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Section A

For each of the following questions, only one of the lettered
responses (A—D) is correct.

Select the correct response for each question and write the
appropriate letter in the space provided.

1 Which one of the following is the reducing agent in the
reaction below? [1 mark]

KIO; + 5KI + 3H,SO, — 3l, + 3K, SO, + 3H,0
A iodate(V) ions
B iodide ions
C potassium ions
D sulfate(VI) ions

Answer

13012.02 MV18 2



2 Using the standard electrode potentials given below:

EC/IV
Cr3tf(aq) + e —  Cr¥M(aq) —0.41
Pb2t(aq) + 2~ =  Pb(s) - 0.13
2HT(aq) + 2e7 = Hy(9) + 0.00
Cuf(aq) + e~ =  Cu(s) + 0.52

|dentify the reaction which would be expected to occur.
[1 mark]

A 2Cr¥t(aq) + Pb%'(aq) — 2Cr¥*t(aq) + Pb(s)
B 2Cu(s) + Pb%Y(aq)  — 2Cut(aq) + Pb(s)

C Pb(s) + 2Cr¥*t(aq) @ — 2Cr?*(aq) + Pb?*(aq)
D Pb2%"(ag) + H,(g) — 2H%@aq) + Pb(s)

Answer
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3 A gaseous compound of nitrogen and oxygen was
completely decomposed into its elements.

2N,0,(g) — xNy(g) + yO,(g)

60 cm?3 of the compound (N, O ) were decomposed and
the total volume of gas produced was 90 cm? which was
reduced to 60cm?3 after passage over heated copper to
remove oxygen. All volumes were measured at room
temperature and pressure.

What is the formula of NxOy? [1 mark]

A NO

B NO,

C N),O

D N,O,
Answer
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4 Which one of the following is produced when a solid mixture
of ethanamide and P,O,, is heated?  [1 mark]

A aminoethanoic acid
B ethanenitrile

C ethanoic acid

D ethylamine

Answer

13012.02 MV18 5
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5 Which one of the following peaks is present in the mass
spectrum of propan-1-ol but not present in the mass
spectrum of propan-2-ol?  [1 mark]

A mlz=15
B mi/z=31
C mlz=45
D m/z=060
Answer
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The curly arrows below represent the movement of

electrons in a mechanism for a chemical reaction.

O
H

O

O

Which one of the following would be the product(s) from

this reaction?  [1 mark]

A
OH

O
z

OH

C
OH
o

N0

Answer

13012.02 MV18

o

D

o\(o
(T,

OH
O/ + CO,

[Turn over



7 The H nmr spectrum of 1,1-dibromoethane consists of two
well-separated signals, one with an integration of 1 and the
other with an integration of 3. Which one of the following is

correct?  [1 mark]
Signal with Signal with
integration of 1 integration of 3
A |doublet quartet
B |singlet triplet
C |triplet singlet
D |quartet doublet
Answer

8 How many aromatic compounds with the molecular formula
CgH,4Br, exist?  [1 mark]

A 1
B 2
C 3
D 4

Answer
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9 An unknown compound has a molecular ion at m/z = 79.
Analysis shows its composition to be 17.7% nitrogen by
mass. What is its molecular formula?  [1 mark]

A C3HNg
B C,H;N,
C C,H4sN
D CgHgN

Answer

10 Which one of the following statements is the definition of
the base peak in a mass spectrum? [1 mark]

A The highest mass ion

B The peak of greatest abundance
C The lowest m/z peak

D The molecular ion peak

Answer

13012.02 MV18 9
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Section B
Answer all five questions in this section

11 The ethanedioate ion, Cin_, may act as a bidentate

ligand. Ethanedioate ions, C,03 , can be titrated using
manganate(VIl) ions in solution.

(a) Explain the term bidentate ligand. [2 marks]

13012.02 MV18 1 0



(b) The reaction below occurs when a solution containing
ethanedioate ions is added to a solution containing
hexaaquanickel(ll) ions.

[Ni(H,0)g]2* + 3C,02 — [Ni(C,0,)4]*" + 6H,0

(i) Suggest why the enthalpy change for this reaction is
approximately zero. [2 marks]

(if) Explain, with reference to the equation, why this
reaction occurs despite the enthalpy change being
approximately zero. [2 marks]

(ifi) State the co-ordination number and oxidation
state of nickel and the shape of the [Ni(CZO4)3]4‘
complex. [3 marks]

co-ordination number:

oxidation state of nickel:

shape of complex:
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(c) Hexaaquachromium(lll) ions react with ethanedioate
ijons in solution.
The complex formed is shown below. This complex
exhibits isomerism.
The cis (Z) isomer is shown below and is blue-grey
in solution.
The trans (E) isomer is purple in solution.

|C|) _
o _C
o, wOH;
/Cr )
/o \OHZ
C O
o0~ >C
/]
_____ O J—

(i) Write an equation for the formation of this complex
from hexaaquachromium(lll) ions. [2 marks]

(ii) Suggest the structure of the trans (E) isomer.
[1 mark]

13012.02 MV18 1 2
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(d) A 25.0cm?3 portion of a solution of iron(ll) ethanedioate
was acidified using an excess of sulfuric acid and
titrated with 0.0150 mol dm3 potassium manganate(VII)
solution.

The overall equation for the reaction is shown opposite:

(i) Explain in terms of oxidation states why this is a
redox reaction. [4 marks]

(ii) Write three half-equations to show the oxidation and
reduction reactions occurring in this overall reaction.
[3 marks]

(iii) State the colour change which would be observed at
the end point during this titration.  [1 mark]

13012.02 MV18 1 4
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(iv) The mean titre was found to be 12.45cm3. Calculate
the concentration of the iron(ll) ethanedioate solution
in mol dm™3. Give your answer to an appropriate
number of significant figures. [4 marks]

(v) The iron(ll) ethanedioate solution was originally
made by dissolving 0.561g of hydrated
iron(l1) ethanedioate (FeC,0,.xH,0) in 250 cm?3 of
deionised water. Calculate the value of x in
FeC,0,.xH,0. [3 marks]

13012.02 MV18 1 6



12 Benzene-1,4-dicarboxylic acid may be used to synthesise
polyamide and polyester polymers.

COOH

COOH

benzene-1,4-dicarboxylic acid

(a) (i) Name the polyester formed from
benzene-1,4-dicarboxylic acid and ethane-1,2-diol.
[1 mark]

(if) Draw one repeating unit of the polyester named
in (a)(i). [1 mark]
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(b) The polyamide Kevlar is made from the reaction of
1,4-diaminobenzene with benzene-1,4-dicarboxylic acid.
The melting point of Kevlar is over 500 °C.

The diagram opposite shows two Kevlar polymer chains.

(i) Suggest the type of bond represented by the dotted
lines in the diagram opposite. [1 mark]

(if) Explain, using the diagram opposite, why Kevlar has
such a high melting point. [1 mark]

(c) Explain why polyamides and polyesters are
biodegradable. [2 marks]
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13 a-amino acids are compounds which have a carboxylic
acid group and an amino group bonded to the same
carbon atom.

(a) Draw the structure of the amino acids, glycine and
alanine. [2 marks]

glycine alanine

(b) The Strecker synthesis involves the reaction of
aldehydes or ketones with ammonia and
hydrogen cyanide to form an a-aminonitrile which is
hydrolysed to form an amino acid. (Shown opposite)

(i) State the IUPAC name of the amino acid which is
formed via the Strecker synthesis from propanone.
[2 marks]

13012.02 MV18 20



pIoe oulwe 9|113luouIwe-0

HOQOD

CHN—O—2Y “4—o-"d

ZN——_C
SISAjoJpAy AN—9 d

21 [Turn over

13012.02 MV18



(if) Draw the structure and state the IUPAC name of
the aldehyde or ketone needed to form the amino
acid valine, (CH5),CHCH(NH,)COOH, via the
Strecker synthesis. [2 marks]

(ifi) Write an equation for the reaction of ethanal with
ammonia and hydrogen cyanide to form the
o-aminonitrile. [1 mark]

(iv) Write an equation for the hydrolysis of the
a-aminonitrile formed in (b)(iii) above using
hydrochloric acid. [2 marks]

13012.02 MV18 22



(c) The structures of the amino acids lysine and valine are
shown below.

H H
H,N—C—COOH H,N—C—COOH
(CH,), H—C—CH3
NH, CH,
lysine valine

(i) Draw the structure of lysine in solution at pH 1.
[1 mark]

(ii) Draw the structures of two possible dipeptides
formed between one molecule of lysine and one
molecule of valine. Circle the peptide link in one of
the structures you have drawn. [3 marks]
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(d) Chains of amino acids, bonded by peptide links,
form the primary structure of proteins. Describe the
secondary structure of proteins. [3 marks]

(e) Two-way paper chromatography can be used to
separate and identify lysine and valine from a mixture of
amino acids.

(i) Describe how two-way paper chromatography is
used to separate lysine and valine from the mixture
of amino acids. [5 marks]

13012.02 MV18 24



(if) Describe how lysine and valine may be located and
identified from the chromatogram. [4 marks]

(iii) Explain why two-way paper chromatography is a
more effective method of separating amino acids
than one-way paper chromatography. [1 mark]
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14 Vanadium is a transition metal.

(a) State what is meant by the term transition metal and
explain using electronic configuration why vanadium is a
transition metal. [2 marks]

(b) Complete the table below by giving the half-equations
and the colour changes for the reduction reactions
given. [5 marks]

Reduction reaction [Half-equation Colour change

VO, to VOZ2*

VO2t+to 3+

V3+ to V2+ V3+ + e~ — V2+
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(c) V3+ is a powerful reducing agent and is oxidised by
oxygen in the presence of acid to V3.
The half-equations with their standard electrode
potentials are shown below.

EC/IV
V¥aq) + e = V2(aq) —0.26
0,(g) + 4H*(aq) + 4e= = 2H,0() +1.23

(i) Write the ionic equation for the oxidation of V2+
using oxygen in the presence of acid. [2 marks]

(if) Write the conventional cell representation for the cell
which would be set up using the half cells associated
with these two half-equations. [2 marks]

(iii) State and explain, in terms of electrons, which half
cell is the negative electrode in the cell.  [2 marks]

(iv)Calculate the emf of the cell. [1 mark]
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(d) Describe how you would set up a standard hydrogen
electrode and use it to measure the standard electrode

potential of VO3 (aq)/VO%*(aq).  [6 marks]

In this question you will be assessed on using your
written communication skills including the use of
specialist scientific terms.
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15 The azo dye magneson | is also called azo violet as it is
violet in colour. It is prepared from 4-nitrophenylamine
and resorcinol.

NH, OH
OH
NO,
4-nitrophenylamine resorcinol

(a) In this preparation, 4-nitrophenylamine is converted into
its diazonium ion and reacted with resorcinol.

(i) State the reagents and conditions required
for the formation of the diazonium ion from
4-nitrophenylamine. [3 marks]

(ii) Suggest the IUPAC name for resorcinol.
[2 marks]
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(ifi)Suggest the structure of the azo dye
magneson | formed when the diazonium ion of
4-nitrophenylamine reacts with resorcinol.

[2 marks]

(iv)Explain why magneson | is coloured. [3 marks]
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(b) 4-nitrophenylamine cannot be prepared by nitration of
phenylamine because the amino group is oxidised by
nitric acid. The amino group is therefore protected by
converting it to an amide group before the nitration is
carried out. The amide group is then hydrolysed.

The diagram opposite shows the steps in the synthesis

(i) Name a reagent which could be used to carry out
Step 1. [1 mark]

(if) Write the molecular formula for A. [1 mark]
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(ifi)4-nitrophenylamine is a solid at room temperature.
Describe, giving experimental details, how the
4-nitrophenylamine obtained in Step 3 can be
purified. State how the purity of the solid could
be confirmed. [6 marks]

In this question you will be assessed on using
your written communication skills including the
use of specialist scientific terms.
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(c) 4-nitrophenylamine may be reduced to
1,4-diaminobenzene using tin in concentrated
hydrochloric acid. The mixture is heated under reflux for
30 minutes. Sodium hydroxide solution is then added.

(i) Write an equation, using [H] to represent
the reducing agent, for the reduction of
4-nitrophenylamine to 1,4-diaminobenzene.
[2 marks]

(ii) Explain why sodium hydroxide is added. [1 mark]

This is the end of the question paper
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