
 

   

 

 

Example Candidate Responses 
 
 
 
 
 
 
 
 
 

 
Cambridge International AS & A Level 
Chemistry 
 

9701 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Cambridge International Examinations retains the copyright on all its publications. Registered Centres are 
permitted to copy material from this booklet for their own internal use. However, we cannot give permission 
to Centres to photocopy any material that is acknowledged to a third party even for internal use within a 
Centre. 
 
© Cambridge International Examinations 2013  
Version 2.0 
Updated: 16.02.16 



Contents

Introduction ........................................................................................................................... 2

Assessment at a glance ........................................................................................................3

Paper 2 – Structured questions ............................................................................................. 5

Paper 3 – Advanced practical skills .....................................................................................57

Paper 4 – Structured questions ...........................................................................................96

Paper 5 – Planning, analysis and evaluation ...................................................................... 182



Introduction

2 Cambridge International AS and A Level Chemistry 9701 

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS and A 
Level Chemistry (9701), and to show how different levels of candidates’ performance relate to the subject’s 
curriculum and assessment objectives.  

In this booklet a range of candidate responses has been chosen as far as possible to exemplify grades A, C 
and E. Each response is accompanied by a brief commentary explaining the strengths and weaknesses of 
the answers. 

For ease of reference the following format for each paper of the subject has been adopted:

Question

Mark scheme

Example candidate 
response

Examiner comment

General comments

Each question is followed by an extract of the mark scheme used by examiners.  This, in turn, is followed by 
examples of marked candidate responses, each with an examiner comment on performance. Comments are 
given to indicate where and why marks were awarded, and how additional marks could have been obtained. 
In this way, it is possible to understand what candidates have done to gain their marks and what they still 
have to do to improve their grades.

Past papers, Examiner Reports and other teacher support materials are available at http://teachers.cie.org.uk.
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Assessment at a glance

Syllabus code 9701
•   Candidates for Advanced Subsidiary (AS) certification will take Papers 1, 2 and either 31 or 32 at a single 

examination session.

•   Candidates who, having received AS certification, wish to continue their studies to the full Advanced 
Level qualification may carry their AS marks forward and take just Papers 4 and 5 in the examination 
session in which they require certification.

•   Candidates taking the complete Advanced Level qualification at the end of the course take all five papers 
in a single examination session.

Candidates may not enter for single papers either on the first occasion or for re-sit purposes.  
Candidates may only enter for the papers in the combinations indicated above.

Paper Type of Paper Duration Marks Weighting

AS Level A Level

1 Multiple-choice 1 hour 40 31% 15%

2 AS structured questions 1 hour 15 min 60 46% 23%

31/32 Advanced Practical Skills 2 hours 40 23% 12%

4 A2 structured questions 2 hours 100 38%

5 Planning, Analysis and 
Evaluation

1 hour 15 min 30 12%

Paper 1
This paper will consist of 40 questions, thirty of the direct choice type and ten of the multiple completion 
type, all with four options.  All questions will be based on the AS syllabus.  Candidates will answer all 
questions. As candidates only select responses for this paper it is not included within this booklet.

Paper 2
This paper will consist of a variable number of structured questions of variable mark value.  

All questions will be based on the AS syllabus.  Candidates will answer all questions.  Candidates will 
answer on the question paper.

Paper 31/Paper 32
Paper 31 and Paper 32 will be equivalent and each candidate will be required to take only one of them.  This 
is to allow large Centres to split candidates into two groups: one group will take Paper 31, the other group 
will take Paper 32.  Each of these papers will be timetabled on a different day.

Each paper will consist of two or three experiments drawn from different areas of chemistry.  

The examiners will not be restricted by the subject content.  Candidates will answer all questions.  
Candidates will answer on the question paper.

See the Practical Assessment section of the syllabus for full details.



Assessment at a glance

4 Cambridge International AS and A Level Chemistry 9701 

Paper 4
This paper will consist of two sections.

Section A (70 marks) will consist of questions based on the A2 core syllabus but may include material first 
encountered in the AS syllabus.

Section B (30 marks) will consist of questions based on the section “Applications of Chemistry” but may 
include material first encountered in the core (AS and A2) syllabus.

Both sections will consist of a variable number of structured and free response style questions of variable 
mark value.  Candidates will answer all questions.  Candidates will answer on the question paper.

Paper 5
This paper will consist of a variable number of questions of variable mark value based on the practical skills 
of planning, analysis and evaluation.  The examiners will not be restricted by the subject content.  

Candidates will answer all questions.  Candidates will answer on the question paper.

Teachers are reminded that the full syllabus is available at www.cie.org.uk
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Paper 2 – Structured questions

Question 1
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Mark scheme

General comment
The first part of the question tested candidates’ understanding of calculations relating to the masses, 
and hence numbers of moles, of elements taking part in a simple reaction of the unknown compound A.  
Answers from this part were then used to calculate the empirical formula of A.

When they had substituted data in the equation pV = nRT candidates were asked to use their earlier 
answers to deduce two structural formulae for compound A.

Those candidates who could carry out the early calculations correctly by using a clear and logical method 
were usually able to complete much of the rest of the question successfully.  On the other hand, those 
candidates who did not understand how to answer part (a) usually struggled with the rest of the question.

Some candidates gave an empirical or molecular formula which was chemically impossible but usually did 
not attempt to identify the source of their error.
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Example candidate response – grade A 



Paper 2 – Structured questions

9 Cambridge International AS and A Level Chemistry 9701



Paper 2 – Structured questions

10 Cambridge International AS and A Level Chemistry 9701 

Examiner comment – grade A
(a) This exemplary answer shows very clearly how the candidate tackled every step of the calculation. 

(b) This is another very clearly set out and fully correct answer.

(c) Both parts have been correctly answered, once again with very clear setting out of the answer.

(d) The candidate drew two structures using the M r  calculated in part (c).  Each structure met the 
requirements of the question.

(e) This correct answer shows that the candidate fully understood the reaction concerned.
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Example candidate response – grade C
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Examiner comment – grade C
(a) This is another exemplary answer which is fully correct.

(b) This answer is also fully correct.

(c) (i)  In this part, the answer shows that when using the equation pV = nRT the candidate did not know 
how to convert the values for pressure and volume from kPa and cm3 into Nm–2 and m3 respectively. 
In addition to this, the conversion of the temperature was wrongly carried out with 60 °C being 
shown as 360.7.  It is not clear how this latter figure was calculated or what its units were.

 (ii)  As a result of the answer to part (c)(i), the candidate experienced some difficulty in matching the 
empirical formula from part (b) to the value of the Mr.  A reasonable approximation was made to 
produce a molecular formula for compound A which made it possible for the candidate to answer 
part (d).

(d) One correct structure which corresponded to this molecular formula was drawn.  However the second 
structure would not have behaved in the manner described in the question because it contained a 
carbon-carbon double bond and would have reacted with aqueous bromine.

(e) The candidate appeared to understand the reaction but did not state that CO2 and H2O were, with 
copper, the only products.
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Example candidate response – grade E
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Examiner comment – grade E
(a) This answer shows that the candidate was unable to calculate the mass of each of the elements present 

in 0.240 g of compound A.

   However, the candidate was able to convert each of the calculated masses into the corresponding 
number of moles of the element concerned by using a correct method, and received credit for doing so.

 Each of these answers was given to three decimal places as the question required, with the answer to 
part (i) showing the calculated answer of 0.0093 being finally given as 0.009. 

(b) The candidate correctly used the numbers of moles calculated in part (a) but the calculated ratio of 
C : H : O = 1 : 10.67 : 1.78 was then given as 1 : 11 : 2 which was too large an approximation to receive 
credit.

 The resulting empirical formula, CH11O2 is impossible in chemical terms and this should have suggested 
to the candidate that a serious error had been made which needed to be investigated.

(c) (i)  This was correctly answered with the candidate successfully converting the figures for pressure, 
volume and temperature into appropriate values for use in the equation pV = nRT.

 (ii)  When calculating the molecular formula of compound A the candidate did not use the empirical 
formula previously calculated.  However, the result of this incorrect process was then used with the 
calculated empirical formula to give the incorrect molecular formula C2H24O4.

(d) The answers to this part should have used the Mr calculated in part (c)(i).  The resultant compound, 
C2H6O, was never justified in the calculation and thus received no credit.

(e) This answer suggests that the candidate did not understand that the formation of CO2 and H2O, with 
copper as the only other product, confirms that compound A contains carbon, hydrogen and oxygen.
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Question 2
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Mark scheme

General comment
The first parts of this question asked candidates to show their understanding of first ionisation energy 
and of the factors that affect it.  This is an important part of the study of periodicity which the more able 
candidates had mastered.

Candidates were also asked to show their knowledge of the properties of some of the elements.  The less 
strong candidates were usually able to score marks in these parts.



Paper 2 – Structured questions

20 Cambridge International AS and A Level Chemistry 9701 

Example candidate response – grade A
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Examiner comment – grade A
(a) The equation was completely correct. 

(b) The candidate gave three different contributory factors in an exemplary answer.

(c) In this answer the electronic configuration of each of the four elements concerned was stated.  This 
enabled clear explanations to be given in both parts.

 (i)  The candidate gave a very good explanation in terms of the greater distance from the nucleus of the 
3p electron in aluminium.

 (ii)  By giving the electronic configurations, the reference to the repulsion between a pair of electrons in 
sulfur is easy to follow.

(d) The candidate demonstrated a sound knowledge of the properties of the elements but did not know the 
conductivity of silicon.

(e) The deduction that element E would be selenium was incorrect.
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Example candidate response – grade C
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Examiner comment – grade C
(a) The equation was wrong with an anion being formed and no state symbols given.

(b) Two correct explanations for the increase in first ionisation energy from Na to Ar were given but the 
most obvious one – the increase in proton number – was omitted.

(c) (i)  The candidate gave the electronic configurations for both elements and then explained very clearly 
why a 3p electron is more easy to remove than a 3s electron.

 (ii)  In this part however, there were no electronic configurations.  The answer included imprecise 
phrases in terms of singly filled p orbitals and electrons repelling.  This was too general to be given 
credit.

(d) The candidate demonstrated a sound knowledge of the properties of the elements but did not know 
that magnesium has a high melting point.

(e) The candidate correctly deduced that element E must be germanium.
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Example candidate response – grade E
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Examiner comment – grade E
(a) The equation was correct but did not include the required state symbols.

(b) The candidate rewrote the question before describing the increase in proton number from Na to Ar.  No 
other contributory factors were given in this three mark question.

(c) No electronic configurations were given in either part.  The first section of each answer consisted of 
rewriting the question for which no credit is given.  The explanations that followed were vague and 
received no credit.

(d) Reasonable knowledge of the properties of the elements was shown with three of them being correctly 
described.  However, the candidate did not read the question carefully and put ‘moderate’ in the ‘melting 
point’ row rather than the ‘conductivity’ row as the question expected.

(e) The candidate correctly deduced that element E must be germanium.
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Question 3
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Mark scheme

General comment
Answering thermochemical questions correctly requires candidates to use a rigorous approach in which 
great care is taken with units and with signs.  It is the ability to do this that distinguishes the best answers 
from the rest.

Those candidates who were unable to carry out the calculations correctly were usually able to gain credit in 
most of the other parts of the question.
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Example candidate response – grade A
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Examiner comment – grade A
(a) The definition was fully correct.

(b) All four parts were correctly answered, the calculation being done in an exemplary manner.

 (i) This part was answered correctly.

 (ii)  The candidate used the expression enthalpy change  =  mc T correctly and gave the answer in the 
correct unit, J, which comes from the units for the specific heat capacity of water, given in the Data 
Booklet.

 (iii)  The calculation used the answer to part (ii) correctly and the final answer, which contained the 
correct sign, was given in kJ mol–1 as required.

 (iv) The candidate received full marks for this answer.

(c) All three parts were answered to the same standard as those in part (b).

(d) This calculation was very clearly carried out, with Hess’ Law being applied correctly.  The final answer 
contained the correct sign and units, as required.
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Example candidate response – grade C
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Examiner comment – grade C
(a) The definition was correct.

(b) In this part, and also in part (c), the answer was affected by errors in the calculations.

 (i) This was correctly answered.

 (ii)  The candidate used the expression enthalpy change  =  mc T correctly and gave the answer in the 
correct units.

 (iii)  This answer was numerically correct but the sign for this exothermic reaction was + which was 
incorrect.  However, the candidate did give the final answer in kJ mol–1, as required.

 (iv)  The answer here suggests that the candidate did not understand that all of the K2CO3 must be 
reacted in order to be able to calculate the enthalpy change per mole of K2CO3.

(c) The answers to this part were very similar to those in part (b).  In part (iii), the answer was numerically 
correct, with the correct units but had been given the wrong sign.

(d) In the final calculation the candidate did not correctly use the equation 

 2KHCO3    K2CO3  +  CO2  +  H2O

 which was given in the question.  As a result, the term -23.2 was not multiplied by 2.

 Apart from this mistake, the application of Hess’ Law was correctly carried out for the candidate’s 
answers to parts (b)(iii) and (c)(iii) and some credit was given.
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Example candidate response – grade E
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Examiner comment – grade E
(a) The definition was correct.

(b) (i) There was a simple error in the first formula in the equation which was otherwise correct.

 (ii)  The candidate did not use the expression enthalpy change = mc T correctly, the 30.0 cm3 of 
2.00 mol dm–3 HCl being converted into the number of moles present rather than their mass in g.  
The units were given as kJ rather than J.

 (iii)  In this part, the candidate mistook the number of moles of K2CO3 given in the question (0.0200) for 
the number of moles of HCl calculated in part (ii).

 (iv) This was correctly answered.

(c) (i) This was correctly answered.

 (ii)  As in part (b)(ii), the mass used in the expression enthalpy change  =  mc T was incorrect, being the 
number of moles of KHCO3.  Once again, the answer was in kJ rather than J.

 (iii)  The candidate attempted to carry out the correct process using the answer from part (c)(ii) but 
divided it by 0.200 rather than 0.0200.

(d) The candidate did not correctly apply Hess’ Law. Despite the inclusion of the  equation towards the end 
of the answer, the candidate did not multiply the answer 15.466 by 2 and subtracted the two calculated 
values incorrectly.
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Question 4
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Mark scheme
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General comment
Knowledge of the important reactions of a number of organic compounds was tested in this question.   
Those candidates who had learned the relevant chemistry were usually able to apply their knowledge here 
and gain credit for it. 
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Example candidate response – grade A
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Examiner comment – grade A
(a) This was an exemplary answer, each structure being drawn very clearly. 

(b) This fully correct answer matches the candidate’s compounds T and U.
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Example candidate response – grade C
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Examiner comment – grade C
(a) This answer was largely correct with compound W showing one error.

(b) The ester group was fully displayed but the compound could not have been produced from the 
candidate’s compounds T and U.
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Example candidate response – grade E



Paper 2 – Structured questions

46 Cambridge International AS and A Level Chemistry 9701 

Examiner comment – grade E
(a) In this answer the candidate showed limited knowledge of the reactions concerned.

(b) The ester group was fully displayed but the compound could not have been produced from the 
candidate’s compounds T and U.
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Question 5
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Mark scheme
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General comment
The ability to use knowledge of some organic compounds and reactions was tested in this question.  Those 
candidates who were able to apply the relevant chemistry usually scored well in this question.  However, 
many candidates struggled to draw the two skeletal formulae.
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Example candidate response – grade A



Paper 2 – Structured questions

52 Cambridge International AS and A Level Chemistry 9701 

Examiner comment – grade A
(a) This was an exemplary answer.

(b) (i) This skeletal formula was correct.

 (ii)  In this skeletal formula the compound incorrectly contained three carbon atoms.  The carboxyl 
groups were also incorrectly portrayed.

(c) This was another exemplary answer with both intermediates being suitable.  In addition, the reagents 
were described in sufficient detail to be given full credit.
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Example candidate response – grade C
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Examiner comment – grade C
(a) (i) Both functional groups were correctly and fully identified.

 (ii)  The reagent suggested for identifying the primary alcohol would react with both functional groups 
present in hydroxyethanal.  The reagent and observation for the aldehyde group were correct.

(b) Neither skeletal formula was correct.  The first one incorrectly contained three carbon atoms and the 
second one four, rather than the correct number, two. 

(c) The suggested route would be possible and the reagents were identified with sufficient detail to be 
given full credit.
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Example candidate response – grade E
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Examiner comment –grade E
(a) (i) While the two functional groups were correct, the candidate did not state that the alcohol is primary.

 (ii)  The reagent suggested for identifying the alcohol would not react with either of the functional groups 
present in hydroxyethanal. The reagent and observation for the aldehyde group were correct.

(b) Neither skeletal formula was correct.  The first one contained four carbon atoms and the second one 
three, rather than the correct number, two. 

(c) (i)  The candidate’s compound X had an incorrect structural formula and was not given credit. Compound 
Y was given credit because it can be oxidised to aminoethanoic acid.

 (ii)  The reagents for steps 1 and 2 were incorrect.  For the oxidation in step 3 the KMnO4 must be 
acidified.  The candidate did not state this and the answer was not given any credit.
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Paper 3 – Advanced practical skills

Question 1(a)
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Mark scheme

General comment
In the examples for this paper, separate candidates may have been used for each question part therefore 
answers may not necessarily follow on from previous example candidate responses for that grade.

Almost all candidates completed the seven experiments and were able to calculate the rise in temperature 
correctly. However, some weaker candidates read the thermometer incorrectly (2.00 ºC instead of 20.0 ºC) 
and a large number did not record the thermometer readings to the expected level of precision. Good 
candidates achieved the expected constant temperature rise in the latter experiments.  Weaker candidates, 
who are likely to have carried out a thermometric titration which produces a drop in temperature after the 
end point is reached, did not achieve this. Generally the accuracy marks tended to be Centre dependent 
although there were good results from individual candidates where others from the Centre had performed 
poorly.  However, the majority of candidates gained at least three out of the five accuracy marks available.



Paper 3 – Advanced practical skills

59 Cambridge International AS and A Level Chemistry 9701

Example candidate response – grade A

Examiner comment – grade A
This answer was typical in that full marks were gained for the accuracy with which the experiment was 
carried out. Thermometer readings are expected to be taken to the nearest 0.5 ºC, without interpolation, and 
for at least one of the readings to be at 0.5 ºC.
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Example candidate response – grade C

Examiner comment – grade C
Much of this answer was very good and many candidates gaining a grade C were equally competent in this 
section. A mark was lost owing to the much higher temperature rise in experiment 7. The candidate would 
have benefited from repeating it.
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Example candidate response – grade E

Examiner comment – grade E
In this answer the candidate needed to show more precision in the thermometer readings and the 
experimental results differed from those of the Supervisor. Although there was no change in temperature 
rise in the final three experiments they were 1.0 ºC lower than the maximum, which should not have 
occurred as the same number of moles of water would have been formed. 
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Question 1(b)

Mark scheme

General comment
A large majority of candidates chose scales so that at least half the available squares were used, and 
plotted all points correctly.  However, some chose difficult scales so that plotting and then reading the 
intercept was difficult for both candidate and examiner.  A few did not label the axes or did not record units 
in any of the forms specified in the syllabus.  The mark most commonly withheld was for the two best fit 
intersecting straight lines: a number of candidates left more points to one side of the line than the other.  
The use of (0,0) may have assisted some candidates to improve the line for the increase in temperature 
rise.  If candidates realise that one of their results is anomalous they should circle or otherwise indicate this 
decision on the graph so that the point is not considered by examiners when awarding marks for best fit 
lines. 



Paper 3 – Advanced practical skills

63 Cambridge International AS and A Level Chemistry 9701

Example candidate response – grade A

Examiner comment – grade A
This excellent answer is typical of many grade A and B candidates. The drawing of a best fit line with 
positive gradient was made easier by obtaining excellent experimental results.
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Example candidate response – grade C

Examiner comment – grade C
Had the anomalous result for experiment 7 been circled or labelled, and omitted from any attempt at a best 
fit line, the candidate may have been awarded full marks on this section. The line with the higher gradient is 
almost one of best fit: the candidate would have benefited from using (0,0) and ensuring points were lying 
either side of the line in equal measure. The line with the smaller gradient is one of best fit but the points 
are a long way off the line and the constant temperature rise portion has not been recognised.
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Example candidate response – grade E

Examiner comment – grade E
The labels for the axes, though correctly placed, do not include units. Both ‘best fit’ lines have points lying 
to one side only. By starting the scale at 4.0 ºC it was not possible for the candidate to use (0,0).
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Question 1(c) and 1(d) – using the graph

Mark scheme

General comment
Question 1(c)

The most common error in this section was that candidates did not show they had read the intercept to 
the nearest half square as many answers were given as whole numbers.  Some candidates were unable to 
score the mark as the intercept was less than the maximum temperature rise recorded.  However, there 
were many candidates who correctly gave the values of temperature change and volume to the level of 
precision shown in the graph.
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Question 1(d)

Relatively few candidates gained both marks as the responses tended to describe the shape of the graph 
or the temperature rise without relating it to any reaction between the acid and alkali.  More candidates 
gained the second mark which involved identifying that excess alkali was being added.  A small minority 
of candidates wrote about bond breaking and making without specifying that more water was formed 
in successive experiments (until all the limiting reagent had reacted).  Very few answered the question 
incorrectly in terms of equilibria or kinetics.

Example candidate response – grade A

Examiner comment – grade A
(c) The intersection was read correctly and the values recorded to the expected level of precision.

(d)  The second mark was awarded as the answer incorporated the ideas of excess FA 1, neutralisation and 
constant temperature rise.
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Example candidate response – grade C

Examiner comment – grade C
(c) This answer lacked the precision expected from reading values from the graph.

(d)  There was no explanation of the positive gradient line in terms of increasing rise in temperature and 
volume of alkali reacting. The link between bond making and the temperature change decreasing was 
not logical.
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Example candidate response – grade E

Examiner comment – grade E
(c)  The mark was not awarded as the reported temperature change was not to the expected level of 

precision although the volume was correct. Also the maximum temperature change had not been 
considered.

(d)  The answer was partly correct but was not sufficiently developed to gain a mark. With two marks 
allocated to a question, candidates should aim to make two points in their answers. There was no 
comment made about the horizontal line portion of the graph.
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Question 1(e)–(g) 
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Mark scheme

General comment 
Question 1(e)

The most common error in this section was using a volume other than 65 cm3 in the calculation.  However, 
the majority of candidates were able to gain the second mark for the calculation although some gave the 
answer to an excessive number of significant figures.

Question 1(f)

This section was correctly answered by almost all candidates.

Question 1(g)

Most candidates were able to gain the first mark.  However, some could not be awarded the second mark 
owing to an inappropriate number of significant figures, no conversion of J to kJ, or, more commonly, 
writing H or + for the sign.
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Example candidate response – grade A

Examiner comment – grade A
These answers were clearly set out, using all the correct data, and correcting to a suitable number of 
significant figures in (e) and (g). The value of the heat energy produced used in (g) had already been 
converted into kJ in the first step which was an acceptable alternative to the working shown in the mark 
scheme.
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Example candidate response – grade C

Examiner comment – grade C
The use of an incorrect total volume of solution heated was a common error in (e) (the volume of water was 
omitted). Showing working is important when carrying out calculations as ‘error carried forward’ marks can 
be awarded. This was evident in the second part of (e) and the first part of (g). The final answer was only 
given to two significant figures.
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Example candidate response – grade E

Examiner comment – grade E
Again, the volume of water added was not used in the first step of (e). The final answers to both (e) and (g) 
were given to too many significant figures, and the latter was also missing the negative sign. 
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Question 1(h)

Mark scheme

General comment
The majority of candidates did not appear to understand this question and answered in terms of fair testing, 
keeping the concentration constant or other responses commonly associated with kinetics experiments.  
However, there were a few excellent answers where the candidates clearly linked temperature rise to 
energy produced. The three example candidate responses show typical errors which were made. The grade 
refers to the overall grade the candidate received for the whole paper.

Example candidate response – grade A

Examiner comment – grade A
While this answer involved ‘heat’ the link between temperature rise and heat energy produced was not 
made.
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Example candidate response – grade C

Examiner comment – grade C
This answer was typical of many as, while chemically correct, it only involved the relationship of 
concentration with volume.

Example candidate response – grade E

Examiner comment – grade E
This answer was incorrect and did not involve temperature rise and heat energy.
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Question 1(i)

Mark scheme

General comment
Many candidates gained both marks in this section though a significant number did not specify the mole 
ratio of the reactants which was an essential part of their working.

Example candidate response – grade A

Examiner comment – grade A
Although the word mole was not used, the ratio was clearly shown, and the expression and calculation 
were fully correct.

Example candidate response – grade C
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Examiner comment – grade C
The mole ratio was clearly presented. However, no working was shown for the second mark. Additionally, 
the answer given for the concentration of FA 1 was incorrect and was not shown to a suitable number of 
significant figures.

Example candidate response – grade E

Examiner comment – grade E
The mole ratio was not displayed and, while the volume from (c) was used in the calculation, the step to 
change the unit of volume from cm3 to dm3 was omitted.

Question 1(j)

Mark scheme

General comment
Only a minority of candidates gained this mark.  The majority suggested increasing volumes of reagents, 
increasing the concentration of just one of the reagents, or gave methods of reducing heat energy losses. 
As in 1(h) the three example candidate responses show typical errors which were made. The grade refers to 
the grade the candidates received for the whole paper.
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Example candidate response – grade A

Examiner comment – grade A
This answer was partly correct as the need for greater concentration was recognised. However, both 
solutions would need to have greater concentrations.

Example candidate response – grade C

Examiner comment – grade C
This answer did not address the question as the same temperature rise would have occurred though it 
might have been recorded to a greater degree of precision.

Example candidate response – grade E

Examiner comment – grade E
Here again there was some understanding shown that greater concentrations would be required. However, 
more detail of the modification was necessary as the total volume of solution would not have been 
constant.
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Question 1(k)

Mark scheme

General comment
The majority of candidates gained the first mark in this section though a variety of responses were seen 
by Examiners including a few curves.  Fewer gained the second mark either because there was no 
temperature scale shown or the intercept was not at the same values as those in (b).
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Example candidate response – grade A

Examiner comment – grade A
This sketch showed the two lines with gradients similar to those in (b) and with the appropriate temperature 
change scale shown in detail.

Example candidate response – grade C

Examiner comment – grade C
The sketch of the two lines was clear and correct. However, the value for the temperature change in (c) 
was 9.0 ºC , so the scale on the y-axis was incorrect. This implied that the information in the stem of the 
question allowing the concentration of hydrogen ions to be found had not been correctly used.
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Example candidate response – grade E

Examiner comment – grade E
Lines with similar gradients to those in (b) were drawn but they were not intersecting. There was no scale 
shown on the y-axis.
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Question 2(a)
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Mark scheme

General comment
(a) (i) Most candidates selected a suitable reagent with few choosing other than a named mineral acid.

 (ii)  A large majority set out an appropriate table for their observations and were able to access at least 
one mark for observations.  It is important that candidates appreciate the difference between an 
observation, ‘effervescence’ and an inference, ‘gas is evolved’.  Not all of those using acid as their 
reagent went on to test the gas(es) produced which meant that there was insufficient evidence for 
the identification of the anions.  However, the most discerning candidates reported the difference in 
the rate of effervescence when using acid with FA 3 and FA 4.
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Example candidate response – grade A
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Examiner comment – grade A
This was a good answer including the reporting of slower effervescence in the reaction between FA 3 
and hydrochloric acid than with FA 4. Although the gas evolved with FA 3 was not tested with acidified 
potassium dichromate, the mark for the identities could be awarded as the choking odour of the gas and the 
fully correct limewater test with the gas from FA 4 were clearly reported. 
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Example candidate response – grade C
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Examiner comment – grade C
Most of this answer was very good as the difference in the rates of effervescence was described as well as 
a valid test for one of the gases. The error was in using two reagents with FA 5 contrary to the instruction in 
part (ii).
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Example candidate response – grade E
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Examiner comment – grade E

A suitable reagent was selected but its formula was repeatedly recorded in the table. There was no 
observation recorded that would lead to the inference of gas given off and this made two marks unavailable. 
However, both gas tests were given and the results recorded were correct as were the identities of the 
sodium salts.
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Question 2(b)
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Mark scheme

General comment
(b)  (i)  The majority of candidates were able to gain at least two marks in this section.  The most commonly 

awarded marks were for the two white precipitates in the first two steps and the white precipitate 
soluble in excess aqueous sodium hydroxide.  However, there are still candidates who report ‘white 
solution’ or ‘cloudy white’ instead of ‘white precipitate’.  The heating section was not as familiar 
to candidates and many possible observations were omitted.  The mark most commonly awarded 
was for the brown gas though some were able to identify NO2 and/or O2 from a correct test with 
a positive result.  The mark least awarded was for noting the solid turning yellow or for the sound 
made by the solid as it was heated.

 (ii)  Pb2+ was the cation most commonly identified though a few candidates did not have sufficient 
correct observations for this conclusion.

 (iii)  A large majority of candidates selected a suitable reagent, though a small number did not give its full 
name or formula so were unable to access the first mark.  The second mark was frequently awarded 
as most candidates reported the correct observation for Pb2+ with their chosen reagent.
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Example candidate response – grade A

Examiner comment – grade A
The observations using solutions in (i) are detailed and fully correct. The observations for heating solid 
FA 6 were more detailed than seen in many scripts. Although NO2 will bleach litmus paper so the inference 
of chlorine as the second gas is understandable, the thermal decomposition of nitrates is covered in the 
syllabus so should not be unfamiliar. Parts (ii) and (iii) were fully correct.
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Example candidate response – grade C

Examiner comment – grade C
The formation of the white precipitates was correctly reported as was the solubility of the hydroxide 
precipitate in excess sodium hydroxide. ‘Pop sounds given off’ was taken to mean the heated solid was 
decrepitating and there was no reference to a lighted splint to indicate that it referred to a test for hydrogen 
gas. The ‘brown glow around the test tube’ was not sufficiently precise to be credited. ‘It’ should not be 
used as it is imprecise. The observations were used to correctly identify the cation in (ii) and the reagent 
selected was suitable in (iii). However, use of aqueous ammonia involves testing with a small volume 
and then with excess and the solubility of the lead(II) hydroxide precipitate in excess ammonia was not 
investigated.
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Example candidate response – grade E

Examiner comment – grade E
Again the observations for the tests on the solution of FA 6 in (i) were fully correct. Candidates should 
be discouraged from trying to identify gases by smell; a chemical test is safer and is more likely to be 
credited. The colour of the gas was incorrectly reported and the identity of SO2 was inconsistent with the 
observation. The identity of the cation was correct in (ii) but the reagent chosen in (iii) did not show use of 
the Qualitative Analysis Notes. However, the observation was correct as the solubility of lead(II) chromate is 
so low that the equilibrium is shifted from dichromate to chromate.
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Paper 4 – Structured questions

Question 1
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Mark scheme

General comment
This question was designed to be a mostly straightforward starter question to the paper. Part (a) involved 
use of the Periodic Table; part (b)(ii) required simple recall and part (d) was a standard calculation. Parts 
(b)(i) and (c) required a little more thought however.

Common errors seen in scripts included the following:

• miscalculating the number of electrons in the ions in part (a)

• not applying le Chatelier’s principle in part (b)(i)

• not appreciating in (b)(ii) the significance of the fact that the overall equation did not involve H+

• using MnO4
- rather than MnO2 as the oxidant in (d)(i)

• calculating the percentage of Mn rather than MnO2 in (d)(ii)
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Example candidate response – grade A
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Examiner comment – grade A
(a)  The candidate’s second thoughts for Cr3+ were correct; the 4s1 electron is removed first, and then two 

of the 3d electrons. For Mn2+, however, the candidate removed three rather than two electrons.

(b)  The correct half equations were abstracted from the Data Booklet, and le Chatelier's principle was 
applied correctly.

(c)  The overall equation and the oxidation number changes for the two reactants were calculated correctly 
in (i). However, it was not appreciated in (ii) that a change in pH would not affect the extent of reaction, 
because H+ does not appear in the overall equation.

(d)  This correct answer was typical of a good candidate.
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Example candidate response – grade C
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Examiner comment – grade C
(a) This candidate scored full marks for correctly deducing the electronic configurations.

(b) In part (i) the candidate picked out the correct Eo values, but did not quote the half equations or use 
le Chatelier's principle to explain the effect of [H+] on Eo. In part (ii) the colour change for KMnO4 was 
reversed, but that for K2Cr2O7 was correct.

(c) The overall equation and the oxidation number changes for the two reactants were calculated correctly 
in (i). However, it was not appreciated in (ii) that a change in pH would not affect the extent of reaction, 
because H+ does not appear in the overall equation.

(d) This candidate realised they had used the incorrect oxidant in (i), and changed the equation accordingly. 
A good start was made in part (ii), but the rest was left blank.
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Example candidate response – grade E
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Examiner comment – grade E
(a) This candidate quoted the correct electronic configurations for the unionised atoms, but did not show 

that forming cations involves the removal of electrons from the atoms.

(b) Both half equations needed to be correct to gain credit in (i): candidates should be aware that MnO4
- 

is reduced to Mn2+ in acidic solution. The candidate’s second attempt at specifying the direction of 
movement of the equilibrium was incorrect. The colour changes in (ii) were correct.

(c) A good attempt was made to generate a balanced equation for the overall reaction in (i), but the number 
of water molecules was not balanced. The oxidation state change for Mn should have been to +2 rather 
than -2, and that for S should have ended up as +6 rather than +8. The unbalanced equation in (i) could 
still have given the candidate the hint that [H+] would have no effect on the extent of reaction, but this 
was not observed.

(d) In part (i) this candidate took Sn2+ to be an oxidising agent rather than a reducing agent, due to their 
not appreciating that the reactant with the more positive Eo will oxidise that with the more negative Eo. 
In part (ii) the first two lines of the calculation were correct, but in the third bullet point this candidate 
did not see that the number of moles of Sn2+ that had reacted with the pyrolusite is the number of 
moles first added, minus the number of moles left after the reaction. Rather, the candidate calculated 
the number of moles of MnO2 in the 0.100 g of pyrolusite, assuming the pyrolusite was 100% pure 
MnO2. Although the number of moles of MnO2 was incorrectly calculated in the fourth bullet point, 
an error-carried-forward mark was able to be awarded for the calculation in the fifth bullet point: the 
multiplication of the incorrect number of moles by the correct Mr of MnO2. Had the sixth bullet point 
been calculated correctly, the percentage would have been over 100%.
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Question 2
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Mark scheme

General comment
This question involved a mixture of knowledge recall in part (a), with applying knowledge of reaction rates 
to the analysis of a concentration-time graph in part (b), along with the understanding of the relationship 
between mechanism and order of reaction. Many candidates scored well, and even the weaker candidates 
were able to pick up marks in parts (a) and (b)(i).
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Example candidate response – grade A
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Examiner comment – grade A
(a) This candidate gave a complete answer, typical of a grade A candidate. A ligand needed to be described 

as containing a lone pair of electrons, which could be donated to a central metal. It was necessary to 
specify the latter point in order to distinguish a ligand from a base, or the more general nucleophile.  The 
type of bonding could be described as either dative or co-ordinate.

(b) The correct plotting of the points and the drawing of the straight line through them allowed this 
candidate to score the mark in (i). In part (ii) the candidate scored the mark for correctly stating both 
orders, and also gained the mark for the explanation of the first order dependence on [Cr(CO)6], namely 
that the half-life was constant. However, the mark available for the explanation of the zero order 
dependence on [PR3] was not awarded: reference had to be made to the fact that the rate, i.e. the slope 
of the concentration-time graph, does not alter with [PR3]. The candidate’s phrase ‘half life is decreasing’ 
was not an accurate enough description to gain the mark: had the candidate pointed out that successive 
half lives were each exactly half the previous half life, a mark could have been gained. In part (iii) this 
candidate chose to draw a gradient to the line where [Cr(CO)6] = 0.0061 mol dm-3, rather than the more 
usual [Cr(CO)6] = 0.010 mol dm-3 at t = 0 sec. However, the calculation was performed well, the value of 
the rate constant k was in the acceptable range, and the units were correct in part (iv). In part (v) both 
the mechanism chosen and the explanation fitted with the orders deduced earlier.
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Example candidate response – grade C
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Examiner comment – grade C
(a) This candidate also gave a complete answer and gained full credit for this part.

(b) The correct plotting of the points and the drawing of the straight line through them allowed this 
candidate to score the mark in part (i). In part (ii) the explanation for the first order dependence on 
[Cr(CO)6] was well expressed, but the logic for [PR3] was incorrect. In  parts (iii) and (iv), however, 
error-carried-forward marks were gained for deducing the correct rate equation and units based on the 
candidate’s incorrect second order dependence on [PR3]. Since none of the four possible mechanisms 
in part (v) were consistent with a second order dependence on [PR3], it was not possible to award any 
error-carried-forward marks here to this candidate.
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Example candidate response – grade E
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Examiner comment – grade E
(a) Both parts (i) and (ii) had detail missing. In (i) the candidate needed to explain that the lone pair of 

electrons on the ligand was used for bonding to a central metal atom, and in (ii) the bonding needed to 
be dative or co-ordinate as well as covalent.

(b) The plotting of the points and the straight line scored the mark in part (i). In part (ii), although the 
order with respect to [Cr(CO)6] was correct, the explanation was not: the graph does not show inverse 
proportionality, and the second statement is incorrect The first order dependence on [PR3] was 
incorrect. However, an error-carried-forward mark was awarded in part (iii) for the correct rate equation 
based on the incorrect orders stated in part (ii), but the units in part (iv) were incorrect. Another error-
carried-forward mark was awarded in part (v), because any of the mechanisms A, C or D is consistent 
with the reaction being first order with respect to each reactant.
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Question 3
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Mark scheme
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General comment
This question covered a wide range of topics, from the hydrolysis of nitriles and amides to the structures 
of proteins and zwitterions, and the calculation of buffer pH. Because of the range of topics covered, full 
marks were obtained only rarely, but many candidates scored 16–18 out of 19. Part (a) required enough 
understanding of the synthesis of carboxylic acids by the hydrolysis of nitriles to be able to work backwards 
to deduce the structures of starting materials and intermediates. Part (b) started with a definition of a 
protein, followed by their typical structure. In part (c), knowledge of amide hydrolysis needed to be applied 
to a cyclic bis-amide, and part (d) involved the application of knowledge of the structures of zwitterions 
to some unusual compounds. Part (e) started with a straightforward definition of a buffer, continued with 
knowledge recall of blood buffers, and finished with a fairly simple calculation of buffer pH, which, however, 
caught out many candidates.

The most challenging parts were (a)(ii), (c), (e)(iii) and (e)(iv).
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Example candidate response – grade A
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Examiner comment – grade A
(a) This candidate correctly worked out that the intermediate in part (i) was CH3CH(NH2)CN, but did not 

deduce that the starting material in part (ii) was C6H5CH2CHO.

(b) This candidate clearly stated the key point in part (i), that proteins are polymers of amino acids. In 
part (ii) this candidate scored one out of the possible two marks: the structure drawn was the correct 
structure of the dipeptide ala-ala, rather than two repeat units in a polypeptide chain, as the question 
asked.

(c)  The correct reagents and conditions were stated for the hydrolysis, and this candidate correctly worked 
out the hydrolysis products.

(d) The principle behind zwitterion formation was clearly understood, so all structures were correct.

(e) The two important features of buffers: that they resist, rather than totally prevent, changes in pH 
and that they are only effective if small amounts of acids or bases are added, were well explained by 
this candidate. In addition, a correct equation was offered in part (ii). Part (iii) illustrated a gap in this 
candidates knowledge of blood buffers: HCO3

- ions are the main agent, reacting with H+ to give H2CO3 
(or H2O + CO2) and with OH- to give CO3

2- ions. However, this candidate was one of a fairly rare number 
who scored the full two marks for a totally correct answer in part (iv).
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Example candidate response – grade C
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Examiner comment – grade C
(a) This candidate correctly worked out the intermediate in part (i). In part (ii) the correct intermediate was 

shown, but the candidate had not read the question correctly so drew the intermediate’s structure in the 
box rather than that of the starting material.

(b) A mark was gained for ‘long chains of amino acids’ in part (i), but in part (ii) one of the two marks was 
lost because the candidate drew two repeat units of poly-phenylalanine, rather than poly-alanine, as 
asked for in the question.

(c) The reagents were correct in part (i), and correct hydrolysis products were given in part (ii) . 

(d) The principle behind zwitterion formation was understood, so all structures were correct.

(e) The buffer definition was incorrect: it is important to remember that buffers do not prevent changes in 
pH, but merely minimise them. Secondly, buffers can only do this if only small amounts of H+ or OH- 
ions are added. In part (ii) this candidate incorrectly used the anion of alanine to react with H+, rather 
than the unionised acid (or its zwitterion). In contrast, this candidate’s answer to part (iii) was excellent. 
An equation showing how HCO3

- reacts with either OH- or with H+ was required as part of the answer. 
Two errors were made in part (iv), and so no marks were obtained. The first was not to appreciate that 
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when 0.001 mol of NaOH is added to 0.0025 mol of CH3CO2H, not only will 0.001 mol of CH3CO2Na be 
formed, but 0.001 mol of CH3CO2H will have been used up, leaving only 0.0015 mol to contribute to the 
buffer. The second error was to invert the (0.1/0.25) ratio in the Henderson-Hasselbach equation, thus 
making the buffer pH more acidic than the pKa, rather than less so.

Example candidate response – grade E
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Examiner comment – grade E
(a) The intermediate E was drawn as the second stage of an SN1 reaction, rather than the stable amino-

nitrile. In part (ii) the starting material was incorrectly deduced, in which the corresponding carboxylic 
acid was drawn instead of the aldehyde.

(b) The term 'sequence' was not accepted as suggesting a large polymeric chain, but this candidate did 
score the full two marks for correctly drawing two repeat units.

(c) A mark was gained in part (i) for H2SO4, but the ‘conditions’ mark was not awarded: the H2SO4 had to be 
dilute, or 70%, rather than conc.

(d) Although this candidate understood the idea of zwitterions in part (i), in part (ii) the more unusual 
structures were incorrectly completed.

(e) This candidate scored well on the ‘recall’ marks in part (i), but suggested the acid (peroxy) chloride as 
a product of the reaction with HCl in part (ii). Knowledge of blood buffers was unanswered in part (iii), 
and in part (iv) the candidate did not correctly complete the buffer calculation.
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Question 4
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Mark scheme

General comment
This short question tested knowledge of the thermal decomposition of Group II nitrates, and the application 
of that knowledge to the decomposition of Group I nitrates and carbonates. Most candidates did well on the 
knowledge recall of part (b), but the application of knowledge in part (c) caused some difficulties. Quite a 
number of candidates – of all abilities – lost a mark through not checking the balancing of their equation in 
part (a). 
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Example candidate response – grade A
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Examiner comment – grade A
(a) One mark was gained for the standard balanced equation. 

(b) The three points required were described well here: thermal stability increases, due to the ionic radius 
increasing, thus causing less polarisation of the nitrate anion.

(c) Instead of suggesting in part (i) an equation analogous to that for the decomposition of Group II 
carbonates, this candidate incorrectly deduced that the metal oxide would decompose further into the 
alkali metal and oxygen gas. The reasoning in part (ii) was sound and the prediction and explanation in 
part (iii) formed an excellent answer.

Example candidate response – grade C
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Examiner comment – grade C
(a) This candidate lost the mark here through not checking the atom balance in the chemical equation.

(b) The full three marks were awarded for the accurate recall of this area of knowledge.

(c) The equation in part (i) and the reason in part (ii) demonstrated a good understanding of the application 
of knowledge of Group II reactivity to these Group I compounds. No marks were gained in part (iii), 
however: the colour of NO2 gas was not stated, and no explanation for the decomposition of the nitrate 
was given.

Example candidate response – grade E
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Examiner comment – grade E
This candidate was typical of the less able candidates in scoring well on the straightforward parts (a) and 
(b), but not on the more demanding part (c). 

(a) A mark was gained for the balanced equation. Equations including either 1 or 2 moles of Ca(NO3)2 were 
accepted.

(b) The trend was described correctly, and the explanation was correct, but there was no indication in this 
answer of how the nitrates decompose, i.e. that the nitrate ion is distorted by the cation’s electric field.

(c) A common error was to give the formula of lithium oxide as LiO rather than Li2O.
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Question 5
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Mark scheme

General comment
This question concerned itself with the free radical substitution of alkanes. It proved to be the most difficult 
question of the whole paper, involving one of the less easy knowledge recall topics (the mechanism of the 
reaction), some tricky comprehension of data, and skeletal formulae which candidates often find difficult.
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Example candidate response – grade A
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Examiner comment – grade A
(a) Either the non-polar nature of alkanes or the high strength of the C-H bond could have been mentioned 

here.

(b) This was an excellent answer to this question, showing a comprehensive understanding of the 
mechanism of free radical substitution, as well as an ability to apply these ideas. Apart from the naming 
of the three steps, the verbal commentary by the side of the equations in part (ii) was not required, but 
was nevertheless correct. The formation of the three chosen by-products in part (iii) was well explained. 
In part (iv) the candidate correctly recognised that 2-methylpropane contained both primary and tertiary 
C–H bonds, but did not appreciate that statistically the 9:1 ratio of primary:tertiary C–H bonds would 
change the J:K ratio from 21:1 to 21:9.

(c) Most of these skeletal formulae were correct: the drawing of the CH2Cl group in full in the first and last 
formulae was penalised only once. This candidate also correctly assigned the two chiral centres.
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Example candidate response – grade C
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Examiner comment – grade C
(a) A mark was gained for pointing out alkanes’ non-polar nature.

(b) Both the name of the reaction type and the names of the steps involved were correct, as was the 
equation showing the initiation step. However, the answer did not show that in each propagation step a 
radical reacts with a complete molecule to form another radical and complete molecule pair, or that the 
termination steps involve the joining of two radicals to form a complete molecule. As with many of the 
less able candidates, part (iii) was not attempted, but a mark was gained for the partially correct 21:1 
ratio in part (iv).

(c) The first two skeletal formulae were correct, but the last two, which represented identical compounds, 
were missing a carbon atom. A correct chiral centre was identified.
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Example candidate response – grade E
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Examiner comment – grade E
(a) The strong C-H bond was an alternative reason accepted for the unreactivity of alkanes towards 

common reagents.

(b) Both the name of the type of reaction and the equation for the initiation step were correct. All three 
steps needed to be named to attract the ‘naming’ mark. Part (iii) was not attempted, but a mark was 
gained for the partially correct 21:1 ratio in part (iv).

(c) The first two formulae – part skeletal, part structural – showed incorrect alkene products, whilst the 
last two showed the formulae (again part skeletal, part structural) of 2-chlorobutane, another incorrect 
product. A mark was gained, however, for correctly identifying the chiral carbon atom in this incorrect 
product.
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Question 6
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Mark scheme

General comment
This question concerned itself with proteins. Although parts (b) and (c) were mainly recall items, care had to 
be taken to make sure the wording of answers was accurate and unambiguous. The question proved to be a 
fairly easy one for candidates, the majority of whom scored over half marks.
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Example candidate response – grade A
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Examiner comment – grade A
(a) Unusually for a grade A candidate, this candidate incorrectly selected a ribonucleotide instead of the 

amino acid. This was the only error in the answer to this question, however. Part (ii) was well answered: 
amylose, glycogen or cellulose were all acceptable alternatives to starch as the glucose polymer.

(b) The ‘type of bonding’ needed to specify covalent in part (i): ‘peptide bonds’ on its own did not receive 
credit. In part (ii) ‘hydrogen bonds’ needed to be uniquely specified, but in part (iii) any one of ionic, 
disulfide or van der Waals would have gained the mark.

(c) This was an excellent answer to this question: high temperature and a change (increase or decrease) in 
pH were two of the three possible conditions which could be changed (the other one accepted was the 
presence of heavy metal ions). The disruption of hydrogen bonds on heating gained this candidate the 
‘reason’ mark.
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Example candidate response – grade C
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Examiner comment – grade C
(a) This candidate correctly identified K as an amino acid, and hence a building block for protein. In part (ii), 

in common with many candidates, the name of the glucose polymer was incorrect, galactose being an 
isomer of glucose.

(b) ‘Covalent’ was a required part of the answer to part (i) but was not given in this case.

(c) Although the word ‘enzyme’ did not appear in part (i), it was read into this part from the candidate’s 
answer to part (ii). In part (ii) the temperature change had to be specified as an increase (only), to cause 
denaturation.
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Example candidate response – grade E
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Examiner comment – grade E
(a) Although this candidate correctly chose K as the building block, the mark was not gained because the 

answer stated that K contained an amide group, rather than containing an amine group. In part (ii) the 
candidate incorrectly stated that the ribose J would form glucose, L, as a polymer.

(b) ‘Covalent’ was a required part of the answer to part (i) but was not given in this case.

(c) The term ‘enzyme’ had to be stated to gain the mark in part (i). In part (ii) the candidate gained a mark 
for suggesting that a change in pH would inactivate the enzyme, but no indication was given that the 
change in temperature that was suggested was an increase.
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Question 7
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Mark scheme

General comment
This question covered analysis, chromatography and spectroscopy. Parts (a) and (b) were concerned with 
recall of knowledge, whereas part (c) involved application skills. Most candidates scored at least two marks 
on part (a), but the chemical principles involved in part (b) were often ignored: many candidates merely gave 
a description of how the techniques were carried out. The last part of (c) seemed only to be accessible to 
the more able candidates.
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Example candidate response – grade A
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Examiner comment – grade A
(a) Like this candidate, many scored all three marks here. For the first box, ‘X-Ray’ had to be coupled with 

‘crystallography’ or ‘diffraction’ to gain the mark. There were three acceptable techniques for the last 
box: electrophoresis, chromatography or mass spectrometry.

(b) This candidate clearly described the differences between the two techniques: paper chromatography 
relies of the partition of the components between the stationary and the mobile phases, whereas thin-
layer chromatography uses the differential adsorption of the components on the solid phase, coupled 
with their solubilities in the moving solvent.

(c) The calculation in part (i) was clearly set out. Although this candidate correctly deduced that bromine 
was present, the explanation in part (iii) was incomplete: the 1:1 ratio of 79Br : 81Br needed to be related 
to the 1:1 ratio of the M:M+2 peaks. Although the interpretation of the NMR spectrum in part (iv) was 
not a full one, this candidate deduced the correct empirical and structural formulae.
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Example candidate response – grade C
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Examiner comment – grade C
(a) The first mark was lost through the omission of ‘crystallography’.

(b) This answer did not explain the chemical principles behind paper chromatography. Had the description 
of thin-layer chromatography been included in part (i) rather than part (ii), it might have been awarded a 
mark.

(c) There were clear and correct answers to parts (i), (ii) and (iii). In part (iv) the empirical formula was 
correct, but the interpretation of the NMR spectrum looked only at the chemical shift values, and 
ignored both the integration values and the splitting pattern.
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Example candidate response – grade E
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Examiner comment – grade E
(a) Bearing in mind that there is little detail on this technique in the syllabus, the word ‘crystallisation’ was 

accepted as being near enough to ‘crystallography’ to gain the mark.

(b) This candidate had poor understanding of the principles behind paper chromatography. The description 
of thin-layer chromatography seemed more appropriate to that for electrophoresis.

(c) The standard calculation in part (i) was shown clearly. This candidate did not show an understanding of 
the significance of the M+2 peak in the mass spectrum: the answers to parts (ii) and (iii) were incorrect. 
The interpretation of the NMR spectrum relied on chemical shift values, ignoring both the integration 
(total H = 7H, whereas the candidate’s empirical formula contained 8H) and the splitting pattern.
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Question 8
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Mark scheme

General comment
The question involved little knowledge recall; its successful answering lay in the careful reading of the 
stem of the question of each part, before putting pen to paper. Many candidates wrote answers to what 
they thought the question was, rather than considering what the question actually asked. Most candidates 
managed to score at least five marks, however, but few scored more than eight.
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Example candidate response – grade A
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Examiner comment – grade A
(a) Careful reading of the stem of each of the three parts to this question allowed this candidate to score 

all three marks, for recognising that both P and Q will first need to be dissolved to allow them to act, 
for being aware that once the gel casing has been digested the smaller particles in Q will react/dissolve 
more quickly than the bulky P and for taking the hint from the stem in part (iii) that the capsule can pass 
through the stomach unchanged.

(b) This candidate picked up the idea that the dosage in a drip can be more closely adjusted and monitored, 
but did not address the problems of oral administration: that some of the drug is likely to be lost through 
hydrolysis or excretion.

(c) This candidate showed good ability in applying knowledge of the core syllabus to the structure and role 
of the PEG molecule. The word ‘condensation’, needed for the mark in part (i), was included; ‘van der 
Waals’ was a possible alternative to ‘hydrogen bonding’ in part (ii). This candidate appreciated that the 
key point in part (iii) was that coupling the drug molecule to PEG made it more difficult for the enzyme 
to fit around it. Mention of active site bonding, or changing the overall shape of the molecule, would 
have gained the second mark.
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Example candidate response – grade C
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Examiner comment – grade C
(a) In part (i) this candidate understood that if the drug was already in solution it would act more quickly. 

The mark scheme for part (ii) allowed the candidate to choose either P or Q: the mark being awarded 
for a coherent and logical explanation of the choice. This candidate explained clearly why they thought 
that P would act more rapidly. In part (iii), however, the candidate did not address the different chemical 
environments of the mouth, stomach and intestine: if the gel casing is digestible, but yet protects the 
drug inside from reacting before it reaches the intestine, it must be inert to stomach acid, but reactive 
towards the conditions (enzyme or higher pH) inside the intestines.

(b) This candidate correctly pointed out the problems of loss through digestion in the stomach, but did not 
mention the advantages of the intravenous route.

(c) Full marks were gained for the answers to parts (i), (ii) and (iv). The answer to part (iii), however, did 
not address the two important features of coupling the drug molecule to PEG: it will change the overall 
shape of the molecule, and thus will not allow as good a fit into the active site.
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Example candidate response – grade E
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Examiner comment – grade E
The weaker candidates were able to score fairly well on this question, so those who overall obtained a 
grade E often scored half marks here.

(a) This candidate demonstrated a common error in part (i) comparing P and Q with each other, rather than 
with drugs in solution. The answer in part (ii) seemed to contradict that given in part (i). Pointing out 
that the gel casing might slow the drug’s absorption gained the mark here. In part (iii) the candidate 
suggested that the gel would react with acid (in the stomach): if this were the case the drug inside 
would have been broken down before reaching the intestine.

(b) This candidate correctly drew attention to the speed of action available through the intravenous route, 
but did not address the problems of drug hydrolysis/loss via the oral route.

(c) Full marks were gained for the answers to parts (i), (ii) and (iv). The candidate’s answer to part (iii) 
suggested that the PEG molecule itself would act as an enzyme inhibitor, rather than altering the shape 
of the drug molecule to hamper its binding to the active site.
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Question 1



Paper 5 – Planning, analysis and evaluation

183 Cambridge International AS and A Level Chemistry 9701



Paper 5 – Planning, analysis and evaluation

184 Cambridge International AS and A Level Chemistry 9701 

Mark scheme
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General comment
Typically most candidates answered well in parts (a) and (b).  In part (c) answers were often started without 
a clear path to solubility or an appreciation of the bullet points in the stem.
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Example candidate response – grade A
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Examiner comment – grade A
(a) (i)  The prediction made was good and temperature increase was linked to increasing solubility for an 

endothermic process.

 (ii) A good sketch graph was drawn with correctly labelled axes. 

(b) Both variables were correctly identified in (i) and (ii).

(c) A well reasoned and presented plan was given using numbered points which aids clarity.  Whilst not 
explicit in (c), the number of experiments and range were both clearly stated in the table in (e).  In steps 
1–3 and 8 the masses of water and dissolved solute measured using the balance were credited.  Steps 
5–8 describe a solubility experiment as in Alternate 3 in the mark scheme and gained the marks and 
also the mark for stirring.  The only omission was that no trial run to determine reasonable quantities 
was attempted.

(d) The requirement here was for a hazard specifically related to the experiment rather than a general 
laboratory hazard.

(e) All the necessary columns were present along with appropriate units.
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Example candidate response – grade C
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Examiner comment – grade C

(a) (i)  The candidate’s prediction was good. The explanation of being endothermic, higher heat, forward 
reaction favoured was just acceptable for credit to be awarded.

 (ii) The sketch graph was good.

(b) The independent variable was correct but not the dependent which was in effect a mass of solute. 
This conflicted with the y-axis in the sketch.

(c) The response was reasonably organised using numbered points. There was a good approach to 
solubility determination that missed marks on points of detail so gained four marks out of seven. The 
fifth mark (stirring) was gained in step (ii) and the first mark (5 experiments) in step (iv). The approach 
of the candidate was Alternate 2 in the mark scheme gaining mark six (heating mixture to a particular 
temperature) in steps (v) and (vi). The idea of filtering in step (vii) was correct, but cooling would cause 
more solid to be collected so giving an incorrect solubility. The next step gained the mark for a suitable 
range.

(d) To gain credit, the gloves needed to be described as heatproof.

(e) The table was well done containing all the necessary columns but the solubility column lacked a correct 
unit.
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Example candidate response – grade E
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Examiner comment – grade E
(a) (i)  The candidate’s prediction was correct although the final phrase 'will absorb temperature' has no 

real meaning. The explanation, whilst not incorrect, does not explain the prediction in terms of 
promoting the endothermic change.

 (ii) The sketch graph here was good and complete in every detail.

(b) Both the independent and dependent variables were correctly identified in (i) and (ii). 

(c) Answering by way of numbered points was an aid to clarity.  However, the bullet points in the stem 
were not properly addressed leading to a low score.  Up to step 5 the candidate was progressing 
reasonably and gained some credit for measuring and stirring.  However step 6 misses how solution 
was achieved and the measurement of time was irrelevant.  Step 7 does not indicate the number of 
experiments proposed nor their range.

(d) A more detailed description of gloves (i.e. heatproof) was required to gain credit. 

(e) The table contains irrelevant temperature columns (final temperature was accepted as temperature of 
solution).  There was no column for solubility.  The units were correctly presented.
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Question 2
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Mark scheme
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General comment

This was a complex data set using negative log data that was handled reasonably by most candidates.  
Most mark loss was in the detail e.g. not quoting data to three significant figures. The reasons given for 
anomalies were often inadequate. For example, stating the 'time was wrong' or even 'time was too long' 
are not explanations. Such a reason would need to be related to an experimental action such as 'the clock 
was stopped after opacity was reached'.
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Example candidate response – grade A
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Examiner comment – grade A
(a) The table headings were all correct, but the data had one error (0.00342 should have been 0.00341).  

Candidates were allowed two data errors without penalty.

(b) The plot was very well presented. 

(c) Both the anomalies were correctly identified and the reason for each was correct as would be expected 
from a grade A candidate. 

(d) The candidate's plot showed eight points exactly on the line, or only slightly off, so the candidate’s 
response should have recognised that within acceptable experimental errors these results were reliable.

(e) The candidate had reasonable construction lines (including one to a point on the line) and read the 
intercepts correctly.  However the data was crossed over in the calculation.

 . .
. .

0 0033 0 0028
1 14 1 67

-
- - -^ h

  should have been  . .
. .

0 0028 0 0033
1 14 1 67

-
- - -^ h

 This would have given a slope of -1060, the negative sign reflecting the direction of the plot.

(f) The candidate calculated a value for EA which (although incorrect) was allowed in terms of error carried 
forward.

(g) The candidate made a good response to the question based on kinetic energy and effective collisions. 
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Example candidate response – grade C
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Examiner comment – grade C
(a) The candidate scored both marks for the table headings but not for the data.  The 1/T data was good 

but the 1/time data was recorded to 2 significant figures rather than 3.  This led to errors in the third 
significant figure in three values in log10(rate) leading to the loss of the third mark.

(b) Full marks were awarded for a well plotted graph.

(c) Whilst data may contain more than one anomaly, it was acceptable for only one to be identified provided 
that it was the most anomalous point as was the case here.  However, the reason given was unrelated 
to the experiment.

(d) This was a very good comment on reliability which required a statement about the points being on the 
line.

(e) There were no construction lines so intercepts could not be read from the graph.  The candidate picked 
out values from the table.  Points on the line could be used provided they had construction lines to 
them.  In this case the subsequent calculation was incorrect; it gives a value of the gradient as -1017.24.

(f) The candidate attempted to calculate EA by substitution not by using the slope previously calculated in 
(e) as required by the question.

(g) The candidate made a good response to the question based on kinetic energy and frequency of collision.
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Example candidate response – grade E
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Examiner comment – grade E
(a) The column headings did not receive credit.  Column D was missing its unit ( /K-1).  Column E had a 

conflict with two different headings.  The two columns of data were correctly calculated and reported 
for the third mark.

(b) The mark for axes was not awarded since the plot did not cover at least half of the available grid in the 
x-axis direction.  The plotting was correct so gained the middle mark.  Given the points as plotted, the 
line should have been twisted to the right to encompass the majority of points so did not gain the final 
mark.

(c) Two anomalies were correctly identified but the reasons were inadequate.  The reasons offered were 
those of the plotted data and not on the experimental reasons behind them.

(d) Since most of the points on the candidate's plot were not on the line as drawn, this answer was 
accepted.

(e) The candidate drew construction lines (if over a small scale), so gained the first mark.  However, there 
was an error in reading the intercept; 1.30 should have been 1.29 so the gradient calculation was wrong.

(f) To calculate EA, the gradient needed to be equated to its expression (-EA/19) extracted from the equation 
which was not attempted.

(g) The candidate made a good response to the question based on kinetic energy and frequency of collision. 
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