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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.

A student wanted to measure the standard electrode potential of the half-cell for the
reaction shown, using a standard hydrogen electrode.
V*ag) + e — V**(aq)

Which could not be used in making this measurement?
[Data: M, VCl,=121.9]
[J A anelectrode of vanadium metal
[ B apressure of 100kPa of hydrogen gas
[0 € asolution of vanadium(ll) chloride of concentration 121.9gdm™
[0 D atemperature of 298K

(Total for Question 1 = 1 mark)
An electrochemical cell was set up as shown.

()
W
\ salt bridge
1.0moldm™ 1.0moldm™
copper(ll) sulfate solution W { l ( silver nitrate solution

What is the emf of this cell at 298 K?
Use your Data Booklet.
Ll A +1.14V
[0 B +046V
] C€ -046V
0 D -1.14V

(Total for Question 2 = 1 mark)
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3 The concentration of an iodine solution was determined using a standard solution of
sodium thiosulfate.

(a)

4.17 g of sodium thiosulfate was dissolved in deionised water, the solution made
up to 250cm’ in a volumetric flask and mixed.
A 25.0cm’ portion was transferred to a conical flask using a pipette.

The measurement uncertainty of the volumetric flask was +0.30cm’.
The measurement uncertainty of the pipette was +0.03 cm’.

The total measurement uncertainty of the balance weighing the mass of
sodium thiosulfate was +£0.01g.

Which is correct for the percentage uncertainties for this experiment?

[J A the balance, pipette and volumetric flask have the same
percentage uncertainties

[J] B the balance percentage uncertainty is the smallest

O

the pipette and volumetric flask have the same percentage uncertainties

[J D the volumetric flask percentage uncertainty is ten times that of
the pipette

The 25.0 cm?® of sodium thiosulfate solution in the conical flask was titrated with a
solution containing iodine in the burette. No indicator was used.

What is the colour of the solution in the conical flask at the end-point?

blue-black
colourless

very pale yellow

O o oo
O N @ »

red-brown

(Total for Question 3 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 What is the electronic structure of the metal ion in the double salt
(NH,),SO,*FeS0O,+6H,0?

[Ar]3d*4s?

[Ar]3d®

[Ar]3d°®

o N w >

[Ar]3d%4s®

(Total for Question 4 = 1 mark)

5 Vanadium forms many different ions when combining with oxygen.

In which ion does vanadium have a different oxidation number from the others?

0 A vO*
] B VO;
] € VOy
0 D V,0%

(Total for Question 5 = 1 mark)

6 The stability of complex ions increases as the basicity of the ligands increases.

Multidentate ligands form more stable complexes than monodentate ligands.

Which is the order of relative stability of these four complexes?

O A [Ni(H0)el*" > [Ni(NHs)el** > [Ni(CHsNH,)6l*" > [Ni(H,NCH,CH,NH,)5]**

0 B [Ni(H,;NCH,CH,NH,)sI* > [Ni(CHsNH,)6l** > [Ni(NH,)e]*" > [Ni(H,0)]**

O € [INi(H0)el* > [Ni(CH;NH,)el** > [Ni(NH5)e]** > [Ni(H,NCH,CH,NH,)5]**

0 D [Ni(H,;NCH,CH,NH,)sI* > [Ni(NH3)el** > [Ni(CHsNH,)6l*" > [Ni(H,0)6]**

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Which statement about the structure of [Pt(NH;),Cl,] is correct?

N

0
0
0

A

B
C
D

a square planar complex with only one structure
a square planar complex with two isomeric forms
a tetrahedral complex with only one structure

a tetrahedral complex with two isomeric forms

(Total for Question 7 = 1 mark)

8 A student made three statements about the reaction scheme shown.

, Ag'(aq) ~ H*(aq) N Fe’*(aq) L, Zns) N
Silver(l) chromate(VI) <« CrO; — Cr,09 — Cr — Cr
H*(aq) H'(aq)
Statement 1 The formula of silver(l) chromate(VI) is Ag,CrO,
Statement 2 The conversion of CrO:™ to Cr,0% is not a redox reaction
Statement 3 The minimum mass of zinc required to reduce

0.1mol of Cr’* to Cr**is 3.27 g

Of these three statements

N

0
0
0

O n w >

only statement 1 is correct

only statements 1 and 2 are correct
only statements 2 and 3 are correct
statements 1, 2 and 3 are correct

(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 The reaction between manganate(VIl) ions and ethanedioate ions is autocatalytic,

with the manganese(ll) ions produced acting as the catalyst.
2MnO; + 5C0; + 16H" — 2Mn* + 10CO, + 8H,0

Rate of reaction is plotted against time for this reaction.

Which graph would be obtained?

Rate of Rate of
reaction reaction

0 0
0 Time 0 Time
Graph 1 Graph 2
Rate of Rate of
reaction reaction
0 0
0 Time 0 Time
Graph 3 Graph 4
[J A Graph1
[J B Graph2
[J € Graph3
[0 D Graph4

(Total for Question 9 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 This question is about the compound shown.

”O@x

What types of reactions can this compound undergo?

electrophilic addition and electrophilic substitution
electrophilic addition and nucleophilic addition

electrophilic substitution and nucleophilic substitution

0 I N R
O N ® »

nucleophilic addition and nucleophilic substitution

(Total for Question 10 = 1 mark)

11 How many isomeric compounds with the molecular formula CH,Br, contain a
benzene ring?

L] A 2
1 B 3
1 ¢ 4
1 D 5

(Total for Question 11 = 1 mark)

12 What are the intermolecular forces in triethylamine, (C;H;)sN?

[J A hydrogen bonds only

[J B hydrogen bonds, London forces and permanent dipole-permanent
dipole interactions

[ € London forces only
[J D London forces and permanent dipole-permanent dipole interactions only

(Total for Question 12 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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13 The diagram shows the repeat unit of a polypeptide made from only one amino acid.

The polypeptide is hydrolysed by excess aqueous alkali.

Which is the structure of the organic species formed in this reaction?

(Total for Question 13 = 1 mark)
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14 Which structure of the amino acid lysine is a zwitterion?

H,N

O
T =
=
QO

NH,

(Total for Question 14 = 1 mark)

J
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15 This question is about the reaction scheme shown.

Cl Cl Cl Cl
NO, NH,

NHCOCH,CH;

In the first step of this scheme the yield is relatively low, due to the formation of
side products, one of which is 1-chloro-2-nitrobenzene.

(a) How many peaks are present in the *C NMR spectra of
1-chloro-4-nitrobenzene and 1-chloro-2-nitrobenzene?

O o oo

O N w >

Cl Cl
@ ©/NO2
NO,
Number of peaks Number of peaks

3 3

3 4
4 4
4 6

(b) Which acid is not used as one of the reagents in this reaction scheme?

O o oo

O N w >

ethanoic acid
hydrochloric acid
nitric acid
sulfuric acid

(Total for Question 15 = 2 marks)
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16 Complete combustion of a hydrocarbon produced 1.32 g of carbon dioxide and 0.459g
of water.

Which empirical formula is consistent with these data?

CH,
CH,
GHs

0 I N R
O N ® »

C6H10
(Total for Question 16 = 1 mark)
17 The reaction to produce a solid organic compound results in the formation of an
aqueous solution of the compound.
(@) Solvent extraction is used to separate the organic compound.

Desirable properties of the solvent include that it is

miscible with water and dissolves the compound fully

immiscible with water and dissolves the compound fully

O 0O oo

A
B
C miscible with water and partially dissolves the compound
D

immiscible with water and partially dissolves the compound

(b) The resulting impure compound is purified by recrystallisation.

When recrystallisation is used to purify a solid, which of the following statements

is true?

L] A allimpurities must be insoluble in the solvent used

[J B all impurities must be soluble in the solvent used

[J € insoluble impurities are removed by filtering a hot solution
[l D soluble impurities are removed by filtering a hot solution

(Total for Question 17 = 2 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

18 A Friedel-Crafts acylation reaction was carried out using methoxybenzene and

ethanoyl chloride, in the presence of aluminium chloride.

o

™~
0]
N
0)
@)
0]
@ + )J\ AlCl, @ and @/“\
Cl
O

methoxybenzene ethanoyl chloride isomer 1 isomer 2
mass =5.25¢g mass =4.50g mass =3.20g mass =0.24g

M, =108 M,=78.5

(@) (i) Calculate which is the limiting reagent.
(i) Calculate the percentage yield of isomer 1.

12
V0 0 VA mom
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(b) Draw the mechanism for the reaction producing isomer 1, including the role of
ALCL; in this reaction.

(5)

(c) Suggest a possible reason why isomer 1 has a significantly higher yield than
isomer 2.

(Total for Question 18 = 11 marks)

25 J
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19 This question is about molecules containing carbon-carbon double bonds.

Some values for the enthalpy changes of hydrogenation of different molecules to
produce cyclohexane are shown.

(] O | O

cyclohexene | cyclohexa-1,4-diene | cyclohexa-1,3-diene benzene
Enthalpy
change of ~120 ~240 ~232 ~208
hydrogenation
/ kJmol™

Explain the differences in the enthalpy changes of hydrogenation for these
four molecules.

Justify your answer in terms of structure and bonding, and the stability

to hydrogenation.

(Total for Question 19 = 4 marks)
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20 Crystals of cobalt(ll) chloride dissolve in water to form a pink solution containing
complex ion A. Addition of a few drops of ammonia solution produces a
blue precipitate, B, which redissolves as more ammonia is added.
The resulting solution contains a yellow complex ion C.
On standing in air, this complex ion C is oxidised to a brown solution containing
complex ion D.

(@) (i) Write an equation for the reaction when A is converted into B.
State symbols are not required.

(i) State the type of reaction and the role of ammonia when B is precipitated
from the solution of A.

Type of reaction

15
am NN 0 0 R
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*(c) Explain why solutions containing the ions A, C and D are coloured, and why the
three solutions are different colours.
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(Total for Question 20 = 12 marks)

J
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21 Cerium(lV) is readily reduced to cerium(lll). Solutions of cerium(lV) can be used in
titrations to determine the number of moles of a reducing agent.

(a) 250cm’ of a solution contained 12.46 g of cerium(IV) sulfate, Ce(SO,),.
This solution was titrated against 25.0 cm’ portions of a solution containing
tin(ll) ions of concentration 0.0552 moldm™.
The mean titre for the titration was 18.40cm’.

Complete the equation for the titration reaction, including the final charge on the
tin ion.
You must show all your working.

Final charge on the tinion: ...

Equation: ... Ce™(@q) + ... Sn* > . ce’t + . Sn--

(b) Potassium manganate(VI) is frequently used in this type of titration.

Give one advantage and one disadvantage for the use of
manganate(VIl) solutions in titrations.

(Total for Question 21 = 8 marks)
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22 Peroxodisulfate ions, S,03, react with iodide ions, I, as shown.
S,03(ag) + 2I(aq) — 2503 (aq) + I(aq)

The standard cell potential, E;, for this reaction is +1.47 V.

(@) Write the cell diagram for measuring this cell potential using the
conventional representation of half-cells.

(b) (i) Write the ionic half-equation for the reduction reaction.

(i) Calculate the value for the reduction potential in this half-equation.
Use your Data Booklet.

(iii) State the relationship between E,; and total entropy change, and how the
E=, value demonstrates that this reaction is thermodynamically feasible.

19
am NN 0 O
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(iv) Explain why, despite being thermodynamically feasible, the reaction does not
proceed in the absence of a catalyst.

(c) The reaction can be catalysed by addition of either iron(ll) or iron(lll) ions.

(i) Explain, using suitable equations, why the addition of either of these two ions
results in the reaction proceeding.
State symbols are not required.
(3)

0
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(i) Justify your answer to (c)(i) using your answer to (b)(ii) and the E< value for the
reduction of Fe(lll) to Fe(ll) given in your Data Booklet.

(Total for Question 22 = 15 marks)

TOTAL FOR SECTION B = 50 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

23 Extending the carbon chain is an important process in organic synthesis.
A few procedures can be used to extend the carbon chain when starting with
halogenoalkanes. For example, iodomethane can be converted into ethanoic acid
either via a nitrile, or by using a Grignard reagent, or by the reaction with water and
carbon monoxide with a transition metal catalyst.

(a) lodomethane reacts to form ethanenitrile.

(i) State the reagent and condition for this reaction.

(i) Ethanenitrile is hydrolysed to ethanoic acid by reaction with hydrochloric acid.

Write the equation for this reaction.

(iii) Ethanenitrile can also be hydrolysed using aqueous alkali, but an acid then
needs to be added to form ethanoic acid.

State why the acid is needed.

(b) lodomethane can be converted into ethanoic acid via a Grignard reagent.

(i) Write the equation for the formation of this Grignard reagent.
Include the conditions required.

(i) Give the name of the reagent that would react with the Grignard reagent to
form ethanoic acid.

23
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(c) The steps show how a rhodium complex ion is thought to catalyse the production
of ethanoic acid from excess methanol via iodomethane.

Step 1 CHs,OH + HI —» CHiI + H,0

Step 2 [Rh(CO),L,]" + CHsI — [Rh(CO),I;CHs]

Step 3 [Rh(CO),I;CHsI” — [Rh(CO)I;(COCH;)I
Step 4 [Rh(CO)I3(COCH;)]” + CO — [Rh(CO),I5(COCH;)I
Step 5 [Rh(CO),I5(COCH;)]” — [Rh(CO),I,]" + CH;COI
Step 6 CH;COI + H,0 — CH;COOH + HI

The rate equation for this reaction is shown.
rate = k[[Rh(CO),L1'1[HI]

The [Rh(CO),l,]" ion used as the catalyst is the cis-isomer of a
square planar complex.

(i) State how the series of steps demonstrates that [Rh(CO),I,]” acts as a catalyst.

(i) Deduce the oxidation state of rhodium in [Rh(CO),I,]".
Justify your answer.
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(iii) Complete the table with two diagrams and two coordination numbers.
Show the three-dimensional structure of the two rhodium complex ions.
(4)
Complex ion Diagram Coordination number
[Rh(CO),L,I"
[Rh(CO),I;CH;]™ 6
ﬁj 0
: |
Rh(COL(COCH) | | T ‘\R|h<cco\CH3
(iv) State the overall order of this reaction.
. (1)
|
(v) The rate-determining step for this reaction is Step 2.
Explain why the rate equation means that Step 2 could be the
rate-determining step.
(2)
1N )
25 —
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(vi) Explain how the proposed mechanism shows that the reaction is zero order
with respect to carbon monoxide and methanol, using your answers to both
(c)(iv) and (c)(v).

Steps 1 to 6 of the proposed mechanism have been replicated for
your convenience.

Step 1
Step 2
Step 3
Step 4
Step 5
Step 6

CH;OH + HI — CH;I + H,0
[Rh(CO),L,I" + CHi;I — [Rh(CO),I;CH;]
[Rh(CO),I5CH;I” — [Rh(CO)I3(COCH;)I
[Rh(CO)I5(COCH:)I” + CO — [Rh(CO),I5(COCH;)]
[Rh(CO),I5(COCH;)]” — [Rh(CO),I,]” + CH,COI
CH;COI + H,0 — CH;COOH + HI

26

(Total for Question 23 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER =90 MARKS
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