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Introduction

Overall, the paper seemed accessible to all candidates and there was little evidence that they 
ran out of time. Students were well prepared for rates and entropy topics and calculations 
were a particular strength too. The twenty multiple choice questions had a mean mark of 
13.2. The easiest questions were 10a, 10b and 4 and the hardest question was 1c.
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Question 16 (a)(i)-(iii)

This part of the question proved to have a range of marks. In part ai, the majority gave the 
correct Kp expression often including round brackets and pp instead of p but scored the 
mark. However, a minority included square brackets or omitted p so gained no credit.

Deducing the mole fractions from the % composition of ammonia proved to be quite 
challenging in aii. But despite calculating the wrong mole fractions, most were able to 
correctly multiply by 200 to get a transferred error mark for the partial pressures.

The calculation in aiii, proved to be quite accessible for most candidates, but common errors 
included, too many significant figures, the wrong units or no units.

4IAL Chemistry WCH14 01



Although this candidate has the correct substances and powers in their 
Kp expression, they have used square brackets, which equate to 
concentration so do not score ai. They have got the wrong mole 
fractions in aii, but have successfully multiplied these values by 200 
and so score 1 mark for the correct partial pressures. In aiii they have 
successfully used their values from aii to calculate the equilibrium 
constant with the correct units and 3 significant figures so score 3 
marks.
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Transfer error marks are available in calculations so it is important that 
intermediate working is shown so credit can be given.
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This candidate has correctly used p and round brackets in ai and 
successfully deduced the mole fraction and partial pressures in aii. In 
aiii they have calculated the equilibrium constant with the correct units 
and 3 significant figures, so full marks are scored.
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Question 16 (a)(iv)

This question required the candidate to deduce the nature of the reaction when the yield 
increased as the temperature decreased. The majority appreciated the forward reaction was 
exothermic, but the explanation proved to be more difficult to answer successfully. A number 
also got confused between exothermic and endothermic or got the direction of equilibrium 
shift the wrong way round.

 

This candidate understands the reaction shifts to the right, but they 
have not stated the reaction is exothermic so only 1 mark scored.
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Here the candidate knows the reaction is exothermic, but they have 
just repeated the question by saying the amount of ammonia 
increases. Only 1 mark scored.

The candidate has scored both marks by stating the reaction is 
exothermic and the equilibrium shifts to the right.
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Question 16 (b)(ii)

The expression for the enthalpy change of solution was successfully done by the majority of 
candidates.

Although rarely seen this candidate has got the signs the wrong way 
round so no mark is scored.

Here the candidate has given a correct answer. Although they have 
simplified lattice energy to LE this is allowed.

11 IAL Chemistry WCH14 01



This candidate has broken down the hydration energies into the two 
parts, which is not essential to score. The important thing is to allocate 
the signs correctly which they have done so the mark is awarded.
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Question 16 (b)(iii)

This straightforward calculation of the enthalpy change of solution using a Hess cycle was 
well done by most students and those who made one error were able to score 1 mark out of 
2.

This is an example where the candidate has made one mistake. The 
calculation should be –307, not +307. This mistake could have been 
avoided as the arrows were already on the Hess cycle so both 
hydration enthalpies should be negative. However, just one mistake 
scored 1 mark.
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Here the candidate has shown their working and produced a correct 
answer so scores 2 marks. Note that we do not need to see a + sign if 
the result is positive and the units are not required but are penalised 
only if wrong.
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Question 16 (b)(iv)

This question proved very challenging for many. As well as having to explain how the size of 
the halide affected the hydration and lattice enthalpies, candidates also had to suggest how 
these changes would impact on the enthalpy of solution.

This candidate is confused between atomic and ionic radius, and it is 
not clear what the term weaker is referring to.

Make sure you are using the correct terminology when answering this 
type of question.

Do not confuse halogens and halides.

Also think carefully about what is changing and instead of saying larger 
or smaller refer to the values being more or less exothermic.
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This candidate has scored a mark for explaining the relationship 
between the lattice and hydration enthalpies on the enthalpy of 
solution. However, they have made no other comment about the 
trends and sizes of the ions so this is their only scoring point.
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This is an excellent answer where the candidate has scored a mark for 
saying ‘chloride is bigger than bromide’, another for the ‘lattice energy 
of ammonium chloride is more negative’ and finally one for 'hydration 
of chloride is more exothermic than bromide’
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Question 16 (c)

This ionic equation proved to be very challenging. Instead of using the ammonium ion, the 
majority used ammonium chloride and so found it difficult to score.

This was a common wrong answer where the candidate has incorrectly 
reacted the two ions together.

This correct answer was seen very infrequently.
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This detailed answer that showed the ammonium ion reacting with 
water was an acceptable correct answer.
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Question 17 (a)

This question tested the understanding of the reactions of carbonyl compounds. Whilst most 
candidates could correctly identify structure A, those of B and C proved to be more 
challenging. The quality of the drawings was also varied with missing hydrogens and 
pentavalent carbons occasionally seen. There were also several skeletal and structural 
formulae, despite displayed being emboldened in the question.
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This candidate clearly understood the chemistry for reaction A but did 
not follow the instructions and drew skeletal, instead of displayed 
structures.

When drawing organic compounds make sure you are giving the type 
of structure required in the question.
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Here there are two well drawn, correct, displayed structures for A and 
B. However, C proved to be the most challenging and many incorrect 
answers included alcohol or alkene functional groups.
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Question 17 (b)(i)

The naming of this hydroxynitrile proved to be very challenging. Some candidates who 
correctly identified the two groups in the molecule chose the wrong stem and 2-
hydroxypropanenitrile was occasionally seen. Others got confused with other nitrogen 
containing groups and amines and amides were also noted as incorrect answers.

This candidate has made two mistakes. The position of the hydroxy 
group is wrong as is the number of carbon atoms in the molecule.

Remember when naming nitriles, the stem includes the carbon 
attached to the N.

Despite cyanides not being included in IUPAC nomenclature, this 
incorrect answer was seen regularly.
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This correct name scored the mark.
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Question 17 (b)(ii)

Whilst most candidates had a good understanding of how the isomers could be 
distinguished, a lack of precision prevented them from scoring marks.

This candidate has the right idea, but they have not mentioned plane 
polarised light so no mark.

Here the candidate has mentioned plane polarised light, but they have 
not talked about different rotation, so no mark awarded.
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This is a fully correct answer.
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Question 17 (b)(iii)

Many candidates gave an answer based on simple recall regarding nucleophilic substitution 
reactions, rather than the actual reaction taking place and the planar nature of a carbocation 
was a common wrong answer. Those who realised that the compound was planar did not 
always score the mark as they were not specific about its position. However, almost all 
candidates understood that the nucleophile could attack on either side.

Here the candidate is confused with nucleophilic substitution reactions 
and the formation of a carbocation being planar. This is incorrect so 
only 1 mark scored.
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Here the candidate appreciates the propanal is planar but they do not 
say it about the C=O, so only 1 mark scored.
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Question 17 (c)(i)

Most achieved this mark by drawing a correct skeletal or partial skeletal formula.

Despite skeletal being emboldened in the question some candidates 
drew a displayed formula and so did not score.

This was the most common scoring answer that was an allow on the 
mark scheme. Note that many candidates who answered this question 
successfully drew the displayed structure first.
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This fully correct skeletal formula was only rarely seen.
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Question 17 (d)(i)

This was surprisingly poorly answered by most candidates. There was often confusion with IR 
spectra and proton NMR. Some of the carbonyl environments had multiple C atoms in the 
structures drawn, but the relevant C needed to be identified to score the mark. Often the 
quoted chemical shift was outside the permitted range too.

This candidate has got the correct chemical shift range but has not 
specified the carbon atom, so no mark was scored.

When using the data book make sure you are using the information 
accurately.
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Question 18

Those candidates who had a good understanding of the reactions of ethanoyl chloride 
scored well on this question. Most gave fully correct equations for the three reactions scoring 
IP1, 4, 5 and 6. However, IP2 and IP3 were seen less frequently as candidates were often 
unable to note the similarities in the three reactions.

This candidate has only a limited understanding of the reactions of 
ethanoyl chloride and only scored a mark for the reaction with water 
to produce a carboxylic acid.

Learn the organic reactions as described in the specification.
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This candidate has a good understanding of the reactions of ethanoyl 
chloride and scored IP1, 3. 4, 5, and 6.
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Question 19 (a)

In ai, most candidates were able to give a correct equation, but the use of a titration curve to 
determine the concentration of a solution in aii was more challenging. Although 22cm3 was 
often identified as the volume of KOH needed for neutralisation, many candidates used the 
final volume of 46cm3 which indicated they did not understand the pH curve correctly. 
In aiii all three possible routes seemed equally popular and most candidates were able to 
calculate the Ka correctly. Some quoted pH =pKa but picked an inappropriate pH such as 8 or 
13 but managed to score transfer error marks without seeming to have a real grasp of what 
they were calculating.
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This is a fully correct answer where the candidate has used the 
alternative method 2 to calculate Ka.
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Question 19 (b)

This type of buffer calculation was well understood by the majority and even those who 
found it more challenging were often able to score 1 mark for the calculation of hydrogen ion 
concentration. For some, the final answer was often quoted as ratio of salt: acid, rather than 
acid: salt as stated in the question, possibly as the version of Henderson-Hasselbach 
equation they used had the ratio of [salt]/[acid].

Although unable to do the buffer calculation this candidate scored a 
mark for the calculation of the hydrogen ion concentration.
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Here the candidate has used the Henderson-Hasselbach equation, but 
they have got the ratio the wrong way round so only 1 mark is scored.

When performing any chemical calculation, always check the details 
required in the question.
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Although they have not given the complete ratio an answer of just 1.93 
is an allow on the mark scheme so 2 marks scored.
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Question 20

Nearly all candidates could use the information in the question to deduce the correct orders 
of reaction, the rate equation and the units of k. Of those who got the orders wrong, many 
successfully carried this error forward to score to full marks for the rate equation and units 
of k. Occasionally k was omitted from the rate equation and there were some arithmetic 
errors, but these were rare.  
However, in part b many candidates produced a SN2 mechanisms even though their 
calculated rate equation did not include hydroxide ions. Furthermore, often the SN2 
mechanism showed no transition state, or an incorrect one. Those who did produce a SN1 
mechanism sometimes missed out the bromide leaving group so lost a mark and often the 
precision of the arrows was not good enough either.

Here the candidate has incorrectly drawn a SN2 mechanism. The curly 
arrows are both correct, but they have missed out the transition state. 
Only 1 mark scored.
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This is a fully correct answer and scores full marks.
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Here the candidate has incorrectly drawn a SN2 mechanism. The curly 
arrows are both wrong. The one from the OH does not come from a 
lone pair and the other should come from the bond, not the Br. 
However, the intermediate is correct.
 

Practise drawing mechanisms paying particular attention to the origin 
and direction of the curly arrows.
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Question 21 (a)

Although there was a little confusion between enthalpy and entropy in (a)(i) and (a)(ii), most 
answers were correct or had one minor error. Common errors were not multiplying by 2 or 3 
where necessary and mixing up negative signs. Some candidates also lost marks for incorrect 
units. In aiii, the majority calculated the temperature correctly, with the most common error 
not converting the entropy and enthalpy to the same energy unit.

This candidate failed to multiply the enthalpy change by 1000 to 
convert kJ to J. This was a common error and scored 2/3.
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This is a completely correct answer so scores full marks.
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Question 21 (b)(i)

Despite being asked to explain why the reaction would be feasible at any temperature 
several candidates simply stated that the total entropy change would be positive so scored 
no marks. Some others only included information about the entropy change of surroundings 
but nothing about the entropy change of the system so also failed to score.

This is an example of a fully correct answer as the candidate has 
explained clearly why the reaction is feasible at any temperature.
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Here the candidate failed to mention the entropy change of the system 
so scored no marks. This was a common wrong answer.

When answering entropy questions candidates should comment on 
the contribution made by both the entropy of the system and the 
entropy of the surrounding to the total entropy change.
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Question 21 (b)(ii)

The majority of candidate were familiar with this type of question and the answers seemed 
well rehearsed. The most common error was to miss out that the entropy change of the 
system hardly changes with temperature.

Here the candidate failed to mention the entropy change of the system 
hardly changes with temperature and so scored 2 marks.
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Here the candidate has fully explained the effect of increasing the 
temperature on the total entropy change so scored 3 marks.
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Question 21 (c)(iii)

Although there were some excellent answers, in general this question proved to be more 
challenging than expected. A number did not understand that there was repulsion between a 
negative ion and an incoming electron and there was also confusion with ionisation energies. 

This candidate is confusing electron affinity with ionisation, so no 
marks scored.

Here the candidate appreciates there is repulsion between electrons, 
but they have not mentioned the negative ion so only 1 mark scored.
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Just saying the electron affinity was endothermic was quite a common 
incorrect answer. No marks scored.

A fully correct answer as both scoring points are made.
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Question 21 (c)(i)-(ii)

Candidates seemed very familiar with Born-Haber cycles, and most were able to correctly fill 
in the boxes. However, the calculation was less successful as many struggled to rearrange the 
data correctly. In addition, there were elementary arithmetic errors and miscopying of values 
which should have been avoided with careful checking.
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This candidate has correctly filled in the boxes but has been unable to 
use the data to calculate the second ionisation energy. The candidate 
scored 3 for ci and 0 for part cii.

Practise using Born – Haber cycles to calculate any enthalpy change, 
not just lattice energies.
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Paper Summary

Based on their performance in this paper, candidates should:

read the question carefully and make sure they are answering the question that has been 
asked
practise writing structural, displayed and skeletal formulae for a wide range of organic 
compounds
practise organic mechanisms, paying particular attention to the origin and destination of 
the curly arrow
check explanations carefully to ensure that they answer the points outlined in the 
question
avoid using the terms ‘bigger’ or ‘smaller’ when answering questions involving enthalpy or 
entropy changes. Instead use phrases such as more exothermic
revise exothermic and endothermic reactions relating them to the correct signs and 
temperature changes.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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