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Introduction
This paper tested a wide range of Unit 4 material and provided good opportunities for
candidates to show their knowledge and understanding of the Chemistry covered by the
Specification. Questions 18 and 19 provided the most challenge. The standard of answers
to the questions on equilibrium and thermodynamics was often very good. However, the
responses to the questions on organic chemistry, including nmr, and acid-base equilibria
contained more errors. A very large proportion of candidates seemed unsure about the
choice of a suitable number of significant figures in their numerical answers. There were no
questions asking for a specific number of significant figures in the final answer, but as long as
there were at least two significant figures a candidate's response was not penalised. However,
candidates at this level should realise that giving a full calculator read-out for a pH value is
inappropriate. Many rounding errors were seen. Candidates often gave the first two figures in
their calculations, even if the third figure indicated that they should have rounded up.
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Question 15 (a)
Many candidates were able to identify that the citric acid molecule contains three
carboxylic acid groups and so one mole of citric acid neutralizes three moles of sodium
hydrogencarbonate.

Examiner Comments

The presence of three COOH groups was acknowledged, so the
mark was awarded.
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Question 15 (b) (i)-(v)
The answers to (b)(i) to (b)(iv) showed good understanding by the vast majority of
candidates.
The calculation in (b)(i) was usually correct. However, the most common errors were either
selecting the standard entropy value for steam, rather than liquid water, from the data
booklet or a failure to multiply the required standard entropy values by a factor of three. In
(b)(ii), most candidates realised that a gas or liquid product is more disordered than a solid
reactant.
In (b)(iii), very few candidates failed to convert the standard enthalpy change of the
reaction in units of kJ mol-1 to J mol-1 before dividing by the temperature in K. This enabled
the standard entropy change of the surroundings to be quoted in units of J mol-1K-1, to be
consistent with the units used in the answer to (b)(i). Consequential marking allowed credit
to be given for answers to (b)(iv) and (b)(v) that followed on from a candidate's answers to
(b)(i) and (b)(iii).
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Examiner Comments

Part (b)(i) scores the first mark as the working correctly arrives at 1051 - 505.
However, the subsequent arithmetic gets "+54", instead of "+546", so the second
mark was not awarded.
In (b)(ii), the candidate mentions gas (and liquid) products to earn the first mark
and an increase in disorder for the second mark.
In (b)(iii), the answer is correct to four significant figures with sign, answer and
units all correct as required by the Mark Scheme.
In (b)(iv) and (v), full credit is awarded for both answers by the application of
consequential marking.
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Examiner Comments

In (b)(i), the sign and final answer are correct, so both marks
were awarded.
For (b)(ii), the candidate states that one of the products is gaseous
and also mentions that four moles (of reactants) form seven
moles (of products), so both marks were awarded.
In (b)(iii), the working, sign, final answer and units are all correct
so two marks were earned.
In (b)(iv), the answer is correct, stated to four significant figures.
In (b)(v), the available mark was awarded.
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Question 16 (a) (i)-(ii)
In (a)(i), the Kw expression was usually given correctly. The most likely error to be made,
however, was to include [H2O(l)] in the expression.
In (a)(ii), the pH of the sodium hydroxide was almost always calculated correctly. On
occasions, a mark was lost for incorrect rounding of the final answer.

Examiner Comments

In (a)(i) and (a)(ii), both answers are fully correct. State
symbols were not required in (a)(i). In (a)(ii), the candidate
uses the expression pKw = pH + pOH to obtain the correct pH
and this is, of course, a valid approach.

Examiner Tip

Remember not to include [H2O(l)] in the expression for Kw.
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Examiner Comments

Both parts (a)(i) and (a)(ii) are fully correct.
Note that in (a)(i), state symbols were not required.

Examiner Tip

In calculation questions, always show the
steps in your working.
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Question 16 (b)
In (b), most candidates were able to calculate the moles of methanoic acid reacting as they
were the same as the moles of sodium hydroxide. This value then had to be divided by the
volume of acid, in dm3, to give the concentration in mol dm-3. Occasionally, candidates used
the volume of sodium hydroxide solution, instead of the volume of methanoic acid, in the
second step.

Examiner Comments

The candidate has used a formula to solve a simple equation
where the unknown, c, is the concentration of the methanoic
acid in mol dm-3. The value of c is correctly calculated.

Examiner Tip

Set out mathematical expressions clearly,
showing how the unknown value is calculated.
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Question 16 (c) (i)
Both words in the term 'weak acid' were familiar to the majority of candidates.

Examiner Comments

This response scored the available marks, as both the words
'weak' and 'acid' were correctly explained.

Examiner Tip

Learn, and understand, all the key terms and
definitions in the specification.

Examiner Comments

This answer scores both marks. If the acid had only been defined
as a substance "with a pH < 7", the mark for the definition of an
'acid' would not have been awarded.

Examiner Tip

Keep definitions, where appropriate, brief and to the point.
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Question 16 (c) (ii)-(iii)
The Ka expression in (c)(ii) was almost universally known. However, the numerator in the
expression was sometimes given incorrectly as [H+]2, instead of the product [H+][HCOO-]. In
a buffer solution, for which the Ka expression still applies, the anion concentration [HCOO-]
is considerably greater than that of [H+]. The calculation in (c)(iii) was usually correct, with
a very small number of answers taking into account the small degree of dissociation of the
methanoic acid. Two assumptions used in the calculation were normally well known. The
most frequent omission, however, was not stating that the [acid]initial is assumed to be equal
to the [acid]equilibrium. The assumption [H+] = [HCOO-] at equilibrium was well known.
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Examiner Comments

The calculation, and accompanying assumptions, were clearly
set out and easy to follow.

Examiner Tip

Understand any assumptions made in a
calculation rather than learning them by rote.
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Question 17 (a)
In (a)(i), the Kc expression was almost always correctly given, although a few candidates
were confused by the presence of water and omitted it from the numerator altogether.
The calculation of the equilibrium moles in (a)(ii) proved problematic for some candidates,
although consequential marking allowed the mark to be gained in (a)(iv). It was difficult to
see how some of the values given were derived, especially where the moles of product(s)
were given as zero at equilibrium. The candidates' Quality of Written Communication was
tested in (a)(iii) where some candidates stated that "the moles of all the components
cancelled" rather than 'the units of concentration cancelled out' in this particular Kc expression.
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Examiner Comments

In (a)(i), the Kc expression is correct. The equilibrium moles are
correct in (a)(ii), so both marks were awarded.
In (a)(iii), two correct reasons were given for the fact that Kc
has no units; one reason would have sufficed.
In (a)(iv), the value of 3.5 scores the available mark.

Examiner Tip

Use algebraic expressions to calculate equilibrium amounts of reactants and
products. For example, (0.40 - x) is the equilibrium moles of ethanoic acid,
CH3COOH. Therefore, x = 0.20 mol. The amount of ethanol, CH3CH2OH at
equilibrium (0.30 - x) = 0.10 mol. The moles of ester and water, therefore,
are x (= 0.20 mol) and x + 0.15 (= 0.35 mol), respectively.
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Examiner Comments

In (a)(i), the mark is awarded for the correct Kc expression. State symbols
are not required.
The moles are all correct in (a)(ii).
In (a)(iii), the idea of the units cancelling out is clearly expressed.
In (a)(iv), the numerical value of Kc is correct.
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Question 17 (b)
This question was very well-answered with the vast majority of candidates aware that the
presence of a catalyst increases the rate of a reaction, but has no effect on the position of
equilibrium.

Examiner Comments

This answer correctly addresses both the points required.

Examiner Tip

Make sure that you understand the difference between the
two questions "how fast?" (i.e. kinetics) and "how far?"
(i.e. equilibrium).
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Question 17 (c) (i)-(ii)
In (c)(i), the breaking of both the C-O and the O-H bonds was often noted. However, only
the making of the C-O bond was acknowledged in the majority of answers. In (c)(ii), the
idea that the same bond has a slightly different bond energy depending on the environment
in which it is found was often overlooked.

Examiner Comments

The answer to (c)(i) scores both marks for the correct bonds
being broken (first mark) and then made (second mark).
No mark is awarded for the response to (c)(ii).
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Examiner Comments

In (c)(i), both marks are awarded. The annotations clearly show
the correct bonds that are broken (one mark) and the correct
bonds that are made (another mark). In (c)(ii), however, the
reasoning is incorrect so no mark was awarded.
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Question 17 (d) (i)-(ii)
Topic 4.5(f) of the specification requires candidates to be able to recall the relationship
ΔStotal = RlnK, yet this expression was often not seen in answers to (d)(i). However, this did
not prevent many candidates from subsequently achieving full marks for (d)(ii). The most
common reason for losing one of the three available marks in (d)(ii) was for omitting to
state that ΔSsurroundings (or -ΔH /T) was zero, rather than stating just that it was 'constant'.

Examiner Comments

In (d)(i), the expression is correct so the mark is awarded. In (d)(ii), the first
scoring point is addressed as it is stated that ΔSsurroundings is zero. The second
scoring point, however, is not awarded as there is no reference to ΔStotal
remaining constant. However, the "temperature will have no effect" implies,
from the wording of the question, that K remains unchanged, so this mark is
awarded. So, two marks out of three were given overall for this part.
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Examiner Comments

In (d)(i), the expression scores the mark available. In (d)(ii), all three
scoring points were addressed, so three marks were awarded. Firstly, the
answer states that ΔSsurroundings is zero. Secondly, the answer states that ΔStotal
does not change. Thirdly, it correctly states that, as a consequence, there is
no effect on K.

Examiner Tip

Learn to set out arguments in a logical and wellstructured format.
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Question 17 (e)
Part (e)(i) was, in general, answered correctly. On occasions, the formula of ethanoyl
chloride was incorrectly given as "CH3COOCl". Also, water was sometimes mistakenly
identified as the co-product of the reaction to form the ester instead of hydrogen chloride.
In (e)(ii), some candidates seemed unaware as to how to draw a skeletal formula and so
drew the displayed formula of ethyl ethanoate instead. In (e)(iii), the -NH2 group was often
written in an 'undisplayed' way, instead of showing all the atoms and all the bonds involved.

Examiner Comments

Part (e)(i) is correct, despite the slightly unclear presentation.
The skeletal formula is correct in (e)(ii), as is the displayed
formula in (e)(iii).
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Examiner Comments

In (e)(i), the state symbol after the HCl is missing but the mark
for the equation is still awarded.
In (e)(ii), the skeletal formula is correct. In (e)(iii), the
displayed formula is correct and the mark is awarded.
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Question 17 (f) (i)
This part was very well-answered, with the equation for the reaction to form the alcohol and
the sodium salt of the carboxylic acid well-known for the alkaline hydrolysis reaction given.

Examiner Comments

This answer was awarded the mark available.

Examiner Tip

Learn the equations for all the major organic chemistry
reactions encountered in the specification.

Examiner Comments

A correct answer, with the ionic charges shown on the ions
in the sodium ethanoate. These charges, however, were not
required for the mark to be awarded.
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Question 17 (f) (ii)
Many candidates were aware that the alkaline hydrolysis of an ester is not an equilibrium
reaction, whereas the acid hydrolysis is reversible and so does not go to completion.

Examiner Comments

This correct response scored the mark available.

Examiner Comments

This candidate has answered the question in a clear
and succinct way.
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Question 18 (a)
In (a)(i), deriving the order with respect to hydrogen ions presented few problems for
candidates. The question specifically required candidates, however, to state the experiment
numbers that they had used but many failed to do so.
Calculating the order with respect to bromide ions proved far more challenging. Those who
used the data from experiments 1 and 3 generally fared better than those who attempted
to process the data from experiments 2 and 3. The fact that more than one reagent
concentration had been changed provided considerable stretch and challenge to candidates.
Many in the end decided, incorrectly, that the order with respect to bromide ions was zero,
despite noticing that altering its concentration affected the rate of reaction.
Parts (a)(ii) and (a)(iii) usually correctly followed on from the orders deduced in (a)(i),
although sometimes the units of the rate constant were overlooked in answers to (a)(iii).
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Examiner Comments

This answer was well set-out, with experiment numbers
included as required by the wording of the question in (a)(i).

Examiner Tip

Always read the question carefully and include all
the detail required in your answer. For example,
experiment numbers were asked for in (a)(i) and the
units of the rate constant in (a)(iii).
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Examiner Comments

This is a good answer, except that the experiment numbers
were not given in (a)(i) so a mark was lost. This omission was
only penalised once.
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Question 18 (b)
The answers to (b) followed on from the rate equation deduced in (a)(ii). Those candidates
who had deduced incorrectly that the order with respect to bromide ions was zero could
score the mark by suggesting that bromide ions did not appear in the rate-determining step.
The key point for those who had earlier derived the correct orders with respect to hydrogen
ions and bromide ions was that the number of particles in the rate-determining step did not
match those in the equation for the reaction. It followed that the reaction, therefore, must
proceed in more than one step.  

Examiner Comments

The mark was awarded as this conclusion follows on from an
answer of order = 0 with respect to Br- ions in (a)(i).

Examiner Comments

This answer did not score the mark as there are indeed three substances in
the correct rate equation and there are also three substances in the balanced
equation for the reaction. The fact that the numbers of the particles is different
in these two equations is the important point missing from this answer.

Examiner Tip

Chemical reactions such as these have to occur in more
than one step as it is statistically impossible for all 12
reacting species to collide simultaneously!
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Question 18 (c)
In (c), many candidates sketched graphs that showed either a decrease or no change in
concentration of bromine with time, despite being told in the question that bromine was a
product. Others confused bromide ions with bromine molecules. The majority of candidates
realised that a gradient had to be calculated, but relatively few mentioned that it would be
that of a tangent drawn at t=0.

Examiner Comments

This response scored the first mark only as no mention was
made of drawing a tangent to the curve at t=0.
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Examiner Comments

This answer has mentioned that a tangent has to be drawn
at t=0 and its gradient calculated.
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Question 19 (a)
Part (a)(i) was well-answered, with the method of how to calculate the empirical formula
from percentage by mass data familiar to almost all candidates. In (a)(ii), candidates did
not explain how information from the mass spectrum had enabled them to deduce that the
molar mass of compound X was 88 g mol-1.
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Examiner Comments

Parts (a)(i) and (a)(ii) are both correct, so two marks were awarded for
each part. In (a)(ii), reference has been made to the mass spectrum to
justify the use of 88 g mol-1 for the molar mass of X.
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Examiner Comments

This answer obtained maximum credit as all deductions have
been fully explained.
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Question 19 (b)
In (b), most candidates correctly assigned the bonds to the infrared frequencies given,
although some quoted the N-H bond despite the molecular formula C4H8O2 having being
given in (a)(ii).

Examiner Comments

Both bonds were correctly identified, so two marks were
awarded here.
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Question 19 (c)
The answers to (c)(i) were generally good. Many candidates commented upon the absence
of an aldehyde group from the negative result of the test with Tollens' reagent. The
presence of the alcohol functional group was often noted, although this was seldom followed
up by a comment about which class of alcohol group (primary or secondary) could be
present in the molecule. A surprising number of candidates interpreted the statement in the
question that "X is a neutral organic compound" as meaning that "X has an equal number of
positive and negative charges" rather than using it as information to deduce that X was not
a carboxylic acid. Marks were lost in (c)(ii) by not giving the names of the functional groups
as required by the question.

Examiner Comments

In (c)(i), one mark for 'no COOH group' and a second mark for
'not an aldehyde' were awarded. In (c)(ii), the answer is correct
so one mark was scored.
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Examiner Comments

The answer to (c)(i) scores two marks. The first mark is for "...doesn't
have a COOH group" and the second mark for "... doesn't have an aldehyde
group". The presence of an alcohol group in a molecule of X has not been
considered, however. No mark is given for (c)(ii) as names have not been
given in the answer.

Examiner Tip

Read the question carefully. In (c)(ii), the names of the
two functional groups are required, not their formulae.
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Question 19 (d)
Answers to (d) varied greatly. Some candidates seemed to have little difficulty in obtaining
all seven marks, especially if they had taken into account their answers to (b) and (c). It
was also helpful when candidates neatly annotated a drawing of the displayed formula for X
with labels of the letters of the peaks arising from the hydrogen atoms in each environment.
Other candidates found it difficult to interpret the nmr spectrum and included functional
groups in their suggested structures for X that had been discounted in earlier answers to (c)
(i). A small number of candidates just drew out a correct structural formula for X without
any further explanation or justification.
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Examiner Comments

For this candidate's response, the seven marks available for this
question are awarded as follows:
Four different hydrogen environments are mentioned (1)
The correct structure for X is given (1)
Peak K is identified as the OH peak (1)
The (n+1) rule is applied to peak J (1)
Peak J is due to the hydrogen atom next to the CH3 group (1)
The absence of splitting for Peak L is mentioned (1)
Peak L is due to the CH3 group adjacent to the C=O bond (1)
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Examiner Comments

This is a fully correct response and
scored seven marks.
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Examiner Tip

Note how the use of an annotated
displayed formula greatly enhances the
clarity of the answer.

Paper Summary
Based on their performance on this paper, candidates are offered the following advice:
•

Make sure you read the question through carefully - more than once if necessary.

•

In questions that require the use of several pieces of information in the answer make
sure you address the requirements of the question in full.

•

Show all the steps in your answers to calculations.

•

In calculations ensure that you give your final answer to an appropriate number of
significant figures making sure your rounding is correct.

•

Make sure you are totally familiar with the data book and its contents and that you can
find information you need quickly and accurately.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:
http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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