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Introduction
The paper proved accessible to most candidates and provided them with the opportunity to
demonstrate their knowledge and understanding of the key concepts in Unit 4. There was
very little evidence of candidates having insufficient time to complete the paper. The mean
score for the multiple-choice questions in Section A was 16/20. Questions 3, 10(c), 11(c)
and 12(a) were found to be the most straightforward, whilst questions 4, 6(a), 6(b) and
12(b) were found to be the most demanding of the multiple-choice questions. Candidates
attempted the calculation questions with confidence and the questions on kinetics and
spectroscopy were well-answered by the majority of candidates. The questions requiring
good quality of written communication (i.e. question 13(a)(i), 13(a)(ii) and question 16(b))
were found to be the most discriminating.
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Question 13 (a) (i)

Examiner Comments

This response scored 2 out of 3 available marks.Mark 1 was
awarded for the mention of 'buffer'.Mark 2 was awarded for
identification of both CH3CH2COOH and CH3CH2COO- being
present.Mark 3 (via the 2nd route) was not awarded. In
discussion of the mode of action of the buffer solution on
addition of OH- ions, the candidate did not mention that the weak
acid equilibrium shifts to the right on removal of the H+ ions.
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Examiner Tip

Understand how a buffer solution
works, in particular on addition of
a small quantity of alkali (OHions).

Examiner Comments

This response scored all 3 marks.
Scored mark 1 for the mention of 'buffer'. Scored
mark 2 for the mention of both propanoic acid
and propanoate ions being present. Scored mark
3 (via 1st route) as has mentioned that propanoic
acid reacted with the potassium hydroxide and the
word 'some' clearly implies that excess propanoic
acid will be left over (in the buffer mixture).

Examiner Tip

Be aware that there is a reservoir of both
weak acid molecules and conjugate base
ions present in the buffering mixture.
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Question 13 (a) (ii)

Examiner Comments

This response gets only a 'rescue' mark for
realising that the titration involves a weak acid
and a strong alkali (or strong base). The initial
concentrations (0.032 mol dm-3 for KOH and
0.024 mol dm-3 for CH3CH2COOH) are irrelevant.

Examiner Tip

Be aware that the solution of a salt, such
as potassium propanoate - formed from the
neutralisation of a weak acid by a strong alkali has a pH above 7. The salt undergoes hydrolysis
as the propanoate ions accept protons from
water molecules, forming hydroxide ions:
CH3CH2COO-(aq) + H2O(l)
CH3CH2COOH(aq) + OH-(aq)
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Question 13 (a) (iii)

Examiner Comments

This response was clearly set out
and was awarded all 5 marks.

Examiner Tip

Show every step in your calculation,
as this candidate has done.
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Examiner Comments

This response scored 4 out of 5 marks. By getting
to 6.8 x 10-4 mol of excess KOH, marks 1 and
2 were secured. No mark 3 was awarded, however,
as there had been no division by 0.065 dm3 (i.e.
the total volume of 65 cm3, converted into dm3).
Mark 4 was awarded as a TE for the value of
[H+(aq)], based on what the candidate thought
was [OH-(aq)] and had correctly used the value
of Kw (1.0 x 10-14 mol dm-3, which must be used for
the award of mark 4). Mark 5 was awarded, for a
TE value of pH, correctly calculated, when based
on the candidate's stated [H+(aq)].
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Examiner Tip

Get plenty of practice of calculations
involving buffer solutions and their formation.

Question 13 (b)

Examiner Comments

This scored the maximum of 1 mark (out of 3) for
a 'yes' answer (i.e. an answer that agreed with the
candidate’s incorrect statement that 'the pH of pure
water is always 7.0'). The mark was awarded for
giving the correct direction of equilibrium shift (i.e.
to the right) when the temperature is increased.

Examiner Tip

Be aware that the criterion of pure water to be
'neutral' is that [H(aq)] = [OH-(aq)], not necessarily
that the pH = 7.0. At temperatures above 298
K, the pH falls below pH = 7.0, but the water does
not become 'acidic'. As
K increases, [H(aq)] also increases. So the pH
value decreases. The water remains neutral,
however, as [H(aq)] = [OH(aq)] still applies.
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Examiner Comments

This response scored 1 mark for the correct direction
in the shift of equilibrium position on increasing
temperature. Mark 2 was awarded for stating that
there would be a greater concentration of H+(aq)
(and OH-(aq)). No mark 3 was awarded, however, as
this candidate had incorrectly stated that there was
an increase in pH value. The candidate should have
stated that pH decreases for the award of mark 3.

Examiner Tip

Remember that as [H(aq)] increases,
the pH decreases as pH = -log
[H(aq)].
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Question 14 (a)

Examiner Comments

This response scored all 3 available marks (the
last 2 are via the 'EITHER' route in the Mark
Scheme). Note, for the award of mark 3 here the
term 'standard' equates to 'known concentration'.

Examiner Comments

This response scored 2 out of the available 3 marks.
Mark 1 was awarded for mention of sampling at (regular)
time intervals. Marking from the 'EITHER' route: Mark
2 was awarded for the mention of 'quenching' alone.
Mark 3 was not awarded, however, as there was no
mention of "acid of known concentration"/"standard
solution of acid" (being used for the titration analysis).

Examiner Tip

When answering questions on
practical techniques, remember to
include all essential details so that
a feasible method is suggested.
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Question 14 (b) (i)

Examiner Tip

Examiner Comments

This response scored the available mark. The answer
mentioned the concept of proportionality between
rate and [A] - see Mark Scheme. NOTE: JUST the
statement: "The graph is a straight line, so the
gradient is constant", alone, would not have scored
the mark - again, please refer to the Mark Scheme.

Zero order graphs of rate against
concentration also produce
a straight line, albeit it a horizontal
one. Good, simple communication
is required to explain why this is a
first order relationship.

Examiner Comments

This response did not score the mark. There is
insufficient detail - please see the Mark Scheme.

12

GCE Chemistry 6CH04 01

Question 14 (b) (ii)

Examiner Tip

Examiner Comments

This response scored 2 marks out of 3. Mark 1 was
awarded for the mention of '...increase in rate'. Mark 2 was
awarded for mention of an 'exothermic reaction'. There
was insufficient detail for mark 3 to have been awarded.

Examiner Comments

The first mark, being a stand-alone mark,
was awarded for the "rate increased"
statement. This mark was awarded, despite
the rate increase being for the wrong reason.
Mark 2 and mark 3 were not awarded.

When considering practical
situations, try to think of possible
reasons for any systematic errors.

Examiner Tip

Many reactions are exothermic and so
systematic error will be significant, particularly
at higher concentrations of reagents.
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Examiner Comments

An excellent response, scoring all 3 available marks.
Mark 1 was awarded for the idea that the anomalous points
are due to the rate being faster than expected.Mark 2 was
awarded due to the mention of an exothermic reaction.Mark
3 was awarded via both the 'EITHER' and 'OR' routes in the
Mark Scheme - this candidate has offered an explanation of
increase in rate using collision theory in appropriate detail.
The candidate has also (but was not required to do so) added
a comment that the effect of the release of heat energy in the
reaction is greater at higher concentrations of substance A.
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Question 14 (c)
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Examiner Comments

Trait (c)(i) is correct. In (c)(ii), mark 1, mark 2,
mark 3 and mark 4 were awarded. Mark 5 was not
awarded as the candidate is comparing the data
from experiments 1 and 4 and incorrectly stated that
[B] remains constant (it doubles from experiment 1
to 4). For (c)(iii), the response was correct.

Examiner Tip

Always check that kinetic data has been correctly
compared from one experiment to another.
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Examiner Comments

All traits, (c)(i), (c)(ii) and (c)(iii), were
correct for this response - so the maximum
marks of 1, 5 and 2 (respectively) were
awarded for this candidate's response.

Examiner Tip

This is a well set-out answer, with
appropriate working shown to ensure that
the units of the rate constant are correct.
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Question 14 (d)
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Examiner Comments

Examiner Tip

This response scored 0 out of 3 marks. 'Correct
feature' mark was not awarded for the statement
made. No 'incorrect features' marks were awarded.
The rate equation would not have OH- ions in it,
for what should be an SN1 mechanism. Certainly,
too, the reaction was not second order with
respect to the reactant 2-bromomethylpropane.

Make sure that you know the difference
between S1 and S2 mechanisms.

Examiner Comments

This answer did not score the 'correct feature'
mark, as it only mentioned about the way the
mechanism was drawn.Both of the 'incorrect
features' marks, however, were awarded as follows:
correctly re-classifying the mechanism to SN1
noting the fact that the first step should be
the slow step.

GCE Chemistry 6CH04 01

19

Examiner Comments

This scored the first mark as the candidate
realised that the partial order with respect
to 2-bromomethylpropane was first order. A
further mark was awarded for realising that the
mechanism drawn is, in fact, SN1 and another
mark for stating that 'the first step is the slow
step'. So all 3 available marks were awarded.

Examiner Tip

Thorough knowledge of reaction kinetics makes it
easier to spot any errors in a suggested mechanism.
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Question 15 (a)

Examiner Tip

Examiner Comments

Marking this response by the 'EITHER' or the 'OR'
route (please refer to the Mark Scheme) scores only
1 mark. Ideas of kinetics and equilibria have been
mixed up here. Mark 1 [by the 'EITHER' route] was
awarded for the rate of reaction increase. Mark 2 was
not awarded, as there was no reference to an increase
in collision frequency on increasing the pressure.

Try not to mix up kinetic ('how
fast?') arguments with those
relating to equilibria ('how far?').

Examiner Comments

This response was marked via the 'EITHER'
route (please refer to the Mark Scheme):
scored mark 1 for mention of a rate increase
mark 2 was not awarded as there was no
reference to an increase in collision frequency or
other acceptable alternative answer. 'Likelihood'
of collisions was not sufficient as an alternative
to mention of the 'frequency' of collisions.

Examiner Tip

Make sure that you are fully conversant
with collision theory.
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Question 15 (b)

Examiner Tip

Examiner Comments

This response scored 2 marks via the
'OR' route in the Mark Scheme:
mark 1 and mark 2 were awarded

For calculation questions, always
check whether a specified degree of
accuracy is required for your final answer.

mark 3 was not awarded, however, as
the final answer is given to three (instead
of the required two) significant figures.

Examiner Comments

This answer scored 3 marks out of 3 (by
the 'OR' route, see Mark Scheme). The
final answer, if not read carefully, could be
misinterpreted as being given as 3.2 tonnes.
However, this candidate wrote the digit '1' in an
unclear way, so had the benefit of the doubt.
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Examiner Tip

Write all digits legibly to avoid
losing marks unnecessarily.

Question 15 (c)

Examiner Comments

Examiner Tip

This response scored both the available marks.
Mark 1 was awarded for 'esterification'. Note
that we ignore the reference to a 'condensation
reaction'. Mark 2 was awarded for CH3COOH
being identified as a correct reagent.

Learn to classify appropriately all the
organic reactions that you encounter.

Examiner Comments

This answer scored both marks.Mark 1
was awarded for 'esterification'.Mark 2 was
awarded for identification of CH3COOH.
Reference to the catalyst of conc H2SO4 was
not essential for the award of this mark.

Examiner Tip

Learn all reagents and
conditions for organic reactions.

GCE Chemistry 6CH04 01

23

Question 16 (a) (i)

Examiner Comments

This response scored mark 1 for 'filtered'. It
was also awarded mark 2 for 'heated'/'fractional
distillation' (either one would do). Also, importantly,
these two steps were given in the right order.

Examiner Tip

Always try to suggest feasible practical techniques
by careful consideration of the physical states of
the substances involved in the reaction process.
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Question 16 (a) (ii)

Examiner Comments

Examiner Tip

This response scored 1 out of 2 marks. Mark 1
was not awarded for the ester structure given, as
there were R groups designated as R', R'' and R'''
in this particular question. Mark 2 was awarded
for the correct structure of propane-1,2,3-triol.

Be aware that trans-esterification is mentioned
in the Unit 4 specification, in Topic 4.8
(Further organic chemistry), under heading
4(c)(iii) - carboxylic acid derivatives.

Examiner Comments

This response scored both available marks.
Mark 1 was awarded for all three ester
structures being correct. They are all given as
per the Mark Scheme. Mark 2 was awarded for
the correct structure of propane-1,2,3-triol.
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Question 16 (a) (iii)

Examiner Comments

This response scored the mark
for 'NaOH' as a suitable catalyst.
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Question 16 (b)

Examiner Comments

This answer scored all 4 marks as follows:
Scored mark 1 - advantage of coffee grounds
(uses waste material) Scored mark 2 disadvantage of coffee grounds (expensive
to use solvents) Scored mark 3 - advantage
of palm oil (from sustainable resource,
plants can be re-grown) Scored mark 4 disadvantage of palm oil (cost of transporting
it from tropical areas and this 'transport' mark
has not already been credited for mark 2)

Examiner Tip

Try to structure your answers to more 'openended' questions in a clear and logical form.
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Examiner Comments

This response scored 3 out of the 4 available marks
as follows:- Scored mark 3 - advantage of palm
oil (mentions both 'renewable' and 'sustainable'
resource, plants can be re-grown) Scored mark
4 - disadvantage of palm oil (use of land) Did
not score mark 1 - advantage of coffee grounds
(the answers given are in the IGNORE section of
the Mark Scheme) Scored mark 2 - disadvantage
of coffee grounds (energy costs incurred)

Examiner Tip

It is always worth taking a few minutes to
plan your answer to questions such as these,
so that the advantages and disadvantages
are clearly thought through beforehand.
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Question 17 (a)
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Examiner Comments

A well set-out response which was awarded full
marks for parts 17(a)(i), (a)(ii), (a)(iii) and (a)
(iv).2 marks out of 3, however, were awarded for
(a)(v) as the fact that the entropy change of the
system would remain unchanged on altering the
temperature was not mentioned. The effect on the
entropy change of the surroundings, and on the total
entropy change of reaction, was correctly explained.

Examiner Tip

Set out all calculations in a
logical form, showing each step.
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Examiner Comments

17(a)(i) scored both marks - all four values from
the Data Booklet are correct. Q17(a)(ii) scored 2
marks for the correct standard enthalpy change
value. Q17(a)(iii) scored (2) both marks for the
correct standard entropy change for the system.
Q17(a)(iv) scored all 3 available marks: 2 marks
for the correct working and value for the entropy
change of the surroundings; then, 1 further
mark for the subsequently correct total entropy
change value. Q17(a)(v) scored 2 marks out of
the 3 available: the larger entropy change of
surroundings was implied - so scored mark 2 in
the Mark Scheme. The reference to a larger total
entropy change scored mark 3, the third scoring
point. As the fact that the entropy change of the
system remains unchanged, when the temperature
is decreased, has not been mentioned, the
first scoring point, mark 1, was not awarded.

Examiner Tip

Careful consideration of the units for
enthalpy and entropy changes helps to
secure full marks to questions such as these.
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Question 17 (b)

Examiner Comments

This response scored the 2 available marks.Mark
1 was awarded for the absorption in the region
1669 - 1645 (cm-1); this is the first peak option
in the Mark Scheme.Mark 2 - for 3300 - 2500
(cm-1) - was awarded the mark for a peak that
would appear (see ALLOW in the Mark Scheme).

Examiner Tip

Drawing out the structures of the reactants
and products enables you to keep track on
which bonds are present in the reactants and
products of the reaction under consideration.
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Question 17 (c)

Examiner Comments

This response scored the mark for the word 'sour'.

Examiner Comments

The mark was awarded here, for the word 'sour'. Any
references to just 'more acidity' did not gain credit.
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Question 17 (d) (i)

Examiner Comments

This response scored 2 out of 3 marks. Mark 1
was awarded for the number 43.9(%). Mark 2 was
awarded for the correct calculation of the mole
ratio C:H:O (here given as 4.1 : 6.8 : 2.74). Mark
3 was not awarded, however, as the ratio 1.5 :
2.5 : 1 (for C:H:O respectively) was NOT stated.

Examiner Tip

Show all steps in calculation questions such as these.
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Examiner Comments

This response scored 3 out of 3 marks.
Mark 1 was awarded for deduction of the
percentage by mass of oxygen as 43.9(%).
Mark 2 was awarded for the correct calculation
of the mole ratio C:H:O. Mark 3 was awarded
for 1.5 : 2.5 : 1 (for C:H:O respectively).

Examiner Tip

See how easy a well set-out calculation,
such as this one, is to follow.
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Question 17 (d) (ii)

Examiner Comments

This response was awarded 1 out of the 4
available marks.
Mark 1 (for CH3) was NOT awarded for 'doublet'.
Mark 2 (for CH2) was NOT awarded. The chemical
shift range of 0.1 - 1.9 given was not completely
within the required range of 1.7 - 3(.0).
Mark 3 (for CH2) was NOT awarded for 'triplet'.
Mark 4 (for OH) was awarded for the chemical
shift range given as 10.0 - 12.0.
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Examiner Comments

This response was awarded 3 marks, out of a maximum
of 4, as follows:
Mark 1 (for CH3) was awarded for 'triplet'. Mark 2 (for
CH2) was NOT awarded. The chemical shift range of 0.1 1.9 is not within the required 1.7 - 3(.0) range.
Mark 3 (for CH2) was awarded for 'quartet'. Mark 4 (for
OH) was awarded for the chemical shift range 10.0 - 12.0.

Examiner Tip

Always check chemical shift ranges carefully.
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Paper Summary
On the basis of their performance on this paper, candidates are offered the following advice:
•

read the question carefully

•

try to frame your answer to a question whilst bearing in mind the number of marks
available

•

make sure you can write accurate balanced equations, one of the basic
skills required by any advanced level candidate

•

take care with units in calculations

•

remember that this paper has a greater emphasis on applying knowledge and
understanding in unfamiliar contexts than those at AS level.
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