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SECTION A

Answer ALL the questions in this section.

You should aim to spend no more than 20 minutes on this section.

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

1 The apparatus shown may be used to measure the electrode potential for the

reaction between iron(lll) ions and zinc metal.

electrode 1

Zn**(aq)

2Fe**(aq) + Zn(s) — 2Fe**(aq) + Zn’*(aq)

salt bridge

(@) Which electrodes are used for this cell?

O o oo

O n w >

Electrode 1
iron
platinum
zinc

zinc

p 7 8 2 1 3 A 0 2 2 8

Electrode 2
zinc
platinum
iron

platinum

electrode 2

Fe’*(aq) and Fe**(aq)
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(b) The solution for the right-hand half-cell is prepared by adding suitable
amounts of iron(ll) sulfate and iron(lll) sulfate to distilled water to make
1.00dm’ of solution.

What mass of iron(lll) sulfate, Fe,(SO,);sH,0, must be used to measure the
standard electrode potential for this cell?

0 A 55809
[0 B 20895g
0 C 399.90g
0 D 417.90g

(Total for Question 1 = 2 marks)

2 The half-equations for the hydrogen-oxygen fuel cell in alkaline solution are shown.
2H,O(l) + 2¢° — H,(g) + 20H(aq) E®=-0.83V
O,(g) + 2H,O0() + 4e° — 40H(aq) E® =+0.40V

(@) What is the overall cell reaction?

A H,(g) + 60H(agq) — 4H,0() + 0O.(q)

B H,(g) + 60H(agq) — 4H.,O(l) + O,(g) + 6e
C 2H,(g) + O,(g) — 2H.,0(l)
D

2H,0() — 2H,(g) + O,(9g)

(b) What is the standard emf, EZ,, of this fuel cell?

A +2.06V
B +1.23V
C +043V
D -043V

(Total for Question 2 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.

3
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3 Manganate(VIl) ions, MnOyj, react with ethanedioate ions, C,07, in acidic solution.
2Mn0O;(aq) + 5C,0; (aq) + 16H'(aq) — 2Mn**(aq) + 10C0O,(g) + 8H,O(l)

(@) What is the change in oxidation number of a carbon atom when this
reaction occurs?

-1
+1

+3

0o o o o
O N w >

+4
(b) 25.0cm’ of a 0.0200 mol dm™® solution of ethanedioate ions is titrated with an
acidified solution containing 0.0400 moldm~ manganate(VIl) ions.

What volume, in cm’, of this solution of manganate(VIl) ions is needed for
complete reaction?

5.00
10.0

12.5

0o o o o
O N w >

31.3

(Total for Question 3 = 2 marks)

4 The standard emf, £, of a reaction is positive.

Which must be correct?

[1 A theentropy change of the system, ASg e, is positive

[1 B the entropy change of the surroundings, AS: oundings IS POSitive

[l € both the entropy changes of the system, AS; .., and surroundings,
AS sirroundings » @re positive

[J D the total entropy change, ASi.., is positive

(Total for Question 4 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 The aqueous solution of a transition metal ion is colourless.

Which is the electronic configuration of this ion?

N

0
0
0

A

B
C
D

[Ar] 3d°
[Ar] 3d"
[Ar] 3d°4s'
[Ar] 3d'%4s’

(Total for Question 5 = 1 mark)

6 Excess aqueous silver nitrate is added to a solution containing 0.100 mol of
chromium(lll) chloride, CrCl;+6H,0.

A precipitate, AgCl, appears immediately, which after drying, is found to have a mass
of 14.359.

What is the formula of the complex ion in the solution?

O o oo

O n w >

[Cr(H,0)6]*"
[CrCl(H,0)s)**
[CrCL(H,0).]*
[CrCly(H,0)5]

(Total for Question 6 = 1 mark)

7 This question is about transition metal complexes.

(@) Which complex has a tetrahedral structure?

(b)

O]

= 0O 0O 00O

L]
L]
L]
L]

[CrCL]
[CU(NH3)4(Hzo)2]2Jr

Nn @ >

[Pt(NH;),Cl,]
D [TiClJ*

hich complex contains a metal in the +1 oxidation state?

A [CuCl

B [CrCl,]

C [Pt(NH;),CL,]
D [Ni(CO),]

(Total for Question 7 = 2 marks)

NN 0 5
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8 When EDTA* is added to an aqueous solution of iron(lll) ions, the EDTA complex
is formed.

Which is the best explanation for this?

A
B

iron(lll) ions form stronger bonds with EDTA* ions than with water

iron(lll) ions form more bonds with EDTA* ions than with water

C the formation of the EDTA complex produces more particles in solution

D

water forms stronger hydrogen bonds than EDTA*

(Total for Question 8 = 1 mark)

9 An acidified solution, containing tartrate ions, C,H,0; , is mixed with
hydrogen peroxide solution.

When pink cobalt(ll) chloride solution is added to the mixture, there is effervescence
as carbon dioxide is evolved and the solution turns green.

C4H4O§‘(aq) + 5H,0,(aq) + 2H"(aq) — 4CO,(g) + 8H,O(l)

After a few seconds, the effervescence stops and the solution turns back to pink.

What is the role of cobalt(ll) ions in this reaction?

N

(|
(|
(|

A

B
C
D

a dehydrating agent

an oxidising agent

a reducing agent

an oxidising agent and a reducing agent

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

P 7 8 2 1 3 A 0 6 2 8
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10 Benzene is nitrated using a mixture of concentrated nitric and sulfuric acids.

In this reaction, the sulfuric acid

N

0
0
0

11 Which is the best technique to show that the carbon-carbon bonds in benzene are all

A dissolves both benzene and nitric acid
B forms an addition compound with benzene
C protonates the nitric acid

D protonates the benzene

(Total for Question 10 = 1 mark)

the same length?

N

0
0
0

A infrared spectroscopy
B mass spectrometry
C high resolution proton NMR spectroscopy

D X-ray diffraction

(Total for Question 11 = 1 mark)

12 The structure of caffeine, CgH,,O,N,, is shown.

N

/

\N N
J A0
07 N N
Which functional group is present?

A aldehyde

B amide

C ketone

D nitrile

0
0
0

(Total for Question 12 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

O]
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13 The reaction between chlorine and phenol is faster than that between chlorine
and benzene.

Which is the best explanation for this?

A the carbon-oxygen bond is weaker than the carbon-hydrogen bonds
B oxygen is more electronegative than carbon

C the phenol ring has greater electron density than the benzene ring
D phenolis more acidic than benzene

(Total for Question 13 = 1 mark)

14 Poly(ethenol) is used to make hospital laundry bags for soiled or contaminated linen.
This is because poly(ethenol) is
[J A abactericide
[] B broken down by detergent
1 € flexible
[J D solublein water

(Total for Question 14 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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15 A reaction scheme to produce aspirin from phenol is shown.

o

phenol

COOH

Step 1 OH Step 2
Yield 75% Yield 70%

(@) Which reagents are used in Step 2?

O 0O oo

A
B
C
D

chloroethane and aluminium(lll) chloride

ethanoic anhydride and sulfuric acid

ethanol and sulfuric acid

potassium dichromate(VI) and sulfuric acid

COOH

i - OCOCH;

aspirin

(b) What mass of aspirin would be produced from 47.0 g of phenol in this
reaction scheme?

O]

[Data: M, phenol = 94

O 0O oo

O n w >

4739
65.39
90.09g
94.69

M, aspirin = 180]

(Total for Question 15 = 2 marks)

TOTAL FOR SECTION A =20 MARKS

p 7 8 2 1 3 A 06 9 2 8
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

16 This question is about manganese compounds.
(a) Manganese(ll) ions in solution, [Mn(H,0)s]**, are a pale pink colour.

(i) Draw the shape of this complex ion.

(ii) Describe the bonding between the manganese(ll) ion and the ligands.

p 7 8 21 3 A 06 1 0 2 8
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(b) Explain why aqueous solutions of some complex ions are acidic by comparing the
data in the table.
(3)

pH of a solution of

Complex ion formula . g
P concentration of 1 moldm™

[Mn(H20)6]2+ 53

[Fe(H,0)* 47

[Fe(H,0)s)*" 1.5

| DONOTWRITEINTHISAREA
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(c) The concentration of dissolved oxygen in water is measured as part of the
assessment of the level of pollution in rivers.

Good quality river water has a value range between 5 ppm and 8 ppm of
dissolved oxygen.

The oxidation of [Mn(H,0)4*" ions is used to measure the amount of
dissolved oxygen.

The procedure was devised in 1888 by a Hungarian chemist, Lajos Winkler.

Step1 A 50cm’®sample of river water is placed in a container.
Aqueous solutions of manganese(ll) sulfate and potassium hydroxide
are then added. The container is sealed and shaken.

[Mn(H,0)s]* + 20H" — Mn(OH), + 6H,0

Mn(OH)2 + 1/202 —> Mn02 + Hzo

Step2  The mixture is acidified with sulfuric acid and then excess
aqueous potassium iodide is added.

MnO,(s) + 2I(aq) + 4H*(ag) > Mn**(aq) + L(aq) + 2H,0(l)
Step3  The whole of the mixture is titrated against a solution of
sodium thiosulfate with a concentration of 0.00284 moldm™ using a
starch indicator.
I(aq) + 25,05(aq) — S,05(aq) + 2I(aq)

A mean titre of 12.20cm’® was recorded.

(i) State the changes that would be observed in Step 1.

(ii) Calculate the moles of manganese(IV) oxide in the 50cm® sample.

p 7 8 2 1 3 A o0 1 2 2 8
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(iii) Calculate the concentration of dissolved oxygen, in ppm, in the
sample collected.

[Assume the density of water = 1.0gcm™]

(4)

J

“mm NN O 0D A
P 7 8 2 1 3 A 0 1 3 2 8
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(d) Nitrate(lll) ions, NO3, are often present in wastewater effluents.
These may be reduced to nitrogen(ll) oxide, NO, in the acidic conditions of Step 2.

(i) Suggest the half-equation for the reduction of NO; to NO under
acidic conditions. State symbols are not required.

(i) Derive the equation for the reduction of nitrate(lll) ions by iodide ions, using
your answer to (d)(i). State symbols are not required.

(iii) Deduce the effect, if any, on the value of dissolved oxygen obtained in (c)(iii) if
the nitrate(lll) ions are not removed prior to Step 2.
No calculation is required.

(Total for Question 16 = 21 marks)

p 7 8 2 1 3 A 0 1 4 2 8
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17 This question is about primary amines.

(@) Explain why ethylamine is fully miscible with water.

*(b) Amines are derived from ammonia, which is a weak base.

Explain the differences in the strengths of three bases: ammonia, methylamine
and phenylamine.

In your answer, include an equation showing how one of these bases acts as a
Bransted-Lowry base when reacting with water in aqueous solution.

The pH of the aqueous solutions of these bases are shown in the table.

Name Formula pH of 0.1 moldm™ solution
ammonia NH; 11.13
methylamine CH;NH, 11.82
phenylamine C¢HsNH, 8.81

p 7 8 21 3 A 06 1 6 2 8
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(c) Phenylamine is a starting material in the synthesis of methyl orange, an indicator
used in acid-base titrations.

The first two reactions in this synthesis are shown.

Z+
Il
z

NH, NH,

Reaction 1 Reaction 2

_— _—

SO;H SO;H

(i) ldentify, by name or formula, the reagent used in Reaction 1.

(d) The diazonium ion, produced in Reaction 2, is converted into methyl orange.

Na"0,S N=—N N(CH,),

(i) Draw the structure of the reagent which is added to the diazonium ion in
this reaction.
Ignore the conversion to the sodium salt.

NN O R 0 R O o
p 7 8 21 3 A 06 1 8 2 8
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(ii) The high resolution proton NMR spectrum of methyl orange has several
peaks, some of which are very close together.

Predict the chemical shift and the relative intensity of Protons A circled on the
left and Protons B circled on the right.

Include the splitting pattern of the peak for Protons B.
(3)

(H) (H) H H

Na* 05 N=—N N

(H) (H) H H

Protons A Protons B

Chemical shift / ppm Relative intensity Splitting pattern

Protons A

Protons B

(Total for Question 17 = 16 marks)

38\

J

O]
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18 Poly(phenylethene), polystyrene, is used for packaging.

A possible route for the synthesis of phenylethene from benzene is shown.
Step 1 Step 2 ©/\ Step 3 ©/\ H

@ CH;Br
| Step 4

K,Cr,O,
H*(aq)

@/\ Step 6 Step 5 @/\
) K 0
phosphoric(V) acid / heat CH;MgBr then H*

(@) Draw the mechanism for the reaction in Step 1 to produce J, including the
formation of the electrophile.

(b) State the reagent and conditions used for the reaction in Step 3.

NN 0D O O 0 o
p 7 8 21 3 A 0 2 0 2 8
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(c) There are two possible products in Step 4.

Describe how these could be distinguished using infrared spectroscopy.
Refer to three different types of bond and their wavenumber ranges.

(d) Suggest two ways in which the maximum yield of the aldehyde in Step 4 could
be obtained.

(f) Draw a possible structure of K that could be formed in Step 5.

21
“mm NN O 0D RO
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(g) Draw the structure of poly(phenylethene) showing two repeat units.

(1)

(Total for Question 18 = 14 marks)
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TOTAL FOR SECTION B =51 MARKS
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SECTION C

Answer ALL the questions. Write your answers in the spaces provided.

19 This question is about amino acids.
(@) Alanine is a naturally occurring amino acid.

(i) Give the IUPAC name for alanine.

H,N OH
)

(ii) Explain why alanine has a much higher melting temperature than
butanoic acid, which has a similar relative molecular mass.

Detailed descriptions of the bonding involved are not required.

Molecule M, Melting temperature / °C
alanine 89 258
butanoic acid 88 -5.1

p 7 8 2 1 3 A 0 2 4 2 8

EImm

Y3adY SIHLNEILIHM 1ION Od V3HY SIHLENEILIHM 1ON Od

Y3HY SIHL NI ILIEM 1ON Od



DO NOTWRITE INTHIS AREA

DONOTWRITE IN THIS AREA

WRITE INTHIS AREA

DO NOT

(iii) Carbon-13 NMR spectra usually have a peak at a chemical shift of 0.

Identify the compound responsible for this peak.

(iv) Complete the carbon-13 NMR spectrum of alanine showing the chemical shift
values for each peak and the carbon atoms responsible for the peaks.

I I I I I
200 150 100 50 0
o/ ppm

(v) Alanine exists as two optical isomers.

Explain how this type of isomerism occurs, stating how the isomers may
be distinguished.

25
“mm NN O 0 RN
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dipeptide, E.

information in (b).

0]

AN

R—C—C

/

OH

(i) Draw a possible structure of E.

NH,

R"—C—C

|
H

G

(b) Two amino acids, F and G, combine in a condensation reaction to form a

R"and R” are different and may be a hydrogen atom or alkyl groups.

0]

z
N

OH

(ii) Determine the molecular formula of E, using the data shown and the

% carbon

% hydrogen

% nitrogen

% oxygen

51.1

8.51

15.1

(2)

(3)

) NN O 0D O
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(c) E was hydrolysed by heating under reflux with hydrochloric acid.
F and G were produced and were analysed using mass spectrometry.

The m/z values for the molecular ions of F and G are shown.

Amino acid

m/z value

F

75

G

131

(i) Fis notoptically active.

Suggest a structure for F.

(ii) G has two chiral centres.

Suggest a structure for G.

(1)

(2)

(Total for Question 19 = 19 marks)

TOTAL FOR SECTION C =19 MARKS
TOTAL FOR PAPER =90 MARKS
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