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About this booklet
This booklet has been produced to support chemistry teachers delivering the new GCE A
level Chemistry specification (first assessment summer 2017).
The booklet looks at questions from the Sample Assessment Materials. It shows real
student responses to these questions, and how the examining team follow the mark
schemes to demonstrate how the students would be awarded marks on these questions.

How to use this booklet
Our examining team have selected student responses to 11 questions from the trialling
of the Sample Assessment Materials. Following each question you will find the mark
scheme for that question and then a range of student responses with accompanying
examiner comments on how the mark scheme has been applied and the marks awarded,
and on common errors for this sort of question.
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Paper 1: Advanced Inorganic and
Physical Chemistry
Exemplar question 1

5

Mark scheme
Question
number
6(a)

Answer


determines number of mol of CO2 produced



(1) 2 mol glucose produces 12 mol CO2
880 g NaO2 = 16 mol
16 mol NaO2 remove 8 mol CO2 (therefore 4 mol CO2
is excess)
calculates the number of mol of CO2 reacted with NaO2 and
(1) mass of Na2O required is (4 x 62) = 248 g
hence determines the number of mol of CO2 in excess




6(b)

6(c)

Additional guidance
(1) Example of calculation

4

calculates number of mol NaO2 in 880 g

calculation of mass of Na2O = 248 g

An explanation that makes reference to the following points:







Marks

it is a radical because it has an unpaired electron
calculation of number of moles Na2O2 (= mols H2O2)
calculation of number of moles Ce4+
determination of the ratio H2O2 : Ce4+
formula of cerium ion is Ce3+

3rd mark is csq on answers given in 1st and 2nd marks
th
rd
(1) 4 mark is csq on answer given in 3 mark
Correct answer with units and no working scores 4
marks.
Accept any other symbols in place of dots and crosses,
including a minus sign to replace the triangle

(1)
(1)
(1)
(1)
(1)
(1)

Example of answer
n(Na2O2) = (0.403 ÷ 78.0) = 5.17 x 10–3
n(Ce4+) = (24.85 ÷ 1000 x 0.420) = 1.04 x 10–2
n(Ce4+) : n(H2O2) = 1.04 x 10–2 : 5.17 x 10–3 = 2 : 1
1st and 2nd mark; accept answers to any significant
figures, except 1s.f
3rd mark csq on answers given in 1st and 2nd marks
4th mark csq on answer given in 3rd mark

6
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2

4

Answers for part a)
Student answer A

Examiner comments
First three marking points scored. Error made in molar mass of NaO2, using 28 as
relative atomic mass of sodium instead of 23. Hence fourth marking point lost.

Student answer B

Examiner comments
This is an example of where marks can be awarded consequentially after an error
has been made. The number of moles of carbon dioxide produced should be 12
not 24, but thereafter the calculation is correct based on 24 mol of carbon
dioxide, and so marking points 2, 3 and 4 can be awarded.

7

Student answer C

Examiner comments
Ignore initial working of 12-9.656 = 2.435 since this has been crossed out in the
second line and replaced by 4.
Examiners are encouraged to look at the equations above for appropriate
working. This candidate has worked out that 12 mol of carbon dioxide were
initially produced, that 16 mol of NaO2 react with 8 mol of carbon dioxide and
hence that there are 4 mol of carbon dioxide in excess. This reacts with 4 mol of
Na2O and hence 248g. All four marks are therefore scored.

8
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Student answer D

Examiner comments
Perfect answer as per mark scheme.

Answers for part b)
Student answer A

Examiner comments
Correct dot-and-cross diagram, but no statement made as to why the ion is a
radical. 1 mark scored.

9

Student answer B

Examiner comments
Incorrect dot-and-cross diagram, but the student has correctly identified that the
ion is a radical because it has an unpaired electron. 1 mark scored.

Student answer C

Examiner comments
The circles drawn here can be ignored and hence the X ● between the two
oxygen atoms can be taken to be a bonding pair. This gives a correct dot-andcross diagram for 1 mark. No satisfactory explanation is given as to why the ion
is a radical.

10
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Student answer D

Examiner comments
Incorrect dot-and-cross diagram. Although the student is obviously aware that a
radical has an unpaired electron, the diagram does not contain one and hence
this mark cannot be awarded.

11

Answers for part c)
Student answer A

Examiner comments
This student has correctly calculated the moles of Ce4+ and the moles of H2O2 and
has obtained the correct ratio of Ce4+:H2O2, so scores the first three marking
points. However, the final formula of the ion should be Ce3+ not Ce5+.

12
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Student answer B

Examiner comments
Correct number of moles of Ce4+ - 2nd marking point scored. Although the
second calculation is not labelled it is clearly a calculation of moles of Na2O2. The
answer has been given to an inappropriate number of significant figures but the
correct working is shown and so the 1st marking point is also scored. An incorrect
ratio is then given and there is no attempt at producing a formula for the final
cerium ion. Total = 2.

13

Student answer C

Examiner comments
An incorrect value for the molar mass of Na2O2 has been used, so the first mark
cannot be awarded. However, the rest of the calculation is correct
consequentially, so the last 3 marking points are scored. The rounding up of the
ratio of 1.59:1 to 2:1 is just about acceptable in this difficult calculation.

14
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Exemplar question 2

15

Markscheme
Question
number
9(a)(i)
9(a)(ii)

Answer

Additional guidance

Marks

A
Charge and square brackets not required

1
2

Allow dotted lines for the wedges going backwards
Allow arrows to represent dative covalent bonds instead
of electron pairs

9(b)

16



3D shape correctly shown

(1)



electron pairs shown OR all six bonds shown clearly to
the carbons

(1)



Step 1 – ligand substitution/ligand exchange

(1) Allow reduction and oxidation



Step 2 – redox

(1) Allow oxidation

2
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Answers for part a) ii)
Student answer A

Examiner comments
Correct shape and bonding. This missing ● in the dative bond between C and Fe
(top right) is overlooked since all of the other bonding pairs are shown.

Student answer B

Examiner comments
The ‘wedges’ to indicate the shape have not been well drawn, but are just about
good enough to score the first mark.
Arrows have been used to represent the dative bonds and this is allowed for the
second mark.

17

Student answer C

Examiner comments
Second mark scored for bonding, but there is no indication of the shape.

Student answer D

Examiner comments
The wedges are good enough to indicate the shape and arrows have been used to
represent the dative bonds. Both marks are scored.

18
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Answers for part b)
Student answer A

Examiner comments
In a situation where the student has not indicated which answer refers to step 1
and which refers to step 2, the first answer given is considered to be that for step
1. Hence, this answer scores both marks.

Student answer B

Examiner comments
Ligand exchange is correct and oxidation is an allow, so both marks scored.

19

Exemplar question 3

20
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Mark scheme
Question
number
10(a)

10(b)

Answer

Additional guidance

Marks

An explanation that makes reference to the following points:

3



they get more stable down the group

(1)



because the size of the cations increases/charge density
of cations decreases

(1)



and so carbonate ions are less polarised

(1)



rearrangement of equation



Calculation of ΔHsolution

(1) Example of calculation
– 2493 + ΔHsolution = –1920 + (–2 x 364)
(1)
ΔHsolution = –155 (kJ mol–1)

2

Correct sign must be given in final answer
Correct answer and sign with no working scores 2 marks
10(c)(i)

An explanation that makes reference to the following points:



breaking the lattice is endothermic and the hydration
of ions is exothermic

2
(1)

(therefore the dissolving of magnesium sulfate is exothermic)
because the enthalpy of hydration
(of the ions) is greater in magnitude than the
lattice energy (of MgSO4)
(1)

21

10(c)(ii)



ΔG o = – 87 – (298 x –0.210)
= –24(.42) (kJ mol–1)

2
(1)



*10(d)

22

since ΔG is negative the process/reaction is
spontaneous/feasible
(1)
This question assesses a student’s ability to show a coherent and
Guidance on how the mark scheme should be applied:
logically structured answer with linkages and fully-sustained
The mark for indicative content should be added to the
reasoning.
mark for lines of reasoning. For example, an answer
with five indicative marking points that is partially
Marks are awarded for indicative content and for how the answer is structured with some linkages and lines of reasoning
structured and shows lines of reasoning.
scores 4 marks (3 marks for indicative content and 1
mark for partial structure and some linkages and lines of
reasoning).
The following table shows how the marks should be awarded for
indicative content.
If there are no linkages between points, the same five
indicative marking points would yield an overall score
of 3 marks (3 marks for indicative content and no marks
Number of
Number of
for linkages).
indicative
marks awarded
marking
for indicative
points seen in marking points
answer
6
4
5–4
3
3–2
2
1
1
0
0
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6

Question
number
*10(d)
cont.

Answer

Additional guidance

Marks

The following table shows how the marks should be awarded for
structure and lines of reasoning.
Number of marks
awarded for structure of
answer and sustained
line of reasoning
Answer shows a coherent and logical
structure with linkages and fully
sustained lines of reasoning
demonstrated throughout.
Answer is partially structured with
some linkages and lines of reasoning.
Answer has no linkages between
points and is unstructured.

2

1
0

Indicative content
(ΔG osolution = ΔH osolution −TΔS osystem)


for BaSO4: ΔH osolution and −TΔS osystem are both positive



for CaSO4: ΔH osolution is negative and −TΔS osystem is
positive

(1)
(1)

but the magnitude of −TΔS osystem is greater than that of
ΔH osolution

(1)



therefore ΔG osolution for both salts is positive

(1)



when ΔG osolution is positive the salt is only slightly soluble
(1)



BaSO4 is less soluble than CaSO4 because ΔG osolution is
more positive
(1)



23

Answers for part a)
Student answer A

Examiner comments
The second marking point is scored for either ‘ionic radius of metal ions
increases’ or for’ charge density decreases’. However, there is no mention of the
polarisation of the anion and the trend in stability is incorrectly stated.

Student answer B

Examiner comments
References to lattice enthalpy are inappropriate in answer to this question. There
is a mention of increasing ionic radii but the student has not stated whether it is
the cation or the anion being considered, so no marks can be awarded.

24
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Student answer C

Examiner comments
‘Thermal stability decreases’ does not score the first mark as there is no
reference to ascending the group. The same argument applies to the increase in
size. Decreasing attraction of the carbonate ion is not sufficient to score. This
answer therefore score zero.

Student answer D

Examiner comments
Thermal stability increases down the group scores the first marking point. Cation
becoming larger scores the second and polarise the anion to a lesser extent
scores the third.

25

Answers for part b)
Student answer A

Examiner comments
Only part of the calculation has been shown but the final answer is correct, so
both marks can be awarded.

26
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Student answer B

Examiner comments
Although the working produces the correct answer, the final answer given has the
negative sign missing. In cases such as this, it is the final answer that is always
marked, so only one mark can be awarded.

27

Student answer C

Examiner comments
The student has failed to multiply 364 by 2 and hence has incorrectly calculated
the sum of the hydration enthalpies. The subtraction has been done the wrong
way round so no marks can be awarded.

Student answer D

Examiner comments
A fully correct calculation and answer scores both marks.

28
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Student answer E

Examiner comments
364 not multiplied by 2 but the subtraction is correct consequentially. One mark
scored.

29

Answers for part c) i)
Student answer A

Examiner comments
‘Energy given out by hydration’ is equivalent to ‘hydration of ions is exothermic’,
and ‘energy taken in to break the ionic bonds’ is equivalent to breaking ‘the
lattice is endothermic’. There is also a correct reference to the magnitude of the
two energy changes so both marks can be awarded.

Student answer B

Examiner comments
Neither marking point is mentioned in this answer, so no marks scored.

30
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Answers for part c) ii)
Student answer A

Examiner comments
Correct answer in joules calculated scores the first marking point. Although the
unit should be J mol–1, this is overlooked in this instance since the answer given
in kJ mol–1 does not require the unit to score. There is no mention of the
significance of the negative sign for ∆G.

Student answer B

Examiner comments
Correct calculation of ∆G and ∆G < 0 is equivalent to ∆G is negative, so stating
that the process is feasible scores the second mark.

31

Student answer C

Student answer D

Examiner comments
Answer C scores the calculation mark for correct answer in J mol–1. Answer D
scores the same mark since an answer to 2 significant figures or more is
acceptable.

32
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Answers for part d)
Student answer A

Examiner comments
In the second paragraph, the statement that T∆S is negative for BaSO4 is the
same as stating that − T∆S is positive. This together with the statement that ∆H
is positive scores the first indicative point. Stating that ∆H− T∆S will never be
negative is equivalent to stating that ∆G is positive and hence the second
indicative point is scored. The statement ‘never feasible’ is not quite correct since
the salt will be slightly soluble despite its positive ∆G value, but this is allowed for
the sixth indicative point. 3 indicative points met scores 2 marks.
The argument for CaSO4 is based solely on ∆H, so indicative points 3, 4 and 5 are
not met.
The answer is partly structured with some lines of reasoning so 1 mark can be
awarded.
Total number of marks = 3.

33

Student answer B

Examiner comments
This candidate has decided to answer the question through calculation and hence
can show that ∆G is positive for both salts. This meets the requirements for
indicative points 2 and 5. However, there is no linking argument put forward to
explain the significance of these values, so no reasoning marks can be awarded.
Total number of marks = 2.

34
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Paper 2: Advanced Organic and
Physical Chemistry
Exemplar question 1

Mark scheme
Question
Number
3(a)
3(b)
3(c)

Answer


Additional
Guidance
Allow electron
pair donor

reacts with acids to form a salt/proton
acceptor

B
Any two of the following points:

Mark
1
1
2



the nucleophile does not have an unpaired
electron, it has
a lone pair of electrons
(1)



the slightly positive carbon is not attached
to
an electropositive chlorine atom, it is
attached to
an electronegative chlorine atom
(1)



the product is not an amide, it is a
(secondary) amine

(1)

35

Answers for part a)
Student answer A

Examiner comments
Do not penalise the reference to molecules as some substances, such as
ammonia, are bases. The answer of ‘proton acceptor’ scores the mark.

Student answer B

Examiner comments
This is the ‘Allow’ answer given in the additional guidance.

Student answer C

Examiner comments
This is an answer with extra information given which does not negate the correct
answer given at the end. For example, bases do have a pH value above 7 but on
its own this would not be sufficient to score.

36
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Answers for part c)
Student answer A

Examiner comments
This is an alternative approach to answering this question with the equals sign
indicating the necessary correction. The meaning is clear and the corrections are
as per the mark scheme, so both marks can be awarded.

37

Student answer B

Examiner comments
This is another alternative approach to answering this question, with the two
errors numbered on the above text box. It is odd that in the text below there is
only the number ‘1’ written but the both answers are given correctly and so the
absence of the number ‘2’ does not detract significantly from the response.

38
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Student answer C

Examiner comment
Students should always be advised to answer in the space provided. However,
examiners do look in the space above for any response that may be creditworthy.
In this example, the student has clearly indicated the two errors and the
corrections alongside the box. This is the minimum that would be acceptable and
so the two marks can be awarded.

39

Student answer D

Examiner comments
The order or sequence of the errors identified is not important and they would be
marked independently. Hence, the first error highlighted by the student above is
the second one on the mark scheme but this is not important and so the mark
can be awarded. The second error identified by the student is incorrect and so
does not gain credit.
Students should be reminded that they should not give more answers than
requested in the question as this can negate creditworthy points. For example, if
three errors rather than two were identified, with two being correct and one
incorrect, then the one incorrect answer could negate one of the two correct
answers.

40
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Exemplar question 2

41

(c)

42
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Mark scheme
Question
Number
7(a)

Answer



Additional Guidance
(1)

Example of calculation
Mass of C = 4.26 x 12/44 = 1.1618 g
Mass of H = 1.1 x 2/18 = 0.12222 g

(1)

So mass O = 1.56 – (1.1618 + 0.1222) = 0.27598 g

calculation of mass of C from CO2
calculation of mass of H from H2O



subtraction to find mass of O, and evaluation of number of
moles of C, H and O
(1)

Moles C = 1.1618/12 = 0.096817
Moles H = 0.12222/1 = 0.12222
Moles O = 0.27598/16 = 0.017249



confirm whole number ratio

Ratio = 5.6 : 7.1 : 1 = 11 : 14 : 2

Mark
4

(1)
Allow alternative correct methods

43

Question
Number
7(b)

Answer


Additional Guidance

Mark

Peaks can be shown as separate lines

4 (additional) peaks drawn

6

(1)


Splitting marks (ignore chemical shift at this point)
(2)



-

p, q and s are triplets and r is quartet scores 2 marks

-

two or three splitting patterns correctly shown scores 1
mark

area under curve
(1)
-



Ignore whether values are linked to correct peak

All peaks at correct chemical shift score 2 marks
Two or three at correct chemical shift peaks score 1
mark

total shown by candidate = (2+2+2+3) = 9

chemical shifts
(2)

44

-

Peak at 0-2 ppm due to protons on s

-

Peak at 2-3 ppm due to protons on r

-

Peak at 3-4 ppm due to protons on q

-

Peak at 1.6-2.8 ppm due to protons on p
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Question
Number
7(c)(ii)

Answer

Additional Guidance

Mark
4



electron pair movement from ring to electrophile
(1)



formula of intermediate ion
(1)



Can show H+ ion forming and reacting with lone pair
from oxygen
Can show O-Al bond breaking

movement of bond pair to reinstate delocalised ring
(1)



movement of lone pair from oxygen to hydrogen
(1)

45

Answers for part a)
Student answer A

Examiner comments
This is an example of how a student might clearly organise their working. It is
especially common for students also studying Maths A Level to show their figures
as fractions rather than decimals. This is, of course, acceptable.

46
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Student answer B

Examiner comments
This is an example of an alternative approach to that shown in the mark scheme.
The student has written the complete combustion equation and worked out from
the given mass of the ester the number of moles of each substance and
consequently their mass. This calculated mass value agrees with the stated
value, hence the student ‘tick’. Obviously, it would have been better for the
student to have clearly stated what each row of calculation referred to and what
their rational was.

47

Student answer C

Examiner comments
This student has also worked out the number of moles of CO2 and H2O and then
confirmed that the stoichiometry is as expected from the molecular formula. This
would be awarded all the marks. It is noted that the number of moles of O2 in the
combustion equation are incorrect, but this does not affect the calculation and so
under these circumstances this can be ignored.

48
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Answers for part b)
Student answer A

Examiner comments
Students could be encouraged to practise drawing spectra of different types in
order to test their understanding and to make predictions.
In this response, the discrete lines rather than those with clear area under them
can be allowed and the drawing is certainly enhanced or clarified by the labelling.
Hence, this response scores the first mark for the four additional peaks. The
splitting pattern given for the ‘s hydrogens’ is a doublet, which is incorrect, but
the others are correct so one further mark can be awarded. The area under the
curve is indicated in the labelling and they are as per mark scheme so this mark
can also be given. All four peaks are in the relevant chemical shift ranges and so
an additional 2 marks can be awarded. Hence, this response scores a total of 5
marks.

49

Student answer B

Examiner comments
This student response scores the first mark for four additional peaks. The
splitting patterns are all drawn as triplets and so r is incorrect. This means that
one mark can be awarded for the splitting pattern. The areas under the curves
are presumably what the student means by labelling the peak equals.
Unfortunately, these are not 2+2+2+3=9 (note that the mark scheme states to
ignore which label is given to which peak) and so this mark is not given. The
chemical shift of peaks ‘q’ and ‘s’ are correct, but those for peaks ‘p’ and ‘r’ are
incorrect. The additional guidance states to award one mark if two or three
chemical shifts stated are correct and so this single mark can be awarded. Hence,
this response scores a total of 3 marks.

50
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Student answer C

Examiner comments
This student response also scores the first mark for four additional peaks. The
splitting patterns of peaks q to p are drawn as triplets which is incorrect and also
peak s is indicated to be a singlet, which is likewise incorrect. However, both
peaks p and q are triplets and the mark scheme states to award one mark if two
splitting patterns are correct. The peak areas are 2+2+2+3=9 and so this mark
is given. The chemical shifts of peaks q, r and p are all below the ranges allowed
and so are incorrect. This means that only the chemical shift of peak s is correct
and a single correct chemical shift does not score. Hence, this response scores a
total of 3 marks.

51

Answers for part c) ii)
Student answer A

Examiner comments
This response is an example of one where the student clearly has a good grasp of
the subject matter, but is lacking the care required for full marks.
The initial curly arrow is correct and gains the first mark. The intermediate looks
fine, and is almost credited but when studied closely there is a positive charge on
the hydrogen shown bonded to the ring. This is incorrect and so this mark is not
awarded. The curly arrow showing the reforming of the delocalised ring is correct
and so can be awarded the third marking point. The curly arrow on the far right
would result in an alkoxide ion, and not the alcohol, and so this does not score.
Hence, a total of 2 marks can be awarded.

52
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Student answer B

Examiner comments
This student response serves to illustrate a number of common misconceptions or
errors. The curly arrow represents the movement of a pair of electrons and not
the attacking electrophilic H2C+ group. Hence, the initial curly arrow is going in
the wrong direction. In the intermediate, the curve representing the broken ring
of 4 delocalised electrons covers the wrong five carbons so would not score. The
curly arrow which shows how the delocalised ring of electrons is reformed
originates from the wrong bond and also would not score. There is no indication
of how the AlCl3 reforms and so this response scores zero.

53

Student answer C

Examiner comments
This is an example of a carefully drawn response which gains all four marks.

54
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Exemplar question 3

(b)

55

Mark scheme
Question
Number
9(a)

Answer

Additional Guidance

Mark

Arrow must start from O and go to C; lone pair not
required

4

Arrow from bond to Cl
Ignore brackets

56



attack by hydroxide ion on positive carbon

(1)



breaking of C-Cl bond

(1)



formula of transition state with correct charge

(1)



‘partial’ bonds to OH and Cl shown in transition state

(1)
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Question
Number
*9(b)(ii)

Answer
This question assesses a student’s ability to show a coherent and
logically structured answer with linkages and fully-sustained
reasoning.
Marks are awarded for indicative content and for how the answer is
structured and shows lines of reasoning.
The following table shows how the marks should be awarded for
indicative content.
Number of
indicative
marking
points seen in
answer
6
5–4
3–2
1
0

Number of
marks awarded
for indicative
marking points

Additional Guidance

Mark

Guidance on how the mark scheme should be applied:
The mark for indicative content should be added to the
mark for lines of reasoning. For example, an answer
with five indicative marking points which is partially
structured with some linkages and lines of reasoning
scores 4 marks (3 marks for indicative content and 1
mark for partial structure and some linkages and lines
of reasoning).
If there are no linkages between points, the same five
indicative marking points would yield an overall score
of 3 marks (3 marks for indicative content and no
marks for linkages).

6

4
3
2
1
0

57

Question
Number
*9(b)(ii)
cont.

Answer

Additional Guidance

Mark

The following table shows how the marks should be awarded for
structure and lines of reasoning.
Number of
marks
awarded for
structure of
answer and
sustained
line of
reasoning
Answer shows a coherent and logical
structure with linkages and fully
sustained lines of reasoning
demonstrated throughout.
Answer is partially structured with
some linkages and lines of reasoning.
Answer has no linkages between
points and is unstructured.

2

1
0

Indicative content









58

Reaction 2 forms optically active product as only one enantiomer
formed (SN2)
as hydroxide ion can only attack on opposite side
to leaving group
which causes inversion (of configuration) of the chiral centre
Reaction 3 product mixture shows no significant optical activity as
a racemic mixture forms (SN1)
as intermediate is a planar carbocation,
so can be attacked (by hydroxide ion) from either side

Could use labelled diagrams to illustrate attack of
hydroxide ions in either mechanism
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Question
Number
*9(b)(ii)
cont.

9(c)(i)

Answer
Or



mechanism of reaction 2 is SN2



because single enantiomer is formed as product and is optically
active



as hydroxide ion can only attack on opposite side
to leaving group



reaction 3 produces a racemic mixture as product is not
significantly optically active



so reaction 3 is SN1



as the two products rotate the plane of plane-polarised light in
opposite directions



two correct structures
(1)

Additional Guidance

Mark

1

59

Answers for part a)
Student answer A

Examiner comments
The curly arrow indicating the attack of the hydroxide nucleophile can be
awarded the mark. It is clearly going to the carbon and not to the bond so is
creditworthy. The carbon-chlorine bond is shown to break in the student
intermediate/transition state and so does not score. The formula of the transition
state is correct and it would not be appropriate to penalise the lack of ‘partial’
bonds since this is the fourth marking point. Hence two marks can be awarded.
It is worth noting that in some questions there can be a mark for the products
and in this example the chloride ion is missing which is a very common mistake.
Students need to be reminded to ensure that the mechanism balances for all
atoms.

Student answer B

Examiner comments
There is no intermediate drawn here and so only the two marks for the curly
arrows are available. The arrows are drawn correctly and so both marks can be
awarded.

60

© Pearson Education Ltd 2014.

Answers for part b) ii)
Student answer A

Examiner comments
Clearly this student understands the meaning of optical activity but unfortunately
the comment on reaction 2 does not refer either to the inversion of optical
activity nor explicitly that there is one enantiomer. It could possibly be inferred
from the following statement, but examiners are instructed not to ‘read into’ the
student response and so there is no credit awarded for the opening statement.
The comment on reaction 3 does describe what a racemic mixture is without
using the specific term and one indicative marking point can be awarded. There is
clearly some structuring in the student response and so one of these marks can
also be awarded.
Hence, this response can be awarded a total of 2 marks.
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Student answer B

Examiner comments
The student refers to a single chiral centre being formed, but this is true in a
racemic mixture too so this is not credited.
The comment about reaction 3 seems to be that the student is ‘hedging their
bets’ by stating that “it is likely” and “nearly equal” etc and this is not credited
either. The answer is that a racemic mixture is formed which, by definition, does
not have optical activity.
Hence, zero marks for this response.
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Student answer C

Examiner comments
There are a total of six marks available for this question and the brief response
shown is clearly not going to gain all of these. However, the concise statements
do match indicative marking points three and six, so two marks can be given.
The mark scheme for both of these marking points gives two alternatives for the
ways that these marks can be awarded and either of these is acceptable.
The response is structured in the sense that one sentence clearly refers to
Reaction 2 and then a new line is used to refer to Reaction 3. Hence, one mark
can be awarded for the ‘structure’ of the response.
This means that this student response would be awarded a total of three marks.

Answers for part c) i)
Student answer A

Examiner comments
Although the question requires structural formulae, this drawing of correct
skeletal isomers would be awarded the mark.
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Student answer B

Examiner comments
The ‘open’ question allows for any suitable alkene with stereoisomers and so this
response is creditworthy.

Student answer C

Examiner comments
This student appears to have confused structural isomers with stereoisomers and
so these drawings do not score.
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Paper 3: General and Practical
Principles in Chemistry
Exemplar question 1

Mark scheme
Question
Number
5(a)

Answer

Additional guidance



substitution into ΔS o equation
(1)



evaluation of ΔS o



substitution into ΔGo = ΔH o −
TΔS o, using ΔS o
in kJ K-1 mol-1
(1)

ΔG o = − 92.0 - (298 x − 0.199)

correct answer to 3.s.f

=



(1)

(1)


since ΔG o is negative, the
reaction is feasible
(1)

Example of calculation
ΔS o = (2 x 193) - 192 -(3 x
131)
=

Mark
5

−199 J K-1 mol-1 /
−0.199 kJ K-1 mol-1

− 32.7 kJ mol-1 /
– 32 700 J mol-1

The first four marking points
can be awarded for a correct
answer to 3 s.f. with no
working
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Question
Number
5(b)

Answer
An explanation that makes reference to
the following points:


(as temperature increases) TΔS
becomes more negative (1)



(eventually) ΔH ‒ TΔS becomes
positive
(1)

Additional guidance

Mark
2

Answers for part a)
Student answer A

Examiner comments
This student has rolled all of the steps into one equation and has produced the
correct answer. The studet has also recognised that the negative value indicates
that the reaction is feasible. However, the final answer for ∆G has not been given
to three significant figures, so only 4 marks can be awarded.
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Student answer B

Examiner comments
The substitution into the expression for ∆S has been made incorrectly, but the
evaluation of ∆S,(+) 199 J K-1 mol-1, based on this substitution is correct. This
value has subsequently been used correctly in the substitution to calculate ∆G.
The evaluation of ∆G for this expression is incorrect, producing a positive value
when it should be negative. There is no attempt to explain the significance of ∆G.
2 marks can be awarded (marking points 2 and 3 in the mark scheme).

Student answer C

Examiner comments
Fully correct calculation with final answer given to three significant figures.
Correct deduction made. Full marks.
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Student answer D

Examiner comments
This student has made two errors in the calculation of ∆S. First of all, the 131 has
not been multiplied by 3 and the 193 has not been multiplied by 2. Secondly, the
substitution into the expression to calculate ∆S is incorrect.
The rest of the calculation is, however, consequentially correct and a correct
deduction has been made. 3 marks can be awarded.

Answers for part b)
Student answer A

Examiner comments
No relevant information has been supplied to answer the question. This student
has failed to recognise that the question demands a link between the entropy
change and the temperature at which the reaction is carried out.
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Student answer B

Examiner comments
Both marking points are made in this good answer.

Student answer C

Examiner comments
Again both marking points are well expressed in this answer.
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Exemplar question 2
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Mark scheme
Question
Number
6(b)(i)

Answer




6(b)(ii)

Additional guidance

evaluation of number of moles of 2-hydroxybenzoic acid
used
(1)
calculation of mass of aspirin at 100% yield
(1)
calculation of mass of aspirin at 65% yield
(1)

Example of calculation
2 / 138 = 0.0145 mol
0.0145 x 180 = 2.61 g
2.61/100 x 65 = 1.70 g
Correct answer with no working scores 3 marks

Mark
3

6

The mark for each reason must be linked with the correct
improvement.


Improvement: swap the water inflow and outflow in
the condenser
(1)



Reason: to improve efficiency of condensing process
(1)



Improvement: add anti-bumping granules to flask
(1)



Reason: to promote smooth boiling/to prevent
material escaping from top of condenser

(1)



Improvement: insert condenser into neck of flask (1)



Reason: to prevent escape of reagents

(1)
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Answers for part b) i)
Student answer A

Examiner comments
This is an example of a simple, concise answer that gains all the marks. Normally
it would be expected that an answer to three significant figures would be given,
but since the data provided is only to two significant figures, this would be
acceptable on this occasion.
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Student answer B

Examiner comments
It is always advisable that students lay out their working clearly, so that if any
error is made then examiners can decipher where it has been made and mark
accordingly. This student has not made any errors and so scores all 3 marks.
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Student answer C

Examiner comments
This student can be awarded two out of the three available marks. The only error
that they have made is to calculate an incorrect Mr value for aspirin.
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Student answer D

Examiner comments
When the final answer is incorrect, as already stated, it is helpful to see the
student working in order to award as many marks as possible. In this example,
the student has first of all made an error in their calculation of the Mr value of 2hydroxybenzoic acid. There is a second error when determining 65% of the
moles, as this student has worked out 6.5%. This means that, with these two
errors, one mark out of three can be awarded.
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Student answer E

Examiner comments
This is an unusual example because, although the student has written an
incorrect RFM for 2-hydroxybenzoic acid of 140 initially, they have actually used
138 and appear to have written this over the top of the 140 in the fraction.
Examiners would check the calculation to make sure that this was the case and
so credit can be given for this initial step. The wrong Mr for aspirin is used, but
then 65% is correctly determined. Hence, a total of 2 marks can be awarded.
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Answers for part b) ii)
Student answer A

Examiner comments
In this answer, there are two errors correctly identified but only one reason that
can be credited. The water flow in the condenser is one error, but the comment
given does not refer to the efficiency of condensation and so does not score. The
other error of the omission of anti-bumping granules is correctly accompanied by
the reference to smoother boiling.
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Student answer B

Examiner comments
The initial comments on the electrical heater do not score. However the fact that
the reflux tube does not fit into the neck of the flask is correct and an appropriate
is reason given. Hence, this scores 2 marks; one error and one reason given.
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Student answer C

Examiner comments
The opening comment correctly identifies the error with the condenser, but no
reason is given. The second sentence is incorrect and does not score. The third
sentence correctly identifies the error with the connection between the condenser
and the flask, but “for better results” is not a suitable reason. Hence, two marks
can be awarded for the two errors but no reasoning marks.
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Student answer D

Examiner comments
The beginning comment is sufficient for the error mark with the condenser, but
the reason given does not refer to the efficiency of condensation and so does not
score. The size of the ‘pipe’ is not an appropriate comment and so does not
score. The final sentence refers to the lack of the seal between the condenser
and the flask and so this error mark can be awarded. The prevention of gas
escaping can be taken for the reactants and so the reason mark can also be
awarded. Hence, this response scores a total of 3 marks; two errors and one
reason.
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Exemplar question 3

81

Mark scheme
Question
Number
8(a)(i)

Answer

Additional guidance

Mark
2

Funnel must be suitable for a stopper


separating funnel

(1)



cinnamon oil upper layer

(1)

8(b)(i)



contains C=C/alkene

8(b)(ii)



contains carbonyl group/ aldehyde or ketone

8(b)(iii)



aldehyde/ -CHO
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1
C=O alone

1
1
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Answers for part a) i)
Student answer A

Examiner comments
Student drawing is rarely immaculate, as seen here, but the key points are
evident. It must be a tap drawn at the bottom of the funnel, as the line goes
completely across, although it is not particularly clear. There is actually a stopper
in the top. The mark scheme states that the funnel needs to be capable of fitting
a stopper, because a stopper is needed for it to be used properly but obviously
needs to be removed for the bottom layer to be removed smoothly. The two
layers are drawn, even though the horizontal line goes beyond the flask;
however, the oil should be the upper layer and so this mark does not score.
Hence, only one mark is awarded for the apparatus.
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Student answer B

Examiner comments
The oil is clearly identified as the upper layer, but the ‘funnel’ looks more like a
burette and it is not clear that a stopper would be fitted in the top. Hence, this
response would only be awarded one mark.

Student answer C

Examiner comments
A nicely drawn and labelled diagram, which would score both marks.
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Answers for part b)
Student answer part i)

Examiner comments
The functional group is clearly identified both by name and formula and so the
mark can be awarded. The additional comment can be ignored.

Student answer part ii)

Examiner comments
The formation of such a precipitate with Brady’s reagent is a positive test for both
a ketone and an aldehyde, so this response does not score.
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Student answer part iii)

Examiner comments
This is an example of a correct answer. However, it is worth noting that the name
and formula must be correct if both are given. It is not uncommon for students to
give the correct name, but then give an incorrect formula. In this situation, it is a
+1-1 and so the formula error would negate the correct name. Students should
always be advised to give one answer only to avoid such negation. If the question
requests a name, then student should simply give the name and likewise only
give the formula if requested. In this situation, either would be credited but it is
always best to give only one answer.
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Exemplar question 4

87

Mark scheme

Question
Number
9(a)(i)

9(b)(i)

Answer

Additional guidance

Mark

An explanation that makes reference to the following points:


copper forms an ion with an incomplete d-sub-shell / with
a configuration of 3d9
(1)



but the only ion formed by zinc has a completely filled
d-sub-shell
(1)
brown fumes
(1)




a green/blue solution forming
(1)

9(b)(ii)



I2(aq) + 2S2O32-(aq) → 2I- (aq) + S4O62-(aq)

9(b)(iii)



amount of thiosulfate



2

2

State symbols must be present

1

(1)

5

Example of calculation
amount of thiosulfate = 22.7 x 0.25
uses amount of thiosulfate = amount of iodine to determine
1000
amount of thiosulfate = amount of copper(II) ions in 25
=
5.675
x 10-3 (mol)
cm3 portion
(1)



evaluation of number of moles of Cu in sample

(1)

5.675 x 10-3 (mol) = amount of copper(II)
ions in 25 cm3 portion



calculates mass of Cu

(1)

amount of Cu in sample = 5.675 x 10-3 x 10
= 5.675 x 10-2 (mol)
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percentage copper to 3.s.f

(1)

mass of Cu = 5.675 x 10-2 x 63.5
= 3.603625
percentage copper = 3.603625 x 100 /5.00
= 72.0725 = 72.1%

Allow ecf from 2nd mark
Correct answer to 3.s.f with no working scores 5
marks
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Answers for part a) i)
Student answer A

Examiner comments
Second mark scored for reference to ‘zinc has no ions with a partially filled d
shells’ (ignore shells in place of sub-shells in this instance). This is not exactly the
same as saying that the only ion of zinc has a completely filled d sub-shell, as
demanded by the mark scheme, but is nevertheless worthy of credit. There is no
reference to copper for the first mark.

Student answer B

Examiner comments
As with student A, this answer scores the second of the two marks. Again, there
is no reference to copper for the first mark.
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Answers for part b) i)
Student answer A

Examiner comments
Brown gas scores the first mark and blue solution scores the second. Strictly
speaking the copper does not dissolve, it reacts, but this can be overlooked in the
answer.

Student answer B

Examiner comments
Brown gas scores the first mark. There is no mark awarded for copper dissolves.

Student answer C

Examiner comments
Both brown gas and blue solution score.
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Answers for part b) ii)
Student answer A

Examiner comments
Correct answer.

Student answer B

Examiner comments
Correct answer. Allow −2 for the charge, even though convention dictates it
should be 2−.
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Answers for part b) iii)
Student answer A

Examiner comments
A rather long-winded method employed, calculating the moles of I2 and then
moles of then I−, to get to moles of Cu2+. Nevertheless, the calculations are all
correct. Unfortunately, the final answer has been given to only two significant
figures, not three, so only 4/5 marks scored.
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Student answer B

Examiner comments
This calculation is correct up to the determination of the mass of copper. An
incorrect molar mass of copper (64.5 g mol−1) has been used. There is then no
subsequent calculation of the percentage. First three marks only can be awarded.
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Student answer C

Examiner comments
Perfect calculation for full marks.
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Student answer D

Examiner comments
Moles of S2O32− correct. Moles of copper in 25 cm3 is half the value it should be.
This number is then not scaled up to 250 cm3. However, it is used consequentially
in the determination of the mass of copper and the subsequent percentage
calculation (64 g mol−1 is allowed for the molar mass of copper). 1st, 4th and 5th
marking points are scored.
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Exemplar question 5

97

Mark scheme
Question
Number
10(a)

Answer


C6H5COOH + CaO → C6H6 + CaCO3

Additional guidance
Accept

Mark
1

C6H5COOH + CaO → C6H6 + CaO + CO2
10(b)

An answer that makes reference to the following points:
 -2 in cyclohexane and -1 in benzene
(1)


10(d)
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so (carbon is) oxidised
(1)

nC6H5CH=CH2 → ( CH—CH2 ) n
|
C6H5


correct product formula
(1)



balanced equation
(1)

2

2nd mark stands alone

2
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Answers for part a)
Student answer A

Examiner comments
This response is correct for one mark. Students should always be careful to
cross-out clearly and it is sufficiently done here.

Student answer B

Examiner comments
This is an example where both students and examiners need to be careful when
checking the final response. The formula of the benzene product is incorrect
because there should be six hydrogens and not five; hence this response does
not score. If the student had checked their answer more carefully for balancing of
atoms then it is likely that this error would have been identified and remedied.
Teachers could use this example with their classes to emphasize this point.

Student answer C

Examiner comments
This response possibly illustrates the difficulty that some students seem to have
with skeletal formulae because there are too many hydrogen atoms on the
product side of the equation. Hence, this response does not score.
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Answers for part b)
Student answer A

Examiner comments
This is not the best laid-out answer that might be seen but the meaning is clear
enough. The oxidation numbers of carbon are given below the respective
substances. The question specifically requests the oxidation number of carbon
and so these numbers must be taken as referring to the carbon. The student
simply writes ‘oxidation’ which is correct. Hence this response scores 2 marks.

Student answer B

Examiner comments
The oxidation numbers for carbon are incorrect and do not score. When an
answer is crossed-out but not replaced then an examiner tries to mark what they
can see through the crossing-out. In this instance there appears to be a ‘+4’. The
second mark is a standalone mark meaning that if the oxidation numbers are
incorrect the reference to oxidation can still be awarded. However obviously in
this example the answer given is reduction and so does not score.

100

© Pearson Education Ltd 2014.

Student answer C

Examiner comments
A correct response is seen here for both marks. It does not matter whether the
sign of the oxidation number is given either before the number or after.

Answers for part d)
Student answer A

Examiner comments
This is a response which can be awarded the first mark for the correct product.
However, the ‘n’ is written in an incorrect place, namely at the bottom right and
it could be viewed as referring to the number of hydrogens written nearby rather
than the number of monomer molecules in the equation.
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Student answer B

Examiner comments
This is not an appropriate response and does not score. It is true that this is
balanced, but it does not indicate polymerisation and so is not sufficient for the
second mark.

Student answer C

Examiner comments
The formulae of both the monomer and polymer are clearly drawn and correct. It
is unusual to have an ‘x’ or multiplication written between the ‘n’ and the
monomer but the meaning is still clear and so this can be ignored. Hence this
response scores both marks.
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