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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.

SECTIONA
Answer ALL the questions in this section.

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

1 An ester has the structure shown.

\AWOM\

O

Which pair of reactants would form this ester, under suitable conditions?

o N w >

butanoic acid and propan-2-ol
butanoyl chloride and propan-1-ol
propanoic acid and butan-1-ol
propanoyl chloride and butan-2-ol

(Total for Question 1 = 1 mark)

2  Which compound will have the highest boiling temperature?

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

— ]
— ]
— ]
— ]
— ]
— ]
— ]
— ]
— 2

A

B
C
D

CH;CH,CH,CH,CH;
CH;CH,CH,CHO
CH;COCH,CH;
CH;CH,COOH

(Total for Question 2 = 1 mark)
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3 The steroid nandrolone has the structure shown.

OH

)

(@) How many chiral centres are present in nandrolone?

UNE.

O

L]
L]
L]

Nandrolone is broken down in the body into the compound shown.

What reactions have taken place to form the new bonds at position 1 and

O n w >

Six
seven
eight

nine

position 27

Position 1
L] A reduction
[l B reduction
] ¢ oxidation
[ D oxidation

)

position 2

position 1

Position 2
substitution
addition
substitution

addition

P 7 8 3 9 3 A 0 3 2 8
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(c) A sample containing 2 x 10°gcm™ of nandrolone was analysed using
gas chromatography. The chromatogram produced is shown.

Absorption

/\

T T T T T T T 1
01234586789

Retention time / min

A second sample containing 4 x 10° gcm™ of nandrolone was also analysed using
gas chromatography, under the same conditions.

Which is the chromatogram produced by this second sample?

Absorption - /\ Absorption -
I I I I I I I I I I I I I I I I I I
01234561789 012345617829
Retention time / min Retention time / min
Ll A ] B
Absorption - /\ Absorption -
I I I I I I I I I I I I I I I I I I
01234561789 012345617829

Retention time / min Retention time / min

0 ¢ B »)

(Total for Question 3 = 3 marks)
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4 A titration curve for the titration of an acid with a strong base is shown.

pH

Volume of base

What could be the formula of the acid?

HX
HX,

H,X

0 I N R
O N w »

H;X

(Total for Question 4 = 1 mark)

5 Ethanoic acid, CH;COOH, can react with a hydrogensulfite ion, HSOs.
Which is a correct acid conjugate-base pair for this reaction?
[K, for ethanoic acid = 1.7 x 10° moldm™

K, for hydrogensulfite ion = 6.2 x 10°moldm™]

Acid Conjugate-base
L] A HSO; SO;5
0 B HSO; H,S0;
] ¢ CH;COOH CHCO;
] D CH;COOH CH;COOH;

(Total for Question 5 = 1 mark)

5
= NN 0 0
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6 Which indicator can be used to show the end-point of a titration between

hydrochloric acid, HCl(ag), and ammonia solution, NHs(aq)?

A universal indicator
B phenolphthalein
C phenol red
D methyl orange
(Total for Question 6 = 1 mark)
Phenolphthalein is a very weak acid and it forms a colourless solution under
acidic conditions.
Sodium hydroxide is titrated against hydrochloric acid using phenolphthalein
indicator. At the end-point, the solution is pink because phenolphthalein
A accepts hydroxide ions and becomes a cation
B accepts hydroxide ions and becomes an anion
C donates hydrogen ions and becomes a cation
D donates hydrogen ions and becomes an anion

(Total for Question 7 = 1 mark)
The dissociation of water is an endothermic reaction.

H,O() = H'(aq) + OH(aq) AH: s positive

K, =1.0x10""mol’dm™®at 298K K, =2.92 x 10" mol*dm™ at 313K]

What is the best estimate of the pH of water at 313K?

] A 78
1 B 70
[J] C 68
[l D 58

(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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O

Magnesium nitrate decomposes on heating as shown.
Mg(NO;),(s) = MgO(s) + 2NO,(g) + %20,(g)
What is the expression for the equilibrium constant, K,,, for this reaction?

0 A K,=p(NO,)*p(0)"
00 B K,=p(NO) p(0))

2 Ya
0 ¢ Kp:P(MQO)P(NOz) p(O,)
p(Mg(NOs),)
p(MgO)* p(NO,)* p(O,)
] D K=
: p(Mg(NOs),)?

(Total for Question 9 = 1 mark)

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

7
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10 Which test can be used to distinguish between each of the pairs of
compounds shown?

(a)

O o oo O o oo

O o oo

O Nn W > O Nn W >

O N w >

0]

K

/\/\
OH and OH

warm each compound with Tollens’ reagent
add sodium carbonate solution to each compound
warm each compound with iodine under alkaline conditions

add phosphorus(V) chloride to each compound

/\/\OH and /ﬁ/

OH

warm each compound with Tollens’ reagent
add sodium carbonate solution to each compound
warm each compound with iodine under alkaline conditions

add phosphorus(V) chloride to each compound

/\{(\ nd \/\/O

0

warm each compound with Tollens’' reagent
add sodium carbonate solution to each compound
warm each compound with iodine under alkaline conditions

add phosphorus(V) chloride to each compound

(Total for Question 10 = 3 marks)
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11 Some thermodynamic information is shown for four reactions, W, X, Y and Z, at 298K.

Reaction AH TASsystem
negative and with a larger negative

negative value than TASem g
X negative positive

positive and with a smaller

Y positive positive value than AH

Z positive negative

Which of these reactions are feasible at 298 K?

Xonly
W and X only

Y only

0 I N R
O N ® »

W and Z only

(Total for Question 11 = 1 mark)

12 Which isomer has the most peaks in its >°C NMR spectrum?

¥y
DCM\

(Total for Question 12 = 1 mark)

= NN 0 0 O
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13 Ethanoyl chloride reacts with ammonia, forming ethanamide.
CH;COCl + NH; — CH;CONH, + HCl

The first step of the mechanism forms the intermediate shown.

0"
H3C—é —cl
H—l|\l+— H

y

Which diagram shows the movements of electron pairs when ethanamide forms from
this intermediate?

(]
O A |
H—N—H
q
H
il
H3C—C2Cl
1 B |
H—N—H
q
H
i
H,C—C —Cl
0 C |
H—l|\l+— H
H
O
U
He—c
[0 D |
H—N—H
q
H
(Total for Question 13 = 1 mark)
10
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14 The compound shown reacts with excess LiAlH,.

WO

OH

(a) What solvent is used in this reaction?

O 0O oo

A
B
C
D

ethanol
ether
ethyl ethanoate

water

(b) What is the organic product that forms?

15 Which monomer could form a condensation polymer without needing a second type

[l B /\/\/OH

(Total for Question 14 = 2 marks)

of monomer?

N

0
0
0

UNE.

A

B
C
D

H
H
H
H

O(CH,),OH
O(CH,),COCL
O(CH,),CH=CH,
O(CH,),CH,CL

(Total for Question 15 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

p 7 8 3 9 3 Ao 1 1 2 8
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SECTION B

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

16 An ester, X, with the molecular formula CgH,O,, has the structure shown.
(|)| Hz? —CH,
H,C—C—0 — f —CH,

H,C —CH,

(@) Deduce the name of the alcohol used to synthesise X in a reaction with
ethanoyl chloride.

(b) One of the proton environments in X is labelled ‘a’.

ﬁ H2(|:_CH3
H,C—C—0O —(|:—

HZC _ CH3

(i) Complete the labelling of this structure to show each of the other proton
environments in X, clearly linking any that are the same.

(ii) Describe three ways in which the high resolution 'H NMR spectrum can be
used to distinguish between the methyl groups in X, other than a.

p 7 8 3 9 3 A o0 1 2 2 8
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(c) Anisomer of X is a carboxylic acid with five peaks in its >C NMR spectrum.

Draw a possible skeletal structure for this carboxylic acid.

(d) The painkiller aspirin is also an ester, formed by the reaction of
2-hydroxybenzoic acid and ethanoic anhydride.

HO\C/O
)
@/ \ﬁ/
)
aspirin

Part of the mechanism for this reaction is shown.

H+

o) 0 Step 1 OH 0

N
H,C~ S0~  CH, H,C~ S0~ CH,

H
s CF T s o Mo o
: ep
C C +\C/ \C/ 3
HC™ 07 T T CH; | |
CH, O

(i) Add a single curly arrow to Step 1 and a single curly arrow to Step 2 to
complete this part of the mechanism.

(ii) State the role of the H" ion in the synthesis of aspirin.

(Total for Question 16 = 10 marks)

13
= NN 10 0 00 R 0
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17 This question is about acids containing sulfur.
(@) Sulfuric acid reacts with sodium hydroxide solution as shown.
H,SO,(ag) + 2NaOH(aq) — Na,SO,aq) + 2H,O(l)
Calculate the pH of the solution formed when 20.0 cm’ of sulfuric acid of

concentration = 0.0720 moldm™ is mixed with 80.0 cm® of sodium hydroxide
solution of concentration = 0.240 moldm™.

Give your answer to one decimal place.

K, =1.00x 10"*mol*dm™

(b) Sulfurous acid, H,SOs(aq), is a weak acid and dissociates as shown.

H,SOs;(ag) = HSOs(aq) + H'(aq)

It forms a buffer solution when mixed with sodium hydrogensulfite, NaHSO;.

(i) State what is meant by the term weak in this context.

p 7 8 3 9 3 A 0 1 4 2 8
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(i) State what is meant by the term buffer solution.

(iii) Calculate the mass of sodium hydrogensulfite that should be added

to 50.0 cm’® of 0.0480 moldm™ sulfurous acid solution to form a
buffer solution of pH = 2.18

[K, (H,SO5) = 1.54 x 10>moldm™  Relative formula mass of NaHSO; = 104.1]
(5)

(Total for Question 17 = 14 marks)

J
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18 This question is about carbonyl compounds such as ethanal, CH;CHO.

(a) Ethanal reacts with the weak acid hydrogen cyanide to form a racemic mixture
of hydroxynitriles.

CH;CHO + HCN — CH;CH(OH)CN

A small amount of sodium hydroxide solution, NaOH(aq), is also added to the
reaction mixture.

(i) Complete the mechanism for the reaction.
Include curly arrows, the structure of the intermediate, and any relevant
lone pairs and dipoles.

slow

CN- . .
intermediate

fast

OH
He. | N

\C/

(i) Explain why a small amount of sodium hydroxide solution is added to the
reaction mixture, by considering the nature of the attacking species in the
slow step.

p 7 8 3 9 3 A 0 1 6 2 8
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X \

<
28}

m\
<

P
g
P;
=
s
oy
z\
=
=

o
<
s
a:

(b) Deduce the rate equation for the reaction using the mechanism in (a)(i).

(1)
(c) Sketch a line on the axes to show how the concentration of ethanal affects the
rate of this reaction.
(1)
Rate / moldm™s
[CH,CHO] / mol dm™
Y,
VAP 00 00 0 O R .

ONEm p 1 DY IR TTR SRR TR A1 A IR T g Turn over »



*(d) Carbonyl compounds can be identified from their

2,4-dinitrophenylhydrazine derivatives.
Describe this process, including in your answer

« observations you would see in the formation of the
2,4-dinitrophenylhydrazine derivative

« anoutline of the steps used to separate and purify the derivative, giving the
purpose of each step

« how the derivative is used to identify the original carbonyl compound.

Detailed descriptions of practical techniques are not required.

p 7 8 3 9 3 A o0 1 8 2 8
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(Total for Question 18 = 14 marks)

J
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19 This question is about the hydrolysis of halogenoalkanes with hydroxide ions.

(@) The initial rates for the hydrolysis of 2-bromobutane, CH,CH,CHBrCH;, were

obtained for different initial concentrations of the reactants.

Both 2-bromobutane and the product formed in this reaction exist as pairs

of stereoisomers.

CH;CH,CHBrCH; + OH™ — CH;CH,CH(OH)CH; + Br

Initial concentration of | Initial concentration of

Experiment 2-bromobutane hydroxide ions
/moldm™ /moldm™
Experiment 1 0.150 0.150
Experiment 2 0.300 0.150
Experiment 3 0.450 0.300

All rates were determined at the same temperature.

(i) State what is meant by the term stereoisomer.

Initial rate of
reaction
/moldm™ s

0.027
0.054

0.162

(ii) Show that the data in the table are consistent with the Sy2 mechanism for this

hydrolysis of 2-bromobutane.

p 7 8 3 9 3 A 0 2 0 2 8
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(iii) In one experiment, a single stereoisomer of 2-bromobutane was hydrolysed.

Explain the stereochemistry of the product of this reaction.

J

21
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(b) 2-Bromo-2-methylbutane, (CH;),CBrCH,CH;, can also be hydrolysed with
hydroxide ions. The mechanism for the reaction is Sy1.

The reaction profile is shown.

Energy

Reactants

Products

Progress of reaction

Explain how all the features of this reaction profile are consistent with
an Sy1 mechanism.

(Total for Question 19 = 10 marks)

TOTAL FOR SECTION B =48 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.
20 This question is about Group 2 compounds.

(a) Barium carbonate, BaCO;, decomposes at high temperatures as shown.
BaCOs(s) — BaO(s) + CO,(q)

(i) Calculate the standard entropy change for the system, AS?ystem.

Standard molar entropy

Compound /1K mol”
BaCO; 112.1
BaO 70.4
CO, 2136

(ii) The lowest temperature at which barium carbonate, BaCO;,
decomposes is 712°C.

Use this information and your answer from (a)(i) to calculate the
standard enthalpy change of the reaction, in kJ mol™.
Give your answer to an appropriate number of significant figures.

23
= NN 1 0 00 R 0
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(b) Magnesium chloride, MgCl,(s), is used in the manufacture of tofu from soya milk.

An experiment was carried out to determine the enthalpy change of solution,
A H, of anhydrous magnesium chloride, MgCl,(s).

4.26 g of anhydrous magnesium chloride was added to 200 cm’ of

deionised water in a polystyrene cup. The mixture was stirred to ensure

all the solid dissolved to form a solution.

The temperature of the solution rose by 6.8°C.

Calculate the enthalpy change of solution, A;,H, of
anhydrous magnesium chloride, MgCl,(s).
Include a sign and units with your answer.

[Specific heat capacity of the solution =4.18Jg™' °C']

(c) The standard enthalpy change of solution, A,,H®, of anhydrous MgCl,(s), can also
be determined using a Hess Cycle.

(i) Complete the Hess Cycle shown by adding appropriate formulae,
with state symbols, to the empty boxes.

lattice energy

»
1

standard enthalpy standard enthalpy
changes of hydration change of solution

Mg*(aq) + 2Cl(aq)

[Lattice energy = —2526 kJmol™
Standard enthalpy change of hydration of magnesium ions = -1920kJmol™']
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(i) Calculate the standard enthalpy change of hydration of chloride ions,
Ahdee[Cl'(g)] , using the cycle and data in (c)(i) and your answer to (b).

[If you did not obtain a final answer to (b) use a value of =155 kJ mol™.
This is not the correct value.]

(d) The theoretical lattice energy for magnesium chloride, MgCl,(s),
is —2326 kJmol ™.

(i) Give two assumptions used in theoretical calculations of lattice energy.

25
= NN 0 0 00 R
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(i) Explain the difference between the theoretical and experimental values for
the lattice energy of magnesium chloride, MgCl,(s).

(e) Hydrated barium chloride is a soluble, toxic salt. It can be formed from the
reaction of barium carbonate with hydrochloric acid as shown.

BaCO; + 2HCL + nH,O — BaCl,-nH,O + CO, + H,O

A 5.00g sample of barium carbonate reacted with 120cm’ of
0.500 moldm~ hydrochloric acid.

(i) Show that the hydrochloric acid is in excess in this reaction.
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(i) All of the barium carbonate reacted and produced 6.19g of hydrated
barium chloride.

Calculate the relative formula mass of BaCl,»nH,O and hence deduce the
value of n.

(3)

(Total for Question 20 = 22 marks)

TOTAL FOR SECTION C =22 MARKS
TOTAL FOR PAPER =90 MARKS
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