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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.

When an alkene is added to a solution of potassium manganate(VIl),
the purple solution turns colourless.

In terms of electron transfer and oxidation number, how does the manganese change
in this reaction?

Electron transfer Oxidation number

] A gains electrons increases
1 B gains electrons decreases
b c loses electrons increases
0 D loses electrons decreases

(Total for Question 1 = 1 mark)
The standard hydrogen electrode uses an electrode of platinum coated in a
finely divided form of the metal called platinum black.
What is the purpose of this coating?

[J A toincrease the rate of the equilibrium between the hydrogen gas and the
hydrogen ions

L]
w

to provide an inert protective coating for the electrode

|
N

to increase the electrical conductivity of the electrode

[l D toensure thatthe conditions remain standard

(Total for Question 2 = 1 mark)
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3 An electrochemical cell is set up to measure ES, for the reaction
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S Fe(s) + Sn**(aq) — Fe?*(aq) + Sn(s)
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(@) What is the cell diagram for this cell?
(1)

Fe(s) | Fe**(aq) || Sn(s) | Sn**(aq)

O 0O O

A

B Fe*(aq) | Fe(s) || Sn**(aq) | Sn(s)
C Fe(s) | Fe**(aq) || Sn**(aq) | Sn(s)
[ D Fe*(aq)|Fe(s) || Sn(s) | Sn**(aq)
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(b) The standard electrode potential for the Fe / Fe?* electrode system is —0.44 V and
ES, for the reaction is +0.30 V.
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What is the standard electrode potential for the Sn / Sn* electrode system?
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< 0 A -074V
; 1 B -0.14V
] C +0.14V
] D +0.74V

(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 Hydrogen-oxygen fuel cells can operate in acidic or alkaline conditions.

What is the reaction at the anode in an alkaline hydrogen-oxygen fuel cell?

N

A
B
C
D

0,(g9) + 2H,0(l) + 4e- — 40H(aq)
40H(aq) — 0,(9) + 2H,0(l) + 4e~
2H,0(l) + 2e~ — H,(g) + 20H(aq)
H,(g) + 20H-(aq) — 2H,0(l) + 2e~

(Total for Question 4 = 1 mark)

5 Which of these has the greatest number of unpaired electrons in each of its atoms?

O

(5 O O

A

B
C
D

chromium
iron
manganese

vanadium

(Total for Question 5 = 1 mark)

6 Nickel is classified as a transition metal. This is because nickel

(|
(|
(|
(|

O N W

is a d block element
has partially filled d orbitals
forms stable ions with partially filled d orbitals

forms stable compounds in which it has different oxidation states

(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 Platinum forms a complex with the formula Pt(NH,),Cl, and chromium forms
a complex with the formula CrCl,.
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(@) What are the shapes of these complexes?
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LETED

S [ A both complexes are square planar

%%"g?f [1 B both complexes are tetrahedral

B [0 € Pt(NH,).Cl, is tetrahedral and CrCl, is square planar
[0 D Pt(NH,).Cl, is square planar and CrCl, is tetrahedral

(b) What is the bonding between the ligands and the central atom in
these complexes?

the bonding in both complexes is ionic

the bonding in both complexes is dative covalent
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C the bonding in Pt(NH;),Cl, is dative covalent and in CrCl, is ionic
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the bonding in Pt(NH;),Cl, is ionic and in CrCl, is dative covalent
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(Total for Question 7 = 2 marks)

8 Cobalt chloride is used as a test for the presence of water.
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This test depends on the fact that
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2
) 38
oo
K

X

A
R
et

<

<X
Pe9a)
@

S
QXL

anhydrous cobalt(ll) chloride is pink and hydrated cobalt(ll) chloride is blue
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[J € cobalt(ll) chloride is blue and cobalt(lll) chloride is pink
0 D

cobalt(ll) chloride is pink and cobalt(lll) chloride is blue
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9

lodide ions are oxidised by peroxodisulfate ions in aqueous solution.

21" + 5,02 — 1, + 2502

This reaction is catalysed by adding Fe**ions to the solution.

This catalysis is effective because

N

(|
(|
(|

A

B
C
D

Fe’* reacts with iodide ions and with peroxodisulfate ions
Fe’* has many electrons in its outermost subshells
Fe’* has many active sites on which the reaction can occur

Fe’* is readily oxidised to Fe** which is then reduced to Fe**

(Total for Question 9 = 1 mark)

10 The delocalised electrons in benzene result from the overlap of

11

N

(|
(|
(|

A

B
C
D

s orbitals to form o bonds
s orbitals to form m bonds
p orbitals to form o bonds

p orbitals to form 1 bonds

(Total for Question 10 = 1 mark)

The reaction of ethene with bromine occurs under normal laboratory conditions but
the reaction of benzene with bromine to form bromobenzene requires heat and the
presence of a catalyst.

The best explanation for the difference in reactivity is that the delocalised electrons

in benzene

] A repel electrophiles

[J B resultin akinetic barrier to intermediate formation

[J € resultin benzene having an endothermic enthalpy of formation

[J D make benzene thermodynamically stable with respect to the formation of

bromobenzene

(Total for Question 11 = 1 mark)
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12 What is the name of the compound shown?

NH

1-methylpropanamide

3-methylpropanamide

2-methylbutanamide
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3-methylbutanamide
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(Total for Question 12 = 1 mark)
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13 Separate 0.1 mol dm~ aqueous solutions of ammonia, butylamine and phenylamine
were prepared.

Which of the following sequences shows the solutions in order of increasing pH?

butylamine, phenylamine, ammonia

ammonia, butylamine, phenylamine
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(Total for Question 13 = 1 mark)
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14 The repeat unit of a polymer is shown.

What is the structure of the monomer?

0
O A
\)J\NH
0
o /\)1\
\ NH,

@)

/

NH

NH

(Total for Question 14 = 1 mark)
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15 The repeat unit of a polymer is shown.

|Cl)HOH

H H H

I O O

—C—C—C—N—lc—(li —T—
| H H H

CH,

This polymer could be
[J A both a polypeptide and a polyamide

neither a polypeptide nor a polyamide
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(Total for Question 15 = 1 mark)
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16 The structure of a hydrocarbon is shown.
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How many peaks will there be in the '*C NMR spectrum of this compound?
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(Total for Question 16 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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17 When a sample of a hydrocarbon is burned completely in oxygen,
2.64 g of carbon dioxide and 0.81 g of water are formed.

Which of these could be the molecular formula of the hydrocarbon?

C2H3
C4H3
C4H6

O N w >

C12H9

(Total for Question 17 = 1 mark)

18 Benzenecarboxylic acid may be produced from benzene in a two-step synthesis.

0 OH
Step 1 Step 2
Yield 45% Yield 60%
benzene methylbenzene benzenecarboxylic acid
M, =78 M, =92 M, =122

8.24 g of benzenecarboxylic acid was formed in this synthesis.

What mass of benzene was used?

[0 A 348g
[J] B 527g
0 € 1951¢g
[0 D 3052¢g
(Total for Question 18 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
10
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SECTION B S8
Answer ALL the questions. Write your answers in the spaces provided.

19 The diagram summarises some reactions of copper compounds.

Kl(a H,S04(a
(@q) copper(l) iodide 2504(aq)

CuSO4(aq) P (pink solid)  + Q (blue solution)
e 8

NHs(aq) NHs(aq)

NHs(aq) =
R (pale bluesolid) —— —+~ T (dark blue solution) V (colourless solution) SR
KK
B

QLUK
heat et

vigorous shaking K

‘ . HNOs(aq) . ggggg
S (black solid) W (blue solution) BB
SRS

(a) Identify, by name (including the oxidation state) or formula, the species in the
sequence that contain copper.

(7)
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(b) Tand V are the same type of chemical species. 8

(i) Name this type of chemical species. SR

12

p 6 7 81 9 A 01 2 2 8



SatNessseteet

RIS

0%
KRHOKARAAXARAAXARAA S

<

<
505%

%%

%
5
2K
L

o%
%

KRR

<

%
%
X3

XK

55

%

=1 »:o
o
LR

SIS,
(994
RS

K
X
5
f
RRLRKLLS

<
5
2o
4“;?

T

&
b

oo

s
poseds

CERRLS
LXK
CRRLK

9%

RIS
X
(OO0 000
XEERERR,
QKRR
ZRRRKKS

o
20X

5
3
KKK

g0

Sololele!
doSeledes
ZRRRRLRKL

RHK
ORI

LRI
RIS
LRLRLLHRLRALS

S

<
<

S
%%
o

S

XX
£

<

%
550

o0

3

S

<
<

9%

o
&
o

S

55

K3
0%
2R

020!

9%
<X

o0

X
&

S

<

ORISR
RREGREILSBILSEL
TN

SERRHIXRKAL.

9%

5

X

050,

o

5

%

(ii) Explain why T is coloured while V is colourless.
A detailed explanation of the fact that T is coloured is not required.

(i

i) Suggest an explanation for the change of V into T on shaking.

(c) The reaction between copper(l) iodide and sulfuric acid is a disproportionation.

(i) Write the ionic equation for this disproportionation reaction.
State symbols are not required.
(1)

(i) Show that the reaction in (c)(i) is thermodynamically feasible.
Use the standard electrode potentials of the relevant half-cells
from the Data Booklet.
(2)

\. J
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(d) The rare mineral mitscherlichite has the chemical formula K,CuCl,+nH,0.

4.26 g of mitscherlichite was dissolved in distilled water and the solution made up
to 250.0 cm?®. Excess potassium iodide solution was added to a 25.0 cm? portion
of this solution and the iodine formed was titrated against a solution of

sodium thiosulfate with a concentration of 0.0500 mol dm=3.

This procedure was repeated until concordant results were obtained.
The mean accurate titre was 26.65 cm?.

The equations for the reactions are
2Cu> +41- — 2Cul + 1,
25,02 + 1, — 5,02 + 2I-

Calculate the value of n, the number of moles of water of crystallisation per mole
of mitscherlichite.
(6)

(Total for Question 19 = 22 marks)
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20 Ketones are useful starting compounds in organic synthesis.

This question is about butanone.

0]

C CH
e e

butanone

(@) The mass spectrum of butanone has significant peaks at m/z =43 and
atm/z=>57.

(i) Give the structures of the species responsible for these two peaks.

) Give the structure of one other species that you would expect to produce

a peak at a different m/z value in the mass spectrum of butanone.

(2)

(1)
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(b) Devise a reaction scheme to prepare propan-1-ol from butanone, using no more
than four steps.

Identify the reagents and essential conditions for each step and give the name or
structure of each of the intermediate compounds.

(4)
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(c) Devise a reaction scheme to prepare 2-methylbut-2-ene from butanone, using no
more than four steps.

Identify the reagents and essential conditions for each step and give the name or
structure of each of the intermediate compounds.
(5)

(Total for Question 20 = 12 marks)
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21 Ayellow crystalline solid E dissolved in distilled water to give a yellow solution.
Addition of dilute sulfuric acid to this solution produced an orange solution F.
Warming F with ethanol resulted in a green solution G, and the formation of ethanal.

A standard cell was set up using solutions of F and G for the right-hand electrode and
ethanol and ethanal for the left-hand electrode.
ES, was found to be +1.94 V.

CH,CHO(aq) + 2H*(aq) + 2e"= C,H,OH(aq) E®=-0.61V

(@) Deduce the formulae of the ions responsible for the colours of F and G, using the
standard electrode potential and E€given, and the values in the Data Booklet.

(b) Write the overall equation for the reaction in the cell.
State symbols are not required.

(c) Write the ionic equation for the reaction of the aqueous solution of E
with dilute sulfuric acid. State symbols are not required.

(Total for Question 21 = 5 marks)
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22 Using excess oxygen, 25 cm? of a gaseous hydrocarbon C,H, was burned completely.

After cooling to room temperature the total gas volume was measured and found to
be 75 cm? less than the total gas volume before the mixture was ignited.

When the product gases were shaken with potassium hydroxide solution, the total
gas volume decreased by a further 100 cm’.
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A general equation for the combustion of a hydrocarbon is

CGHy + X+% 0 —» xCO2 + % H.O

(a) Determine the molecular formula of C,H,. You must show your working.
(3)
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(b) When C,H, was added to a little bromine water and the mixture shaken, the
bromine water remained yellow.
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(Total for Question 22 = 5 marks)
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( )

*23 Compare and contrast the mechanism of the action of platinum as a catalyst in the
removal of pollutants from car engine exhaust fumes with that of vanadium(V) oxide
as a catalyst in the Contact Process for the manufacture of sulfuric acid.

General definitions of catalysts are not required.
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.
Coffee Chemistry

24 There are over a thousand chemical compounds in coffee and their physiological
effects are the subject of considerable speculation and research. The verdict on coffee
is contradictory: some of the compounds have been identified as toxic and even
carcinogenic but others are antioxidants associated with cancer prevention. Recent
research has identified compounds in coffee that might be used in the treatment of
prostate cancer.

By far the best known compound in coffee is caffeine, the most widely consumed
psychoactive drug in the world. In small amounts it is a stimulant but doses in excess
of 10 g per day are toxic. Caffeine contains amide and amine groups.

\N /”j:N/
|
O/\\T N

caffeine

O

Chlorogenic acid is responsible for the acidic taste of coffee. It is an antioxidant and
has also been shown to slightly decrease blood pressure.

OH
HO
NN
0
(0]
=
HO o
OH
OH
OH chlorogenic acid

Caffeic acid, quinic acid and acetoin are also present in coffee.
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(@) Another way of drawing the structure of caffeine is shown.
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(i) The bonding represented by this diagram of caffeine differs from that given in
the passage.
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Explain what this diagram indicates about the bonding in caffeine, stating the
effect on the structure of caffeine.
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(i) Suggest why caffeine is a much weaker base than a primary amine such as
ethylamine, even though the right-hand ring has two amine groups.
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(b) A 200 cm? cup of coffee contains approximately 85 mg of caffeine.

(i) Calculate the concentration, in mol dm=3, of caffeine in this cup of coffee.
Give your answer to an appropriate number of significant figures.

(4)
(ii) The removal of caffeine from the body is a first order reaction with a half-life
of between three and seven hours for an adult.
An adult drinks coffee containing a total of 160 mg of caffeine.
Calculate to the nearest hour the minimum time needed for the amount of
caffeine in their body to drop to 20 mg.
(2)
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() Chlorogenic acid is an ester of caffeic acid, a compound that is present in all plants.

O]

HO =

OH

OH caffeic acid

(i) A student suggested that caffeic acid could be synthesised by an electrophilic
substitution of 1,2-dihydroxybenzene.

Draw the mechanism of this electrophilic substitution, including the formation
of a suitable electrophile.
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(ii

) Deduce the structure of quinic acid which combines with caffeic acid to form
chlorogenic acid.

HO =

OH

OH caffeic acid

HO %

HO \o

OH
OH

OH chlorogenic acid

(1)

quinic acid
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(d) The structure of acetoin is shown with one of the proton environments labelled.
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(i) Identify the other proton environments of acetoin on the structure and label
them B, C etc.

(1)

(ii) Complete the table to show the splitting pattern in the high resolution
proton NMR spectrum of acetoin.

%
R
SRS
SIS
25

'S
S5

N
S
O000%0,
KL
SR
ERRRE

%% %
CREARRK
@}’0

(2)

RS
5
2R

0
R
S
J0S
RRRRSKE

<
Jote
GRS
0%l

0>
S
bose%s
KK
fogevesstes
0%

S

Proton environment Splitting pattern

A

<
RS
és

o
XXX AIN
CEXRKEERLAINRESS
SIKRKILRRLRRS

%
jo%
X X
X
35
&5

<
255
9594
ST
ot
XK

09
o
%

2K
X8

o0
o)

5

ol

o
< (Total for Question 24 = 20 marks)

6%
CRKLS
S
255
R

<
KK
XS
Ra0SeS
3095585
$0%05e
ot

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

%
95
S5
5
00

XS

KRR
RRK
K
2L
X

06
botelel
'+ %%

EA
RS

X
35
03
ot
boses
5505

SRR

SRR
pdeSototedotetetes

ORARKARIRAR AR AR

5
5%
2
53
<

%
0%
o%
X2
0%
%
b

p 6 7 81 9 A 0 2 7 2 8



28

P 6 7 81 9 A 0 2 8 2 8

LSRR
KRS,
KRS

IR
5%

X QQT; :
oY%
205

oSS

2K
SRS
SIS
e
SSERES
S
b2,

f”
Sl S
B
SIS

B3
Pk

¢
X
45
%dﬁ? i
ova
QO0RRIIEKIIREIKIKKK,

S
Botesode!

Posore
<

OSSavi,
SOTAYA %)
ITEES

%9,

SER
SRS

XK
S8
]
-
S

O
8

o
5

P
‘d
55

R
=
A
5

SRR
(90950509
o



