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SECTION A

Answer ALL parts of this question in the spaces provided.

1. Persulphate ions, S2O8
2– slowly oxidise arsenic(III) acid, H3AsO3 in aqueous solution

according to the equation

S2O8
2– + H3AsO3 + H2O → 2SO4

2– + H3AsO4 + 2H+

• 25 cm3 of a 1.0 mol dm–3 solution of potassium persulphate was mixed with 25 cm3 of
a solution of arsenic(III) acid of the same concentration.

• At timed intervals, small portions of the reaction mixture were analysed to determine
the concentration of persulphate ion, [S2O8

2–].

The results are shown below.

*N17086A0212*

Time
/ minutes

[S2O8
2–]

/mol dm–3

0 1.0

5 0.76

10 0.62

15 0.52

20 0.44

30 0.35
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(a) (i) On the grid below, plot a graph of the concentration of persulphate ions against
time.

(2)

(ii) Draw a tangent to the curve at the point where [S2O8
2–] = 0.50 mol dm–3 and use

it to calculate the slope of the curve at that point.  Give your answer to two
significant figures.

Slope: ..............................
(4)
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(b) The rate of the reaction at a particular concentration of reactant can be measured from
the slope of the graph at that concentration.

The initial rate, which is the rate when the concentrations of persulphate ions,
S2O8

2–, and arsenic(III) acid, H3AsO3, are both 1.0 mol dm–3, was found to be
0.060 mol dm–3 min–1.

(i) Use your answer to (a)(ii) to show that the ratio of the initial rate to the rate when
[S2O8

2–] and [H3AsO3] are 0.50 mol dm–3 is approximately 4:1.  Use this ratio to
deduce the overall order of reaction.

(3)

(ii) Suggest TWO rate equations that agree with the order of the reaction that you
have deduced in (i).  How could the experiment be adapted to distinguish
between these two rate equations?

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

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

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

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

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

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

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

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

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

................................................................................................................................
(5)

TOTAL FOR SECTION A: 14 MARKS

Q1

(Total 14 marks)
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SECTION B
Answer any TWO questions from this section in the spaces provided.

If you answer Question 2 put a cross in this box .

2. But-2-enoic acid, CH3CH=CHCOOH, can be converted into 3-oxobutanoic acid,
CH3COCH2COOH in a three step synthesis.

Step 1 CH3CH=CHCOOH → CH3CHBrCH2COOH

Step 2 CH3CHBrCH2COOH → CH3CH(OH)CH2COOH

Step 3 CH3CH(OH)CH2COOH → CH3COCH2COOH

(a) (i) Identify the reagents needed for each step.

Step 1 .....................................................................................................................

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

Step 2 .....................................................................................................................

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

Step 3 .....................................................................................................................

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

(ii) But-2-enoic acid exists as two stereoisomers.

Draw these stereoisomers and explain why one does not convert to the other at
room temperature.

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

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

................................................................................................................................
(2)

QUESTION 2 CONTINUES ON THE NEXT PAGE
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(b) Give the structural formula of the organic products of the reaction of

(i) but-2-enoic acid with an alkaline solution of potassium manganate(VII).

(1)

(ii) 3-oxobutanoic acid with hydrogen cyanide, HCN, in the presence of a trace of
hydroxide ions.

(1)

(c) 3-oxobutanoic acid is a weak acid.  The value of its acid dissociation constant, Ka, is
2.63 × 10–4 mol dm–3.

(i) Give the structural formula of the conjugate base of 3-oxobutanoic acid.

(1)

In parts (ii) and (iii) you may use HX as the formula for 3-oxobutanoic acid.

(ii) Explain how a mixture of 3-oxobutanoic acid and its sodium salt can act as a
buffer solution when a small amount of alkali is added.

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

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

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

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

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

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

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

................................................................................................................................
(4)
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(iii) Calculate the mass of solid sodium 3-oxobutanoate that must be added to
100 cm3 of a 0.500 mol dm–3 solution of 3-oxobutanoic acid in order to make a
buffer solution of pH 3.80.

(5)

Turn over

Q2

(Total 18 marks)
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If you answer Question 3 put a cross in this box .

3. (a) Carboxylic acids react reversibly with alcohols, in the presence of a catalyst, to form
an ester and water.

When 24.8 g of ethane-1,2-diol, HOCH2CH2OH, was mixed with 66.0 g of ethanoic
acid, CH3COOH, in the presence of a catalyst, equilibrium was reached after 80.0 %
of the ethane-1,2-diol had reacted.  The total volume at equilibrium was 90.0 cm3.

HOCH2CH2OH + 2CH3COOH CH3COOCH2CH2OOCCH3 + 2H2O

Write the expression for the equilibrium constant, Kc, and calculate its value.  You
should make clear what units, if any, there are for Kc.

(7)

(b) Ethane-1,2-diol can be made from ethene in a two-stage process.  The overall reaction
is:

C2H4 + H2O + O2 → HOCH2CH2OH

1054 g of ethane-1,2-diol was obtained from 560 g of ethene.

Calculate the percentage yield of the process.

(2)

1
2

*N17086A0812*
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(c) Polyesters can be formed from compounds with two functional groups.

(i) Give the structural formula of a reagent that would react with ethane-1,2-diol to
make a polyester.  Draw the structure of the polymer made from this reagent and
ethane-1,2-diol.

(3)

(ii) Explain whether it would be sensible for protective clothing, made from this
polymer, to be used in an environment where acid spills are likely.

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

................................................................................................................................
(1)

(d) Explain why the ester methyl methanoate, HCOOCH3, has a much lower boiling
temperature than its isomer ethanoic acid, CH3COOH, and why ethanoic acid has a
lower boiling temperature than propanoic acid, C2H5COOH.

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

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

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

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

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

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

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

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

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

.......................................................................................................................................
(5)

Turn over
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If you answer Question 4 put a cross in this box .

4. (a) (i) Draw a labelled Hess’s Law cycle for the dissolving of solid calcium hydroxide
in water, and use it and the data below to calculate the lattice energy of 
calcium hydroxide.

∆H / kJ mol–1

Enthalpy of hydration of Ca2+(g) –1650

Enthalpy of hydration of OH–(g) –460

Enthalpy of solution of Ca(OH)2(s) –16.2

(4)

(ii) State and explain the trend in solubility in water of the Group 2 hydroxides.

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

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

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

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

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

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

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

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

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

................................................................................................................................
(4)
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(b) The dissolving of sparingly soluble calcium hydroxide in water can be shown by the
equilibrium reaction

Ca(OH)2(s) + (aq) Ca2+(aq) + 2OH–(aq) ∆H = –16.2 kJ mol–1

State and explain the effect on the solubility of calcium hydroxide of

(i) increasing the temperature

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

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

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

................................................................................................................................
(3)

(ii) adding sodium hydroxide solution.

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

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

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

................................................................................................................................
(3)

(c) When concentrated sulphuric acid is added to solid calcium chloride, one acidic gas
is given off.

When concentrated sulphuric acid is added to solid calcium bromide, three gases are
given off.

Identify the three gases given off in the reaction with calcium bromide.  Explain why
only one gas is given off in the reaction with calcium chloride.

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

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

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

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

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

TOTAL FOR SECTION B: 36 MARKS
TOTAL FOR PAPER: 50 MARKS

END

○—

Q4

(Total 18 marks)
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