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Introduction
These exemplar answers have been chosen from the 
summer 2017 examination series. 

OCR is open to a wide variety of approaches and all 
answers are considered on their merits. These exemplars, 
therefore, should not be seen as the only way to answer 
questions but do illustrate how the mark scheme has 
been applied. 

Please always refer to the specification (http://www.ocr.
org.uk/qualifications/as-a-level-gce-chemistry-a-h032-
h432-from-2015/) for full details of the assessment for this 
qualification. These exemplar answers should also be read 
in conjunction with the sample assessment materials and 
the June 2017 Examiners’ Report to Centres available on 
the OCR website http://www.ocr.org.uk/qualifications/. 

The question paper, mark scheme and any resource 
booklet(s) will be available on the OCR website from 
summer 2018. Until then, they are available on OCR 
Interchange (school exams officers will have a login for 
this). 

It is important to note that approaches to question 
setting and marking will remain consistent. At the same 
time OCR reviews all its qualifications annually and may 
make small adjustments to improve the performance of 
its assessments. We will let you know of any substantive 
changes.

http://www.ocr.org.uk/qualifications/as-a-level-gce-chemistry-a-h032-h432-from-2015/
http://www.ocr.org.uk/qualifications/as-a-level-gce-chemistry-a-h032-h432-from-2015/
http://www.ocr.org.uk/qualifications/as-a-level-gce-chemistry-a-h032-h432-from-2015/
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Question 1

A chemist compares the rates of hydrolysis of 1-chloropropane and 1-bromopropane in ethanol.

Which reagent in aqueous solution should be used?

A Silver chloride

B Silver nitrate

C Potassium chloride

D Potassium nitrate [1]

Mark(s): 1/1

Examiner commentary
This candidate has recalled that silver nitrate is used to detect 
the formation of chloride ions during hydrolysis of chloroalkanes 
and has selected B. Silver chloride (A), as the precipitate formed, 
was the main distractor. 
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Question 2

How can the molecule below be described?

A Aromatic and alicyclic

B Aliphatic and unsaturated

C Aromatic and unsaturated

D Alicyclic and saturated [1]

Mark(s): 1/1

Examiner commentary
This candidate correctly identified that the molecule is alicyclic 
and saturated (D). The main distractors were those including 
‘unsaturated’: B and C. Notice that this candidate has eliminated 
choices A, B and C. Eliminating options by annotating is good 
practice.
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Question 3

Complete combustion of an organic compound forms 40 cm3 of carbon dioxide and 40 cm3 of water 
vapour, under the same conditions of temperature and pressure.

Which molecular formula could the organic compound have?

A C3H8

B C2H2O

C C2H4O

D C2H3N [1]

Mark(s): 1/1

Examiner commentary
This question required candidates to apply their mathematical 
skills. This candidate has written balanced equations to help 
with their answer, choosing the option that produces the same 
number of moles of CO2 and H2O (which must then give the 
same volumes). The most common incorrect answer was B 
which has the same number of carbon and hydrogen atoms in 
its formula. This problem required candidates to consider the 
stoichiometry of the equation, rather than the number of C and 
H atoms in the formula.
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Question 4

Which molecule is a Z-isomer?

 [1]

Mark(s): 1/1

Examiner commentary
This question required understanding of the principles of the 
Cahn-Ingold-Prelog rules. Applied correctly this gives B as the 
correct answer. Looking at the annotations on the formulae, this 
candidate was lucky as they have considered atomic masses 
rather than atomic numbers of the atoms connected to C=C. In 
this problem, both give the same correct answer. Of the other 
options, D should be rejected immediately as one of the C atoms 
of the C=C bond is bonded to two H atoms and will not produce 
E/Z stereoisomers.
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Question 5

Which molecule is a Z-isomer? [1]Which type of reaction has the greatest atom economy?

A Substitution

B Hydrolysis

C Elimination

D Addition [1]

Mark(s): 1/1

Examiner commentary
This candidate has identified that addition (D), with one 
product and 100% atom economy, must have the highest atom 
economy. The other options all produce two products and these 
all proved to be equal distractors.
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Question 6

Four atoms, 1–4, are labelled in the structure below.

Which atom has a trigonal planar arrangement of bonds around it?

A Atom 1

B Atom 2

C Atom 3

D Atom 4 [1]

Mark(s): 1/1

Examiner commentary
This candidate has correctly identified atom 3 (C) as having 
a trigonal planar arrangement of bonds. This question 
discriminated well between candidates, with the most able 
gaining the mark.

D (Atom 4) proved to be a common distractor, possibly because 
N has 3 bonds. 

Shapes of molecules and bond angles are studied during the 
first year of the course and candidates should be reminded that 
the A level examinations assess material from both years of the 
course and not just from Year 2.
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Question 7

Which molecule is a secondary amine?

 [1]

Mark(s): 1/1

Examiner commentary
This candidate has correctly chosen A. The annotations show 
how the candidate has made their decision: rejecting B as 
being an amide, rather than an amine, and rejecting C and D as 
containing a tertiary (T) nitrogen atom.
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Question 8

What is the number of chiral centres in the molecule below?

A 2

B 3

C 4

D 5

 [1]

Mark(s): 1/1

Examiner commentary
This was a challenging question, answered well by the most 
able. This candidate has correctly chosen C but the circling 
shows that they are lucky. The candidate has circled two atoms 
that are not chiral and has omitted two chiral carbon atoms. 
Where incorrect responses were seen, it was frequently due to 
the candidate missing one of the chiral centres, typically the one 
nearest to the sulfur atom within the ring.
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Question 9

What is the molecular formula of the compound below?

A C7H10

B C7H12

C C7H14

D C7H16

 [1]

Mark(s): 1/1

Examiner commentary
This candidate has easily chosen C as the correct answer. Notice 
that the candidate has added all the H atoms to the skeletal 
formula of 1-2-dimethylcyclopentane that was provided in 
the question. This is a good strategy. This proved to be an easy 
multiple-choice question.
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Question 10

Equal amounts of the four compounds are added to the same volume of water.

Which compound would produce the most acidic solution?

A CH3CONH2

B CH3COOH

C CH3COOCH3

D CH3COCl  [1]

Mark(s): 1/1

Examiner commentary
This question proved to be the most difficult of the multiple-
choice questions, with B, as a carboxylic acid, being the main 
distractor. The correct answer, D, is an acyl chloride, reacting with 
water to produce ethanoic acid and the strong acid, HCl. Notice 
that this candidate has rejected A and C as an amide and ester 
respectively. They have then written an equation for the reaction 
of CH3COCl with water and have selected D.
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Question 11

The compound below is analysed by 1H NMR spectroscopy.

How many peaks are observed in the 1H NMR spectrum?

A 5

B 4

C 3

D 2  [1]

Mark(s): 1/1

Examiner commentary
This candidate has added all H atoms to the molecule and 
has identified that there will be three peaks (C) from three 
proton environments: CH, 2 xCH2 and 2 x COOH. The strongest 
distractors were D (omission of the COOH protons) and A (not 
identifying the equivalence of the 2 CH2 and 2 COOH protons).
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Question 12

0.1 mol of HOOCCH2COOH are reacted with 0.1 mol of aqueous NaOH. How many molecules of water are 
formed?

A  6.02 × 1022

B 3.01 × 1022

C 6.02 × 1023

D 3.01 × 1023 [1]

Mark(s): 1/1

Examiner commentary
This candidate has recognised that the same number of moles 
(0.1 mol) of the acid HOOCCH2COOH and NaOH had been mixed 
together which would produce an equal number of moles (0.1 
mol) of water. The clear annotation derives 0.1 mol of water, 
giving option C. Option B was a common incorrect answer 
resulting from full neutralisation of HOOCCH2COOH by twice the 
number of moles of NaOH to form 3.01 x 1022 mol of water.
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Question 13

Which reagents could be used to prepare CH3CH2CONHCH3?

A CH3CH2COCl + CH3NH2

B CH3CH2CONH2 + CH3Br

C CH3CH2COONa + CH3NH2

D CH3CH2COCH3 + NH3 [1]

Mark(s): 1/1

Examiner commentary
This candidate has started by drawing out the structure of 
CH3CH2CONHCH3, which helps in identifying the functional 
group. This candidate has selected the correct option, A, and has 
clearly learnt the organic reactions in the specification. The other 
options proved to be equal distractors, suggesting guessing and 
poor preparation.
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Question 14

Ethane reacts with chlorine by radical substitution to form chloroethane.

Which radical(s) is/are present in the mechanism?

 1   H•

 2   Cl•

 3   C2H5•

A 1, 2 and 3

B Only 1 and 2

C Only 2 and 3

D Only 1 [1]

Mark(s): 1/1

Examiner commentary
This candidate’s strategy was to write out the propagation 
reactions in this mechanism. This gives the involvement of Cl• 
and C2H5• radicals and option C. Option A was the most common 
distractor. 
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Question 15

Which compound(s) is a/are structural isomer(s) of C6H12O2?

 1 hexanoic acid

 2 ethyl butanoate

 3 propyl propanoate

A 1, 2 and 3

B Only 1 and 2

C Only 2 and 3

D Only 1 [1]

Mark(s): 1/1

Examiner commentary
This candidate has drawn out all three structures for options 1, 
2 and 3. This is a good strategy, helping to show that the three 
compounds are all structural isomers of C6H12O2 and that A is the 
correct option.
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Question 16(a)

This question is about unsaturated hydrocarbons.

(a) Compound A and compound B are isomers.

Compound A has a lower melting point than compound B.

Suggest why. [2]

Mark(s): 2/2

Examiner commentary
This is an excellent response that compares the surface 
contact between the branched compound A and the non-
branched compound B. The candidate then links the type 
of intermolecular force, induced dipole–dipole interactions 
(London forces), with the energy input to break these forces. 
Vague uncreditworthy responses often referred to surface area, 
but without reference to points of contact, and failed to link 
energy to breaking the intermolecular forces. Note that uses of 
the term ‘van der Waals’ forces’ are not now acceptable and are 
ignored.
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Question 16(b)(i)(ii)(iii)

Compound C, CH3CH2CH=CHCH2CH2OH, exists as cis and trans stereoisomers.

(i) Name compound C. [1]

(ii) Define the term stereoisomers. [1]

(iii) Draw the structures of the cis and trans stereoisomers of compound C. [2]

Mark(s): 1/1

Examiner commentary
This candidate has achieved all marks for parts (i), (ii) and (iii) with 
excellent clear responses.

Overall candidates had difficulty in naming the organic molecule 
correctly as hex-3-en-1-ol. Common errors included missing 
numbers, e.g. hexan-1-ol and hex-3-enol.

In (ii), many candidates used ‘molecular formula’ rather than 
structural formula, for example ‘same molecular formula but 

different arrangement in space’. Others defined structural 
isomerism instead of stereoisomerism.

In (iii), most candidates were able to draw the cis and trans 
isomers of hex-3-en-1-ol. Candidates are encouraged to draw 
displayed or structural formulae for cis and trans isomers which 
helps when showing the arrangement of groups around the 
C=C group. Candidates should also copy the groups carefully 
from the supplied structural formula: CH3CH2CH=CHCH2CH2OH.

Mark(s): 1/1

Mark(s): 1/1

i

ii

iii
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Question 16(c)

The C=C group in an alkene contains a π-bond.

Complete the diagram below to show how p-orbitals are involved in the formation of a π-bond.

 [1]

Mark(s): 1/1

Examiner commentary
This excellent response clearly shows two p-orbitals as ‘dumb-
bells’ and the pi-bond above and below the plane of the 
molecule between the C=C bond. The annotations display very 
good understanding from a well-prepared candidate. 

Many candidates produced unexpected diagrams, for example 
drawing the p-orbitals at the ends of the left-hand molecule or 
extending the pi-bond above and below the whole molecule.
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Question 16(d)(i)(ii)(iii)(iv)

Compound D, shown below, reacts with hydrogen bromide by electrophilic addition. A mixture of two 
organic compounds, E and F, is formed.

(i) Suggest how an HBr molecule can act as an electrophile. [1]

(ii) Draw the structures of the two organic compounds E and F. [2]

(iii) Outline the mechanism of the reaction between compound D and hydrogen bromide to form either 
compound E or compound F.

   Include curly arrows and relevant dipoles. [3]

(iv) Which of E or F is the major organic product?

   Explain your answer. [1]

Mark(s): 1/1

Mark(s): 2/2

i

ii
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Examiner commentary
This candidate has achieved all marks for parts (i), (ii), (iii) and (iv) 
with excellent clear responses. In (i), the candidate has identified 
that HBr, as an electrophile, will accept an electron pair and that 
this takes place at the H atom of HBr. Vague uncreditworthy 
responses often ignored the ‘pair’ or simply described polarity in 
HBr.

In (ii), most candidates were able to draw correct structures for E 
and F but, as in 16b(iii), care is needed to ensure that the correct 
number of carbon atoms have been drawn.

In (iii), the candidate has drawn a clear mechanism, with curly 
arrows, dipoles and charges. Notice that this response shows 
precisely positioned curly arrows: 

from the centre of the C=C bond to the H of H–Br, 

from the centre of the H–Br bond to the Br of H–Br, 

and from the middle of the Br– lone pair to the + charge on the 
carbocation intermediate.

The main errors seen were with the drawing of curly arrows, use 
of full charges where there should have been partial charges and 
vice versa.

Candidates need to learn the key mechanisms in the 
specification. Precisely positioned curly arrows are extremely 
important.

The response in (iv) is an excellent explanation, indicating the 
major organic product and related this to the intermediate being 
the most stable carbocation. Weaker uncreditworthy responses 
often discussed the stability of the product rather than the 
intermediate or did not refer to a carbocation. Explanations 
based purely on Markownikoff’s rule were not credited.

Mark(s): 3/3

Mark(s): 1/1

iii

iv
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Question 16(e)(i)

Myrcene, C10H16, is a naturally occurring hydrocarbon containing more than one carbon-carbon double 
bond.

(i) Reaction of 204 mg of myrcene with hydrogen gas produces a saturated alkane.

Calculate the volume of hydrogen gas, in cm3 and measured at RTP, needed for this reaction.

Show your working. [2]

Mark(s): 2/2

Examiner commentary
This clear response starts by writing a balanced equation to 
show that each mole of myrcene reacts with three moles of H2. 
The candidate then converted 204 mg into 0.204 g and divided 
this value by the molar mass of myrcene (136) to obtain 0.0015 
mol. From here, the moles of H2 have been calculated as 0.0045 
mol, which is then multiplied by 24,000 to obtain the correct 
volume of 108 cm3. 

Some candidates did not convert 204 mg into g, obtaining 
108000 cm3, or did not consider the 1:3 stoichiometry of the 
equation, obtaining 36 cm3. One of the two available marks 
could still be obtained provided that the method is sound.
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Question 16(e)(ii)

β-Carotene is a naturally occurring unsaturated hydrocarbon found in carrots. A β-carotene molecule 
contains 40 carbon atoms, has two rings, and a branched chain.

0.0200 mol of β-carotene reacts with 5.28 dm3 of hydrogen gas to form a saturated hydrocarbon.

Using molecular formulae, construct a balanced equation for this reaction.

Include relevant calculations and reasoning. [4]

Mark(s): 4/4

Examiner commentary
This part applies the chemistry involve in 16(e)(ii) to a more 
complex scenario.

As with 16e(i), this candidate has produced a clear logical 
response, using the information in the question, to secure all 
four marks:

• Calculating the moles of H2 as 0.22 mol from 5.28 dm3 and  
 24.0 dm3

• Deducing that 11 mol H2 react with each mole of carotene.

• Deriving the formula of carotene and writing the correct  
 equation.

Identifying the formula of the saturated product as C40H78 is the 
most difficult stage as the candidate has to realise that each ring 
results in 2 fewer H atoms.

Commonly, candidates were able to score the first two marks 
but the second two marks proved to be elusive, especially the 
role of the two rings in the formula, with C40H82 being commonly 
shown as the formula of the saturated hydrocarbon product. 
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Question 17(a)(i)

This question is about the chemistry of aromatic compounds.

(a) Benzoic acid can be nitrated by concentrated nitric acid in the presence of concentrated sulfuric acid 
as a catalyst, as shown in Equation 17.1.

The organic product of this reaction is 3-nitrobenzoic acid.

(i) Outline the mechanism for this nitration of benzoic acid.

Show how H2SO4 behaves as a catalyst. [5]

Mark(s): 5/5

Examiner commentary
As with question 16d(iii), the key to a good response is good 
preparation and precisely positioned curly arrows.

This response is from a well-prepared candidate, securing all five 
available marks for this standard mechanism. 

It is very important to write an equation for the generation of the 
NO2+ electrophile and  a second equation for regeneration

of the H2SO4 catalyst. This candidate has clearly shown these 
equations at the start and at the end of the response. In the 
mechanism, notice the importance of the correct placement of 
curly arrows and the horseshoe in the intermediate that show 
the remaining electrons in the ring structure. Imprecision here 
often resulted in these marks not being awarded.
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Question 17(a)(ii)

A chemist carries out the reaction in Equation 17.1 using 4.97 g of benzoic acid.

The chemist obtains 3-nitrobenzoic acid as an impure solid.

The chemist purifies the solid to obtain 4.85 g of 3-nitrobenzoic acid.

Describe a method to obtain a pure sample of 3-nitrobenzoic acid from the impure solid, determine the 
percentage yield and check its purity. [6]

Level/Mark(s): Level 3 - 5/6
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Examiner commentary
This question was marked using Level of Response and assessed 
some of the practical techniques covered as part of the practical 
endorsement as well as requiring candidates to calculate a 
percentage yield for the reaction.

The first response was at Level 3.

This candidate has provided a thorough description of the 
recrystallisation required for the purification. This included 
dissolving the impure solid in the minimum volume of hot 
solvent, cooling the resulting solution, filtering the solid that 
forms and washing the solid with cold solvent. The candidate 
has omitted drying.  

The candidate then describes how the purity could be checked 
by taking the melting point of the product and comparing this 
to a data book value. 

The percentage yield calculation is correct, with rounding only at 
the last stage. 

The second response is Level 1 only.

The candidate has attempted to describe the purification stage 
but has not included the need to dissolve the solid in hot solvent 
or the need to cool. The candidate has not shown how the 
purity could be checked using melting point. The candidate has 
attempted to calculate the percentage yield but has introduced 
a rounding error by rounding an intermediate answer. This error 
would have been prevented by rounding only at the final step of 
the calculation.

Level/Mark(s): Level 1 - 2/6



Exemplar Candidate Work

30

A Level Chemistry A

© OCR 2017

Question 17(b)(i)(ii)

Mark(s): 1/1

A student investigates the relative ease of nitration of phenol, benzene, and benzoic acid.

(i) State the trend in the relative ease of nitration of phenol, benzene, and benzoic acid. [1]

(ii) Apply your knowledge of the bonding in arenes to explain the trend in part (b)(i). [3]

i
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Mark(s): 2/3

ii

Examiner commentary
In part b, candidates needed to interpret practical information 
to identify a trend in reactivity, and then to explain the trend. 
Essentially, candidates needed to apply their understanding of 
the different reactivities of benzene and phenol to the reactivity 
of benzoic acid.

In (i), this candidate correctly identified the decreasing reactivity 
from phenol to benzene to benzoic acid. Most candidates 
derived this trend.

In (ii), this candidate has been able to explain why phenol is 
more reactive than benzene in terms of donation of the O lone 
pair into the ring, increasing the ring’s electron density. This is 
specification content. However, the candidate has been unable 
to suggest that the –COOH group in benzoic acid must be 
electron withdrawing, leading to decreased electron density of 
the ring structure and reduced ability to react with electrophiles. 
Only the most able candidates were able to explain the 
decreased reactivity of benzoic acid.
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Question 17(c)(i)(ii)

A student synthesises 3-bromophenylamine, shown below, starting from nitrobenzene.

(i) Complete the flowchart showing the structure of the intermediate and the formulae of the reagents 
for each stage. [3]

(ii) Another student attempts the same synthesis but carries out reduction before bromination. The 
student was surprised to find that two structural isomers of 3-bromophenylamine had been formed 
instead of the desired organic product.

Explain this result and suggest the structures of the two isomers that formed. [3]
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Mark(s): 3/3

Mark(s): 3/3
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Examiner commentary
This candidate has produced a very good response for both 
parts of this question and has been awarded all available marks.

Part (i) is largely recall of specification reactions. Notice that the 
candidate has included a suitable halogen carrier (FeBr3) for the 
bromination stage and the need for concentrated hydrochloric 
acid for reduction. The structure of the intermediate has been 
clearly drawn.

In part (ii), this candidate has identified that nitrobenzene 
would be initially reduced to phenylamine. The candidate has 
recognised that the –NH2 group is 2,4 directing and they have 
drawn clear structures of the resulting bromo compounds: 
2-bromophenylamine and 4-bromophenylamine.

Common errors included drawing two identical structures, and 
explaining electron donation from the –NH2 group but ignoring 
the positioning. 
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Question 18(a)(i)

This question is about organic compounds containing nitrogen.

Sodium cyanide, NaCN, can be reacted with many organic compounds to increase the length of a carbon 
chain.

(i) 1-Chloropropane, CH3CH2CH2Cl, reacts with ethanolic sodium cyanide by nucleophilic substitution.

Outline the mechanism for this reaction.

Include curly arrows, relevant dipoles and the structure of the organic product. [3]

Mark(s): 3/3

Examiner commentary
As with question 16d(iii) and 17a(i), the key to a good response is 
good preparation and precisely positioned curly arrows.

This candidate has drawn a clear mechanism with curly arrows, 
dipoles and charges. Notice that this response shows precisely 
positioned curly arrows from the lone pair on the C atom of the 
CN– ion to the C of C–Cl. The candidate has also identified that a 
Cl– ion is also produced.

This mechanism is another that is directly drawn from the 
specification and success depends largely on whether the 
mechanism has been learnt.

Errors from poorly prepared candidates included attack from 
a lone pair of the N of the CN– ion and omission of the Cl– 
product. It is acceptable for the first curly arrow to be drawn 
from the negative charge but it must then be shown on the C 
atom of the CN– ion.



Exemplar Candidate Work

36

A Level Chemistry A

© OCR 2017

Question 18(a)(ii)

Compound G is used to synthesise compounds H and I as shown in the flowchart below.

Complete the flowchart showing the structure of compound G and the formulae of the reagents for 
Reaction 2 and Reaction 3. [3]

Mark(s): 3/3
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Examiner commentary
This question assessed a synthesis involving a nitrile.

This candidate has provided the structure of G as methanal (the 
starting material) and correct reagents for reactions 2 and 3. 
Notice that hydrolysis in reaction 3 is carried out using aqueous 
acid and the response requires either HCl (aq) or HCl/H2O. The 
reduction in reaction 2 also required a suitable catalyst, such as 
Ni.

The reagents were straight specification recall. Compound G 
was more difficult and required candidates to complete the 
synthesis.
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Question 18(a)(iii)

Compound H reacts with dilute hydrochloric acid to form a salt.

Explain why compound H can react with dilute hydrochloric acid and suggest a structure for the salt 
formed. [2]

Mark(s): 2/2

Examiner commentary
This question asked candidates to explain why an amine can 
react with an acid and to predict the formula of a salt.

This candidate has succeeded in addressing both points, stating 
the role of the N lone pair in gaining a proton and drawing a 
correct structure of the salt, with the positive charge on the N 
atom.

Vague responses were not credited. For example: stating that 
amines accept protons, without the role of the N lone pair, or 
simply stating that a salt is produced when an acid reacts with 
a base. In the structure of the salt, the Cl– ion was sometimes 
omitted. 
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Question 18(a)(iv)

Compound I is the monomer for the biodegradable polymer J.

Draw two repeat units of polymer J and suggest a reason why it is biodegradable. [3]

Mark(s): 3/3

Examiner commentary
This candidate has been credited with all three marks with a 
clear correct diagram of two repeat units of the polymer, with 
the ester group displayed, and a correct explanation in terms of 
the ability of the ester group to undergo hydrolysis. 

Many candidates had problems answering this part, partly 
because the information related to a ‘biodegradable polymer’ 
and did not immediately signal that a polyester had formed. 
Poorly prepared candidates had little idea that a polyester had 
formed and many strange structures were seen. Explanations 
were often poor, e.g.: ‘because of the CO group’, the oxygen 
helps it breaks down’, ‘there are no C=C bonds’. 
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Question 18(b)(i)(ii)

The repeat unit of Nylon 6,6 is shown below.

(i) Draw the structures of two monomers that can be used to form Nylon 6,6. [2]

A sample of Nylon 6,6 has a relative molecular mass of 21500.

Estimate the number of repeat units in the sample.

Give your answer as a whole number. [1]

Mark(s): 2/2

Mark(s): 1/1
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Examiner commentary
The structure of nylon 6,6 had been provided and enabled this 
part to be answered much more successfully than 18a(iv).

In (i), the response shown is very clear and easily collects the two 
marks. Notice the use of skeletal formulae, using the key from 
the provided structure. Skeletal formulae prevent issues with 
missing H atoms often seen on displayed or structural formulae.

All but the weakest candidates scored the two marks for 18b(i). 
Where a mistake was made, it usually stemmed from showing 
C=O rather than COOH and NH rather than NH2.

In (ii), this candidate has divided the relative molecular mass of 
nylon 6,6 by the relative molecular mass of a single repeat unit 
(226) to obtain the correct answer of 95.

Where errors crept in, incorrect calculation of the relative 
molecular mass of the repeat unit was the usual cause.

Question 19(a)

This question is about alcohols.

Construct an equation for the complete combustion of an unsaturated alcohol with 5 carbon atoms. [1]

Mark(s): 1/1

Examiner commentary
This candidate has constructed a correctly balanced equation for 
combustion of the required unsaturated alcohol.

The most common mistakes were use of C5H12O, the molecular 
formula of the saturated alcohol, or ignoring the O atom in 
the alcohol when balancing the equation. Notice that this 
candidate initially used the formula of the saturated C5H12O 
and then spotted their mistake. They have also crossed out the 
incorrect formulae, replacing them afresh, rather than trying to 
change numbers. This is a good strategy as changed numbers 
can be very difficult to decipher and may lead to an ambiguous 
response that cannot be credited.
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Question 19(b)(i)

Many alcohols, including ethanol, are soluble in water.

(i) Explain, with the aid of a diagram, why ethanol is soluble in water. 

Include relevant dipoles and lone pairs. [2]

Mark(s): 2/2

Examiner commentary
This candidate has followed the instruction in the stem to show 
a labelled hydrogen bond between molecules of water and 
ethanol. Dipoles are clear and the role of an O lone pair has been 
clearly shown. With the hydrogen bond label, the diagram alone 
collects both marks.

Surprisingly, responses often omitted dipoles and lone pairs 
and candidates are encouraged to make use of any information 
in the question, which often gives clues about what should be 
emphasised in the response.
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Question 19(b)(ii)

The solubility of hexan-1-ol and hexane-1,6-diol in water is shown below in Table 19.1.

Explain the difference in solubility of hexan-1-ol and hexane-1,6-diol. [1]

Mark(s): 1/1

Examiner commentary
This is an excellent response, comparing the number of OH 
groups in hexane-1,6-diol and hexan-1-ol and the number of 
possible hydrogen bonds with water.

Weaker answers did not compare the two compounds, simply 
stating that hexan-1,6-diol has two OH groups or that it forms 
two hydrogen bonds with water. Solubility in water was also 
often omitted completely.



Exemplar Candidate Work

44

A Level Chemistry A

© OCR 2017

Question 19(c)(i)(ii)

Alcohols are important in organic synthesis and can be formed by the reduction of carbonyl compounds.

(i) Complete the flowchart by filling in each box. [5]

(ii) What is the name of compound K? [1]

Mark(s): 5/5

i
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Mark(s): 1/1

Examiner commentary
In (i), this able candidate has completed the flowchart correctly 
to score full marks. There are clear skeletal formulae for the 
organic compounds. 

Overall, the reagent for reduction (NaBH4) was well known but 
the organic structures proved to be a mystery for many. This part 
discriminated extremely well.

The products of the reactions of K caused problems, with 
sodium bromide often being used to form –O–Na+ or with a Br 
atom substituted onto the ring. 

Many did not realise that an acid dehydrates compound K and 
only the more able correctly showed two cycloalkenes with the 
double bonds in the correct positions.

In (ii), this candidate has name compound K correctly, the 
-1- being optional. Common errors included 3-methylphenol, 
3-methylcyclichexanol and 3-methylhexanol. As with the 
naming in 16b(i), this part discriminated extremely well.

ii
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Question 19(d)

Butan-1-ol can be oxidised to form two different organic products, depending on the reaction conditions 
used.

Describe both oxidation reactions of butan-1-ol.

For each reaction include 
•  the structure of the organic product 
•  a balanced equation 
•  the essential reaction conditions.

In your equations you may use [O] to represent the oxidising agent. [5]

Mark(s): 5/5

Examiner commentary
This candidate has produced a superb response. One feature is 
the sheer clarity of the response with clear structures, equations 
and essential conditions.

Where marks were lost it was commonly from omitting H2O in 
the balanced equations or including 2H2O for the formation of 
the carboxylic acid.

Success in this type of question results from good preparation, 
and learning the reactions, reagents and conditions listed in the 
specification.
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Question 20(a)

A chemist analyses a naturally occurring aromatic compound.

The percentage composition and mass spectrum of the compound are shown below.

Percentage composition by mass: C, 70.58%; H, 5.92%; O, 23.50%.

Mass spectrum

Determine the molecular formula of the compound. 
Show your working.  [3]

Mark(s): 3/3
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Examiner commentary
In question 20, candidates needed to interpret different 
analytical data through parts (a), (b) and (c) to suggest a 
structure for an aromatic compound.

Both candidates have correctly calculated the empirical formula 
from the percentage compositions. The first response directly 
refers to the M+ peak at m/z = 136 to establish the molecular 
formula as C8H8O2. Although the second response also makes 
use of ‘136’ the response is not as good as it does not specifically 
refer to the mass spectrum origin of this figure. Although both 
responses have been awarded all three marks, the first response 
is better and ‘safer’.

Mark(s): 3/3
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Question 20(b)

Qualitative tests are carried out on the aromatic compound. The results are shown below.

Determine the functional groups in the compound. Explain your reasoning. [3]

Mark(s): 3/3

Examiner commentary
In this part, candidates needed to interpret the results of 
qualitative organic tests to determine the functional groups in 
the aromatic compound.

This response correctly concluded that a ketone group is present 
from the results of the tests with 2,4-DNP and Tollens’ reagent. 
The candidate also correctly concludes that a phenol group is 
present from the weak acidity and lack of reaction with Na2CO3, 
which rules out a carboxylic acid.

The presence of a phenol proved to be far more difficult than 
the ketone, with candidates often choosing a carboxylic acid 
instead or omitting the second functional group and first two 
tests entirely.

Candidates need to ensure that they know all of the qualitative 
organic tests listed in the specification.
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Question 20(c)

The carbon-13 NMR spectrum of the compound is shown below.

Using the spectrum and the results from (a) and (b), determine the structure of the compound.

Explain your reasoning. [3]

Mark(s): 3/3
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Examiner commentary
In this part, candidates needed to interpret the carbon-13 NMR 
spectrum and to use the results from parts (a) and (b) to propose 
the structure of the aromatic compound. 

The first candidate identifies the peaks in the spectrum and 
then derives a structure that fits with the molecular formula of 
C8H8O2 and has ketone and phenol functional groups. The 1,4- 
substitution of this compound is the only possibility that fits with 
four aromatic peaks with two different functional groups.

The second response also identifies the functional groups 
but the explanation is less clear than in the first response. The 
structure looks to be a guess with two incorrect groups and 
incorrect substitution. Analysis of a carbon-13 NMR spectrum 
is made easier if candidates label the peaks, as in the second 
response.

A significant number of candidates did not link their answer 
to parts (a) and (b), giving structures that did not match their 
molecular formula or functional groups.

Mark(s): 2/3
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Question 21

Compound L is an organic compound containing carbon, hydrogen and oxygen only.  
The 1H NMR spectrum of compound L is shown below.  
The numbers by the peaks are the relative peak areas.

Compound L is refluxed with aqueous hydrochloric acid, forming two organic compounds M and N. The 
infrared spectra of M and N are shown below.

Infrared spectrum of M (Item removed due to third party copywrite restrictions)

Infrared spectrum of N

Use the information provided to suggest a structure for compound L.

Show all of your reasoning. [5]



Exemplar Candidate Work

53

A Level Chemistry A

© OCR 2017

Level/Mark(s): Level 3 - 6/6
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Examiner commentary
This question was a six mark level of response question which 
required candidates to identify a molecule from a range of 
spectral data. Level of response questions require a degree of 
detail and candidates were expected to provide evidence from 
the peaks in the IR and NMR spectra in their justification.

This response is at Level 3 and has been awarded all 6 marks. It 
provides a concise analysis to identify the structure of L, which 
brings out all the key features:

• M as a carboxylic acid from the wavenumbers of the C=O  
 and O–H peaks

• N as an alcohol from the wavenumber of the O–H peak

• L as an ester formed by reaction of the carboxylic acid group  
 in M and the alcohol group in N

• The carbon–proton arrangements from the chemical shifts,  
 relative peak areas and splitting patterns of the four peaks in 
 the HNMR spectrum. 

Notice that this candidate has used specialist terminology to 
describe the peaks as singlet, quartet and triplet. The candidate 
has also clearly shown which parts of their ester structure of L 
match the HNMR peaks.

Some answers were unstructured and disorganised and 
candidates should be encouraged when analysing spectra to 
organise their answers by discussing each spectrum in turn.
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