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Introduction

While some excellent responses were seen to all questions, many candidates found it difficult
to apply their knowledge and understanding in an unfamiliar context and centres are well
advised to provide greater opportunities for candidates to develop their skills in this area as
part of the teaching and learning routine. It was also apparent that a significant proportion of
the candidates lacked basic skills in chemistry, for example in constructing equations and in
representing organic structures using different types of formulae.

Again, more practise is required. While candidates were generally most confident in
performing calculations and in recalling basic knowledge, such as organic reagents and
conditions, it was clear that many lacked an understanding of the underlying chemistry.
Placing a greater emphasis on understanding would help promote deeper learning, avoid
misconceptions and make candidates more resilient and adaptable under examination
conditions.

Exam technique is another area for development, where candidates should be encouraged
to follow instructions more carefully, as well as consider and use the information they are
provided more thoughtfully.
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Question 21 (a)

This question required candidates to apply their knowledge of definitions to an unfamiliar
example. Many candidates did not read the instructions carefully and failed to explain what is
meant by a d-block element. While the majority of candidates used the term transition
element, many did not use the information provided to relate this to the 1+ and 2+ ions of
mercury.

A good example of a concise and specific response scoring full marks.
The difference between a d-block element and a transition element is
explained, with clear reference to the electronic configuration of
mercury and its ions.

The highest energy electrons in an atom of a d-block element are in
the highest energy s subshell. These electrons are removed first when
forming ions.
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This response, which scored 1 mark, neither explains how blocks of the
periodic table relate to electronic structure, nor considers the
electronic configurations of the ions of mercury.

Make sure to use any relevant information provided when answering a
question set in an unfamiliar context.
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Question 21 (b)(i)

Most candidates correctly deduced the changes in oxidation number for mercury and
nitrogen, but many did not link these to oxidation and reduction. Another common mistake
was to state that the oxidation number of nitric acid, rather than the element nitrogen, was
reduced from +5 to +2.

An excellent response scoring both marks. The relevant oxidation
numbers are clearly identified, linked to the correct species and the
changes in oxidation number connected to oxidation and reduction.

Annotating equations with oxidation numbers is helpful in identifying
redox processes.

6International Advanced Level Chemistry WCH15 01



Question 21 (b)(ii)

This question was surprisingly poorly answered suggesting that many candidates do not
understand how to construct half-equations for redox reactions. The simpler half-equation
for the oxidation of mercury was tackled more confidently, but the reduction of nitrate to
nitrogen monoxide proved too challenging for most candidates.

This candidate has left the nitric acid undissociated so has not
produced the ionic half-equations. This mistake was penalised once
only and 1 mark was awarded for the reduction half-equation.

Strong acids, such as nitric acid, dissociate completely into their ions.
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This response is poorly presented with much rough working on
display. Both marks were awarded, however, as two correct ionic
half-equations are shown with the labelling helping to direct the
examiner to the intended answer.

Put a line through any work that you do not want to be marked.
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Question 21 (b)(iii)

Again, following on from the half-equations, only a small proportion of candidates were able
to tackle this question successfully.

A correctly balanced equation. This candidate has clearly crossed out
the work they do not wish to be marked.

It is best to put a single line through work you do not wish to be
marked. Crossed out work is still marked unless it has been replaced
with an alternative response.
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Question 21 (c)(i)

Although all of the required information was provided in the question, candidates failed to
produce an acceptable equation, with many using molecular formulae for the organic
species, or representing the aldehyde group as COH. Very few candidates were able to
balance the equation.

This was a difficult equation to balance; however, 1 mark was available
for the correct species. This response did not receive any credit as the
molecular formula for ethanal was not accepted.

Do not use molecular formulae to represent organic structures unless
instructed to do so.
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This response scored 1 mark for a correctly balanced equation, but the
incorrect representation of ethanal did not receive credit.

When using structural formulae, aldehydes must be represented as
RCHO.
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Question 21 (c)(ii)

Generally well answered though candidates often made the calculation more complicated
than necessary by using the ideal gas equation, or by treating each gas separately as
opposed to the total moles of gas. Some candidates ignored the instruction and gave their
answer in dm3.

Although unlabelled, the working in this response is clearly presented
and easy to follow. Full marks were awarded, even though the final
answer is given in dm3 and not cm3 as instructed.

Read instructions carefully.
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This response scored just 1 mark for the calculation of the moles of
Hg(CNO)2.

The correct mole ratio is used in determining the total amount of gas,
but the answer is given to 1 significant figure, which has been carried
through in the calculation.

The candidate has ignored the reference to room temperature and
pressure and then made a mistake (with the pressure) in using the
ideal gas equation.
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In calculations, never give answers to 1 significant figure, even in
intermediate steps, unless the answer is exact or if instructed to do so.

Always use the molar gas volume given in the Data booklet
(24 dm3 mol-1) when working with gases at room temperature and
pressure. Note that "room temperature and pressure" corresponds to
a temperature of 20oC and a pressure of 1 atm.
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Question 21 (d)(i)

An example of a question where candidates found it difficult to apply their knowledge and
understanding in an unfamiliar context. It was disappointing to see so many candidates jump
straight to an improbable answer such as "catalyst", "to increase surface area" or even "anti-
bumping granules", without consideration of the chemistry or of the information provided.
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This response clearly conveys the idea of maintaining a constant
chloride ion concentration and was awarded the mark.
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Salt bridge / to complete the circuit were common incorrect answers to
this question.
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Always check the stem for useful information when answering
questions set in an unfamiliar context: the solution is labelled as
saturated KCl in this example.
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Question 21 (d)(ii-iii)

Many candidates seemingly missed that the diagram displayed the calomel electrode as the
positive electrode on the right and the tin as the negative electrode on the left and
subsequently confused their calculation. Where the answer to Q21(d)(iii) was incorrect this
may have been because candidates did not link the signs of the electrodes to oxidation and
reduction. In addition, a significant number of candidates misread the question, offering a
cell diagram in place of an overall equation.
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An excellent response with clearly presented working. The reversible
reaction arrow in Q21(d)(iii) was allowed.

When writing equations it is good practice to include state symbols,
but when required this will always be stated in the question.
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The calculation in Q21(d)(ii) is incorrect but credit was given in
Q21(d)(iii) as the candidate has appreciated that the more positive
electrode potential would make Sn2+ the oxidising agent for the cell
reaction.

By convention the right hand electrode is connected to the positive
input terminal of the voltmeter and the left hand electrode connected
to the negative. If the reading on the voltmeter is positive, therefore,
this means that the left hand electrode is the negative electrode (and
vice versa).
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Question 21 (d)(iv)

This was a familiar question to most candidates. A common mistake was to omit the
temperature, presumably as it was not associated with any one of the gas, electrode or
solution, despite this being an essential condition of the standard hydrogen electrode.

A clearly labelled response correctly identifying the features of a
standard hydrogen electrode. As instructed, the essential conditions
have been stated. The platinum electrode did not need to be porous in
nature, nor was any explanation required.

Always read instructions carefully. Additional credit will not be given
for providing information that is superfluous to the question.
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Question 21 (d)(v)

While many candidates recognised an advantage of the calomel electrode is that it does not
require hydrogen gas, most candidates simply related this to a hazard of hydrogen, or
incorrectly to not needing a high pressure, as opposed to the difficultly in providing a
continuous supply of gas. A minority of candidates recognised that the calomel electrode
does not require a (separate) salt bridge.

This candidate has recognised that a disadvantage of using a standard
hydrogen electrode is that a continuous supply of hydrogen gas is
required.

Using reverse arguments is acceptable in questions of this nature.
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None of these generic responses were worthy of credit without
qualification.

Avoid generic responses and be specific wherever possible.

26International Advanced Level Chemistry WCH15 01



Question 22

This unstructured titration calculation was handled competently by many candidates. Those
who struggled to make progress seemed unfamiliar with the concept of using excess reagent
in a back titration. Other common errors arose from ignoring the instructions, for example
calculating the mass of ethanedioate ions, as opposed to the calcium salt, or failing to
consider an appropriate number of significant figures. It was pleasing to see many
well-presented responses where TE could be awarded even where the final answer was
incorrect.
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A well-presented calculation receiving full marks. Giving the final
answer to either 2 or 3 significant figures was acceptable for this
question. Note that the "original amount of MnO4-" is given to 1
significant figure, but this was not penalised as the value is exact.

Always present your working clearly and logically in unstructured
calculations. This makes it easier for the examiner to award transferred
errors where the final answer is incorrect.
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Nothing worthy of credit was found in this poorly presented response.

You can ask for additional answer sheets for rough working. Cross out
any rough work that you do not want to be marked.
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Question 23

The majority of candidates found it difficult to use the information as evidence for the
delocalisation of the pi-bonds in benzene. With the thermochemical data, many candidates
simply compared the values for benzene and cyclohexene without thought to the
1,3,5-triene. Vague language such as higher or lower was commonly used. Most candidates
used the X-ray diffraction data to show that benzene has only one carbon-carbon bond
length but did not explain that this is longer than the localised pi-bond in the C=C of
cyclohexene. With regards to the bromination data, many candidates commented on the
conditions, but failed to mention the stability arising from the delocalised pi-bonds in
benzene means that a catalyst is required for bromination and that the reaction is
substitution and not addition.
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A coherent and logically structured answer, addressing all of the
information provided. This response would have scored full marks had
the candidate not incorrectly said that cyclohexene reacts by
substitution.
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Reread your answers to check for careless mistakes.
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An example of a response referring to all of the information that
scored 3 marks. As seen here, many candidates unnecessarily or
incorrectly compared the hydrogenation enthalpy of benzene with that
of cyclohexene instead of that of the theoretical triene. This candidate
has used the X-ray diffraction data effectively, comparing the bond
length in benzene to that of bond d in cyclohexene. The bromination
information could have been used more concisely but the expected
points, that benzene reacts by substitution and requires a catalyst, are
covered. The incorrect reference to a Friedel-Crafts reaction however
was penalised.
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This response scored 2 marks.

Again, the hydrogenation enthalpy of benzene has been compared
with that of cyclohexene. Even if the candidate had made the
comparison with cyclohexa-1,3,5-triene, the vague reference to a
"higher" enthalpy change would not have received credit.

The X-ray diffraction data has been used to conclude that benzene has
only one (carbon-carbon) bond length, but this has not been compared
directly with either the C=C or C-C bonds in cyclohexene as evidence
for delocalisation of the pi-bonds.

It is correctly stated that the bromination of benzene requires a
catalyst, but substitution has been confused with addition.

When comparing enthalpy changes, always use the terms more or less
exothermic/endothermic.
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Question 24 (a)(i)

Many candidates did not seem to recognise PAM as poly(propenamide) from the
specification and did not know how to name the monomer, even though its common name
provided includes amide as a suffix. Propanamide was a common incorrect answer, where
the alkene functional group had been ignored.

Prop-2-enamide is the preferred IUPAC name of acrylamide but this is
an acceptable alternative as "propenamide" is used in the
specification.

Make sure you are familiar with the content presented in the
specification.
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Question 24 (a)(ii)

Many candidates did not appear well-practised in drawing hydrogen bonds, with partial
charges and lone pairs frequently missing and a range of bond angles seen. While the
majority of candidates realised that PAM can H-bond with water, fewer appreciated that
these can form to both the O and the NH2 of the amide group, explaining the large amount
of water that can be absorbed. Those candidates scoring 0 marks usually thought that PAM
would react with water.

To score full marks on this question it was necessary to indicate that
hydrogen bonds with water can form at both the O and NH2 of PAM.
The H-bonds shown in this response are generally well drawn as they
contain the relevant partial charges, lone pairs and are linear in shape.
Only 2 marks were awarded, however, as one of the H-bonds is
incorrectly shown between a nitrogen and an oxygen atom.

In addition to partial charges and lone pairs, it is good practice to
indicate the 180o bond angle about a hydrogen bond.
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A good response showing all the required features of multiple
hydrogen bonds between PAM and water. Full marks were awarded;
however, the response would be even better if all H-bonds were shown
as linear and if the left hand water molecule was forming only one
H-bond to the carbonyl oxygen.
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Question 24 (a)(iii)

Another question where candidates found it difficult to apply their knowledge and
understanding. Of those candidates scoring 1 mark, many did so for simply guessing that the
(intramolecular) hydrogen bonds must break above pH 8, without considering why this would
happen. Candidates were expected to notice from the structure that PAA is a carboxylic acid,
which would deprotonate in alkaline solution. Only the strongest candidates realised that the
negatively charged carboxylate ions would repel.

An excellent response demonstrating a clear understanding of the
premise of the question.
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Suggest questions require the use of knowledge and understanding in
an unfamiliar context. From the information provided in the stem, this
candidate has appreciated that the answer relates to hydrogen
bonding but they have missed the significance of the intramolecular
nature of these. Further, they appear to have ignored the structure of
PAA and the role of its carboxylic acid functional group: the reference
to pH was a prompt to this.

WCH15 involves questions that are both synoptic and unfamiliar in
nature.
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Question 24 (b)(i-ii)

Despite being told that PVP is an addition polymer, candidates were unable to deduce the
structure of the alkene monomer, with many candidates failing to understand the nature of
the continuation bonds and including additional carbon atoms. In Q24(b)(ii), most candidates
knew what they were supposed to do but often had difficulty in working out the molar mass
of the monomer, typically using an incorrect number of hydrogen atoms and a surprising
number of candidates were unable to round their answer to the nearest whole number as
instructed.

The monomer given in Q24(b)(i) is incorrect, however, the molar mass
of this C7H11NO structure is then used correctly, with the final answer
given to the nearest whole number, so 2 marks were awarded in
Q24(b)(ii).
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Question 24 (b)(iii)

A calculation that was competently dealt with by many candidates. Frequent mistakes
included using the molar mass of the monomer instead of the polymer and omitting the final
step of converting moles to molecules.

This calculation is presented clearly and is easy to follow. An incorrectly
rounded moles of PVP has been carried through to the final answer,
however, so this response was awarded 2 marks only.

Take care to round your answers correctly, even in intermediate
calculation steps.
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This response scored 0 marks. The conversion of mg to g is incorrect
and there is no attempt to calculate an amount in moles.

Practise unit conversions, particularly for masses, volumes and
energies.
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Question 24 (c)(i)

An example of a question where candidates did not appear to consider the number of marks
on offer. While most understood what is meant by condensation, very few candidates
addressed the term polymer, either omitting any reference to this whatsoever or simply
stating that a polymer is made from two or more monomers. A polymer is a large molecule,
of high relative molecular mass, composed of a repeating subunit.

A typical response to this question, scoring 1 mark only. Many
candidates did not appreciate that the question also required
definition of the word polymer.

Pay special attention to all emboldened text and consider the marks
available for each question.
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Question 24 (c)(ii)

Many candidates were fortunate to score 2 marks on this question as the instruction to use
structural formulae was often ignored. Careless errors in connectivity, such as OH-C or
NH2-C, in skeletal formulae were subsequently penalised.

49 International Advanced Level Chemistry WCH15 01



This candidate has first used skeletal formulae before considering the
instructions more carefully. As structural formulae are more difficult to
use, the COOHCH2... and NH2CH2... connectivities were allowed and
both marks awarded.

This is a good example of how to neatly put a line through any work
that you do not want to be marked.
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The correct monomers but this candidate has overlooked the
instruction and used displayed formulae. Both marks would have been
awarded had both structures been fully correct, however, the OH-C
connectivity in the dioic acid was penalised and only 1 mark was given
(for monomer 2).

Take care with atom connectivity in organic structures.
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Question 24 (c)(iii)

This unfamiliar question was handled less competently, with many candidates missing the
term ring-opening and being confused with making a polyamide from a monomer already
containing an amide group. As a result, many candidates incorrectly joined two caprolactam
rings via the nitrogen atoms. The small proportion of candidates who scored both marks had
often deduced the number of carbon atoms in one molecule of caprolactam before
proceeding with their answer.
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An excellent response scoring both marks. The candidate has sensibly
used rough working to deduce the number of carbon atoms in one
molecule of caprolactam.

Use any available space in the question paper for rough working but
remember to put a line through work that you do not wish to be
marked.
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This candidate has sensibly annotated the structure to deduce the
number of carbons in caprolactam. Unfortunately they have gone on
to omit the CH2 hydrogens from the displayed formula so were
awarded 1 mark only.

All bonds and atoms must be shown when using displayed formulae to
represent organic structures.
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This response includes several mistakes and was awarded 0 marks,
despite being close to the correct answer. Firstly, the right hand repeat
unit has one too few carbon atoms. Secondly, the amide linkage on the
right is incorrect. Thirdly, the hydrogen attached to each nitrogen atom
should be shown.

Hydrogens attached to heteroatoms, such as N and O, must be shown
when using skeletal formulae.
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Question 25 (a)

Omitting or incorrectly naming the ester functional group was the most common error on
this question, with many candidates giving ketone, carboxylic acid or just carbonyl. Some
candidates chose to ignore the instructions, giving more than three functional groups or
providing structures instead of names.
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A common response scoring 1 mark. This candidate has focused on
the C=O bond as opposed to the ester functional group as a whole.

At A-Level, the term carbonyl is generally reserved for aldehydes and
ketones only.
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Question 25 (b)(i)

Ignoring the instruction was common, with many candidates failing to work in molecular
formulae. Of those candidates who did, many gave an incorrect number of hydrogen atoms
or did not understand the reaction, giving an additional product such as water or attempting
an equation for the hydrolysis of procaine. The following question clearly indicated the
reaction involved protonation of one of the nitrogen atoms: candidates should be
encouraged to read all parts of a question before beginning their response.

A correct response scoring 2 marks. The charges were not required
and their positions ignored. There is no ambiguity in the term
molecular formulae so no other types of formulae were allowed in
this question.

Always follow instructions carefully.
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Question 25 (b)(ii)

This question was poorly answered in terms of both chemistry and exam technique. Despite
being instructed to refer to both nitrogen atoms, many candidates focused on just one and
although many knew the lone pair on the NH2 nitrogen interacted with the benzene ring,
many candidates incorrectly thought this made the aromatic amine group more likely to be
protonated. Many candidates did not refer to the electron pushing effect of the alkyl groups
and instead thought that steric hindrance would make protonation of the tertiary amine
group less likely. The specification requires candidates to understand the difference in
basicity between ammonia, primary aliphatic amines and primary aromatic amines, so a
comparison between a primary aromatic amine and a tertiary aliphatic amine should have
been possible.

An excellent response scoring 2 marks. It has clearly indicated the
nitrogen more likely to be protonated as well as providing an
explanation in terms of both nitrogen atoms.
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This response scored 0 marks. The wrong nitrogen has been identified
and the explanation relates to only one of the nitrogen atoms. Further,
the explanation is imprecise as it should refer to the lone pair of
electrons on the nitrogen.
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Question 25 (c)

Many candidates scored well on this question, with common incorrect answers being the
methyl – or ethyl ester instead of the carboxylic acid.

As the question did not specify whether the hydrolysis was acid or
alkaline, answers with either carboxylic acid or carboxylate groups
were allowed. However, this response scored 0 marks as the negative
charge on the oxygen is missing.
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Question 25 (d)(i)

A familiar mechanism that did not require much application and, in general, scored well.
Evidence of rote learning was apparent with all the usual mistakes seen: unbalanced
equations for the formation of the electrophile; incorrect directions and placements of curly
arrows; negatively charged electrophiles; incorrect positioning of the disrupted pi-system and
charge on the intermediate. Candidates should be encouraged to understand the equations
and mechanisms they learn in organic chemistry as this makes them easier to remember and
to identify mistakes under the pressure of an examination.

This response would have scored full marks had the curly arrow shown
on the intermediate started at the C-H bond. The equation for the
regeneration of the sulfuric acid catalyst was not required and did not
need to be included.
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This response scored 1 mark for the intermediate: benefit of doubt
was given that some part of the gap in the "horseshoe" was facing the
tetrahedral carbon, but mainly because the position of this is correct in
the crossed out structure.

When crossing out rough work it is helpful to leave it visible for the
examiner.
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Question 25 (d)(ii)

Generally well answered with most candidates understanding that substitution could happen
at a different position. Structures showing further substitution were allowed, although it was
anticipated that candidates would appreciate the temperature used would make this unlikely.
Some candidates did not recognise the symmetry of the molecule and inadvertently gave the
structure of 2,4-dimethylnitrobenzene twice.

A correct answer scoring 2 marks.

This candidate is demonstrating good practice in highlighting key
words, command words and instructions as they read the question.
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The same structure is given twice. The atom connectivity of the nitro
group is poor on both structures but, fortunately for this candidate,
this error was penalised elsewhere on the question paper.
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Question 25 (d)(iii)

The reagents for this familiar reaction were generally well known, although some candidates
gave other reducing agents such as LiAlH4. Other careless mistakes included classifying the
tin as a catalyst or including NaOH in the same step, failing to appreciate that this would
neutralise the hydrochloric acid.

A correct response.

It is good practice to quote reagents and conditions as they appear in
the specification, as they are done here.

This response did not score the mark as tin is a reducing agent and not
a catalyst in this reaction.
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Question 25 (d)(iv)

Almost all candidates followed instruction, providing a skeletal formula. Around half of the
candidates scored the mark, with the carboxylic acid being the most popular answer.
Candidates should be aware that carboxylic acids react with amines to form salts, unless
heated, and that acyl chloride was a much better answer to this question. Most incorrect
responses usually gave the ketone, or just ethanoic acid or ethanoyl chloride.

Despite deducing the correct reagent, this candidate did not score the
mark as they have not provided the skeletal formula.

As "Cl" is the symbol for an element the atom connectivity on the left
should be shown as Cl-C.
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Question 25 (d)(v)

Many candidates did not recognise this as a nucleophilic substitution reaction of an amine
with a halogenoalkane. When dealing with larger structures in organic synthesis, candidates
should be encouraged to focus only on the part, or parts, of the molecule that are changing.
Nucleophile was commonly confused with electrophile and substitution with addition.

This response did not score the mark as the nucleophilic substitution
reaction of a primary halogenoalkane with an amine is not an
addition-elimination process.
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Question 25 (e)

A significant number of candidates left this question blank, suggesting that they had not
understood they needed to annotate the structure shown. Many candidates indicated more
than one carbon, with double-bonded carbons frequently chosen.

A significant number of candidates indicated one or more
double-bonded carbons as a chiral centre in this question.

A double-bonded carbon cannot be attached to four different groups
so cannot be a chiral centre.
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Question 25 (f)

This calculation scored well although conversion of mg to micrograms proved challenging for
some. Many candidates took the long route, halving the initial mass in 12 sequential steps.

This response scored full marks for the correct answer with working
shown. The candidate, however, has made a lot of work for themselves
and could have simply divided their mass by 212.

Practising past paper questions involving maths skills is sensible,
especially if you do not study A-Level Maths.
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A far more efficient route to 3 marks.
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Paper Summary

Based on their performance on this paper, candidates should:

Read questions carefully, paying particular attention to emboldened words.
Familiarise themselves with all specification content.
Use the information provided in questions.
Read through all subparts to a question before starting a response.
Practise constructing redox half-equations.
Practise deducing molecular formulae from skeletal structures.
Consider which parts of a molecule are changing in organic syntheses.
Practise answering questions set in an unfamiliar context.
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