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Introduction

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

In this booklet candidate responses have been chosen to exemplify a range of answers. Each response is
accompanied by a brief commentary explaining the strengths and weaknesses of the answers.

For each question, each response is annotated with a clear explanation of where and why marks were
awarded or omitted. This, in turn, is followed by examiner comments on how the answer could have been
improved. In this way it is possible for you to understand what candidates have done to gain their marks and
what they will have to do to improve their answers. At the end there is a list of common mistakes candidates
made in their answers for each question.

This document provides illustrative examples of candidate work. These help teachers to assess the standard
required to achieve marks, beyond the guidance of the mark scheme. Some question types where the
answer is clear from the mark scheme, such as short answers and multiple choice, have therefore been
omitted.

The questions, mark schemes and pre-release material used here are available to download as a zip file
from Teacher Support as the Example Candidate Responses Files. These files are:

Question Paper 22, June 2016
9701_s16_qp_22.pdf
9701_s16_ms_22.pdf
Question Paper 33, June 2016
9701 _s16_qgp_33.pdf
9701_s16_ms_33.pdf

Question paper
Mark scheme

Question paper
Mark scheme

Question paper

Mark scheme

Question paper

Mark scheme

Question Paper 42, June 2016

9701_s16_qp_42.pdf
9701_s16_ms_42.pdf

Question Paper 52, June 2016

9701_s16_qp_52.pdf
9701_s16_ms_52.pdf

Cambridge International AS & A Level Chemistry (9701)

Past papers, Examiner Reports and other teacher support materials are available on the School Support
Hub at www.cambridgeinternational.org/support
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How to use this booklet

Example Candidate Responses: Paper 2

Example candidate response — high Examiner comments

3 Adidified potassium dichromate(VI) can oxidise ethanedioic acid, H;C,0,.
The relevant half-equations are shown.

H,C,0, —> 2C0, + 2H* + Ee)

H— 2020

(a) State the overall equation for the reaction
ethanedioic acid.
9 4

0 4 —:’au“

(Answers by real candidates in
exam conditions. These show you
the types of answers for each
level.

Discuss and analyse the answers
with your learners in the
classroom to improve their skills.

ne 6.4 X107 "x%
n=\9g %10~

How the candidate could have improved their

Cr,O + 14H" + ;é— > 2CR* + TH,0

1) =2 602z
stween acmllf ed dichromate(VI) ions and

ted ethanedioic acid, H,C,0,.xH,0, was reacted
otassium dichromate(VI).

e(VI) solution was required for complete oxidation

romate( V1) ions used to react with the sample of

amount =

(i) Calculate the amount, in moles, of ethahedioic acid in the sample.

amoun;

o This equation contains
all the correct species
from the half-equations
given, so one mark has
been awarded. The

%
¥ QH?‘—FEJ?_{‘

+ Ma0 + 6C0z
O HY

. 2]
are alongside the
answers, linked to
specific part of the
answer. These explain
where and why marks
were awarded. This

standard of Cambridge
exams and helps your
learners to refine their

Q(am technique.

et

G(aminer comments \

helps you to interpret the

J

f= 142XV |

answer

In (a) the candidate needed to remember that the ke
loss in one half-equation must balance the electron g

In (b){iii) the candidate used the correct method but
number of significant figures in the answer must corr
provided.

This explains how the candidate could have
improved their answer and helps you to interpret
the standard of Cambridge exams and helps your
learners to refine exam technique.

Common mistakes candidates made in this question

(a) The skills needed to combine two half-equations and
tricky for many candidates. Good candidates often got
them out, while weaker candidates failed to recognise {

(b) The first two parts of the calculation were generally
the M- calculation depended on the previous answer to

This lists the common mistakes candidates made
in answering each question. This will help your
learners to avoid these mistakes at the exam and
give them the best chance of achieving a high
mark.

\

J

Cambridge International AS & A Level Chemistry (9701)
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Assessment at a glance

Candidates for Advanced Subsidiary (AS) certification take Papers 1, 2 and 3 (either Advanced Practical
Skills 1 or Advanced Practical Skills 2) in a single examination series.

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 Papers 4 and 5 in the examination series in which
they require certification.

Candidates taking the full Advanced Level qualification at the end of the course take all five papers in a
single examination series.

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

All components are externally assessed.

Weighting
Component

AS Level A Level

Paper 1 Multiple Choice 1 hour
This paper consists of 40 multiple choice questions, 30 of the direct choice type
and 10 of the multiple completion type, all with four options. All questions will be 31% 15.5%
based on the AS Level syllabus content. Candidates will answer all questions.

Candidates will answer on an answer sheet. [40 marks]

Paper 2 AS Level Structured Questions 1 hour 15 minutes
This paper consists of a variable number of questions of variable mark value. All
questions will be based on the AS Level syllabus content. Candidates will

answer all questions. Candidates will answer on the question paper. [60 marks]

46% 23%

Paper 3 Advanced Practical Skills 2 hours
This paper requires candidates to carry out practical work in timed conditions.
Candidates will be expected to collect, record and analyse data so that they can
answer questions related to the activity. The paper will consist of two or three
experiments drawn from different areas of chemistry. Candidates will answer all
questions. Candidates will answer on the question paper. [40 marks]

23% 11.5%

Paper 4 A Level Structured Questions 2 hours
This paper consists of a variable number of free response style questions of
variable mark value. All questions will be based on the A Level syllabus but may
require knowledge of material first encountered in the AS Level syllabus.
Candidates will answer all questions. Candidates will answer on the question
paper. [100 marks]

— 38.5%

Paper 5 Planning, Analysis and Evaluation 1 hour 15 minutes
This paper consists of a variable number of questions of variable mark value
based on the practical skills of planning, analysis and evaluation. The context of
the questions may be outside the syllabus content, but candidates will be — 11.5%
assessed on their practical skills of planning, analysis and evaluation rather than
their knowledge of theory. Candidates will answer all questions. Candidates will
answer on the question paper. [30 marks]

Teachers are reminded that the latest syllabus is available on our public website at
www.cambridgeinternational.org and the School Support Hub at www.cambridgeinternational.org/support

Cambridge International AS & A Level Chemistry (9701)
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Example Candidate Responses: Paper 2

Paper 2 — AS Level Structured Questions

Question 1

Example candidate response — high

Examiner comments

1 (a) Complete the table to show the composition and identity of some atoms and. ions.
All correct.
name of nucleon atomic number of | number of | number of overall
element number number protons neutrons | electrons charge Mark for (a) = 4/4
boron 10 5 s 5 15 0

nitrogen / 5 7 ~7 8 10 -—3
Jead 208 82 82 /26 80 +2

Lk f_l/_fj\ _ 6 3 3 3 2 +1

[4]

(b) The fifth to eighth ionisation-energies of three elements in the third period of the Periodic Table
are given. The symbols used for reference are not the actual symbols of the elements.

jonisation energies,‘kd mol-"
fifth sixth | seventh eighth
X 7012 8496 27107° 31671
Y 6542 9362 11018 33608
z | 7238 8781 11996 | 13842

(i) State and explain the group number of element Y:

.7_ o This is correct.

Mark for (b) (i) = 1/1

group number

explanation
Z) n. The.. Sesznlﬁd ol @71'\7'-/\. lawd
emmgy an aowy)wbeg( o othas

(if) State and explain the general trend in first ionisation energies across the third period.

Both parts of this
answer are clearly and
correctly explained.

[1]

(3] onfgaflaﬂ LT INCIRAALS.. alm’\j The. [J@uoef] Mark for (b) (ii) = 2/2
ute. The.. nuelear.charge. 1reres an
It appears that the
77;0 LS/MWIEf eftfeeL Yernoums, :&GW gﬂ, @ candidate has correctly
noelevs and eoln eligbhors identified X as being in
(iiiy Complete the electromc confi guratlon of element X. 1N CRasAZn:

Group 6 and therefore
decided that it will have
six electrons in the
outer shell, but has
then mistakenly shown
six electrons in the
outer subshell instead
of showing a total of six
in shell three as 3s?
3p*.

|

Mark for (b) (iii) =0 /1

Cambridge International AS & A Level Chemistry (9701) 7
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Example candidate response — high, continued Examiner comments

(c) A samplé of oxygen exists as a mixture of three isotopes. Information about two of these
isotopes is given in the table.

-mass number 16 17
abundance | 9976% | 004% | o -2

(i) Calculate the abundance of the third isotope..
160 — (A%-3¢4 0-04)
= 0-2%

This is correct.
o (5

Mark f i)=1/1
abundance = ... 5.2, ...... %. [1] ark for (c) (i

(ii) Therelative atomic mass of this sample ‘of oxygen is 16.0044.

Calculate the mass number of the third isoftope. You must Sshow your working. e
: £ . s . . This clear indication of
Llé% 9‘?'76) *‘ '077(0 OL') t (0 D—’L) = & 004y e the first stage in the

calculation means that

6o one mark would have
- : q been awarded even if
v T = O
lsqé %L“' o 2n 160 L{q there had been a
e 2 = g"é mass-number = /@ ............ 2] Calcu'.ator error leading
to an incorrect answer
Ry 6 . [ 3 [Total: 11] later.
-/_ .
=2

Mark for (c) (ii) = 2/2

Total marks awarded =
10 out of 11

How the candidate could have improved their answer

Apart from the factual mistake in (b) (iii), there was very little that could have been improved upon here. The
explanations were clear and the working was shown clearly in the calculations.

(b) (ii) This could have been expressed more succinctly by simply saying ‘it increases because . . .’ in the

first sentence, as the rest is already in the question.

Mark awarded = (a) 4/4
Mark awarded = (b) (i) 1/1, (ii) 2/2, (iii) 0 /1
Mark awarded = (c) (i) 1/1, (ii) 2/2

Total marks awarded = 10 out of 11

8 Cambridge International AS & A Level Chemistry (9701)



Example candidate response — middle

1 (a) Complete the table to show the composition and identity of some atoms and ions.

Example Candidate Responses: Paper 2

Examiner comments

The candidate has
possibly got confused
between the idea of the
relative atomic mass
given on the Periodic
Table and the nucleon
number, which is
simply the total number
of protons and
neutrons. This should
be 15.

name of nucleon atomic number of | number of | number of overall
element number number protons neutrons electrons charge
boron 10 5 5 e 6 ...... 0
v | v @ 9 19 e [0 | 3
M 208 82 o2 126 a0 + 2
e T R 3 s | 2. +1
[4]

(b) The fifth to eighth ionisation energies of three elements in the third period of the Periodic Table

Mark for (a) = 3/4

9 This is correct.

are given. The symbols used for reference are not the actual symbols of the elements.

Mark for (b) (i) = 1/1

jonisation energies, kJmol™

fifth sixth sevénth eighth e As well as stating that
X 7012 8498 27107 31671 the nuclear charge
@ vy | esaz | o362 11018 | 33606 ' increases, the
) z 7238 8781 11996 13842 candidate also needs
S . : - : to state that the

shielding remains
approximately the
same (across the

L Toe LR b ceventia o o . period) or that the
explanation . The. . Tithh | couth | seveitn  lonicakon. enegie electrons are being

iacrente. skeadey bk e, 2igth. Yova big. enengy. a0 ... added to the same
[ shell.

(1) State and explain the group number of element Y.

group number ........ %’ ....... VIL....

(i) State and explain the general trend in first ionisation energies across the third period.

o Although not explicitly
stated, it is clear from

the general context
that the candidate is
referring to the
attraction between the
nucleus and the outer
electron so this mark is
awarded.

M\&@genwlmcreﬁéé‘:ﬁqssaﬂ‘\m@wk%T‘-“su
e becarne. auclean, daange intneaseSt numdoer of ochony (ncreone
se. fowce. oF affveckion increares making it nand fo_certve. elechmm (2]

.

(iiy Complete the electronic configuration of element X.

Mark for (b) (i) = 1/2

The candidate has the
correct number of outer
shell electrons but has
overlooked the
statement in the
question that X is in the
third period, so the
outer electrons will be
in shell three.

Mark for (b) (iii) = 0 /1

Cambridge International AS & A Level Chemistry (9701) 9
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Example candidate response — middle, continued

(c) A sample of oxygen exists as a mixture of three isotopes. information about two of these
isotopes is given in the table.

‘mass_nur‘nber - 16 17
|abundance | 99.76% | 0.04%

(i) Calculate the abundancé of the third isotope.

0o ~ (98.76 + 6.09)

abundance = O'LQ % [1]
(i) The ralative atomic mass of this sariple of oxygen is 16.0044.

Calculate the mass number of the third isotope. You must show your working.

(16 n926)s (1517 0-0k) | (228} fp.004 a

=4

(16%39.96) (1970.04) +(0:28%) _ ;0L Y
___———-‘—_'—_L'—/—

100
1596 .94 +0.28% = 1600-4h
Qi 8 = ?"éé mass number = .1 %: 38 . ... [2]
e [Total: 11]

Examiner comments

Although the working
has been shown
correctly, no marks
have been awarded as
it is only a one mark
question and the
candidate has made a
calculator error. It
appears as though the
sum has been entered
as

‘100 — 99.76 + 0.04’
without the brackets
that are shown in the
working, and this has
changed the outcome.
A careful check of the
sense of a calculation
should allow this sort of
error to be spotted, as
99.76 + 0.04 is clearly
99.8.

Mark for (c) (i) = 0/1

The inclusion of 0.28 in
this calculation is
clearly incorrect, but it
has been allowed as
an ‘error carried
forward’ from the
previous answer
because the
information has been
used correctly at this
stage. Both marks for
this calculation could
potentially have been
awarded.

e As the question asks for
a mass number, the
answer must be an
integer, so although the
first mark has been
awarded (which was
possible as the working
is clearly shown) the
second mark would only
have been awarded if
the answer had been
rounded to 13.

Mark for (c) (ii) = 1/2

Total marks awarded =
6 out of 11

Cambridge International AS & A Level Chemistry (9701)




Example Candidate Responses: Paper 2
How the candidate could have improved their answer

The explanation in (b) (ii) needed more detail to ensure that the shielding effect was referred to as well as
the nuclear charge. The candidate could also have made it clearer that the attraction being referred to was
between the nucleus and the outer electron, although the context was sufficient for the mark to be awarded
on this occasion.

The use of a highlighter pen or underlining to draw attention to key pieces of information in the stem of a

question is recommended; this might have helped the candidate to spot that X is in the third period and so
avoid the error in (b) (iii).

Mark awarded = (a) 3/4
Mark awarded = (b) (i) 1/1, (ii) 1/2, (iii) 0 /1
Mark awarded = (c) (i) 0/1, (ii) 1/2

Total marks awarded = 6 out of 11

Cambridge International AS & A Level Chemistry (9701) 11
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‘ Example candidate response — low

1

{a) Complete the table to show the composition and identity of some atoms and ions.
name of nucleon atomic number of | number of | number of overall
element number number protons neutrons electrons charge
boron 10 5 5 o) ) 0
nitrogen 144 7+ =+ 8 10 -3
M 208 82 82 124 80 L.
Jbhiw | 3.3 .. 5. 3 o

[4]

{b) The fifth to eighth ionisation energies of three elements in‘the third period of the Periodic Table
are given. The symbols used for reference are not the actual symbols of the elements.

 jonisation energies, kJmol~ '
. fitth sixth seventh eighth
X 7012 8496 27107 31671
Y 6542 9362 11018 33606
z 7238 . 8781 | 11996 13842

(i) State and explain the group number of element'Y.

group number Q’H]O”S\XH') e
explanation TL\QYQEA\’\KLQQCI/QV‘QZI\“R;“\SO\(WJ“

@ﬂe\(gjx&\fu&w%wWQV@Q%Smxuoﬂemca@l oo

(13

Examiner comments

With both nitrogen and
lithium it appears that
the candidate has got
confused about the
difference between the
idea of relative atomic
mass (as quoted on the
Periodic Table) and
nucleon number (which
is specific to a particular
isotope of an element
and equals the total
number of protons and
neutrons in the
nucleus). These totals
should therefore be 15
for this isotope of N and
6 for the isotope of Li.
The candidate seems to
have used rounded-off
values from the Periodic
Table instead.

Mark for (a) = 2/4

The most likely
explanation for this
error is that the
candidate has misread
the question and/or the
table of data and is
giving the group
number and
explanation for X
instead of for Y.

Mark for (b) (i) = 0/1

Cambridge International AS & A Level Chemistry (9701)
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‘ Example candidate response — low, continued

Examiner comments

(i) State and explain the general trend in first ionisation energies across the third period.,
Acwss.. ke Jhird.. prind.. M. ionicaline energy. increees.
ic . yadimand. Yoo

be(am&gamaaﬂo

nusaar \cgamc ebman\m\ﬁ%m}m 2]
(iif) Complete the electronic configuration of element X.

Although not needed to
answer this question,
this reference to atomic
radius is incorrect as
atomic radius
decreases across a
period.

o lonisation energy is a
measure of the

strength of attraction
between the nucleus
and the outer electron
so this should have
been mentioned here.
Next, the explanation
needed to mention
both the increasing
nuclear charge and the
fact that the electrons
are being added to the
same shell across the
period.

Mark for (b) (ii) = 0/2

The reasoning behind
this incorrect answer is
not clear and suggests
a lack of familiarity with
the rules for the
sequence in which
shells and subshells
are filled.

Mark for (b) (iii) =0 /1

Cambridge International AS & A Level Chemistry (9701)
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Example candidate response — low, continued

{c) A.sample of oxygen. éxists as a mixture of three isotopes. Information about two of these
isotopes is given in the table.

mass number 16 17
| 99.76% | 004% |

.abundance

(i) Calculate the abundance of the third isotope..

Tolal = )60 /-
So, <300 - 99-16 —0-OY
= 020

(ii) The relative atomic mass of this.samplé of oxygen is 16.0044.

abundance = ......0.:.2.9..... % [1]

Calculate the mass number of the third isotope. You must show your working.

16-00uy = 16X 99 £ 0:0WNE F O 2K

'» 30

A1600-0Y - 1596-34 10 20m
3.¢ - O 2" T . & 2]
% ‘ -7 [Total: 11]
oL

Examiner comments

e This is correct.

Mark for (c) (i) = 1/1

Everything is correct
here, except that the
final answer includes a
decimal point, which
means the candidate
has not shown their
appreciation that a
mass number must be
an integer, as it refers
to the total number of
protons and neutrons in
the nucleus. However,
because the working
has been shown clearly
one mark can be
awarded.

Mark for (c) (ii) = 1/2

Total marks awarded =
4 out of 11

How the candidate could have improved their answer

The nature of the errors in this candidate’s responses suggests that the problem lay mainly in the level of
attention to detail in learning. Things such as the distinction between nucleon/mass number and relative
atomic mass and the rules for working out electronic configurations will only become secure with thorough

rote learning.

The use of a highlighter pen or underlining when reading a question is recommended so that key pieces of

information — such as the period number in part (b) — do not get overlooked.
Mark awarded = (a) 2/4

Mark awarded = (b) (i) 0/1, (ii) 0/2, (iii) 0 /1

Mark awarded = (c) (i) 1/1, (ii) 1/2

Total marks awarded = 4 out of 11

Common mistakes candidates made in this question

In (a), confusion between nucleon number and relative atomic mass was common.

In (b), errors most often came in part (i) either as a result of misreading the question or because of a lack of
clarity in the explanation. For example, the phrase ‘a large increase in the 7th and 8th ionisation energies’
could not be credited as it implied that both the values show a large increase; the key word needed here is
‘between’. A significant number of candidates did not earn any marks in part (iii) and this was most
commonly due to overlooking the fact that X is in the third period so the outer electrons will be in the third

shell.

In (c), mistakes were usually due to mathematical slips and calculator errors.

Cambridge International AS & A Level Chemistry (9701)




Example Candidate Responses: Paper 2

Question 2

Example candidate response — high

Examiner comments

2 The elements in Group 17, the halogens, and their compounds, show many similarities and trends
in their properties. Some data are given for the elements fluorine to iodine.

standard.

: boiling point boiling point of -
element bond ene_rgy enthalpy_chgnge - of element hydrogen halide
/kdmol-! of atomisation, | /K 1K
) AH:,/ kJ mol-* 7 )

fluorine, F=F 158 79 | e , 293
chlorine, Ci-Ct 242 ) 121 238 »188
| bromine, Br—Br 193 112 332 206
iodine, I-I 151 107 457 238

{a) (i) Explain the meaning of the term standard enthaipy change of atomisation.
Ihe Enihaly Change when one mole of qastous .
troms 1S formed frowm T8 elements under Stanclavel

tonditions. The erement Should be in iS5 Standard S'{*q:l'ﬂn[s]v

{ii) For fluorine and chlorine, the enthalpy changes of atomisation are half the value of the
bond energies.

For bromine and iodine, the enthalpy changes of atomisation are much more than half the
value of the bond energies.

Suggest a reason for this difference.

.. Jespectively. Energy & needed. 1o change. dueir...... 11
Stotes.
(iii) The standard enthalpy of formation of iodiné monochloride, IC/, is —-24.0kJ mol™'.

Use this information and the bond energies of iodine and chlorine to calculate the I-Cl
bond energy. Bonds fovmed

71, t50, - Tl E@E-a)=x
li-t + Ld-g 1ocL SUtI5SHiRI-X = -24
& 2 b= & 196.5 —x T -34
b B b Lavle e
E(:\;_I'l) = 151755 ‘

Z I-Clbond = 2205 mo 2
. (lzu-u) e B ond energy mol~ [2]
z

The reference to the
element being in its
standard state seems
to be a bit of an
afterthought, but all
three marking points
are correctly stated.

Mark for (a) (i) = 3/3

e This is correct.

Mark for (a) (ii) = 1/1

Although the candidate
has not fully drawn out
the cycle or an
equation, their working
clearly follows the
pattern that would be
derived from a cycle or
equation. They have
also remembered that
the definition of bond
energy is per mole of
bonds broken and not
per mole of atoms
formed, so correctly
divide the bond energy
values by 2.

Mark for (a) (iii) = 2/2

Cambridge International AS & A Level Chemistry (9701)
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‘ Example candidate response — high, continued

(b) (i) . Explain the trend in the boiling points.of the hydrogen halides, HC{, HBr and HL
Mumber of eleChons Increoses from HOl 4HBy eHT.
o S0, strengtn of von der woals inoreases from

RC o HI. Greaker energy S Weeded T overcome

...................................................................... %YLMI
(i) Suggest why the hydrogen halide HF does not follow the trend in boiling points shown by

HC1, HBr and HI.

LTuenine. 15 more  electroneg odnvemanhgdro en...5e,...

......................................................................................................................................

bonds are Stromaer than van der woels and greater

thergy s heeded.to
oveycome.

{c) In.an experiment, two.of the halogens are represented as P, and’'Q,.

P, combines with hydrogen on heating to. form HP, which can be easily broken down into-its
elements. A solution of HP in water reacts with aqueous silver ions to form a yellow precipitate
that is insoluble in dilute aqueous ammonia. T

Q, combines. explosively with hydrogen in_sunlight to form HQ, which is stable to heat. A
solution of HQ in water reacts with aqueous silver jons to form a white precipitate that is soluble
in dilute aqueous ammonia. S

(i) Identify the halogens P, and Q,.

{ii)

HP readily decomposes into its elements when heated but HQ is stable to heat.
Explain this with reference to bond energies.

HoP bond lengtn is 4 ot greater. then bond \ength .

S8 80 Bk has bond energy of 299 kimol 7

which 15 \ess than bond therqy of H-Q (43 kTwo|t -

Write an equation for the thermal degomposition of HP.

T = T
......... ;LHL\HQJ“-LL@ 1]

(iii)

‘ Examiner comments

This is correct and
avoids the common
mistake of confusing
intermolecular forces
with bonds.

Mark for (b) (i) = 2/2

e This is correct.

Mark for (b) (i) = 2/2

Both halogens are
correctly identified
here.

Mark for (c) (i) = 1/1

The relative
magnitudes of the
bond energies are
correctly identified and
explained with correct
reference to their
relative lengths.

Mark for (c) (i) = 2/2

This is the correct
equation.

Mark for (c) (iii) = 1/1
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Example candidate response — high, continued Examiner comments

(iv) Write ionic.équations, including state symbols, for This equation is correct
- and includes state

1. the formation of the white precipitate on addition of aqueous silver ions to aqueous symbols, as requested

HQ . . .
; in the question.
552 T S W 9 W L. V11 € N e ........................................ )
‘ ) @ Strictly speaking, this
2. the subsequent dissolving of this precipitate in dilute aqueous ammonia. equation does not
+ ' QNH e t actually show the
e I it
as, to do so, it should
start with AgC[(s).
(d) Chlorine reacts directly with many élements to form chlorides. Three such compounds are However, this
MgCl,, AICI, and SiCl,. alternative answer is

accepted as the solid
) will actually be in
Number of Chloving Qfpms. tn an B20 ionic compovnd......... equilibrium with a low

) concentration of
............................................................................................................................................ Ag*(aq) ions and, when
inveases from M@ Y0 Si.S, more chiovine &towg these ions complex
............. with ammonia, more
solid will dissolve, in
accordance with Le
Chatelier's Principle.

(i) State and explain the pattern shown by the formulae of these three chiorides.

MgCl,

JEE S0 ot o TR N -o 0 S FOR vt iutin. - RN S, & CHU . Mark for (C) (IV) =2/2

4 [3] This answer is very
close to 2 marks but it
[Total: 21] just needed a specific

reference to the fact
that the number of
chlorines increases by
one each time.

Mark for (d) (i) = 1/2

The first and third
equations are correct
but the second
equation does not
show the reaction of
AIC13 with water but
instead shows the
hydrolysis of the
hexaaquaaluminium
ion that would be
produced by this
reaction.

Mark for (d) (ii) = 2/3

Total marks awarded =
19 out of 21
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How the candidate could have improved their answer

The definition in (a) (i) was almost word perfect, although the second sentence could have been omitted if
the phrase ‘in its standard state’ had been included after the word ‘elements’ (which, though it should really
have been ‘element’ in the singular, was not penalised).

The key to the second mark in (d) (i) was to remember the general advice that, if specific information is
given, then the answer based on that information should be as specific, and quantitative, as possible. For
example, candidates should not just say ‘increase’ if it can be seen that ‘increase by one’ is more
appropriate.

Mark awarded = (a) (i) 3/3, (ii) 1/1, (iii) 2/2

Mark awarded = (b) (i) 2/2, (ii) 2/2

Mark awarded = (c) (i) 1/1, (ii) 2/2, (iii) 1/1, (iv) 2/2
Mark awarded = (d) (i) 1/2, (ii) 2/3

Total marks awarded = 19 out of 21

Cambridge International AS & A Level Chemistry (9701)
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Example candidate response — middle

Examiner comments

2 The elements in Group 17, the halogens, and their compounds, show many similarities and trends
in their properties. Some data are given for the elements fluorine to iodine.

standard < - .
coment | ey | enhabycharee | CHSE! | yirogen e
AH;/kJ mol-1 ‘ 7
fluorine, F-F | 158 79 85 293
chlotine, CI~CI 242 121 : 238 188
bromine, Br-Br 193 112 ) 332 206
iodine, 1T 151 107 457 238

(a) (i) Explain the meaning of the term standard enthalpy change.of atomisation.

€. ke ome. 'rywée/#
g')’md.ﬁ

E

(ii) For fluorine and chlorine, the enthalpy changes of atomisation are half the value of the
bond energies.”

For bromine and iodine, the enthalpy changes of atomisation are much more than half the

e S T

value.of the bond energies.

Suggest a reason for this difference.

(ili) The standard enthalpy of formation of iodine monochloride, IC, is —24.0kdmol-'.

Use this information and the bond energies of iodine and chlorine to calculate the I-Ci

bond energy.” & : |
T2+ Cly ——bQIQL To+rUyr— 20

15\ 4 80 —> I- L4 (-af)  \She M2 S—c&g;w)
3972+ — T-f I-CQl 5 yy|7

T- U — H1%

wCibond energy = .. AL T kImol 2]

The phrase ‘standard
state conditions’ is not
a standard phrase but
is taken to be a
reference to ‘standard
conditions’. One mark
is not awarded for
omitting to state clearly
that the element is in
its standard state.

Mark for (a) (i) = 2/3

The answer could be
made clearer by
referring to the change
of state required for
bromine and iodine.

Mark for (a) (ii) = 1/1

The candidate has
chosen to write the
equation to show the
formation of 2 moles of
ICI - which means that
the enthalpy of
formation value of -24
should have been
doubled to give 441 as
the answer for the
formation of 2 x I-Cl!
bonds. This should
then be halved to give
the true answer of
220.5. It could be
argued that there are
therefore two mistakes
here and the mark
should be 0/2.
However, the answer
417 was often seen as
a result of simply failing
to halve the bond
energies in an equation
showing the formation
of one mole of ICI so,
to ensure consistency,
this answer was
uniformly awarded one
mark.

Mark for (a) (iii) = 1/2

Cambridge International AS & A Level Chemistry (9701)
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‘ Example candidate response — middle, continued

(b) (i) Explaln the trend in the bomng points of the hydrogen halides, HCJ, HBr-and HI.

4 )@'om H¢d fo HI  an.

- nd e gmjfm

(S ' fo  ©wencerne TA ém’
(ii) Suggest why, the hydrogen hallde HF does not follow the trend intBoili ing, pomts shown by

HCI, HBr and HI.
o HF}\@\A Qe e&cfronaja/z#:a\"y a&f]?mc

{c). In an experiment, two of thé halogens are.represented as P,-and Q,.

— —

P, combines with hydrogen-on heating to form HP, which can be’easily broken down into its
elements A solution of HP in water reacts with aqueous silver ions to form a yellow precipitate
that is insoluble in dilute. aquesus ammiohia.

‘Q, combines -explosivély: with hydrogen in sunlight to form HQ, which is stable. to heat. A

solution of HQ in water reacts with aqueous silver ions to form a white precipitate that is soluble:
. in dilute agueous ammonia. -

[1]

(i) ‘Identify the halogens P, and Q,.

Qodine...o

(ii) HP readily decomposes into its elements when heated but HQ is stable to heat.
Explain this with reference to bond energies.

HP s H-T. evhuel Aoa The bond. ev\uuﬂy 299
0 KJ Ywei w‘w . 2 Thowe.. Bome! emonar “"TP

HcQQHCL)w 5,430 T el o, P clesspmiangy
cont an less Neok e, M1 hous londer bord
(iii) \Vrite an &quation for the thermal decomposition of HP. leng A than ~ H- N

0 = 1 ISR » 'R e .................... e 1]

Y

Examiner comments

o This is correct.

Mark for (b) (i) = 2/2

The candidate should
have noticed that this
question has 2 marks,
which indicates that
more than a single
statement is required.
Here, a comparison of
the relative strengths of
intermolecular forces is
required. Although
hydrogen bonds have
not specifically been
mentioned, this
reference to the
electronegativity
difference is accepted
as an alternative to the
ideal answer.

Mark for (b) (ii) = 1/2

@ This is correct.

Mark for (c) (i) = 1/1

The middle sentence
here is unnecessary as
it simply repeats the
question. The second
mark is earned with the
explanation of why the
bond is weaker in the
final sentence.

Mark for (c) (ii) = 2/2

This equation is
correct.

Mark for (c) (iii) = 1/1

Cambridge International AS & A Level Chemistry (9701)
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Example candidate response — middle, continued

Examiner comments

(iv) Wirite-ionic equations, including state symbols, for

1. the formation of the white precipitate on addition of aqueous silver ions to aqueous
HQ,

(9>

2. the subsequent dissolving of this precipitate in diluteléqueous ammonia.

Bl s AG il B

(d). Chloriné reacts directly with many elenents 4o form chlorides. Three such compounds are
MgCl,, AICl, and SiCl,.
——— — ——

(i) State and'éxblain the pattern shown by the formulae of these three chlorides.

The. rvomber. of.. . chloving. aew. attashed

M4 to AUE3) Tomel  Si(+H)-
(ii) Write equations,to show the behavidur of each of these chlorides when added to water.

MgCl, M3C£>,+2H,QO——3/Y73@H)2+£HCL
AICI, ALCLs*BHZOﬁ‘ALAOB'PéHJa

SiCly oI Cly # R HAO —

[Total: 21]

This equation is correct
and includes state
symbols.

This equation shows
the dissolving of AgC|,
but not as a result of a
reaction with ammonia,
as asked for in the
question.

Mark for (c) (iv) = 1/2

The reference to an
increasing number of
chlorines is not specific
enough; it needed to
say ‘by one each time’.
The reference to
‘charge’ is incorrect, as
silicon does not form a
cation; the phrase
‘valency’ or ‘oxidation
number/state’ was
needed instead.

Mark for (d) (i) = 0/2

Only the third equation
is correct here. The
first two equations
seem to have been
written as if the
chlorides are fully
covalent whereas
MgCl 2 is ionic (so
simply dissolves) and
AICl 5 is covalent but
with intermediate
character so partially
hydrolyses.

Mark for (d) (ii) = 1/3

Total marks awarded =
13 out of 21

Cambridge International AS & A Level Chemistry (9701)
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How the candidate could have improved their answer

Apart from gaps in knowledge about chlorides for the final part of the question, most of the answers were
close to being completely correct, although a little lacking in precision and detail. As a result, single marks
could not be awarded consistently throughout the various parts of the question.

Part (a) (i) showed the importance of word perfect learning of definitions (especially enthalpy terms, Ar, M,
isomerism). This was also evident in (a) (iii) where an appreciation of the definition of enthalpy of formation
would have allowed the candidate to recognise that the value given needed doubling to match their equation.

The mark that wasn’t awarded on (b) (ii) was a good example of poor exam technique, as the candidate

clearly knew what they were writing about, they simply did not provide enough for a 2 mark question.

Mark awarded = (a) (i) 2/3, (ii) 1/1, (iii) 1/2

Mark awarded = (b) (i) 2/2, (ii) 1/2

Mark awarded = (c) (i) 1/1, (ii) 2/2, (iii) 1/1, (iv) 1/2
Mark awarded = (d) (i) 0/2, (ii) 1/3

Total marks awarded = 13 out of 21
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Example candidate response — low Examiner comments

2 The elements in Group 17, the halogens, and their compounds, show many similarities and trends The onIy mark
in their properties. Some data are given for the elements fluorine to iodine. awarded here is for a

statement about

_ . — enths;ﬁ)r;d:l:gnge bailing point boiling point of ‘standard conditions’.
element /kJmol-t of atorisation, of elleénent hydrogfét halide Thg re.st of the
AHg/kJmolt | ' ‘ definition has not been
T ' : B learned properly.
| fluorine, F-F 158 79 _ 85 i 293 Candidates should
chlorine, CI~Cli - 242 121 238 . 188 avoid referring to
_bromine, Br—Br 193 112 . 332 206 energy ‘needed’ in any
iodine, -1 151 107 457 238 enthalpy definition as it
; implies that the change
is always endothermic.
{a) (i) Explain-the meaning of the term standard enthalpy change of atomisation., This is not a problem
he  enknalon (hanse. needed winenn A mole...f. a0 here as atomisation is
always endothermic,
Jakeon.is....convenked ko iks...g0eoma. StakG .. but it is not good
C—""’oq\*'\""'-sc 31 practice generally. The
safe phrase to use for
(if} For flucrine and chlorine; the enthalpy changes of atomisation are. haif the value of the ‘a” such definitions is
bond energies. The enthalpy change

when . .’
For bromine and iodine, the enthalpy changes of atomisation are much more than half the

value of the bond energies. Mark for (a) (i) = 1/3

Suggest a reason for this difference.

This is close to earnin
sienilan. enengy, S5, needed foc alomizebion, Thewy. ang..neatHive.. amd ;fg r;“gfi rt12> ftl)lé?r:ge
hawve weale  ardbnwall Socces between fema 1] more reactive is

irrelevant and suggests

(iii) The standard enthalpy of formation of iodine monochloride, ICZ, is —24.0kJ mol. that the candidate does

Use this information and the bond energies of iodine and chlorine to calculate the I-Cl not know the answer.

bond energy. They also needed to
cl, + I, — LICL use a comparative
(22 + 15)) here, referring to the
- VdW forces being
ald, — AHL = =% weaker to describe the
e comparison with
247 +24 = L% bromine and iodine.
o
w sl 5 I-Clbond energy = L2085 . kimol 2 | Mark for (a) (i) = 0/1

e The candidate has
shown working that is
correct in style,
although it would have
been better if they had
identified what AH1
and AH: referred to.
The mistake here is the
failure to double the
value of enthalpy of
formation in line with
the formation of 2IC!in
the equation.

Mark for (a) (iii) = 1/2
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‘ Example candidate response — low, continued

(b) (i) Explain the trend in the boiling points of the hydrogen halides, HCI, HBr:and HI.
Tnc. .

Boiling...painks.. decnase. . HCL D BBe S KL | TR i dve
to. more. €nengy ko break boaals o ................................................ 2]

(ii) Suggest why the hydrogen halide HF does not follow the trend in boiling points shown by
HCI, HBr and HI.

HE 2 15 polar. andd \nes shmg elechnegitivity 5o mor
em@egtsnaejeqﬂhbmk%—ebode

Examiner comments

Technique and content
errors here mean no
marks can be awarded.
The candidate only
makes a single
statement for a two-
mark question so a
maximum of one mark
only can be awarded.
However, an
unqualified reference
to ‘bonds’ is always
interpreted as meaning
covalent (or ionic or
metallic) bonds. This is
a very common source
of confusion in
discussions of melting
and boiling point
trends. For molecular
substances such as
these, the discussion
should always clearly
be about the relative
strengths of
intermolecular forces.

Mark for (b) (i) = 0/2

The initial statement
about HF being polar is
on the right track, but
the candidate then
mistakenly refers to HF
having ‘strong
electronegativity’,
which is incorrect as
electronegativity is a
feature of an atom, not
a whole compound.
There is another
reference to breaking a
‘bond’ when
intermolecular forces
need to be discussed.

Mark for (b) (ii) = 0/2
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Example candidate response — low, continued Examiner comments

(¢) In an experiment, two of the halogens are represented as.P,and Q,.

P, combines with hydrogen on heating to form HP, which can be easily broken down into its
elements. A solution of HP in water reacts with aqueous silver ions to form a yellow precipitate
that is insoluble in dilute aqueous-ammonia.

Q, combines.explosively with hydrogen in sunlight to form HQ, which is stable to heat. A
solution of HQ in water reacts with aqueous silver ions to form a white precipitate that is soluble
in dilute aguedus ammonia.

(i) Identify the halogens P, and Q,. @ e This is correct.

p,=. ToRiag (T, ) a,=..Cta Chlociae (82D | Markfor (c) (i) = 1/1

.............................................................. -

» : _ . . This is a correct
(ii) HP readily decomposes into its elements when heated but HQ is stable to heat. statement, but the fact

Explain this with ref to bond energies.
xplain this with reference to bond energies that there are two

Mocg....enengy. (3. needed Jo beeak She . M. R bend...... marks available should
have served as a clue
Qﬂd‘ﬁﬁm&r‘A’PSQ(”"%\‘-:}*’M\"X‘OH} that more was needed,
such as an explanation
elgmenks 0 21 of why this is the case.
(iii) Write an equation for the thermal decomposition of HP. e .
' gak Mark for (c) (ii) = 1/2

e 2L —2 BM. e T 1]

e This is correct.

Mark for (c) (iii) = 1/1
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‘ Example candidate response — low, continued

— AsCley

%

7 NHq + QSQ,QQ.H -

1. the formation, of the white precipitate on; addition of aqueous silver ions to aqueous
HQ,

. o e o N . Y o
(iv) Write.ionic equations, including.state:symbols; for FATY ) + )

2. the subsequent dissolving of this precipitate in dilute agueous ammonia.

‘- .
N ag) e Clesd) 2 N G Cag)
[2]

{(d) Chiorine reacts directly with many -elements to form chlorides. Three such compounds are
MgCl,, AICI, and SiCl,.

(i) State and explain the pattern shown by the formulae of these three chlorides. @

g
Mg Cha is. Soaic boad. . By Mombned 1 elechon ko each (L akem.

AL s \s  bondled by sbaning of elethcon to eactn elechon
SiChu is. giamk covalenk stuehune. . Bach. €L (s Covalently . Loaded [2]

(ii) Write equations to show the behaviour of each of these chlorides when added to water.
MgCi, M3CQ9.+'LH7-O—*9M§(OH)1+ZHCQ
Acy . ALCL. +3H20 — ALy « 3VCL
sict, .SiCln LGH0 — Si (0¥, + L L

‘ 3
ALCE, +jH, O > ALOW, +3H cl m | 31
SCAy 1 9RO = SIOH) el [Total: 21]

Examiner comments

The first equation is
correct and includes
state symbols, but the
second equation does
not correspond to the
question asked.

Mark for (c) (iv) = 1/2

The candidate seems
to have confused the
idea of ‘formulae’ with
‘structure’, as they
write about the
structure and bonding
rather than the
formulae.

Mark for (d) (i) = 0/2

The candidate has
treated all three
chlorides as though
they are simple
covalent, molecular
chlorides (SiCl is
simple molecular, so
this equation is
correct). However, the
point of the question is
to illustrate the differing
behaviours of different
types of chloride when
added to water.

Mark for (d) (ii) = 1/3

Total marks awarded =
7 out of 21
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How the candidate could have improved their answer

(a) (i) This definition should have been learned and remembered. The rote learning of definitions is a key
part of revision, not only for questions such as this, where they need writing out, but also, as illustrated in (a)
(i), so that data relating to defined terms can be interpreted and used correctly.

This candidate also demonstrated another common confusion in part (b) where the answers referred to
(covalent) bonds. Discussions of the melting/boiling points of molecular substances should always be in
terms of the intermolecular forces acting between the molecules, such as hydrogen bonds, permanent
dipole-permanent-dipole forces or instantaneous dipole-induced dipole forces, where pd-pd and id-id forces
are collectively known as van der Waal’s forces.

Part (d) indicated the importance of understanding key subject terminology, so that questions can be

interpreted correctly. The candidate also demonstrated another common weakness amongst candidates,
which is that the chemistry of chlorides is not as well recognised as the chemistry of oxides.

Mark awarded = (a) (i) 1/3, (ii) 0/1, (iii) 1/2

Mark awarded = (b) (i) 0/2, (ii) 0/2

Mark awarded = (c) (i) 1/1, (ii) 1/2, (iii) 1/1, (iv) 1/2
Mark awarded = (d) (i) 0/2, (ii) 1/3

Total marks awarded = 7 out of 21

Common mistakes candidates made in this question

In (a) (i), many candidates were not able to give the specific wording of this definition.

In (a) (iii), either the bond energies were not halved if the candidate used the version of the equation forming
one mole of IC[, or the enthalpy of formation was not doubled if using the equation forming 2ICI. These
errors also illustrate the importance of careful learning of the precise meaning of enthalpy change definitions.

In part (b), many candidates showed confusion between ‘bonds’ and ‘intermolecular forces’.

In (c) (iv), state symbols were often left out despite being asked for in the question, and very few candidates
could construct a suitable answer for the second equation.

In (d) (i), most candidates were awarded one mark for the idea of increasing valency / outer shell electrons

but, in some cases, the answer was not specific enough for the second mark, for which a clear reference to
actual numbers was needed.
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Question 3

Example candidate response — high Examiner comments

3  Acidified potassium dichromate(VI) can oxidise ethanedioic acid, H,;C,0,.

The relevant half-equations are shown. This equation contains
Cr,Of + 14H* + 94 - 2Cr* + 7H,0 all the correct species
from the half-equations

H.C,0, — 200 + 2H + 267) %, given, so one mark has
Hale O el 6COz + bHT+ o , been awarded. The
{a) State the overall equation for the reaction between acidified dichromate(VI) ions and second mark requires
ethane_dm'c acid. 3t that the H* ions on the
Crlo’l ek V‘H%“" 3H7-('LO A. —?ﬂu + —lH 20 ¥ 6007— o 2] right of the equation
FGHY are cancelled out to

L leave 8H* on the left.
(b) In an experiment a 0.242g sample of hydrated ethanedioic acid, H,C,0,:xH,0, was reacted

with a 0.0200moldm-® solution of acidified potassium dichromate(VI): Mark for (a) = 1/2

32.0cmd of the acidified potassium dichromate (V1) solution was required for complete oxndahon
of the ethanédioic acid.

All four stages in the
(i) - -Calculate the amount, in-moles, -of dichromate(VI) ions used to react with the sample of . 9
ethanedioic acid. s calculation are correct,

n s Cxv 3 with clear working
= 0.02 X 3R X107 shown.

4 :
= fm‘\-’(‘.U 6.4 X174 |y | Mark for (b) = 4/4

amounti= . 2l SR N e

(if) Calculate the amouint; in moles, of ethanedioic acid in the.sample.
ne 6.4 X W HXD
: D
n=\99 xio i
amount= LA LXNOE

(iii) Calculaté the relative molecular mass; ¥, of'the hydrated etharedioic acid.
My=M - 0.242 = |Q¢
h WAaxio?
M= A26. o 1]

{(iv) Calculate the value of x in H,C,0,.xH,0.
M, of \‘t)_(,:’/olt = (ax )+ (1ax2) t(ibra)

z C\ ") ;2'

x - le — q D MY o? H}OT« l& X = siisnsastinnsiniisenrssaens [1]
\g [Total: 6]

‘ , Total marks awarded =

Xz 2 5 out of 6

How the candidate could have improved their answer

The candidate’s only improvement would have been to cancel the hydrogen ions as well as the electrons
when combining the half-equations in (a).

Mark awarded = (a) 1/2
Mark awarded = (b) (i) 1/1, (ii) 1/1, (iii) 1/1, (iv) 11

Total marks awarded = 5 out of 6
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Example Candidate Responses: Paper 2

Examiner comments

3 Acidified potassium dichfomate(VI) cah oxidisex_ethanedlioic agid, H,C,0,- v
The relevant half-equations.are shown. Cv, 07 4 HVC\QR +1 'LH + les

Cro%~ + }5—1 + gé— - 20 + TH,0
H,C,0, — 2C0, + /214 + Izé—
{(a) State the overall gquation for the réaction between Wand,
' Hapt

ethanedioic acid..

(b) In an.expefinent a.0.242 g sample of hydrated ethanedioic acid, Hzczo4;xHZO, was feacted
with a 0.0200moldm= solution ofacidified potassium.dichromate(VI).

'32.0¢m? of thg‘acidified,potassium.'dichromate(VI)'solufion was requifed for complete oxidation
of thé ethanedioi¢ acid. )

(i) Calculate the-amount, in-moles,, of dichromate(VI) ions used. to réact with the sample of

Cra 07 AL B2 G 480 & 000, 1 B

ethariedioic acid.
$-02.06 X 32
[000 _ L ©
- & 4 % LO =\ amount = 6L§'Y(O mol [1]
(if) Calculate the amount, inmoles, of ethanédioic acid in the sample.
O~ A0
, 1 .
¢ L‘ )C\OPL(’ amount=-éL‘/)&‘O’—mol 1]

The candidate makes
an attempt at
cancelling when
combining the two half-
equations but forgets
the initial step of
multiplying the second
equation by 3 so that
the electron loss
matches the electron
gain. However, one
mark is awarded, as
the species on each
side of the final
equation are correct.
Candidates should
remember the final
checks needed:
counting the numbers
of each type of atom
on each side of an
equation and checking
that the overall charges
are the same. In this
case the left has an
overall charge of 10+
while the right is 6+ so
something must be
wrong.

Mark for (a) = 1/2

e This is correct.

Mark for (b) (i) = 1/1

e This is an example of
an ‘error carried
forward’ as, although
this answer does not
correspond to the mark
scheme, it follows
correctly from the
incorrect 1:1 ratio in
the candidate's
equation.

Mark for (b) (ii) = 1/1

Cambridge International AS & A Level Chemistry (9701)
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Examiner comments

‘ Example candidate response — middle, continued

(iiii). -Calculate the relative molecular mass, M,, of the-hydrated ethaniedioic acid.

Me-~ ();'7,‘%7 2 4, M=378"U 11
{iv) Calculate the value.of x in Hzczo‘,.xﬁ:()‘:"' x10 >378.115
3718125 % -80 = 71438125 (5 )
T ' x=. 16:5€25 1

{Total: 6]

RS

The working shows
that the correct method
has been used, but the
answer is given to six
significant figures when
only three of four
significant figures can
be justified on the
basis of the supplied
data (all of which is to
three significant
figures).

Mark for (b) (iii) = 0/1

Again, the working is
correct but the
candidate has failed to
appreciate that an
answer of this type
must be an integer, as
only whole numbers
are used to indicate
ratios in equations.

Mark for (b) (iv) = 0/1

Total marks awarded =
3 outof 6

How the candidate could have improved their answer

In (a) the candidate needed to remember that the key idea when combining half-equations is that the
electron loss in one half-equation must balance the electron gain in the other.

In (b) (iii) the candidate used the correct method but needed to remember the syllabus guidance that the

number of significant figures in the answer must correspond to the number of significant figures in the data
provided.

Mark awarded = (a) 1/2
Mark awarded = (b) (i) 1/1, (ii) 1/1, (iii) 0/1, (iv) 0/1

Total marks awarded = 3 out of 6
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‘ Example candidate response — low Examiner comments
3 Acidified potassium dichromate(VI) can oxidise ethanedioic acid, H,C,0,. It is not clear how the
The relevant half-equations are shown. candidate has arrived
Cr0z + 14H* + B~ — 2Cr* + TH,0 at this suggested
answer, but, although
H,C,0, — 2C0, + 2H" + 2e° they have attempted to

balance the various
atoms in the formula,
they have not made

(a) State the overall equation for the reaction between - acidified dlchromate(VI) ions and
ethanedioic acid.

ALAYY. AN o= R - [2] any attempt to balance
2(,&1* T2Ch 21 “‘ZHJ—C»—OLP —> 4— 05—+ t,d-b,oj‘ H,;;(ﬁﬁ,r,, 0 the charges / electron
(b) In an experiment a 0.242g saﬁnple of hydrated ethanedioic acid, H,C,0,.xH,0, was reacted transfer, which is a key

with a 0.0200mol dm-? solution of acidified potassium ?lchr ma(ge(VI) skill with redox
equations. No mark is

possible for the

species present either,

32.0cm? of the acidified potassium dichromate(VT) solution was requlred for complete oxidation
of the ethanedioic acid.

(i} Calculate the amount, in moles, of dichromate(VI) ions used to react with the sample of as the candidate has
Etiianediolc.acid, simply transposed the
, == A ‘2Cr2’ from the left
0 -6 e :
ol OV D (where Cr is part of a
Nn=3 w= Lakio o % 0t b zq_ﬂgr—} complex anion) to the
0. amount = ... mol [1] . o .
:Wm 6 L(’Ylo right, where it implies
(ii) Caleulate the amott, i moles ot Shanedioic acid in the sample. that the chromium

exists as a diatomic

N qory 0y)~ N\ ‘Q—.&&;@;@ﬁ 5 (70{ X0 5] moleculg rather than.
- \)Ap). ' the Cr3* ions shown in

- amount = .. .. mol [1] the first half-equation.

= B ()leo
e Mark for (a) = 0/2

o This is correct.

Mark for (b) (i) = 1/1

e The candidate has
failed to appreciate the
significance of the
sequence in this
structures calculation
and, instead of using
their previous answer
and the ratio in the
equation, they have
attempted to calculate
an amount using the Mr
of the ethanedioic acid,
even though this
cannot be known
without knowing the
value of x.

Mark for (b) (ii) = 0/1
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‘ Example candidate response — low, continued Examiner comments
(iii) Caicuiate the relative molecular mass, M,, of the hydrated ethanedioic acid. An ‘error carried
0 Mimmmsrda NV*% =279 forward’ would have
%ﬁﬁg\ been possible here if
the answer to (ii) had
}'\ (L 0n09) = N Lely0, *M)>L~MX[0\$M’= }7@0 I been used, but,

instead, the candidate

i f x in H,C,0,.xH,0.
(iv) Calculate the value of xin H,C,0,.xH, has used the amount

_ of dichromate from (i)
>18- C?O =88 to try and calculate the
SIS = - X M: of the acid. Data
‘. & =1 b PET L e I must always be

[Total: 6] consistent in

calculations so, to
calculate M: of the
acid, the amount and
mass of the acid must
be used.

Mark for (b) (iii) = 0/1
This is correct as an
‘error carried forward’
from the answer to (iii).

Mark for (b) (iv) = 1/1

Total marks awarded =
2 out of 6

How the candidate could have improved their answer

In (a) the candidate needed to remember that the key idea when combining half-equations is that the
electron loss in one half-equation must balance the electron gain in the other.

In (b) the candidate lost their way after the first part of the four-step calculation and failed to keep track of the

context or the reason why the question was structured in this way. An M: cannot be used if part of the
formula of a compound is unknown.

Mark awarded = (a) 0/2
Mark awarded = (b) (i) 1/1, (ii) 0/1, (iii) 0/1, (iv) 1/1

Total marks awarded = 2 out of 6

Common mistakes candidates made in this question

(a) The skills needed to combine two half-equations and produce an overall balanced redox equation proved
tricky for many candidates. Good candidates often got close but failed to balance the H* ions by cancelling
them out, while weaker candidates failed to recognise the need to balance the electron transfer first.

(b) The first two parts of the calculation were generally done well but some candidates failed to realise that
the M calculation depended on the previous answer together with the ratio in the equation.
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Question 4

Example candidate response — high

Examiner comments

4 This question is about molecules with molecular formula C,H,0,: -

(a) Give the structural formulae of the pair of chain isomers with the formula C.H,0, that are
carboxylic acids. i —

|

(Ha

(2]

(b) (i) Give the structural formulae of a pair of positional isomers with the formula C,H,0, that
are esters. =
Stol

[2]
(ii) Give the reagents and conditions needed to produce one of your esters in (i).

of #nem under veflux with concentrated @
SuHuric aud.

These two structures
are both unambiguous
representations so are
credited even though
the second one is not
strictly a structural
formula and should be
written as
(CH3)2CHCOOH.

Mark for (a) = 2/2

These structures are
correct, although a
better convention when
writing the formulae of
acids and esters is to
use the form ‘COQO’
rather than ‘CO2’.

Mark for (b) (i) = 2/2

The conditions are
correct here, but, when
a question asks for
reagents, the names
(or formulae) of
specific compounds
must be given whereas
this candidate only
gives the classes of
compound needed.

Mark for (b) (ii) = 1/2
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Example candidate response — high, continued Examiner comments

(€) The infra-red spectra of one of the esters and of another isomer, X, are shown.

‘X decolourises bromine water and is not an-ester or an acid.

infra-red spectrum of the ester.

100
transmittance |
504,
R R e o JU AT S e
4000 - 3000 2000 ¥® 1500 1000 500 o
. o e o This is an excellent
waveaibe answer. Each of the
wavenumbers quoted
infra-red spectrum of X is correctly referenced
1007 = — ' and also linked to the
: specific bond
responsible for the
absorption. The dash
. before the C=0 is
fransmittance . .
50 _p055|bly a_mplgupus as
' it may be indicating
another bond to the
carbon atom, but it was
‘ ignored here. It is also
1 > evidence of good exam
04 TS N, e technique to see the
4000 3000 2000 1500 1000 500 rough working that has

been done on the
diagrams to allow the
Explain the differences between these two spectra, with particular reference tothe peaks with can.dldgte.to organise
wavenumbers above 1500cm-. their thinking before

) fvere 1§ owne Qharp ‘@n d S’*h’onj o writing the actual
treavadenansgnrenzianasaaradaraasurtiunarrrrrarrerantradeataitetineitiiiatianerratotattearaasitntrattanirestnrronarenataiissiorrinfioniinianines ansWer
Peck of 1150 twm™t . T wieons theve is - C=0 grouy.

wavenumber/cm™"

T XS spectvu ™, Haere 15 one weok peak & approimaely Mark for (c) = 3/3

0% 1650 om~' and owe broad peak OEiveen 3200 -3600t )

S U R P ST T IT 4 SO PR [3] T tal marks awarded =
Tnot means thee 16 C=C ond OH Growp iva X . o
% P [Totat: 9] 8 out of 9

How the candidate could have improved their answer

Only one mark was not awarded here, illustrating the importance of being as specific as possible when
answering and giving specific compound names when asked for ‘reagents’.

Mark awarded = (a) 2/2
Mark awarded = (b) (i) 2/2, (ii) 1/2
Mark awarded = (c) 3/3

Total marks awarded = 8 out of 9
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‘ Example candidate response — middle Examiner comments

4 This question is about molecules with molecular formula C,H,0,. Although, strictly
speaking, these

fi he f I
(a) Give the structural formulae of the pair of chain isomers with the formula C HBO that are structures are not

rboxylic acid
carboxylic acids. structural formulae, as
asked for in the
o question, they are

] .
R R unambiguous
\ \ (4, ( "ok o representations of the
4 3 correct compounds
and therefore

(8o (H (% “o\l accepted.
[2]

Mark for (a) = 2/2
(b) (i) Give the structural formulae of a pair of positional isomers with the formula CH;O, that Again, these are not
are esters,
— . structural formulae as
! 7 asked for in the
bt ok, (Wy s question but they are
M, C unambiguous
(H-! L ~ock g

A
[ tati t
\;H -\&\ka 3 9 representations of the
\
1B

\ correct compounds
H and therefore
accepted.

(2]
Mark for (b) (i) = 2/2
(ii) Give the reagents and conditions needed to produce one of your esters in (i).
Bo  Ethagl and Efoic aid | had of YLy e The correct acid and

................................................................................................................................... alcohol have been
....................................................................................................................................... [2] chosen for the first
ester given in (b) (i),
but the need for
concentrated sulfuric
acid has been left out
of the conditions.

Mark for (b) (ii) = 1/2
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Example candidate response — middle, continued

(c) The infra-red spectra of one of the esters and of anotherisomer, X, are shown.
X decolourises bromine water and is not an ester or an acid.

infra-red spectrum of the ester

100
transmittance
50
0+ | LI T T T T T T T T
4000 3000 2000 1500 1000 500
‘wavenumber/cm™
infra-red spectrum of X
100
fransmittance
50
0 I T I A TR S R B |
4000 3000 2000 1500 1000 500

wavenumber/cm™

Explain the differences between these two spectra, with particular reference to the peaks with
wavenumbers above 1500cm™.

e e o\, P on toben o1 SN ol egor To wede yohile

L Sha of | pealc pn if‘@““{d ypedoan b X §s dirorg and Yraad

‘YleLh ’wﬂ\unm\,m 100 — = %600 q,h 5
i PR WAL TR 060 W
(~653<a’ IS potale Wm/ Sheee X conkan

- R
[Total: 9]

T s‘v\m o3r p,wM ov\ Werévid sacham
1 i Lehy

Examiner comments

No marks could be
awarded here as the
references are too
vague and there is no
clear linkage between
wavenumbers and
specific bonds. The
reference to the peak
at 3200-3600 is
correct, although it is
even better to quote a
single wavenumber
when referring to an
absorption on a
spectrum. However,
this needed linking to
the presence of O—H in
the compound. The
reference to 3000—
3100 suggests that the
candidate is not
referring to an
absorption but to a
point between two
absorptions.

Mark for (c) = 0/3

Total marks awarded =
5out of 9
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How the candidate could have improved their answer

Although the structures in (a) and (b) (i) were awarded the marks, it would have been better if the candidate
had followed the instruction to give structural formulae in the form (CH3)2COOH, rather than showing a sort

of ‘semi-displayed’ structure. However, the marking allowed for this, as the skill being tested was to identify

the compounds referred to without insisting on a specific type of representation for the formula.

No marks were awarded in (c); the key to success in IR questions is to make clear, specific references to

wavenumbers and to link each one to a specific bond in the structure of the compound responsible for the
spectrum.

Mark awarded = (a) 2/2
Mark awarded = (b) (i) 2/2, (ii) 1/2
Mark awarded = (c) 0/3

Total marks awarded = 5 out of 9
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‘ Example candidate response — low Examiner comments

4 This question is about molecules with molecular formula C,H,0,.

(a) Give the structural formulae of the pair of chain isomers with the formula C,H,0, that are

carboxylic acids. .
4 These are displayed

formulae (or almost, as
there is no bond shown
SRl L W4 e between O and H),
ol Ml € o & -ov “_‘C_ et o rather than structural
; P : i< . formulae. However,
L2 N " gt they are allowed.
)

2] Mark for (a) = 2/2

(b) (i) Give the structural formulae of a pair of positional isomers with the formula C,H,O, that The first structure is

are esters.
correct and clearly
drawn, so it is odd that
the candidate does not
eu W ? \'{ attempt a second
L . tructure with the ester
-~ C=0-CM s
g (;' C\' Lf e link between different
U M carbon atoms.
2] Mark for (b) (i) = 1/2
(ii) Give the reagents and conditions needed to produce one of ybur esters in (i). Ethanol is not the
lohioh: ot A et Sadye ¥ 6 correct alcohol needed
Lwhen  aafoorgtic | aad s added 1o eviomol ‘0. ... to make the ester
....... Wi oNdibon ik Veb-aewea\reve 2] drawn by the

candidate, and the acid
' is not identified by
Zeapent: Aloho) name. The mark here
would have required
both propanoic acid
and methanol to be
named. The need for
concentrated acid has
been left out of the
conditions.

ondii 0N 70°¢c  fwatm

Mark for (b) (ii) = 0/2
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Example candidate response — low, continued

Examiner comments

(¢} The infra-red spectra of one of the esters and of another isomer, X, are shown.
X decolourises bromine water and is not an-ester-or an acid.

infra-red.spectrum of the ester

100
transmitténcg
504
0+ S - —— T
4000 3do0 2000 1 SPO 1000 500
wavenumber/cm=":
infra-red-spectrum of X
100
fransmittance
50
) P A — e S
4000 3000 2000 1 ‘5b0 1000 500

wavehumber/cm™'

Explain the-differences between these two spectra, with particular reference to the:peaks with
wavenumbers above 1500cm™.

LThere 3¢ aoeak ar cpund. 120, sk mhich is | ghong shows

at fwere s govey gioup ?imi"\'avhd' a weak PEAL ar e X

The reference to a
peak at 1720 for the
first spectrum is
correct, but indicating
that it is due to an ester
group is not specific
enough as this
absorption is due to a
C=0 bond (in an ester
group). There is then a
reference to an alkene
group (which is enough
to refer to C=C) but it is
not linked to a stated
wavenumber. The
absorption at 3300 cm™"
in the spectrum of X
seems to have been
ignored.

- cvows My Phar is N AYOMGRE  comPOUNG of albene.- mere,-e Mark for (c) = 0/3

ts a douvle kond N second hgue: gomn e wm\’o‘fﬂég
ONYGIn  alllan AP N | ‘
’ € HYDUP [Total: 9]

Total marks awarded =
3outof9
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How the candidate could have improved their answer

(b) (i) This answer illustrates the importance of always making an attempt at an answer — a blank space
definitely gets no marks but an attempt may pay off.

No marks were awarded in (c). Here the candidate needed to realise that the key to success in IR questions
is to make clear, specific references to wavenumbers and to link each one to a specific bond in the structure

of the compound responsible for the spectrum. In this case, there were two valid references, one to an
absorption and one to a bond, but neither of these was linked to the other part of the answer.

Mark awarded = (a) 2/2
Mark awarded = (b) (i) 1/2, (ii) 0/2
Mark awarded = (c) 0/3

Total marks awarded = 3 out of 9

Common mistakes candidates made in this question
Structures were commonly drawn without giving the structural formulae, as required by the questions.

The most common mistakes were in part (c) where candidates did not identify the absorptions clearly
enough and also failed to make a clear link between an absorption and a specific bond.
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Question 5

Example candidate response — high

Examiner comments

> R ‘3
( Q/;”l%l
\
‘([? aod )3\—\ U\-\

CH,CH,C—OH

T reaction 1 \1\0\ )

reaction 4
CHacHZCHz—OV—? T

5 Areaction sequence based on propan-1-ol is shown. Pf“' C/

reaction 3

crcrcr—er (@)

GH,CH==CH,
\ D
\ 6&“\'\' Y

propan-1-ol

l reaction 2

\bors

o @ OH
reaction 5

|
CHCH,C—H —NeNime

CH,CH,C—CN
H

(a) Reactions 1 and 2 can both be.carried out using the same reagents.

(i) Identify suitable reagents for reactions 1 and 2.

......... mtdif‘d 'POW%WLM ot Chyam Qw[!ﬁh\me

.1

(i) State and explain how the reaction should be carried out to ensure that reaction 2 rather
than reaction 1 occurs.

Te m‘ﬁtm bechion konchars.... e Leafud \E[Elfd'[!j
telistilled, oﬁms ot fronas, bewuse. Turefte;n ohidoctlon..
vfala(zhgm . CMI‘bUﬁﬂLC/ octel Al Oeeenr.. vj 2t s
........... ot clistilled.. .. fmn\wllaﬁdy

. 2
{b) Identify the necessary reagents and conditions for each of reactions 3and 4.
reaction 3 . l’%‘ F&OLSME VDCFW'N PVQ Fﬂn /
o ...Qm(lrhlhs 2 M &&Us 'gﬂvVO(ﬂrS i bedtaol. [Ah&&f‘ H%ﬂu,?i
%eacﬁoutmm&rw{{uﬁ

2]

reaction 4 .....[.{ fw ;

Pl

The candidate clearly
organises their
thoughts before writing
their answers, as
shown by the rough
working on the flow
diagram. This is good
exam technique.

e This is correct.

Mark for (a) (i) = 1/1

A correct, clearly
explained answer,
addressing both
required points.

Mark for (a) (ii) = 2/2

The reagents and
conditions for both
reactions are correctly
described and clearly
presented.

Mark for (b) = 2/2
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Example candidate response — high, continued

arrows, charges and partial charges.

(c) (i) Complete the reaction mechanism for reaction 5. Include all relevant lone pairs, curly

S e VU]
il v ©
/;/Cj—ko — |[HyHz = ~(CN ; ——= CH,CH,—C—CN (N
L. NC- |
“ 4
The product of reaction § exhibits stereocisomerism.
(ii) Draw the two stereoisomers in the conventional way.
(kU2 to o Hal et
fevny il g
\ -"-;/ A B I N oH
v U J e L
O d e NG
; 2
(iii) Suggest why a mixture of the two stereoisomers is formed by reaction 5.
evause... planar- ¢ (b l{qmic/%ec%ama'fw
n&.nmdwphﬁ&ﬂm‘_fachée_...qén.e‘rfim.gﬁ;{a.‘. ........................ (7 1
............................ clraanil e IR L g L
[Total: 13]

Examiner comments

This mechanism is
almost completely
correct, and,
importantly, the curly
arrows are shown
clearly coming from
either bonds or from
lone pairs. The error is
the positioning of the
lone pair on CN-; this
should be on the C so
that the new bond
formed is between C—
C. If the mechanism
was as shown here
with the first curly
arrow, the intermediate
would have a C-NC
bond in it, instead of
the C—CN bond shown.

Mark for (c) (i) = 3/4

The 3D structures of
the two enantiomers
have been drawn
clearly in the
conventional style
suggested in the
syllabus and all
‘connectivity’ is correct.

Mark for (c) (ii) = 2/2

This is a more
advanced explanation
than required, but it is
clearly correct so earns
full marks.

Mark for (c) (iii) = 2/2

Total marks awarded =
12 out of 13

How the candidate could have improved their answer

This near-perfect answer only required an adjustment to the positioning of the lone pair (and curly arrow from

it) on CN- (from the N to the C) to be worth full marks.
Mark awarded = (a) (i) 1/1, (ii) 2/2

Mark awarded = (b) 2/2

Mark awarded = (c) (i) 3/4, (ii) 2/2, (iii) 2/2

Total marks awarded =12 out of 13
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Example candidate response — middle

Examiner comments

5 Areaction sequence based.on propan-1-ol is shown.

CH,CH,C—OH.
T reactidn 1
- s reaction 3 ; reaction 4 )
CHyCH==CH, ? . CH4CH,CH,~—0OH - : CH,CH,CH,—Br
propan-1-ol
l reaction 2
(Il)' OH.
reaction 5
0 p— e a—— —
CH,CH,C—H “NaCN/H CHSCH2<|3 CN
H
(a) Reactions 1 and 2 can both be carried.out using the same reagents.
(i) Identify suitable reagents for reactions 1 and 2. o
PRI ERA L pONOSSII L ARONIDINOEC st
-1

(ii) State and explain how the reaction should be carried out to ensure that reaction. 2 rather
than reaction 1 occurs.

o ......T.[\;.ie.h...mo‘ckanlw.....v.sj;ould..l.lgz ........ praced. . dba. A round L boskom. ...

......... Tne...reackanks’. axe..... heaked . and . dlMNed | se ot poevent....

........ Cemp.\k,\:a.“m&idmlion....Js!r.....F@Fam.—.ln.q\:.........A._.....A...._..........._.A..._.........‘.‘..._.. 2]

(b) Identify the necessary reagents:and conditions for each of reactions 3 and 4.
E reaction 3 Cancl*lan;ncd’f:

reaction 4 .....Agueour.. Hf........... e

o This is correct.

Mark for (a) (i) = 1/1

Both parts of the
answer are clearly
described and correct.

Mark for (a) (ii) = 2/2

The reagents and
conditions for reaction
3 are correct, but the
reference to ‘aqueous’
makes the conditions

for reaction 4 incorrect.

If this had been
qualified as
‘concentrated’, this
would have been
acceptable because
concentrated HBr is
about a 50:50 mixture,
but otherwise
‘aqueous’ is
understood to imply
dilute.

Mark for (b) = 1/2

Cambridge International AS & A Level Chemistry (9701)

43



Example Candidate Responses: Paper 2

44

Example candidate response — middle, continued

(c) (i) Complete the reaction mechanism for reaction 5. Include all relevant lone pairs, curly
arrows, charges and partial charges.

"B (4
CH,CH, \4-4:: (I)H
6.'
5"/0mo == | oo e i B CHSCHZ—“(|)——CN
(i “ H

NC~

The product of reaction 5 exhibits stereoisomerism.

(ii) Draw the two stereoisomers in the conventional way.

: on

on ' \
| C
a C L e
Hemc T 4 o r\C/ W
H

(2]

(iii) Suggest why a mixture of the two stereoisomers is formed by reaction 5.

e PSRN 00R... ABH . N er SO Son. Higurabion...... (LS B, meShanism) .. [2]

[Total: 13]

Examiner comments

The missing lone pair
on the C of CN- means
that M1 in the mark
scheme cannot be
awarded. M2 and M3
are awarded but not
M4 as the curly arrow
is shown from the H*.
However, the H* has
no electrons and it is
not possible for a curly
arrow to start there
because curly arrows
are used to show the
movement of a pair of
electrons. The curly
arrow should start at
the lone pair of the O~
of the intermediate.

Mark for (c) (i) = 2/4

The 3D structures of
the two stereocisomers
have been drawn
correctly.

Mark for (c) (ii) = 2/2

The candidate
attempts to answer this
question using a more
advanced idea than
required. The phrase
‘both backside or
forward attack’ is
credited as a reference
to the nucleophile
being able to attack
from above or below
the plane of the
molecule. However,
the candidate does not
state that this is
possible due to the
planar nature of the
carbonyl group.

Mark for (c) (iii) = 1/2

Total marks awarded =
9 out of 13
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How the candidate could have improved their answer
The candidate needed a better understanding of the reaction mechanism and to appreciate that curly arrows

should only ever be shown as coming from a lone pair (or from a bond between two atoms).

Mark awarded = (a) (i) 1/1, (ii) 2/2
Mark awarded = (b) 1/2
Mark awarded = (c) (i) 2/4, (ii) 2/2, (iii) 1/2

Total marks awarded =9 out of 13
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‘ Example candidate response — low

5 Areaction sequence.based:on propan-1-al is shown.
.’Tl)_
CH,CH;C—OH.
reaction 1 Mﬁ\/
tion 4
. GHyCH,CH,—QH__ =2 " > GH,CH,CH,—Br

-pfopanz1-ol

’ . ‘reaction 3
CH,CH==CH, - -

l'reactidn 2

' H
* reaction 5

I
CHCHLCH —aenrr

]
CH CHCI) CN
H

(a) ‘Reactions 1 and 2 can both be carried out using the same reagents

(i) " Identify suitable reagents f_or.reactions 1and 2.

F} Orz(O;L 0. H;Stoq

(ii) State and expiain how the reaction should be carried out to ensure that reaction 2 rather
than reactioh 1 occurs. '

‘erﬁbeccxmcd)oﬁ} ............ uzxnca 0 a&.x}f.p ......................

J\‘hﬁ oeqcﬁfsn ‘W—&&, Cand. m& c»(f‘ﬁ &\w’i@a‘fL .

(b) ldentify the necessary reagenté-andyconditions for each of feactions 3 and-4.

reaction 3. H,LSOH‘:}OGCJ[@“P

reaction4 .. H@T G}f Yoo, ch‘b'n()mﬁa a@m ﬁOlVin”

teoty NaQl el
12]

/Q[r? él;L M

”3 ol

¢ L\/‘L\f

Examiner comments

This is correct, as
formulae are an
acceptable way to
identify reagents.

Mark for (a) (i) = 1/1

No mark here, as there
is no reference to
distillation or why it is
needed.

Mark for (a) (ii) = 0/2

The reagent and
conditions for reaction
3 are correct but ‘room
temperature’ is
incorrect for reaction 4
as heat is required.

Mark for (b) = 1/2

Cambridge International AS & A Level Chemistry (9701)
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‘ Example candidate response — low, continued

Examiner comments

(c) (i) Complete the reaction mechanism for reaction 5. Include all relevant lone pairs, curly
arrows, charges and partial charges. :

CH,CH, (O OH
>c=o — "“ZC)'Q-,-{:é—H — CH3CH2—(|3—CNo
. H LCN H
NC

[4]
The product of reaction 5 exhibits stereoisomerism.

(ii) Draw the two stereocisomers in the conventional way.
0 /u N

L i

CH%C‘HD’/A /“'I\, CN E

H

OH
y it

\\\,\\ C
W 2]

(iii) Suggest why a mixture of the two stereocisomers is formed by reaction 5.

Wirbecone.d). the. deslo calom caon fomatsr
and live. aovnle bord b enolln dedma &2 exnudecphl, @

[Total: 13]

The candidate ignores
the need to start the
mechanism by adding
annotations to the
structures drawn in the
first stage to show the
formation of the
intermediate. The
structure of the
intermediate is almost
correct but the mark
cannot be awarded
because of the
incorrect ‘+’ on the
central carbon atom.
The curly arrows in the
box are meaningless.

Mark for (c) (i) = 0/4

These are good
attempts at showing
3D structures in the
conventional manner
and they also indicate
the mirror-image
relationship between
the stereoisomers.
However, the bonds
have been connected
incorrectly, so one
mark is not awarded (it
is not penalised twice).
In both structures the
bond to OH goes to the
H instead of O and, in
the right-hand structure
the bond to CN from
the central C goes to
the N instead of the C.

Mark for (c) (ii) = 1/2
This is incorrect: there
is no carbocation
involved in this
reaction.

Mark for (c) (iii) = 0/2

Total marks awarded =
3 outof13

Cambridge International AS & A Level Chemistry (9701)
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48

How the candidate could have improved their answer
The candidate needed to have learned more about the oxidation of alcohols.

The candidate needed to follow the conventions involved in drawing mechanisms: curly arrows only ever
originate from a bond (to show bond breaking) or from a lone pair on an atom/ion (to show bond forming).

Although the correct convention was used for drawing a 3D structure, connectivity rules should also have

been correctly applied so that bonds were shown between the correct atoms.

Mark awarded = (a) (i) 1/1, (ii) 0/2
Mark awarded = (b) 1/2
Mark awarded = (c) (i) 0/4, (ii) 1/2, (iii) 0/2

Total marks awarded = 3 out of 13

Common mistakes candidates made in this question
Common mistakes here were mostly made when drawing the reaction mechanism and not placing the curly

arrows carefully enough to represent the process correctly. Lone pairs were often also left out or placed on
the wrong atom (in the CN-).
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