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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 What is the name of the compound below?

A E-2-iodobut-2-ene
B E-3-iodobut-2-ene
C Z-2-iodobut-2-ene
D Z-3-iodobut-2-ene
(Total for Question 1 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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2 Which of the carbon atoms marked with an asterisk (*) is the chiral centre?

(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 Calculate the pH of an aqueous solution of hydrochloric acid, HCI, of concentration 0.40 mol dm=.

] A 040
[J] B -0.40
[J € -092
] D 092

(Total for Question 3 = 1 mark)

Which of the following is the most suitable carrier gas in gas chromatography?
[J A Oxygen

[J B Ammonia

[J € Carbon dioxide

[l D Water vapour

(Total for Question 4 = 1 mark)

What are the units of the equilibrium constant K, for the general reaction shown below?
P(g) + 3Q(g) = 8R(q)
0 A atm?
[0 B atm?
J € atm*
[J D atm™
(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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6 This question is about the reversible reaction below.

N,O4(g) = 2NO,(q)

(@) A chemist investigating this reaction started with 5 mol of N,O, and allowed
the system to reach equilibrium. If 2 mol of NO,forms, the amount of N,O, at
equilibrium is

CJA 1mol

1B 1.5mol

[JC 3mol

0D 4mol

(b) Under different conditions, 25% of the moles of gas present at equilibrium is N,O,.
If the total pressure of the system is 3 atm, the numerical value of the equilibrium
constant K; is

LJA 9.00
1B 6.75
LJC 3.00
[ID 0.15
(Total for Question 6 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Carbon monoxide and chlorine react together and reach equilibrium:

CO(g) + Cly(g) = COCly(q)

If the pressure of the system is then decreased at constant temperature, which of the
following statements is correct?

L] A The equilibrium moves to the left hand side, then back to the right hand side
and K, remains the same.

L1 B The equilibrium moves to the left hand side and K, remains the same.
[J € The equilibrium moves to the right hand side and K, increases.
[J D The equilibrium moves to the left hand side and K, decreases.

(Total for Question 7 = 1 mark)

The table shows some data about metal ions, non-metal ions and their compounds.

Enthalpy change of Lattice energy

lon hydration Compound »

/%) mol- / kJ mol

Sr¥*(g) -1443
SrF,(s) -2492

F(9) -483

Rb*(q) -297
RbCl(s) -685

Cl(g) -340

Use the data in the following calculations.
(@) What is the standard enthalpy change, in kJ mol™, for the following process?

Sr**(g) + 2F(g) — Sr**(aq) + 2F(aq)

L] A -477
L] -960
L] € -1926
[J D -2409
6
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(b) What is the standard enthalpy change of solution, in kJ mol™, for rubidium chloride, RbCI?

LJA -1322
1B -48
[JC +48
0D +1322

(Total for Question 8 = 2 marks)

9 Which of these solvents would not be warmed by microwave radiation?
] A water, H,0O
[] B tetramethylsilane (TMS), Si(CH;),
[] € cyclohexanol, C4H,,OH
] D trichloromethane, CHCI;
(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 Some chemical tests are described below.
A Warm with Fehling’s (or Benedict’s) solution
B Warm with iodine dissolved in alkali
C Add sodium carbonate solution
D Add 2,4-dinitrophenylhydrazine solution

(@) Which test would result in effervescence with the compound CH;CH=CCI(COOH)?
A
]

0 C
1 D

(b) Which test can be used to distinguish between aldehydes and ketones?

(c) Which test results in an orange-yellow precipitate with CH;COCH,?

(Total for Question 10 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11 Consider the four compounds shown below.

A HCOOCH,CH;

B CH,COOH

C CH;CONH,

D CH,COdl

Which of these compounds

(@) forms the most acidic solution when equimolar amounts of each compound are
separately dissolved in 10 cm? of water?

LTA
[I]B
Jjc
[ID

(b) has a peak at 3348 cm™' in its infrared spectrum? Use your Data Booklet.

LTA
LIB
e
LID

(c) is most likely to be used as a fruit-flavoured food additive?

LTA
1B
[lc
LID

(Total for Question 11 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 This question is about the nucleophilic addition of hydrogen cyanide to butanone.
The diagram below shows part of the mechanism for this reaction.

@)
S

C CH; Step 1
- \C/ —p> Intermediate X
e Q c

Step 2
CN-
Organic Products
(a) Consider the dissociation of the weak acid HCN.
HCN(aq) = H*(aq) + CN-(aq)

Which of the following reagents would lower the concentration of the nucleophile, CN-,

by the greatest extent?
CH;COOH
HCI
NH;
KOH

10
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(b) The intermediate X is

[1cC C CH;

H
/C‘j\ /CH3
H,C C
CN H:

(c) Which statement about the mixture of organic products formed is not correct?
The mixture

[J] A contains products with one more carbon atom than the ketone.
[J B rotates the plane of plane-polarized light.
[J € contains products with the nitrile functional group.

[J D contains products with chiral molecules.

(Total for Question 12 = 3 marks)

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

13 A student carried out a titration by adding 0.0540 mol dm= hydrochloric acid to
25.0 cm? of 0.0240 mol dm= ammonia solution. A sketch graph of pH against volume
of hydrochloric acid added is shown below.

14 -

pH

0

Vol of HCl / cm?

(a)*(i) Name the type of solution formed in the region ringed on the sketch graph
and explain its chemical behaviour.

12
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*(ii) Explain why the pH at the equivalence point of this titration is less than 7.
Include an ionic equation in your answer.

(i) By considering the amount of excess acid remaining, calculate the pH of the
solution formed when 40.0 cm? of 0.0540 mol dm=hydrochloric acid has been
added to 25.0 cm? of 0.0240 mol dm= ammonia solution.

13
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(b) (i) Show, using the data below, that the pH of water at 373 K is 6.13.
®* H,O(l) = H*(aq) + OH(aq)

®* K,=550x10"mol’dm®at373K

(ii) At 373K, is water neutral, acidic or alkaline? Explain your answer.

(Total for Question 13 = 14 marks)

14
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14 The kinetics of the reaction below was investigated in a series of experiments.

catalyst X
—_—>

A +B C + D AHis positive

(@) Compound C is a gas, whereas compounds A, B and D are in solution. Outline a
method that could be used to investigate the rate of the reaction. You may wish to
draw a diagram.

16
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(b) The rate of the reaction was measured at several different initial concentrations
of A in the presence of a large excess of compound B and a constant amount of
catalyst X, to find the order of reaction with respect to A. The results are shown
on the graph below.

Rate X X

/ mol dm=3s™'
anomalous results

Concentration of A
/ mol dm™

(i) Suggest an explanation, other than experimental error, for the two anomalous
results ringed.

17
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(c) In a second series of experiments, further data were collected using a different
method. These results are summarised in the table below.

Initial concentration / mol dm™ Rate
Experiment 3 o
A B X /moI dm3s
1 0.010 0.025 0.100 0.0025
2 0.010 0.075 0.100 0.0225
3 0.010 0.100 0.200 0.0800
4 0.020 0.100 0.200 0.0800

() Give one reason why obtaining these further data may be considered useful.

(i) State the order with respect to B and hence deduce the order with respect to X.
Explain how you arrived at your answers. Include appropriate experiment numbers
in your explanation.

18
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(iii) Use your answers to (b)(ii) and (c)(ii) to give the rate equation for the reaction.

(iv) Use your answer from (c)(iii) and appropriate data from Experiment 3 in the
table, to calculate the value of the rate constant, k.
Include units in your answer.

19
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(d) A student carried out an investigation into the kinetics of the reaction between
1-bromopropane and hydroxide ions. A summary of the student’s findings is
shown below.

Kinetics Investigation - Summary of Key Findings

Reaction is second order overall and is known as Sy2.
Both 1-bromopropane and the hydroxide ions are involved in the slow step of

this two-part reaction.

Suggested Mechanism

The hydroxide ions react with the 1-bromopropane as below.

H -
H | Br H
1st St \ / ..
N S | yo S | 2ndstep T e
| | e
.. CHs CHs
-OH

Use your knowledge of the mechanism of nucleophilic substitution reactions to
suggest two features of the summary, including the student’s mechanism, that
you think are correct and two features you think are incorrect.

Two features you think are correct.

(Total for Question 14 = 19 marks)

) R 0 A
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15 Aldehydes can be synthesised in the laboratory by the reaction of esters with the
reagent diisobutylaluminiumhydride (DIBAH), which acts as a source of hydride ions.
An example is shown below.

0] DIBAH CH H HO CH,
CH N /CHa gec /( 2)10\ - ~_
H,C C C ———— H,C C + C
I H, Yield = 88% I H,
O O
ester Y dodecanal

(@) Give the systematic name of ester Y.

(d) The overall yield for this process is 88%.
Calculate the mass, in g, of dodecanal that would be formed from 5.26 g of the ester Y.

[Molar masses / g mol™": ester Y = 228; dodecanal = 184]

(Total for Question 15 = 6 marks)

21
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16 Chemists in Asia have been investigating the use of a range of non-edible seeds
to produce oil for bio-diesel production, instead of using edible oils. The oils are
obtained by pressing the seeds to release the oil. The relatively impure oil is filtered,
and then purified using an industrial version of a standard laboratory technique. The
oil can then be converted to bio-diesel by the reaction with methanol in the presence
of a suitable catalyst.

(@) (i) Suggest a‘standard laboratory technique’that could be used to purify the oil.

(ii) Complete the equation below for the formation of a bio-diesel from the
reaction of an oil with methanol.

THZOOCC15H31
3CH30H + THOOCC15H31 .

CH,00CC,5Hs;

(iii) Suggest a suitable catalyst for the reaction in (a)(ii).

22

P 4 5 0 7 5 A 0 2 2 2 8



*(b) Another source of oil currently being investigated for bio-diesel production is the
edible plant known as samphire. It can be grown in marshy areas close to coastlines
and is tolerant of salt.

Consider the advantages and disadvantages of growing both samphire and
non-edible seeds as sources of vegetable oil.

Suggest, giving your reasons, which of the two sources would provide a
potentially greener, more sustainable supply of bio-diesel.

(Total for Question 16 = 8 marks)

TOTAL FOR SECTION B =47 MARKS
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

17 Ethanoic acid, CH;COOH, is a carboxylic acid with many uses, including as a food
additive. It can be made by the reaction of butane with oxygen.

2CH;CH,CH,CHs(g) + 50,(g) = 4CH;COOH(l) + 2H,0(l)

(@) (i) Use the Data Booklet to complete the table below.

CH,CH,CH,CH;(qg) 0,(g) CH;COOH(I) H,O(l)
AHY 0
/ kJ mol™’
/ Jmol 'K 205

(i) Use data from your table to calculate the standard enthalpy change, in kJ mol™,
for this reaction.

2CH;CH,CH,CHs(g) + 50,(g) — 4CH;COOH(l) + 2H,0(l)

(iii) Use data from your table to calculate the standard entropy change of the
system, in J mol™" K, for the same reaction.

2CH;CH,CH,CHs(g) + 50,(g) — 4CH;COOH(l) + 2H,0(l)

24
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(iv) Use your answer to (a)(ii) to calculate ASqoundings@nd use this and your answer
to (a)(iii) to calculate AS,., for the reaction at 298 K.

(v) It was suggested that increasing the temperature of the reaction to more
than 298 K would produce a greater yield of ethanoic acid.

Explain, in terms of the effect on AS;sems ASsurroundings@nNd hence AS,., whether
this would be the case.

(b) Infrared spectroscopy can be used to follow the progress of reactions.

Using information from the Data Booklet, suggest one way this technique could
be used to follow the progress of the reaction in (a) to produce ethanoic acid.

25
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(c) Ethanoic acid is the food additive E260. Suggest the role it may have when
added to foodstuffs.

(d) An organic compound, Q, is found to contain 52.5% carbon and 7.5% hydrogen
by mass.

(i) Use these data to confirm its empirical formula is C;H,,0,.

(ii) Explain how the mass spectrum of Q could be used to confirm that its relative
molecular mass is 160.

26
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(iii) The table below summarises some information about parts of the nmr spectrum
of compound Q.

Use the Data Booklet, and your knowledge of features in nmr spectra, to
complete the table with respect to the features of compound Q shown in bold.

H;

CH; O OH
e c‘ ﬂ ot
| |
ToH "
CH;
Feature of Chemical shift Splitting pattern Relative area below
compound Q / ppm for TMS P 9p peak

CH; 0.1-1.9 doublet
CH 1
COOH singlet 1

(Total for Question 17 = 23 marks)

TOTAL FOR SECTION C =23 MARKS
TOTAL FOR PAPER = 90 MARKS
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