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SECTIONA
Answer ALL the questions in this section in the Answer Book.
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 in the
Answer Book. If you change your mind, put a line through the box 2¢ and then mark your new
answer with a cross X.

1 The halogenoalkane, 2-bromo-2-methylbutane, was hydrolysed with
sodium hydroxide solution, NaOH(aq).

Which suggestion about the mechanism of this reaction is correct?

Type of mechanism Number of steps in mechanism
A Sn2 one
B Sn2 two
C Syl one
D Syl two

(Total for Question 1 = 1 mark)

2 Which of these gases would have the greatest standard molar entropy?

A H,
B N,

C NH,
D SO,

(Total for Question 2 = 1 mark)

3 Which of these changes has the largest increase in the entropy of the system?
A H,0(s) - H,0O(l)
B Hg() > Hglg)
C (C(graphite) > C(diamond)
D H,O() + HCl(g) > H;0%(aq) + Cl'(aq)

(Total for Question 3 = 1 mark)
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4 What is the standard entropy change of the system, in JK™ mol™, for the reaction
between nitrogen and hydrogen to form ammonia?

N, + 3H, — 2NH,

Standard molar entropy / JK mol™

H, 130.6
N, 191.6
NH, 192.3

A -1988

B -129.9

C  +1299

D +19838

(Total for Question 4 = 1 mark)
5 The enthalpy change of solution of sodium sulfate, Na,SO,, may be calculated using

three pieces of data.
Which of these pieces of data is not required?

A lattice energy of Na,SO,

B enthalpy change of formation of Na,SO,

C enthalpy change of hydration of Na*

D enthalpy change of hydration of SO;~

(Total for Question 5 = 1 mark)

6 Equal amounts of W and X are mixed and allowed to reach equilibrium.
W+ X > Y+ Z

The value of the equilibrium constant K. = 4.85.
At equilibrium, the mixture will contain

A almostallYand Z

B almostallWand X

C W, X Yand Zbutthereis lessY and Z than W and X
D W, X YandZbutthereis moreY and Z than W and X

(Total for Question 6 = 1 mark)
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7 Astudent carried out an experiment to determine the equilibrium constant for the
reaction to form ethyl ethanoate from ethanol and ethanoic acid.

CH;COOH + CH;CH,OH = CH;COOCH,CH; + H,0

Different amounts of each substance were added to conical flasks, each containing
2.0cm’ of 1.0moldm™ hydrochloric acid as shown in the table.

Conical
flask

4

Volume added / cm?

HCl H,O CH;COOH CH;COOCH,CH; CH;CH,0OH
(aq) (1) (V) (1) )

2.0 1.0 0 2.0 0

2.0 0 5.0 0 5.0

2.0 0 4.0 0 3.0

2.0 0 0 3.0 0

The flasks were then stoppered and left for a week to reach equilibrium.

Each mixture was then titrated with 1.0moldm™ sodium hydroxide.

(@) In which flask(s) was the equilibrium approached from the right-hand side of
the equation?

Nn @ >

D

flask 1 only
flask 4 only
flasks 1 and 4 only

flasks 2 and 3 only

(b) Which of these statements is the best explanation for the ability to titrate reaction
mixture directly to find the equilibrium concentrations?

the equilibrium reaction is slow

the sodium hydroxide quickly hydrolyses the ester

all the reactant concentrations remain constant during the titration
a buffer solution forms in the reaction

(Total for Question 7 = 2 marks)
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8 What is the similarity between 20 cm? of 0.05 moldm™ H,S0,(aq) and 20cm® of
0.10moldm™ CH;COOH(aq)?

they have the same pH

they have the same total concentration of ions

they have the same total concentration of negative ions

O N w >

they are neutralised by 20cm® of 0.10 moldm™ NaOH(aq)

(Total for Question 8 = 1 mark)

9 Which of these structures is not identical to the others?

(|)H H,C (|)H (|)H
C Cl_ ' _.CHCH, C C-.
ct/‘ " CH,CH, ~c Q] SNCHCH,  pcheo |«
CH, OH CH, H,C
Structure A Structure B Structure C Structure D
A  Structure A
B Structure B
C Structure C
D  StructureD
(Total for Question 9 = 1 mark)
P87626A 5
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10 The compound menthol has the structure shown.

menthol

OH

(a) What is the number of chiral centres in a molecule of menthol?

n @ >

D

1
2
3

4

(b) Four groups of students warmed samples of menthol with sodium dichromate(VI)

in acid.

They purified the reaction mixture and carried out a series of tests on the
organic product.

The findings of each group are shown.

Group

One
Two
Three

Four

Qualitative test

Add Warm with Add
2,4-dinitrophenylhydrazine Fehling’s solution PCls
v x v
v x x
v v x
x x v

A tick shows a positive result; a cross shows a negative result.
Which group recorded the results expected?

o N w >

One
Two
Three
Four
(Total for Question 10 = 2 marks)
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11 This question is about four organic compounds, each with five carbon atoms but
different functional groups.

Compound Skeletal formula
cl
: /\/\[{
@)
2 P
@)

(@) Which compound, when mixed with water, produces the solution with the
lowest pH?

A compound 1
B compound 2
C compound3
D compound4

(b) Which compound reacts with ethylamine, CH;CH,NH,, to form an
N-substituted amide?
A compound 1
B compound 2
C compound3
D compound4

(c) Which compound reacts with aqueous iodine and sodium hydroxide to form a
pale yellow precipitate?

A compound 1
B compound 2
C compound3
D compound4
(Total for Question 11 = 3 marks)
P87626A 7
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12 Which of these compounds reacts directly with ethanoic acid to form

ethanoyl chloride?

A  chlorine

B chloroethane

C  hydrogen chloride

D phosphorus(V) chloride

(Total for Question 12 = 1 mark)

13 The compound HOOCCH=—CHCOOH reacts with excess sodium hydroxide solution.

What is the organic product formed in this reaction?

A  NaOOCCH=CHCOONa

B HOOCCH=CHCOONa

C NaOOCC(OH)HC(OH)HCOONa

D NaOOCCH=CHCHO

(Total for Question 13 = 1 mark)

14 A polymer is prepared by the reaction between hexanedioyl chloride and

hexane-1-6-diamine. What is the type of polymerisation?

A  addition

B condensation

C free-radical

D  substitution

(Total for Question 14 = 1 mark)
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15 This question is about four ionic compounds.

(@) Which of these compounds would be expected to have the least exothermic
lattice energy?

A  calcium chloride

B  magnesium chloride
C  potassium bromide
D sodium bromide

(b) Which of these compounds would be expected to have the largest difference
between their experimental (Born-Haber) and theoretical lattice energies?

A  calcium chloride
B  magnesium chloride
C  potassium bromide
D sodium bromide
(Total for Question 15 = 2 marks)
TOTAL FOR SECTION A =20 MARKS
P87626A 9

WO Turn over



Chemistry - 2026 - Jan - Paper 2 - QP

SECTIONB
Answer ALL questions in the Answer Book provided.

16 This question is about the reaction between sodium thiosulfate solution and
hydrochloric acid.

Na,5,0; + 2HClL — 2NaCl + SO, + S + H,0O

(@) A series of experiments was carried out at different temperatures to determine
the activation energy of the reaction, using the apparatus shown.

The time taken (t) for the solution to become cloudy and obscure the cross
was recorded.

The reciprocal of time (1 + t) was used as a measure of the rate of the reaction.

white paper with
large black ‘X’

sodium thiosulfate and
hydrochloric acid

(i) State why the solution becomes cloudy.

(i) Explain why 1 +t can be used as a measure of the rate of reaction.

10 P87626A
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4 R
(b) The results obtained in this experiment are shown.

Temperature (T) 1 +_1T Time (t) 1 +_1t In@ = B
/K /K /s /s
298 58
308 3.25x 107 36 0.0278 -3.58
317 3.15x 107 23 0.0435 -3.14
328 3.05x 107 14 0.0714 -2.64
338 296 x 107 9 0.1111 -2.20

(i) Complete the table in the Answer Book.
(2)

(i) Determine the activation energy, E,, in kJ mol™’, by plotting a graph of
In(1 +t) against 1 + T on the grid in your Answer Book.

You should include the value of the gradient of the line and its units.

The Arrhenius equation for this experiment can be expressed as

In(1+t) = —% X % + constant R=28.31JK"'mol™

(7)

\_ J
P87626A 1
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(c) Another series of experiments was carried out at constant temperature to
determine the order of reaction with respect to thiosulfate ions, 5,0,

The time taken (t) for the solution to become cloudy and obscure the cross
was recorded.

A graph was drawn from the data, using reciprocal time (1 + t) as a measure
of rate.

0.06
0.05 /
0.04
(-I - t) / S—l . /

0.03 /
0.02

0.01

0 I I |
0.05 0.10 0.15 0.20

[S,051/ moldm™

(i) Suggest why the acid used in these experiments was in considerable excess.

(i) State the order of reaction with respect to sodium thiosulfate.
Justify your answer by referring to the graph in (c).

(d) Further experiments were carried out to determine the order of reaction with
respect to H" ions and hence to identify the species involved in the
rate-determining step.

(i) State what is meant by the term ‘rate-determining step.

(i) The reaction is first order with respect to H" ions.
Suggest the formula of the intermediate formed during the rate-determining
step. Use your answer to (c)(ii).

(Total for Question 16 = 17 marks)
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17 Nitrosyl chloride, NOC|, is a yellow gas which decomposes on heating.
2NOCl(g) = 2NO(g) + Cl(g) AH” = +52.2kJmol™

(@) A sample of 2.00 mol of NOCl was heated in a sealed vessel to a
certain temperature, T.

The volume of the vessel was 4.00dm’. When equilibrium was reached,
0.222 mol of NO had been formed.

(i) Write the expression for the equilibrium constant, K, for this reaction.
(ii) Calculate the value of K. under these conditions.

Give your answer to an appropriate number of significant figures.
Include units.

(b) (i) Explain why the total entropy change, AS,..,, becomes less negative as the
temperature increases.

(i) Explain how the equilibrium constant changes as the temperature increases.
Justify your answer.

(iii) Calculate the minimum temperature, in kelvin, to which the nitrosyl chloride
must be heated for the reaction to be feasible.

[Data: AS™ yem, = +40.4JK " ' mol™']

(Total for Question 17 = 11 marks)

P87626A 13
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*18 Compare and contrast the reactions of propanal and propanone with
one oxidising agent, one reducing agent and 2,4-dinitrophenylhydrazine.

In your answer include any relevant observations for the reactions you discuss and
equations for any reactions classified as oxidation, using [O] for the oxygen from the
oxidising agent.

(Total for Question 18 = 6 marks)

19 This is a question about butanone, CH;CH,COCH;.

(@) Butanone is fairly soluble in water due to a strong intermolecular force between
butanone molecules and water molecules.

Complete the diagram in the Answer Book by adding one water molecule to
show the intermolecular force between butanone and water.
Include relevant dipoles and lone pairs. Label the intermolecular force.

(b) Butanone can be converted into 2-hydroxy-2-methylbutanoic acid,
CH;CH,C(OH)(CH5)COOH, in two steps.

@) Step A OH OH
[ HCN/KCN | Step B |
CH5CH,CCH, » (CH;CH,CCH, » CH,CH,CCH;
| |
CN COOH

(i) State the type and mechanism of the reaction taking place in Step A.

(i) Identify the reagent(s) and conditions for the reaction taking place in Step B.

14 P87626A
EOEC]



Chemistry - 2026 - Jan - Paper 2 - QP

( )
(iii) The incomplete mechanism for Step A is shown in the Answer Book. Draw the
curly arrows and the relevant lone pairs of electrons to complete the
mechanism in the Answer Book.

(3)

(iv) Explain why the 2-hydroxy-2-methylbutanoic acid produced in this reaction
is not optically active.
(3)
(v) Draw two repeat units of the polymer that could be formed from only
2-hydroxy-2-methylbutanoic acid.
(2)

(Total for Question 19 = 15 marks)

TOTAL FOR SECTION B =49 MARKS
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SECTION C

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

20 Benzoic acid is a weak acid used as a food preservative.
Data: Structural formula C;H;COOH
Molar mass = 122.1gmol™
Solubility in water at 25°C = 3.44gdm™
Solubility in water at 100°C = 56.3gdm™>
pK, =4.20

(@) (i) Write the equation for the dissociation of benzoic acid in water.
Include state symbols.
(i) Write the K, expression for benzoic acid.

(iii) Calculate the pH of a saturated solution of benzoic acid at 25 °C.

(iv) State two approximations used in the calculation of pH in (a)(iii).

16
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(b) An aqueous solution of sodium hydroxide of concentration 0.0020 moldm™
was added to a flask containing 25.0cm® of a 0.0015 moldm™ solution of
benzoic acid.

The pH of the solution in the flask was continuously monitored as the
sodium hydroxide was added and the results plotted on a graph.

z

pH

Volume of NaOH(aq) / cm’

(i) Suggest a value for the pH at X. Justify your answer.

(ii) Calculate the volume of NaOH(aq) added, in em?, when X is reached.

(iii) Calculate the maximum possible pH at Z, when a very large excess of
sodium hydroxide solution has been added.

[Data: K, =1.00 X 10" *mol*dm™]

(c) The region labelled B in the graph is referred to as the ‘buffer region:

(i) Explain why B is a buffer region.

(i) Explain how the solution acts as a buffer.

Include the identity of the species present in the solution at B which are
responsible for the buffering action.
Equations are not required.

P87626A 17
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( )
(d) Buffers occur in many biochemical systems, for example blood.

Suggest a reason why buffers occur in blood.
(1)

(Total for Question 20 = 21 marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER =90 MARKS
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SECTIONA
Answer ALL questions.

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

For questions 1-15, in Section A, select one answer from A to D and put a cross in the box [X.
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cross X.
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(Total for Question 3 = 1 mark)
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