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SECTIONA
Answer ALL questions. Write your answers in the spaces provided.
You should aim to spend no more than 20 minutes on this section.

Some questions must be answered with a cross in a box X. If you change your mind about an
answer, put a line through the box $< and then mark your new answer with a cross [X.

1 What colour is vanadium(lll) in aqueous solution?

[J A blue
[J B green
[ C purple
[ D yellow

(Total for Question 1 = 1 mark)

2 An oxide of vanadium is the catalyst in one step of the contact process for the

manufacture of sulfuric acid.

Which reaction involves the vanadium oxide catalyst and how does the oxidation
number of vanadium change during the process?

Oxidation number

Reaction changes for vanadium
LI A S+ 0,— S0, 45— 44 — 45
1 B SO, — SO; +4 — +5 — +4
LI ¢ SO, — SO; +5 — +4 — 45
] D SO; + H,0 — H,S0, +4 — +5 — +4

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 An equation for the reaction of FeSO,with KMnO, is shown.

2KMnO, + 10FeSO, + 8H,S0, — K,SO, + 2MnSO, + 5Fe,(SO,); + 8H,0

(@) Which shows the changes in the oxidation states for iron and manganese?

O 0O oo

Iron Manganese
A I— i Vil > I
B I— i Vil > IV
C —1 II— Vil
D —1 n— v

A 25.00 cm’ sample of FeSO, dissolved in acid required 22.50 cm’ of
0.100 mol dm™ KMnO, for complete reaction.

What is the concentration of the FeSO,solution?

O

L]
L]
L]

0.011moldm™
0.100moldm™

0.450moldm™

O n w >

0.900 moldm™

(Total for Question 3 = 2 marks)

4 The emf, EZ, of the cell made up of the copper and magnesium half-cells is
measured under standard conditions.

The voltmeter used has a measurement uncertainty of 0.50%.

What is the highest emf that could be measured in this experiment?

Use your Data Booklet.

N

0
0
0

BLEm

A 270V
B 272V
C 274V
D 285V

(Total for Question 4 = 1 mark)

NN OO 0 3
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5 Which is the diagram for the cell made up of the nickel and zinc half-cells that gives a
positive value for Eg,?

Use your Data Booklet.

Zn(s) | Zn**(aq) || Ni**(aq) | Ni(s
Zn**(aq) | Zn(s) || Ni(s) | Ni**(aq

)
)
Ni(s) | Ni**(aq) || Zn**(aq) | Zn(s)
)

o N W >

Ni**(aq) | Ni(s) || Zn(s) | Zn**(aq

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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&
3\;; 6 Which graph shows the relationship between Eg, plotted on the x-axis and AS,, on
&z the y-axis for any electrochemical system?
0 A
] B
\ /
\ /
D C Ty o
VP
A
0 D "
/'
(Total for Question 6 = 1 mark)
J
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7 Which type of data is not used as evidence for the structure or stability of the

benzene ring?

8 The formation of nitrobenzene requires benzene and concentrated nitric and

o N W >

infrared spectroscopy

mass spectrometry

thermochemical

X-ray diffraction

sulfuric acids.

(Total for Question 7 = 1 mark)

Which is an equation for the reaction to form the electrophile?

N

(|
(|
(|

A

B
C
D

HNO;
HNO;
HNO,
HNO;

+

+

+

+

H,S0, —» NO: + SO%¥ + H,0'
2H,SO, — NO! + 2HSO, + H,O*
2H,SO, + H,0 — NOj + 2HSO, + 5H"

3H,S0, + OH" — NO, + 3HSO; + H;O" + H,0

(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 Phenol reacts with bromine to form 2,4,6-tribromophenol.

CHsOH + 3Br, —» CH,Br;OH + 3HBr

[M, values: CH;:OH=94.0 Br,=159.8 C¢H,Br;OH=330.7 HBr=280.9]

(@) What is the percentage atom economy (by mass) for the formation of
2,4,6-tribromophenol?

O

L]
L]
L]

42.3%
57.7%

69.0%

O n w >

100%

(b) When 5.00g of phenol was reacted and purified, the percentage yield of
2,4,6-tribromophenol was 76.8%.

What mass of purified 2,4,6-tribromophenol was formed?

O

L]
L]
L]

A 384g
B 1359
C 1769
D 229g

(Total for Question 9 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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10 Aspartic acid is a naturally-occurring amino acid.

(@) Which form of aspartic acid is formed at pH 12?
(1)

o NH H o
N |

0 A C—C—C—C
7 |

H H OH

SHLNI3LMMIONO

|
v ]
|
I
]
@)
XX XK IORRXARIRIRARARARARAR R AARAR AR

(b) Glutamine is shown.

NH,

ESTHLNE LM AON OG-
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BLEm

(i) Which is a correct structure when aspartic acid forms a dipeptide
with glutamine?

HN H O O H H H OH
O I 11 [
C—C—C—C_ C—C—C—C—C
g a |1 N I o
OH H H | H H HN
H
HO. o
N 7
H CC H H NH,
T N N N
e L Yo
U8B, 7 7 N H H H
© NH, H O
HHO O H H H OH
O | I o
C—C—C—C, ,CC—C—C—C
- I N I 0
C OHH H | H HHN
4
HO
N
R
H H
" 1 ] N—c—c—c—c
C—C—C—C LN
0 D 0

[ I
O HHN O

(ii) What is the maximum number of chiral centres in the dipeptides in (b)(i)?

0 AO
L1 B 1
[ I
1 D 3

(Total for Question 10 = 3 marks)
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11 A student prepared a sample of aspirin. The equation for the reaction is shown.

COOH COOH
OH O 0 CH,
H3C %
+ O ——
H,C & o
0]

2-hydroxybenzoic ethanoic aspirin
acid anhydride

The aspirin was recrystallised using an ethanol-water mixture as the solvent.

The student determined its melting temperature using the apparatus shown.

clamp

rubber band
thermometer
sample in capillary tube

beaker

The student’s sample melted over a range of 8 degrees starting at 125°C.
The published melting temperature of pure aspirin is 135 °C.

(@) Which is a suitable liquid to go in the beaker?

deionised water
ethanol

hexane

O O 0O O
O N w >

mineral oil

(b) Which is likely to be the main impurity in the sample of aspirin?

[] A ethanoicacid
[ B ethanoic anhydride

[J € ethanol

[ D 2-hydroxybenzoic acid

(Total for Question 11 = 2 marks)

p 7 5 7 8 2 A 06 1 0 3 6

0
+ H3C %
OH

ethanoic

acid
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12 Grignard reagents are very useful for increasing the length of the carbon chain of

organic compounds.

(@) Which metal is involved in the formation of a Grignard reagent?

(b) What best describes the role of a Grignard reagent in increasing the length of a

O 0O oo

A
B
C
D

chromium
copper
magnesium

manganese

carbon chain?

O

L]
L]
L]

A
B
C
D

reducing agent
oxidising agent
nucleophile

electrophile

(Total for Question 12 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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13 Propanoyl chloride and N-methylpropylamine react to form an amide and

el

hydrogen chloride. %
u/\

The structures of the reactants are shown. o
;:~5‘:§:/-\

HH 4 HHH 32

Yz Y e

H—C—C—C H—C—C—C—N H S

TN [T NS =

H H H H H RN S

GRKAAS
XX

K
KX

(a) What is the structure of the amide formed?
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4 A
(b) If 64.3 g of the amide is produced, what volume of HCl is formed at
room temperature and pressure (r.t.p.)?
Assume the stoichiometry is 1:1.
1 mole of gas occupies 24.0dm’ at r.t.p.
(1)
O A 120dm’
0 B 122dm’
0 ¢ 23.9dm’
0 D 120dm’
(Total for Question 13 = 2 marks)
TOTAL FOR SECTION A = 20 MARKS
J
13
e T R 0 Turn over »



SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
14 This question is about cell reactions involving chromium.
Use your Data Booklet when answering this question.

(@) (i) Name the type of the forward reaction that is shown in the right-hand
electrode systems in the Data Booklet.

(ii) Name the series formed when the right-hand electrode systems are placed in
order, most negative first.

(b) A student set up the following apparatus to measure the standard electrode
potential for right-hand electrode system 8 in your Data Booklet.

hydrogen gas ——>

O
X
platinum electrode
Y
Tmoldm™

hydrochloric acid salt bridge

containing aqueous
potassium nitrate

(i) Identify Xand Y.

(i) Give two reasons why the initial reading on the voltmeter may differ from the
stated value given in the Data Booklet.

p 7 5 7 8 2 A 06 1 4 3 6
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(iii) The voltmeter is removed and the cell is allowed to run for one hour.

Explain the changes that would occur in the right-hand half-cell during
this time.

(c) (i) Explain, by calculating Eg, values, why Fe(ll) is used to reduce Cr(VI) to Cr(lll)
but zinc is used to reduce Cr(VI) to Cr(Il).

Numbers chosen of the right-hand electrode systems from the Data Booklet

(Total for Question 14 = 13 marks)

15
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15 2,6-dichlorophenol is used for communication between ticks, small parasites that can
infect animals including humans.

OH
Cl Ccl

2,6-dichlorophenol

The compound can be synthesised in the laboratory from phenol.

4-phenolsulfonic acid is formed in Reaction A. This is then chlorinated.
Hydrolysis of intermediate compound B removes the sulfonic acid group.

The reaction scheme is shown.

phenol ——  4-phenolsulfonic ——— Intermediate ——

2,6-

Reaction acid Cl, B Hydrolysis  dichlorophenol

A C.H0,S

(@) (i) The sulfonation of phenol is similar to the sulfonation of benzene.
Suggest the reagent(s) required for Reaction A.

(ii) Deduce the structure of intermediate compound B.

p 7 5 7 8 2 A 06 1 6 3 6

ELEOm

Y3dY SIHLNEILIHM 1ON Od V3HY SIHLENEILIHM 1ON Od

Y3HY SIHL NI ILIEM 1ON Od



DONOTWRITE IN THIS AREA DO NOTWRITE INTHIS AREA

DO NOTWRITE INTHIS AREA

(iii) Explain why the reaction of chlorine with phenol occurs under milder
conditions than the reaction of chlorine with benzene.

(b) An alternative synthesis of 2,6-dichlorophenol starts with compound C.

OH

o” 0 >~

compound C

Compound C is chlorinated and hydrolysed and then the CO, group is removed
(decarboxylation) to form 2,6-dichlorophenol.

Other than phenol, name the functional group present in compound C.

(c) Identify three factors that organic chemists would take into account when
considering alternative methods for an organic synthesis.

17
o NN OO 0 OO
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(d) The mass spectrum of 2,6-dichlorophenol is shown.

100

80

60
Relative

intensity
40

20

0 el !II IIIIIIII i|I| ||||| D ||| | Ly

U U M L A S B
25 50 75 100 125 150

m/z

(i) Explain the relative intensities of the peaks at m/z values of 162, 164 and 166.

(i) Suggest why there is a corresponding set of peaks at m/z values of 163, 165
and 167.

(Total for Question 15 = 12 marks)
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16

Metal ions occur naturally in river water but near industrial plants the concentrations
can reach toxic levels. Wastewater from a stainless steel electropolishing plant
contains dangerous concentrations of transition metal ions as aqueous complexes.

Chemical precipitation can be used to remove these ions from the water.

(a) Complete the equation for the reaction of a laboratory reagent with aqueous
Fe’" ions to produce a precipitate.

Include state symbols in your answer.

[Fe(H,0)¢l**(aq) + -

(b) Sodium dimethyldithiocarbamate, (CH;),NCS;Na", can also be used to precipitate
metal ions from wastewater in acidic solutions.
A representation of the molecule bonding with a nickel ion is shown.

(i) Complete the table for the complex.

Charge on nickel ion
Type of ligand
Co-ordination number of the nickel ion

Shape of metal complex around the nickel ion

P 7 5 7 8 2 A 0 2 0 3 6
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(ii)

BLEm

Explain, using a balanced equation, why the formation of the
dimethyldithiocarbamate complex from an aqueous solution of nickel ions is
thermodynamically feasible.

State symbols are not required.

When a 5dm’ sample of wastewater was treated with
excess acidified sodium dimethyldithiocarbamate, 245.0 mg of the dry
precipitate H'[Ni((CH,),NCS,);]” was formed.

Calculate the concentration, in moldm™, of nickel ions in the sample.

[Molar mass of dimethyldithiocarbamate ion = 120.2gmol™']

(Total for Question 16 = 10 marks)
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17 Phenylglycine is an amino acid which can be synthesised from benzene.

HO 0]
H
s
H N
N
H
phenylglycine

(@) The first step of the synthesis is the formation of methylbenzene, from benzene
and chloromethane.

Draw the mechanism of this reaction.

Equations for the formation of the electrophile and regeneration of the catalyst
are shown.

CHsCl + ALCL; — CH3 + ALCL,
AlCl, + H" — ALCL; + HCL

(3)

oo

KKK K KA KA A

"2 20%%
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(b) One of the steps in the synthesis is shown.

/ N\

CN™/H*

Explain, with reference to the mechanism, why this step in the reaction sequence
will not produce a single isomer.

J

23
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(c) The final step in the synthesis is shown.

N

I ]
/
H N H N
\
H

HO 0]

State the type of reaction, and the reagent(s) and conditions required.
(3)

Type

(Total for Question 17 = 9 marks)
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*18 Fuel cells are an alternative to internal combustion engines and batteries for
powering vehicles.

A schematic diagram of a fuel cell is shown.

motor

wmioNod

X

T
|
|
v

ISR

OO
XK

z
2

fuel ——» <«—— air

anode electrolyte cathode

Explain how a fuel cell works, discussing their advantages and disadvantages.
Use the acidic hydrogen—oxygen fuel cell as an example.

Include, in your answer, half-equations for the electrode reactions and an example of e
another fuel suitable for use in fuel cells. @.

E< values and E; values are not required.

26
NN KOO D acom
P 7 5 7 8 2 A 0 2 6 3 6



_ DONOTWRITEINTHISAREA

_DONOTWRITEINTHISAREA

ORRIRARHRARAARARARK

XX

XX

XX
XX

AN

(Total for Question 18 = 6 marks)

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

In recent years, there have been health and safety concerns over “liquitabs”. These are
capsules which contain concentrated liquid detergents.

The soluble packaging breaks down upon contact with water during a laundry cycle
to release the detergent.

Some liquitabs are small and colourful, which makes them attractive to young
children who may be tempted to put them in their mouth or play with them. When
moist, liquitabs can burst in a child’s hand, potentially irritating the eyes and skin.
They can also dissolve quickly and may burst in a child’s mouth in a very short period
of time. This allows the contents to escape quickly and if swallowed can cause severe
breathing difficulties.

(a) Identify the hazard symbol(s) that should be displayed on a box of liquitabs,
using ticks (v).

® OO ®

(b) The capsule containing the detergent is often made from poly(ethenol) and
its derivatives.

(i) Draw the structure of poly(ethenol), showing three repeat units.
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(i) Use your structure from 19(b)(i) to calculate the percentage of hydroxyl
groups by mass in the polymer.

(iii) Explain why poly(ethenol) is soluble in water using your answers from 19(b)(i)
and (ii).

glycerol

(i) Give the IUPAC name for this molecule.

29
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(ii) Suggest one way that the properties of poly(ethenol) will be improved by the
use of glycerol, apart from any effect on solubility.

=

X

10NO

ot

RRKKS

R

SRRRRKS

I IS
%

(iii) Glycerol is added to the polymer at 0.110%, by volume.

VAUV SIHLINIILM

5838

Calculate the number of moles of glycerol added to 1 tonne of poly(ethenol).

K
K
R

Data: 1tonne =1000kg

3R
\.\\ﬁj .
&
%%
e
Loo%,

SOOCK
Foteled R 00
XXKA X

density of glycerol: 1.26gcm™

density of poly(ethenol): 1.19g cm™
(4)

3
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(d) Poly(ethenol) is made from a polymer intermediate, rather than by
polymerisation, as ethenol is unstable.

The polymer intermediate is prepared from a monomer, X.
When 1 mol of X is burned in excess oxygen, 95.6 dm® of carbon dioxide (at r.t.p.)
and 54.1 g of water are formed.

The infrared spectrum for the monomer is shown.

oy

Transmittance |
/%

100

0 rrrr r o rrr o+t T T T [ T T T T ]
4000 3000 2000 1500 1000

Wavenumber / cm™

Use the information to deduce the displayed structure of the monomer of the
polymer intermediate.

You must show your working and quote the relevant wavenumber ranges from
your Data Booklet.

31
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(e) Some hospitals use poly(ethenol) laundry bags instead of reusable, washable
polyester or nylon bags.

State two advantages of using soluble poly(ethenol) laundry bags.

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