was treated to reduce the copper(II) ions to
copper(I) ions.  Ammonium thiocyanate solution was added
to precipitate the copper as copper(I) thiocyanate:

Cu+(aq) + CNS–(aq) → CuCNS(s)

After filtration, drying and weighing, the precipitate was
found to weigh 0.31 g.
Calculate the percentage by mass of copper in the coin. 3

SY/92
(7)

4. An anhydrous salt is known to be a mixture of magnesium chloride
and magnesium nitrate.  To determine the composition of the
mixture, the following procedure was carried out.  4.50 g of the
salt was dissolved in water and the solution made up to 500 cm3 in
a standard flask.  A slight excess of silver(I) nitrate solution was
then added to 100 cm3 of this solution and the resulting
precipitate recovered by filtration.  The precipitate was washed,
dried and its mass found to be 2.01 g.

(a) How would you check that an excess of silver(I) nitrate had
been added?          1

(b) Calculate the percentage by mass of magnesium chloride in
the mixture.          4

(c) A variation of this method involved titrating the salt solution
with standard silver(I) nitrate solution using a suitable
indicator.   What volume of 0.10 mol l–1 silver(I) nitrate
solution would be required to react completely with 25 cm3

of the salt solution?           2

SY/95
(7)

5. Crystals of hydrated sodium carbonate left exposed to the
atmosphere gradually lose some of their water of crystallisation.
The formula of the crystals may be given by Na2CO3.xH2O, where x
has a numerical value between 0 and 10.
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16.0 g of the crystals was dissolved in water and made up to 250
cm3 of solution in a standard flask.  To determine the value of x in
the formula, 25 cm3 of the sodium carbonate solution was titrated
with 1.0 mol l–1 hydrochloric acid.  15.0 cm3 of the acid was
required for neutralisation.

(a) Calculate the mass of sodium carbonate (Na
2
CO

3
) in 16.0 g of

the  crystals. 4
(b) Find the value of x in the formula Na2CO3.xH2O. 2

SY/91
(6)

6. Anhydrous malonic acid has a relative formula mass of 104.  1.28 g
of hydrated acid, CH2(COOH)2.nH2O, was dissolved in water and
made up to 250 cm3 in a standard flask.  25.0 cm3 of this acid was
titrated with 0.1 mol l–1 sodium hydroxide.  18.2 cm3 of the alkali
was required for complete neutralisation of the acid.

(a) Calculate the number of moles of acid that have been
neutralised in the titration. 2

(b) Calculate the mass of water in 1.28 g of the hydrated
sample. 2

(c) Find the value for n in the formula CH2(COOH)2.nH2O. 2

SY/96
(6)

7. Sodium sulphite is a reducing agent that is oxidised to sodium
sulphate by atmospheric oxygen.  In order to determine its purity,
a sample of sodium sulphite was analysed as follows.

5.02 g of the sample was dissolved in water and made up to 250
cm3 in a standard flask.  50 cm3 of the solution was pipetted into a
beaker and treated with excess barium chloride solution to
precipitate all the sulphite and sulphate ions as their barium salts,
as shown in the equations below:

Na2SO3(aq) + BaCl2(aq) → BaSO3(s) + 2NaCl(aq)
Na

2
SO

4
(aq) + BaCl

2
(aq) → BaSO

4
(s) + 2NaCl(aq)

The mixed precipitate was then filtered off, washed with water and
dried in an oven to constant mass. Excess dilute hydrochloric acid
was added to the precipitate to dissolve the barium sulphite.  The
untreated barium sulphate was then filtered off, washed with water
and dried in an oven to constant mass:
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mass of mixed precipitate =  1.69 g
mass of barium sulphate   =  0.60 g

(a) Calculate the number of moles of barium sulphite in the
mixed precipitate.          2

(b) Calculate the percentage by mass of sodium sulphite in the
sample. 3

(c) Analysis of sodium sulphite may also be carried out by a
volumetric technique using acidified potassium
permanganate solution. Give two reasons why acidified
potassium permanganate would be a suitable reagent for
this analysis.            2

SY/99
(7)

8. The value for the equilibrium constant, K, for a specific example of
the following reaction is equal to 1:

acid  +  alcohol    ester  +  water

(a) (i) Predict the maximum yield of ester, given this value
of K. 1

(ii) Give one reason why this yield might not be achieved
in practice.          1

 (b) A student suggested that a careful choice of catalyst could
increase the yield of ester. Comment on this suggestion.   2

(c) Another pupil suggested that increasing the concentration
of the alcohol in the reaction mixture would increase the
yield of ester by altering the value of K. Comment on this
suggestion.   2

(6)

9. The balanced equation for the principle reaction in the contact
process is:

2SO2(g)  +  O2(g)  2SO3(g)   ∆H = –ve

(a) (i) Write an expression for K, the equilibrium constant
for this reaction, when the system has reached
equilibrium.          1

(ii) State the units of K. 1
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(b) (i) State Le Chatelier’s principle. 2
(ii) Use this generalisation to predict how an increase

in temperature would affect the position of
equilibrium.          1

(iii) Explain the effect this increase in temperature would
have on the value of K.          1

(6)

10. Reaction A: 2SO
2
(g)  +  O

2
(g)   2SO

3
(g)

Reaction B:  PCl5(s)   PCl3(l)  +  Cl2(g)
Reaction C: N2(g)  +  3H2(g)  2NH3(g)
Reaction D:  H

2
(g)  +  I

2
(g)  2HI(g)

Reaction E: C2H5OH(l)  +  C6H5COOH(s)
 C6H5COOC2H5(l)  +  H2O(l)

Each line on the graph below shows the effect of changing the
pressure on the yield of products for each of the above reactions.

(a) Allocate a line on the graph (by number) to each reaction
(by letter).  Explain your choice in each case. 5

(b) What effect would removing the catalyst have on the shape
of line 1?          1

(6)



ADDITIONAL QUESTIONS (AH CHEMISTRY)3 0

PRINCIPLES OF CHEMICAL REACTIONS

11. For the equilibrium:
2NO(g)  +  O2(g)   2NO2(g)     ∆H° = –115 kJ (left → right)

established in a closed vessel at a fixed temperature, the
equilibrium constant reaction has a value of 15 l mol–1.

(a) Write an expression for the equilibrium constant K. 2
(b) What does the magnitude of K indicate? 1
(c) What effect will increasing the temperature have on the

value of the equilibrium constant K?
Explain your answer.           2

(d) Calculate the equilibrium concentration of NO2 when the
equilibrium concentrations of NO and O

2
 are both

0.1 mol l–1.          2

SY/90
(7)

12. In the Data Booklet, the solubility of barium sulphate, shown by
the equation:

BaSO4(s)  +  water    Ba2+(aq)  +  SO4
2-(aq)

is given as less than 1 g l–1.  In a more advanced textbook, it is
noticed that an equilibrium constant, known as the solubility
product K

sp
, can be written to represent the dissolving process.

Ksp is equal to the product of the concentrations of the ions in
the solution:

K
sp

  =  [Ba2+]  ×  [SO
4

2–]

(a) At 298K, Ksp for barium sulphate is equal to 1 × 10–10 mol2  l–2

For a saturated solution of barium sulphate at 298K, calculate
(i) the concentration of the barium ions dissolved in the

solution 1
(ii) the mass of barium sulphate dissolved in 1 litre of

solution. 3

(b) A small quantity of the very soluble sodium sulphate is now
added to the saturated solution of barium sulphate.
(i) What will happen to the value of Ksp? 1
(ii) What will happen to the concentration of barium ions? 1

SY/96
(6)
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13. When a solute dissolves in each of two immiscible liquids the ratio
of the concentrations of the solute, at equilibrium, in the two
liquids is called the partition coefficient. The partition coefficient
for an organic compound (X) between ether and water is 12.

Density of water = 1.0 g cm–3   Density of ether = 0.714 g cm–3

(a) State which solvent forms the upper layer in the separating
funnel. Give a reason for your choice.          2

(b) If 1.1 g of X is dissolved in 100 cm3 of water, how much of
this compound will be extracted (after shaking for several
minutes) with 100 cm3 of ether?  2

(c) By calculation, show whether more or less solute will be
extracted if the ether is used in two 50 cm3 extractions
one after the other in the above experiment.  2

(d) Explain why many organic compounds are more soluble
in ether than in water.          1

(7)

14. Succinic acid (CH2COOH)2, a dicarboxylic acid, can be partitioned
between water and diethyl ether.  In an experiment to find the
partition coefficient, 2.36 g of succinic acid was dissolved in 100
cm3 of water in a separating funnel and 100 cm3 of ether was
added.  After shaking the mixture the aqueous layer was removed
and titrated with 1.0 mol l–1 sodium hydroxide.  It required 34.8
cm3 of the alkali to neutralise all the aqueous acid solution.

(a) Calculate the number of moles of acid in the aqueous layer
before the addition of ether.          1

(b) How many moles of the acid will be dissolved in the ether
layer after shaking?          3
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(c) What is the partition coefficient of the succinic acid between
the ether and the water?          1

(d) How could the experiment be modified to reduce the
concentration of acid in the aqueous layer while still using
the same total volumes and ether and the same mass of
succinic acid?  1

(6)

15. Paper chromatography is a good method for separating and
identifying amino acids.

(a) From the sketch identify:
(i) the mobile phase 1
(ii) the stationary phase 1
(iii) the minimum number of components in sample B 1
(iv) one possible component of sample B (and explain

why it is not possible to know which one with
certainty)          2

(v) the origin (or base line) 1
(vi) the solvent front. 1

Chromatography
paper formed into a
cylinder and spotted
with labelled samples
(only some shown)

mixture of butanol,
water and ammonia

lid

chromatography tank

Cylinder from the
above tank opened
and developed with
ninhydrin
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(b) Explain:
(i) the need for a lid 1
(ii) the use of Rf values 1
(iii) why a pencil is often a better choice than an ink pen

to draw the origin          1
(iv) why one component of sample A has not left the

origin 1
(v) why the eluant is often a mixture of solvents and

not a single solvent          1
(vi) whether more than one phase is involved in partition

chromatography          1
(vii) why a developing agent is required in the above

experiment. 1

(14)

16. A substance X was known to be a mixture of alkanes.  To help
identify the various alkanes in the mixture, gas chromatography
was used.  The chromatogram for the mixture is shown below.

A sample, which was a mixture of known alkanes, was then run on
the same machine.  The following table lists the retention times
found for these alkanes.

Alkane Retention time/min

Ethane 4.1

Propane 6.2

2-Methylpropane 7.3

Butane 8.1

2-Methylbutane 9.3

Pentane 9.9

Time/min
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(a) (i) Name a suitable gas to use as the mobile phase (or
carrier gas). 1

(ii) Explain your choice. 1
(b) The retention time for ethane is 4.1 minutes.  What is meant

by ‘the retention time’? 1
(c) (i) Suggest a name for alkanes A, E and F. 3

(ii) Explain your choice in each case. 3

(9)

17. Write the formula for the conjugate base of each of the following
acids:
(a) H

3
O+ 1

(b) H2O 1
(c) NH4

+ 1

(3)

18. (a) According to the Brønsted–Lowry theory, the
hydrogensulphite ion, HSO3

–(aq), is behaving as an acid in
the following reaction:
HSO

3
–(aq)   H+(aq)  +  SO

3
2–(aq)

(i) Explain in terms of the Brønsted–Lowry theory how the
equation shows HSO

3
– acting as an acid.          1

(ii) Write the formula for the conjugate base. 1

(b) The theory states that the hydrogensulphite ion can also act
as a base. Illustrate this statement with an equation.           1

(3)

19. (a) Calculate the pH of a solution of ethanoic acid with a
concentration of 0.01 mol l–1.
(Ka ethanoic acid = 1.7 × 10–5)           3

(b) A mixture of ethanoic acid and sodium ethanoate solution
constitutes a buffer solution.  Show how this buffer solution
is able to resist a change in pH when small quantities of
each of the following are added.
(i) hydrochloric acid 2
(ii) sodium hydroxide solution

(Use of equations may be helpful.)  2
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(c) The simplified equation for the pH of a buffer solution is:

 pH = pKa – log [acid]
[salt]

A buffer solution was prepared from ethanoic acid
(0.25 mol l–1) and sodium ethanoate solution (0.15 mol l–1).
Calculate the pH of the buffer solution. 2

SY/94
(9)

20. The ionic product for water (K
w
) is usually taken to be 10–14

mol2  l–2, but it varies with temperature.  The following table shows
this variation.

Temperature/K K
w
/mol2  l–2

273 0.114 × 10–14

283 0.293 × 10–14

298 1.008 × 10–14

323 5.476 × 10–14

373 51.3 × 10–14

(a) What is meant by the term ‘ionic product of water’? 1
(b) Since K

w
 varies with temperature, the pH of pure water is

not always 7.   Calculate the pH of pure water at 373K.  3
(c) The ionisation of water is endothermic.   Explain how the

information in the table supports this statement.          1

SY/91
(5)

21. Phosphoric(V) acid, H3PO4, is triprotic.  When neutralised by
sodium hydroxide solution, it can form three different salts.

(a) Give the formula for each of the three sodium salts of the
acid. 2

(b) The first stage in the ionisation of phosphoric(V) acid has a
dissociation constant of 7.08 × 10–3 mol l–1.   Calculate the
approximate pH of a 0.1 mol l–1 solution of phosphoric(V)
acid.   (You may assume that the other two stages in the
ionisation do not significantly affect the hydrogen ion
concentration.)    3

SY/91
(5)
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K
w
 × 10–14 mol2  l–1

Temperature/K

22. At 298K the dissociation constant K
w
 for water is 1 × 10–14 mol2  l–2.

The graph shows the variation of Kw with temperature.

From the graph calculate the pH of water at 288K.
SY/96

(3)

23. Limewater is a saturated solution of calcium hydroxide. At 20ºC,
100 cm3 of a limewater solution contained 0.126 g of calcium
hydroxide.

(a) Calculate the concentration of hydroxide ions, in mol l–1, in
this solution.  2

(b) Using your answer to part (a), calculate the pH of the
solution. 2

SY/99
(4)

24. Most indicators are weak acids of general formula HIn.  Their
dissociation in aqueous solution can be represented as:

HIn      H+      +       In–

colour A colour B
+ –

indicator

[H ][In ]
 = 

[HIn]
K

 At the end point, [In–]  =  [HIn] and therefore Kindicator  =  [H+].
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Use the above and the information in the table below to answer the
questions that follow.

Indicator K
indicator

/mol l–1 Colour change

(low pH →→→→→ high pH)

Methyl yellow 5.1 × 10–4 Red → yellow

Bromothymol blue 1.0 × 10–7 Yellow → blue

Thymol blue 1.3 × 10–9 Yellow → blue

(a) At what pH would the colour change be expected to take
place in each of the indicators?          2

(b) A student is asked to carry out a titration of ethanoic acid
and sodium hydroxide.   Which indicator in the table is
most suitable for the titration? Give a reason for your
choice.   2

SY/95
(4)

25.

The graph above shows the pH change when a solution of
0.1 mol l–1 sodium hydroxide is added to 20 cm3 of a solution of a
monoprotic acid.

(a) What is the concentration of the acid? 1
(b) Is the acid weak or strong?   Justify your answer.  2
(c) What factor must be considered when an indicator for a

particular titration is selected?          1

Volume of alkali added/cm3
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(d) Sketch the graph into your book (no graph paper required)
and show, by a dotted line starting from the pH axis, the
curve you would expect if the alkali were replaced by
0.1 mol l–1 ammonia solution.  2

(e) Comment on the use of an indicator for the titration in (d)
above. 1

SY/90
(7)

26. 250 cm3 of sulphurous acid solution was prepared by dissolving
1.6 g of sulphur dioxide in water at 298K.

(a) Calculate the concentration of the acid solution in mol l–1. 2
(b) Using your answer to (a) and page 12 of your Data Booklet,

calculate the pH of the acid solution.          3
(c) Why is this acid solution unsuitable for use as a primary

standard? 1
(d) If this acid solution is standardised using a strong alkali, what

will be the approximate pH range of the indicator needed for
the titration?  1

SY/98
(7)

27. Use the data on page 12 of the Data Booklet to calculate the pH of
a solution of propanoic acid of concentration 10–1 mol 1–1.

SY/93
(3)

28. Solid magnesium chloride exists in two forms: anhydrous(MgCl2)
and hydrated(MgCl

2
.6H

2
O).

(a) Calculate the enthalpy change for the process:
MgCl

2
(s) → Mg2+(aq) + 2Cl–(aq)

Use the following data:
Mg2+(g) → Mg2+(aq)   ∆H = –1920 kJ mol–1

Cl–(g) → Cl–(aq)   ∆H = –364 kJ mol–1

lattice enthalpy (anhydrous magnesium chloride)
= 2493 kJ mol–1     3
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(b) Calculate the enthalpy change for converting anhydrous
magnesium chloride to hydrated magnesium chloride, given
the following enthalpies of formation:

∆Hθ
f (hydrated magnesium chloride) = –2500 kJ mol–1

∆Hθ
f (anhydrous magnesium chloride) = –642 kJ mol–1

∆Hθ
f
 (water) = –286 kJ mol–1   3

SY/93
(6)

29. Consider the following data:

Compound Lattice-breaking Enthalpy of

enthalpy/kJ mol–1 solution/kJ mol–1

KF 801 –17.7

KCl 701 + 17.2

KBr 670 + 20.0

(a) Why do the lattice-breaking enthalpies decrease down the
series from KF to KBr?          1

(b) Calculate the enthalpy associated with the hydration of the
ions in KCl.          1

(c) How would you expect the enthalpy associated with the
hydration of the ions in calcium chloride to compare with
that in potassium chloride?  Explain your answer.   2

SY/95
(4)

30. Water gas is prepared by passing steam over white hot coke.  The
equation for the reaction is:

C(s)  +  H2O(g) → CO(g)  +  H2(g)

The products of the reaction may be used to prepare methanol
industrially, using chromium(III) oxide as a catalyst, a temperature
of 300°C and a pressure of 300 atmospheres:

CO(g)  +  2H2(g) → CH3OH(l)

(a) The enthalpy change for the reaction to produce water gas is
130 kJ mol–1.  Use this value, with information on page 9 of
the Data Booklet, to calculate the bond enthalpy for the
C–O bond in carbon monoxide.           3
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(b) The mean bond enthalpy for C–O is 331 kJ mol–1 and for C=O
is 724 kJ mol–1.  Use this information and your answer to (a)
to make a prediction about the nature of the bond in carbon
monoxide.  1

(c) State two possible hazards associated with the industrial
production of methanol.          2

SY/92
(6)

31. (a) By referring to the Data Booklet write down the equation and
the value for:
(i) the enthalpy of formation of propane
(ii) the enthalpy of combustion of carbon
(iii) the enthalpy of combustion of hydrogen. 3

(b) Using the above data, calculate the enthalpy of combustion
of propane.          2

(5)

32. (a) Name each of the changes shown by the equations (i) to (v)
and beside each name write the value for the change as
shown in the Data Booklet.
(i) Na(s)  →  Na(g) 1
(ii) ½O

2
(g)  →  O(g) 1

(iii) Na(g)  →  Na+(g) 1
(iv) O(g)  →  O2–(g) 1
(v) 2Na+(g)  +  O2–(g)  →  (Na+)

2
O2–(s) 1

(b) Write the equation for the enthalpy of formation of sodium
oxide. 1

(c) (i) Construct a Born–Haber cycle using all the information
in (a) and (b).          1

(ii) Calculate the enthalpy of formation of sodium oxide. 1

(8)

33. 1,2-dichloroethane has been used as a solvent for lacquers and oils.
One proposed method of production is the addition of hydrogen
chloride to ethyne:

C2H2  +  2HCl  →  CH2ClCH2Cl
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Compound Sθθθθθ/J K–1 mol–1 ∆∆∆∆∆Hθθθθθ
f /kJ mol–1

C2H2 201 227

HCl 187 –92.3

CH2ClCH2Cl 208 –166

(a) Using the data given in the table above,
(i) calculate the standard entropy change, in J K mol–1,

for the reaction          1
(ii) calculate the standard enthalpy change, in kJ mol–1,

for the reaction.          1
(b) The reaction is thermodynamically feasible at room

temperature.   Above which temperature will this reaction
no longer be feasible?          2

SY/99
(4)

34. Consider the following reactions and their values for ∆Gθ and ∆Hθ

at 298K:

Reaction ∆∆∆∆∆Gθθθθθ/kJ mol–1 ∆∆∆∆∆Hθθθθθ/kJ mol–1

(i) ½H
2
(g)  +  ½Cl

2
(g) → HCl(g) –95 –92

(ii) 2Al(s)  +  1½O2(g) → Al2O3(s) –1576 –1669

(iii) NH
4
Cl(s) → NH

4
+(aq)  +  Cl–(aq) –7 +16

(a) Reaction (ii) has the greatest difference in the values of ∆Gθ

and ∆Hθ.
Suggest a reason for this difference.                 1

(b) From the values given for reaction (iii), it can be concluded
that ammonium chloride dissolves spontaneously in water
under standard conditions with a drop in temperature.
Why can we come to these two conclusions?           2

(c) Calculate the entropy change for reaction (i) at 298K. 2

SY/96
(5)
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35. In a catalytic reformer, straight-chain alkanes are converted to
branched chains, cycloalkanes and aromatic hydrocarbons.
Consider the sequence shown below.

Octane

2,3-dimethylhexane

1,2-dimethylcyclohexane + hydrogen

1,2-dimethylbenzene (o-xylene) + hydrogen

(a) Use the data in the table below to calculate ∆Sθ for the
conversion of octane to o-xylene and hydrogen at 298K.  3

Compound Sθθθθθ/J K–1  mol–1

Octane 463

o-xylene 352

Hydrogen 131

(b) Calculate the minimum temperature at which the conversion
in (a) becomes thermodynamically feasible, given that ∆Hθ =
227 kJ mol–1. 3

(c) Explain why the conversion in (a) can be achieved at or above
the temperature calculated in (b), despite the fact that the
equilibrium constant for reaction A is very much less than 1 at
this temperature. 1

SY/93
(7)

CH3

CH
3

A

B

C
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36. The apparatus shown in the diagram below can be used to find the
decomposition temperature of sodium hydrogencarbonate.

The equation for the decomposition is:
2NaHCO3(s) → Na2CO3(s) + H2O(g) + CO2(g)   ∆Hθ = +129 kJ mol–1

Substance Sθ/J K–1 mol–1

NaHCO3(s) 102.1

Na
2
CO

3
(s) 136.0

H2O(g) 188.7

CO2(g) 213.6

(a) Calculate ∆Sθ for the reaction.  2
(b) Calculate the temperature at which the decomposition

becomes thermodynamically feasible.  3
(c) As the temperature of the oil bath is increased, the volume

of gas in the syringe increases. Sketch the shape of the graph
you would expect to obtain if the volume of gas is plotted
against temperature.  Graph paper is not required.  Start at
room temperature and mark clearly the decomposition
temperature on your graph.     2

SY/92
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37. The table below shows how the standard free energy change varies
with temperature for the following reactions:

reaction A: 2Zn(s) + O2(g) → 2ZnO(s)
reaction B: 2C(s) + O

2
(g) → 2CO(g)

Temperature/K ∆∆∆∆∆Gθθθθθ, reaction A/ ∆∆∆∆∆Gθθθθθ, reaction B/
kJ mol–1 kJ mol–1

400 –615 –300

600 –595 –335

800 –555 –370

1000 –495 –405

1200 –425 –440

1400 –40 –475

1600 –260 –505

1800 –165 –540

(a) For each reaction, plot the graph of the standard free
energy change against temperature.          3

(b) Use your graph to:
(i) determine the minimum temperature at which carbon

can reduce zinc oxide          1
(ii) calculate the standard free energy change for this

reaction at 1500K.          2
(c) Give one advantage and one disadvantage of using carbon

for this reduction on an industrial scale.          2

SY/ 92
(8)
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38. Examine the Ellingham diagram below and answer the questions
that follow.

(a) At what temperature does the thermal decomposition of zinc
oxide become thermodynamically feasible?          1

(b) Write the balanced chemical equation for the reduction of
zinc oxide using hydrogen.          1

(c) At what temperature does it become thermodynamically
feasible to reduce zinc oxide using hydrogen?          1

(d) The melting point of zinc is approximately 700K.
Explain, in terms of entropy, why the gradient of the graph
changes at point A.           2

(e) From the graph, it is thermodynamically feasible to use
hydrogen to reduce silver(I) oxide at all temperatures
shown.  Suggest why this reaction does not occur at room
temperature.  1

SY/99
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Temperature/K
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2H2 + O2 → 2H2O
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39. The diagram below shows the blast furnace for the extraction of
iron from iron ore.  An appropriate Ellingham diagram is also
shown.

700K

1000K

1500K

2000K

Molten iron

Hot airHot air

Waste gases
(N

2
, CO

2
, CO)

Iron ore (contains)
SiO

2
 as impurity),

limestone and coke

Molten slag -
contains mainly
CaSiO

3

∆G
θ /

kJ
 m

ol
–1

–200

–400

–600

Temperature/K

00 1000    1500       2000

2C + O
2  → 2CO

2CO + O 2
 → 2CO 2

2Fe + O 2
 → 2FeO
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(a) Calculate the standard free energy change for the
reduction of iron(II) oxide by carbon at 1900K.          2

(b) At what temperature will it be thermodynamically feasible
for carbon monoxide to reduce iron(II) oxide?          1

(c) Explain why the reduction by carbon monoxide is more
efficient than by carbon.          1

(d) Give a reason for adding limestone to the furnace. 1
(e) To achieve maximum economy, suggest a use for the waste

gases. 1

SY/94
(6)

40.

The emf of the above cell operating under standard condition is
1.03 V.

(a) Calculate the standard reduction potential for the half-cell
reaction:

M2+(aq)  +  2e– →  M(s)  1

(b) Calculate the free energy change for this cell operating
under standard conditions.          2

(c) Why is a low resistance voltmeter not used to measure the
emf of the cell?          1

(d) Name a solution which could be used in the salt bridge of
the above cell.           1

SY/94
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1 mol l–1 Ag+(aq)1 mol l–1 M2+(aq)
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41.

When the above cell is operating under standard conditions, the
reading on the voltmeter is 0.48 V.

a) Calculate the standard reduction potential for the half-
reaction:

Co2+(aq)  +  2e– → Co(s)  1

b) Calculate the standard free energy change for this cell. 3

SY/98
(4)

42.

  FUEL OXYGEN

Fuel cells are essentially devices for producing electricity from a
combustion reaction.  They consist of two electrodes and an
electrolyte. Electrochemical reactions occur at the electrolyte/
electrode interface, where chemical energy is converted directly
into electrical energy.  The electrodes catalyse the oxidation of the
fuel and the reduction of the oxygen and they also function as
interfaces between the reactants and the electrolyte.

ELECTROLYTE

ELECTRODE ELECTRODE

1 mol l–1 CoSO4(aq)1 mol l–1 ZnSO4(aq)



ADDITIONAL QUESTIONS (AH CHEMISTRY) 4 9

PRINCIPLES OF CHEMICAL REACTIONS

Two types of fuel cell being developed for large-scale use, which
use hydrogen and air as reactants, are described below.

1. The phosphoric acid fuel cell
The electrolyte is 95% phosphoric acid and the electrodes are
carbon covered with platinum.  The electrode half-reactions are:
½O

2
  +  2H+  + 2e–  → H

2
O  and  H

2
  →  2H+  +  2e–

2. The alkaline fuel cell
The electrolyte is 30–70% potassium hydroxide and electrodes
such as nickel, silver and platinum have been tried.  The electrode
half-reactions are:
½O

2
 + H

2
O + 2e–  →  2OH– and H

2
 + 2OH–  →  2H

2
O + 2e–

A serious disadvantage of this cell is that the air must have carbon
dioxide removed before use.

Fuel cells are clean (producing no toxic or corrosive substances)
and silent, they contain no moving parts and are easily maintained.
However, if fuel cells are to replace conventional power stations to
generate electricity, these advantages must outweigh the two main
disadvantages, namely:

(i) they are very expensive since the materials used in their
manufacture must meet a high specifications

(ii) their efficiency is limited by the need to convert from direct
to alternating current.

(a) Give a piece of information found in the passage above that
suggests that fuel cell reactions are exothermic.          1

(b) Why must air have carbon dioxide removed from it before
use as the oxidant in the alkaline fuel cell?          1

(c) The overall reaction is common to both cells.   Show this
by writing the appropriate equation.          1

(d) In the phosphoric acid fuel cell, the electrode is carbon
covered with platinum.   Give a reason for using this type of
electrode.          1

(e) Fuel cells do not cause the pollution problems associated
with conventional power generation.   Give a specific
example to justify this statement.  1

SY/96
(5)
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43. The reaction:
H2(g)  +  I2(g)  2HI(g)

follows first-order kinetics with respect to both iodine and
hydrogen. When this reaction was studied at different
temperatures, the data shown in the table below were obtained.
The data could be used to determine the activation energy for the
forward reaction.

Temperature/K Rate constant/l mol–1 s–1

556 4.45 × 10–5

575 1.37 × 10–4

629 2.52 × 10–3

666 1.41 × 10–2

700 6.43 × 10–2

781 1.34

(a) Write the rate equation for the reaction. 1
(b) Calculate the initial rate of reaction at 700K, if the initial

concentrations of both iodine and hydrogen are
0.5 mol l–1.          2

(c) The data shows that the rate constant increases with
temperature. Explain this trend by sketching the distribution
of kinetic energies among the reactant molecules at two
different temperatures.   Use the same set of axes for the
two graphs and a single line to represent the energy of
activation for the reaction.            3

SY/97
(6)

44. The table below refers to the reaction between nitrogen monoxide
and hydrogen at a temperature of:

1025K 2NO(g)  +  2H
2
(g)  →  N

2
(g)  +  2H

2
O(g)

Experiment Initial Initial Initial rate of
number concentration concentration of formation of

of NO/mol l–1 H
2
/mol l–1 N

2 
/mol l–1 s–1

1 0.03 0.005 0.012
2 0.03 0.010 0.024
3 0.03 0.015 0.036
4 0.01 0.015 0.004
5 0.02 0.015 0.016
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(a) Calculate the order of the reaction with respect to:
(i) hydrogen 1
(ii) nitrogen monoxide. 1

(b) Write the rate equation for the reaction. 1
(c) Calculate the rate constant, showing appropriate units. 2
(d) Copy the axes given (no graph paper required) and sketch a

graph to show how the rate of the reaction varies with
concentration of nitrogen monoxide (at constant
concentration of H2).

Initial rate of
formation of N

2

Initial concentration of NO        1

SY/99
(6)

45. A set of experiments were carried out to investigate the reaction
A  +  B  → C.

The results are shown below.

Experiment Initial [A]/mol l–1 Initial [B]/mol l–1

1 0.1 0.1

2 0.1 0.2

3 0.2 0.1
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(a) Find the average rate of reaction for the first 2 minutes for
each experiment.          2

(b) Determine the order for A and B and deduce the rate
equation for the reaction.          3

(c) Calculate the rate constant for the reaction. 2

SY/96
(7)

46. Consider the reaction:

NO
2
(g)  +  CO(g)  →  CO

2
(g)  +  NO(g)

for which the rate equation has been shown by experiment to be:

rate = k[NO
2
]2

The first stage of this two-stage reaction is the rate-determining
step.  The equation for this stage is:

NO2(g)  +  NO2(g)  →  NO3(g)  +  NO(g)

(a) Write the equation for the second stage, which completes
the reaction.          1

(b) The table gives kinetic data for the above reaction at
constant temperature.

Relative [NO
2
] Relative [CO] Relative rate

1 1 1

2 1 x

2 2 y

Determine the values for x and y in the table. 2

SY/98
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47. Examine the reaction mechanism below.

A + B C
2B + C D + E

Overall: A + 3B D + E

State how the rate of reaction depends on the concentrations of:
(a) A 1
(b) B. 1

SY/95
(2)

48. Rate studies on the bromination of propanone in the presence of
alkali give the rate equation:

rate = k[Br2]
0[CH3COCH3]

1[OH–]1

(a) A mechanism proposed for this reaction is:

Which of the two steps is likely to be the rate determining
step? Explain your answer.  2

(b) Estimation of the bromine concentration was achieved by
titration with sodium thiosulphate solution.  The latter reacts
with bromine, the colour of which gradually fades until it is
pale yellow.  At this point, a few drops of potassium iodide
solution and starch are added.  The titration is then
completed.
(i) What would you observe on the addition of the

potassium iodide and the starch?  Explain your
answer.           2

(ii) How would you know when the end-point of the
titration was reached?          1

SY/92
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