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Introduction

Introduction

The main aim of this booklet is to exemplify standards for those teaching Cambridge International AS and
A Level Chemistry (9701), and to show how different levels of candidates’ performance (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

Question paper 9701_s16_qp_22.pdf
Mark scheme 9701_s16_ms_22.pdf
Question Paper 33, June 2016
Question paper 9701_s16_qgp_33.pdf
Mark scheme 9701_s16_ms_33.pdf
Question Paper 42, June 2016
Question paper 9701_s16_qp_42.pdf
Mark scheme 9701_s16_ms_42.pdf
Question Paper 52, June 2016
Question paper 9701_s16_qgp_52.pdf
Mark scheme 9701_s16_ms_52.pdf

Past papers, Examiner Reports and other teacher support materials are available on Teacher Support at
https://teachers.cie.org.uk

Cambridge International AS & A Level Chemistry 9701
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How to use this booklet

Introduction

Example candidate response — high

Examiner comments

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

CrOof + 14H" + ?é - 2Cr* + TH,O

[Hzc.‘,o - 2C0, + 2H" + 2e7) o

HLLLG-LB—? Loz v EH"'J"M‘ .
{a) State the overall equation for the reaction bebween acidified dichromate(VI) ions and

ethanedlolcamd o
Crlﬂ-} "4 140t & SHztanﬁ'it\'w + —]HJU + EC-OE. @

/r . . FGHY
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 skKills. /

fed ethanedioic acid, H,C,0,.xH,0, was reacted
btassium dichromate(VI).

b(VI) solution was required for complete oxidation

romate{VI) ions used to react with the sample of

- " wOUW T o
e 6.4 X104 o

amount = . e

How the candidate could have improved their answer

o This equation contains
all the correct species
from the half-equations

gwen so one mark has
TR =T o .

/Examiner comments
are alongside the
answers, linked to
specific part of the
answer. These explain
where and why marks
were awarded. This
helps you to interpret the
standard of Cambridge
exams and helps your
learners to refine their

@am technique. /

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

This explains how the candidate could have

improved their answer and helps you to interpret
In (b)(iif) the candidate used the correct method but n| the standard of Cambridge exams and helps your

number of significant figures in the answer must corn
provided.

learners to refine exam technique.

Common mistakes candidates made in this gquestion

(a) The skills needed to combine two half-equations and

tricky for many candidates. Good candidates often gotd This lists the common mistakes candidates made
in answering each question. This will help your
(b) The first two parts of the calculation were generally ¢ learners to avoid these mistakes at the exam and
the A calculation depended on the previous answer tog give them the best chance of achieving a high

them out, while weaker candidates failed to recognise th

mark.

.

J

Cambridge International AS & A Level Chemistry 9701



Assessment at a glance

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.cie.org.uk and
Teacher Support at https://teachers.cie.org.uk

Cambridge International AS & A Level Chemistry 9701
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Paper 4 — A Level Structured Questions

Paper 4 — A Level Structured Questions

Question 1

Example candidate response — high Examiner comments

1 (a) Magnesium nitrate, Mg(NO,),, is very soluble in water. When a hot saturated. solution of
magnesium nitrate is cooled, crystals of the hydrate, Mg(NO,),.6H,0, are formed. o The fi .
In the crystals, six water molecules bond to each Mg?* ion, and some of these water molecules e first answer is

are also bonded to the nitrate ions. . correct, but the second
. ) is incorrect. Hydrogen
(i) Suggest the type of bonding that occurs between bond or ion-dipole
H,0 and Mg?, e bod )i forces are required.
H,0 and NO;. ....ovvvvvveeend o S Mark for (a) (i) = 1/2
{2]
(ii) Describe the arrangement of the water molecules around the Mg?* ion. 9 9 The correct answer is
OO TS - el Qﬁ@ﬂmm ....... . such that | A S s given.

Q Al s .
(iii) Describe in detail what you would observe when crystals of Mg(NO,),.6H,0 are heated in Mark for (a) (i) = 1/1
a boiling tube, gently at first and then more strongly.

Write equations for any reactions that occur. e The candidate gives
nitiallyweber il vegowr B pedesd two correct balanced

3 _ equations and three
........................ N‘j :} 2 SRR AL ) AR O R R viable observations for
M. o0 shagpe.. b four marks. The two

. other allowe

m 5 Ll solid | R lert (N}j" ........................ observations are: on
gentle heating the solid
........................... turns to quuid; on
strong heating a gas is
formed that relights a

................................................................... glowing sp|int_
T N Y S S e R T SR SR SRR S e PO, [4] Mark for () (iii) = 4/4
(iv) Calculatethe percentageJ_ch’n mass when Mg(NO,),.6H,0 is heated strongly to constant
mass. .
Molwr  twss A{L MJ (NODy * (H0 = 423+ 9_]:;4.;,3(1")1 *‘[1“(’:1
< 2863
Molo-  mess AL N\\jo < 43+ = o3
% g l _ 1563-4o.3 . 0 0 A clear, well presented
£ i calculation. Full

working shown.

= 843 7% Mark for (a) (iv) = 2/2

percentage loss = .......... g 43 .......... % [2]

Cambridge International AS & A Level Chemistry 9701




Paper 4 — A Level Structured Questions

Example candidate response — high, continued Examiner comments
(b) Explain why the Group 2 nitrates become more stable to héat down'the group. 6 The candidate answers
........ l'jdmn'nwjmp,slu#@mmm“mese correctly for the first

e . ‘ ) mark in the mark
?°,“\?:i e POWRT L cﬁho'\t‘LCfe“% ..... ; deﬂa@?l ....... —_—— scheme. They do not
i . ; oW F _ ) s earn the sec_:o_nd mark,
Bondig, }:mjrm.e&.o......hf’f’ﬂt»...:.!m ....... od...5 @ L. colion.... besomgs.._trere e as the polarising power
o4 e Honrmal_sthiliby Seemges. o of the cation is not
' ' linked to the relative
................................ e sns s assessss e sesns e annaRs s TaRS SRR s apesnenpasssansvasnssonsosnpeiinssarsensomsiinssss  [2] distortion of the
electron cloud of the
. anion.
{(c) Magnesi_t_:m nitrate and silver nitrate, AgNO,, decompose on -heating t0 produce the same
gases. Silver nitrate also produces silver metal.during decomposition. Mark for (b) = 1/2
Write an equation for the decomposition of AGNO,. 0
The correct equation is
3 + ; . .
CansarrEsaEEReErenvas NQ}.....:?..,...% ........... HQL.........../??.Q% .......... Q..............; ...... gesnesEstseveves [1] glven. Multlplles are
[Total: 12] allowed.

Mark for (c) = 1/1

Total marks awarded =
10 out of 12

How the candidate could have improved their answer

(a) (i) The candidate should have given the type of bonding between H,O and NO3™ as hydrogen bonding or
ion-dipole forces.

(a) (iii) The candidate was awarded full marks here, although they omitted two other viable observations: (on
gentle heating) the solid turns to liquid and (on strong heating) a gas is formed that relights a glowing splint.

(b) The candidate was not awarded the second mark here. This could have been earned by stating that

there is less distortion (less polarisation) of the anion by the cation down the group.

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

Total marks awarded = 10 out of 12

8 Cambridge International AS & A Level Chemistry 9701



Paper 4 — A Level Structured Questions

Example candidate response — middle

Examiner comments

1 (a) Magnesium mnitrate, Mg(NO,),, is very ‘soluble in water. When a: hot saturated solution of
magnesium.nitrate is-cooleds-crystals-ofthe-hydrate,Md(NO3);:6H,0; are formed.
In the_crystals, six water raolecules bond to each Mg? ion, and some of these water molecules
are also bonded to the nitrate ions.

(i) Suggest the type-of bonding that occurs between o
Co-oxdirate éanp’&‘y:

/Yg (ii) Describe the arrangement of the water molecules around the Mg?*iion.
.......... OO JOUNO <. % /.1 AR - AU

(ili) Describe in-detail what you would observe when crystals of Mg(NO,),.6H,0 are heated'in
a boiling tube, gently at first and then more strongly.
Write equations for any reactions that occur.

B ATy TN MY C1N03 ) 2 120 0 Kashd, sttam.. weuidL....
the Mgséah

....... hn... MOLEA..... SEmply , 4. bR e 4. een..on. The. it
Ansiel... 8. . Sube.. ol otig W#@L,%MM%/WWWgM

(iv) Calculate the percentage lass in mass when.Mg(NO,),.6H,0 is heated.strongly.to.constant
mass. ‘
p n= 2
AN nm 2 § 6
V ~10% (4

m ﬁlogﬁ 47 HLO _},‘,1;, &

40
z [2 - i : = @F2s
(Wos), = 121 2% L Sl
mg = 24 -
077" "3 lb—> dest
‘_"-/-_'
256- percentage Ioss=‘...§’ﬂ ........ %' ..... % [2]

o The first answer is
correct, but the second
is incorrect. Hydrogen
bond or ion-dipole
forces are required.

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

9 ‘Hexagonal’ is not
sufficient here:
‘octahedral’ is required.

Mark for (a) (ii) = 0/1

e Two correct balanced
equations are shown
for the dehydration and
subsequent
decomposition of
magnesium nitrate.
Only two viable
observations are given
(steam and brown
gas). Examiners
ignored the comment
about ‘nitrogen gas’ as
the identities of the
product are marked in
the equations.

Mark for (a) (iii) = 3/4

0 Two marks awarded.
Examiners credited
84.325 shown in the
working and ignored
the rounding to two
significant figures.
Candidates should give
their answers to three
significant figures
unless instructed
otherwise.

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

Cambridge International AS & A Level Chemistry 9701




Paper 4 — A Level Structured Questions

10

Example candidate response — middle, continued

Examiner comments

(b) Explain-why the Group 2 nitrates become more stable to heat down the group.
_——

(c) Magnesium nitrate and silver nitrate, AgNO,, decompose on heating to produce the same
gases. Silver nitrate also produces silver metal during decomposition.

Wirite an equation for the decomposition of AGNO,,.

@vﬂg/vo};—é_ﬂol?%'*o’é”%‘f'oz ......... O ... [1]

[Total: 12]

6 There is no comment
about the increasing
cation size or that the
anion becomes less
polarised down the

group.
Mark for (b) = 0/2

6 A correct balanced
equation. Examiners
ignored the use of the
reversible sign in the
equation.

Mark for (c) = 1/1

Total marks awarded =
7 out of 12

How the candidate could have improved their answer

(a) (i) The candidate should have given the type of bonding between H,O and NO3™ as hydrogen bonding or

ion-dipole forces.

(a) (ii) ‘Octahedral’ was the only valid answer here.

(a) (iii) The candidate could have made more viable observations here: (on gentle heating) the solid turns to
liquid, a white solid is formed, and (on strong heating) a gas is formed that relights a glowing splint.

(b) The candidate needed to relate the increase in thermal stability of the Group Il nitrates to the increasing

cation size and the anion becoming less polarised down the group.

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

Total marks awarded = 7 out of 12

Cambridge International AS & A Level Chemistry 9701




Paper 4 — A Level Structured Questions

Example candidate response — low

Examiner comments

1 (a) Magnesium nitrate, Mg(NQ,),, is very soluble in ‘water. When. a hot saturated solution of
magnésium nitrate is cooled, crystals of the hydrate, Mg(NO,),.6H,0; are formed.
In the crystals, six water molecules bond to each Mg? ion, and some of these water molecules
are also bonded to the nitrate ions.

(i) Suggest the type of bonding that occurs between

H,0 and Mg?, oo dakive. eob covalenk  bend o ..........

Descri'be the arrangement of the water molecules around the Mg?* ion.
........... 3noc3r&hldra«ls\/\ﬂ-t€e ]

Describe in‘detail what you would observe when crystals. of. Mg(NO,),.6H,0.are-heated'in '
-a boiling tube, gently at first.and then more strongly.
Write equations for any reactions that occur. )

....... \U\ummjﬁ\\os 52GH0 6 heated aco
duo en ol | evaberale

O 10g (N0 w erdsbaly Tana - § Heatlleg

o,

(i)

(iil)

(iv) Calculate the percentage loss in mass when Mg(NO,),.6H,0 is heated strongly to constant

mass. M9 (NOs)s 6Hao — mj TE 2 N0 AGHD

(4]

(b) Explain why the Group 2 nitrates become more stable to heat dowin:the group.

lcease.... & 1 . 6
Nene. b less abradion - Bs o cesult  tolarication

dcumﬁes%wcﬁeewrjj ........ a0 leydrakin

(c) Magnesium nitrate. and silver nitrate, AgNQO,, .decompose on' heating to produce the same
gases. Silver nitrate also produces silver metal during decomposition.

Write an. equation. for the decomposition.ofAgNO,.

.................. N L NO%ﬁAj‘\"ND;Q 1]

Total: 12]

o Both answers are
correct. ‘lon-dipole
forces’ would be a valid
alternative to both of
these answers.

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

9 Correct answer given.
Mark for (a) (ii) = 1/1

0 One correct equation
for the dehydration of
the salt, but both
equations are required
for the mark. Only one
viable observation
(‘water will evaporate’)
is given. The candidate
does not describe the
decomposition of
Mg(NO;)..

Mark for (a) (iii) = 1/4

0 The calculation has not
been attempted. The
correct answer, 84.3%,
without working, would
have been awarded full
marks.

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

6 A mark is awarded for
the ionic size
increasing going down
the group. The second
mark is not awarded,
as there is no mention
of less distortion (less
polarisation) of the
anion by the cation
down the group.

Mark for (b) = 1/2

G The candidate does
not identify the gases
produced, oxygen and
nitrogen dioxide, from
the nitrate ion.

Mark for (c) = 0/1

Total marks awarded =
5 out of 12

Cambridge International AS & A Level Chemistry 9701




Paper 4 — A Level Structured Questions
How the candidate could have improved their answer
(a) (iii) The candidate should have given the equation for the decomposition of Mg(NO3),, which results in
MgO + 2NO, + 2 O,. More viable observations should have been included: a brown gas is seen and a white

solid remains at the end of the experiment.

(a) (iv) The candidate needed to recall that MgO is produced during the decomposition of Mg(NO3), in (a) (iii)
and use this information in their calculation, showing clear working, to give 84.3%.

(b) The second mark could have been gained if the candidate had stated that there is less distortion (less
polarisation) of the anion by the cation down the group.

(c) A balanced equation for the decomposition of copper(II) nitrate should have been given.
Mark awarded = (a) (i) 2/2, (ii) 1/1, (iii) 1/4, (iv) 0/2

Mark awarded = (b) 1/2

Mark awarded = (c¢) 0/1

Total marks awarded = 5 out of 12

Common mistakes candidates made in this question

(a) (i) Common errors for H,O and Mg2+ were covalent and ionic. More candidates were awarded the mark
for the second part of the question (hydrogen bonding) than the first.

(a) (ii) Many candidates just wrote ‘hexagonal’.

(a) (iii) Many candidates omitted viable observations in the decomposition and dehydration of magnesium
nitrate.

There were a number of unbalanced equations. For example, equations where the water was omitted or not
balanced:

Mg(NO3)5.6H,0 ——— Mg(NOg), + H,0

Mg(N03)2—) MgO + 2N02 + 02
Some candidates thought the decomposition product was Mg(OH)..

(a) (iv) Common errors were 15.7% (% of mass remaining), 42.1% (thought that the final solid was
Mg(NO3),), and 72.8 (M, of 148.3 for Mg(NQO3), used instead of 256.3).

(b) Some candidates answered in terms of atomic, rather than cationic, size and did not clearly specify that
the anion was undergoing polarisation.

(c) Some candidates did not read the question carefully and gave Ag,O as the product.

12 Cambridge International AS & A Level Chemistry 9701



Paper 4 — A Level Structured Questions

Question 2

Example candidate response — high

Examiner comments

2 Ethanoic acid is a weak acid.

(a) Explain what is meant by the term weak acid.

(b) The pK, values-of four acids are listed below.

acid structural formula PK,
1 CH,CO,H 4.8

2 CH,CH,CO,H 4.9

- 3 CH,CHCICO,H 2.8
4 CH,CICH,CO,H 4.0

(i) State the mathematical relationship between pK, and the acid dissociation constant K.

(i) With reference to acidity, explain the difference in pK, values between

e acid 1and acid 2,

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

s s Jacraffly ,ﬂk« ............

o The correct definition is
given.

Mark for (a) = 1/1

9 The correct
relationship is shown.
Candidates do not
need to indicate that
the logarithm is base
10 so pKa = —logKa
would be credited.

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

e The correct trend in
acidity is given without
an explanation.
Candidates were
expected to state that
acid 2 is less acidic
due to the presence of
a larger electron-
donating (alkyl/R)

group.

o An excellent answer.
Candidates did not
need to mention that
the presence of the Cl
electron-withdrawing
weakens the O-H
bond.

6 The correct answer is
given. The candidate
could have extended
their answer to state
this weakens the O—H
bond making it easier
for the acid to
dissociate.

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

Cambridge International AS & A Level Chemistry 9701

13



Paper 4 — A Level Structured Questions

Example candidate response — high, continued

Examiner comments

(c) (i) Draw a fully labelled diagram of the equipment needed to measure the voltage of an
electrochemical cell consisting of the standard hydrogen electrode and the standard

Cu/Cu?* electrode. / resnhon
j,t,ﬁ y resh

: , _A,_% 6

of | ot
(rm'(!’ \
e

al room lempeshe (29€1) [4]

(ii) For the cell drawn in (i), calculate the E2,, and state which electrode is positive.

Cu¥ 27 =—= Cu E®-+034 v
Hn—vd—‘ 2—H’r2¢: E:o,ooV

ELm.. . O identity of the positive electrode ... COpper.. elechock.

(d) Amonobasic acid, D, has K, = 1.23 x 10-°moldm-3.
(i) Calculate the pH of a 0.100moldm-* solution of D.
g ; ;
e = [DJJ > [#°] = J[oJ<Tr pH= - loge (Ln7)
:J(O-l)il-zsvld“) -logw( ‘-Il”O}) @

= Lliyio® - 2.95

\

(ii) An electrochemical cell similar to the one you have drawn in (c)(i) was set up using a
0.100 moldm= solution of D in the hydrogen electrode instead of the standard solution.

Use the data and the Nernst equation, £ = E° +0.059log[H"(aq)], to calculate the new E
in this experiment.

EL'“' = Eb’.“"“ul - E :ndlsu}
Eau = 0.34 - (O +0.059 j?(l,u:lo_’)) 9

= 0.3'(-(—0,(7) - 051V

[Total: 14]

e Full marks for a
correct, fully labelled
diagram. Examiners
ignored the label
‘highly resistant
electrode’ and credited
‘V’ for voltmeter and
salt brldge for the first
mark. Cu?*(aq) was
accepted as an
alternative for CuSO,
for the second mark.
Likewise, H*(aq) for
HCI for the third mark.
Pt alone + 1atm is
acceptable for the
fourth mark.

Mark for (c) (i) = 4/4
e A correct answer.

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

@ Clear working with the
correct answer given.
A minimum of two
significant figures is
required here.

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

9 The candidate uses the
Nernst equation
correctly to give the
correct answer. Clear
working given.

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

Total marks awarded =
13 out of 14

Cambridge International AS & A Level Chemistry 9701




Paper 4 — A Level Structured Questions

How the candidate could have improved their answer

(b) (ii) The candidate should have stated that acid 2 is less acidic due to the presence of a larger electron-
donating (alkyl/R) group. This answer could have been extended to mention that this will strengthen the O—H
bond in acid 2. This means the O—H bond in acid 2 is more difficult to dissociate.

In the comparison between acid 3 and acid 4, the candidate could have extended their answer and stated
that this weakens the O—H bond in acid 3 making it easier for the acid to dissociate.

Mark awarded = (a) 1/1

Mark awarded = (b) (i) 1/1, (ii) 2/3
Mark awarded = (c) (i) 4/4, (ii) 1/1
Mark awarded = (d) (i) 2/2, (ii) 2/2

Total marks awarded = 13 out of 14

Cambridge International AS & A Level Chemistry 9701
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Paper 4 — A Level Structured Questions

Example candidate response — middle

Examiner comments

2 Ethanoic acid is a weak acid.

(a) Explain what is meant by the term weak acid:

Add. whidh . disecbes w’lvi ....... .o mdin. Fs oo

(b) The pK, values of four.acids are listed below.

acid | structuralformula | pK,

1 CH,COH 48 4w oidig
2 CH,CH,CO,H 49 &
453 |  CHCHCICOH 2.8

4 | CHCICHCOH | 40

(i) State the mathematical relationship between pK, and the acid dissociation constant K.

(ii) With reference to acidity, explain the difference in pK, values between

e acid 1 and acid 2,

+# o\qc[- 2. dksocin less  osctorsh ul Hon add 1.
e acid 2and acic\'l 3

ectomaprti oty
(4] AOA&“’%E“\ :Hg':’;:«#)“ ..... ij'\i\d%d’mwr)l\Jraj,Sﬁ’Llliﬂw)

'

o QO gop. Anim b cn il & 1 wue st han Hat 47

oacid 4.

© Z%;;;éfﬁﬁ};ﬁfﬁéé:{;;; """ M, 8. id. 4, . i, .5 b

0 A correct definition.

Mark for (a) = 1/1

9 A correct answer.
Mark for (b) (i) = 1/1

9 A correct answer.
Examiners allowed
‘dissociates less
extensively’ for ‘less
acidic’.

0 A correct answer.
Examiners allowed
‘ionises more
extensively’ for ‘more
acidic’.

6 The candidate does
not link the relative
acidity of the acids to
their correct reasoning
for why acid 3 is more
acidic than acid 4.
Examiners ruled that
‘the anion is more
stable’ was not
sufficient for ‘more
acidic’ here.

Mark for (b) (i) = 2/3
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Paper 4 — A Level Structured Questions

Example candidate response — middle, continued Examiner comments

(c) (i) Draw a fully labelled diagram of the equipment needed to measure the voltage of an
electrochemical cell consisting of the standard hydrogen electrode and the standard
Cu/Cu?* electrode.

N ook 6 An excellent clear,
Cnls) 47 s o2 T labelled diagram.
G labw For marking points
: j J !
ALl o W ¢0 two and three,
T e g i Cu?*(aq) is an
alternative to CuSO,
6 and H" to HCI(aq)
Tl 3 HY ), here.
25% .
' - Mark for (c) (i) = 4/4
wo) der® G () [4]
(s
(d Tt | Pt (s) e
(i) For the cell drawn in (i), calculate the £, and state which electrode is positive. The correct value for
the cell potential, but
o the identity of the
positive electrode
; . . should be copper.
By = bty *034\/ .......... identity of the positive electrode ... 7o) 5}‘!{5?{,\_,?}%{%&») PP
o Mark for (c) (i) = 0/1
(d) Amonobasic acid, D, has K, = 1.23 x 10-°°moldm™. 9 Clear working shown
(i) Calculate the pH of a 0.100 moldm-® solution of D. and the correct
[L'fj = [nor< oS ) & 1 i ,D-‘s ry\gl ij 6 answer Is given.
A pH = —L} Cl-17 =162 ) = 24 Mark for (d) = 2/2
pH=...2:96. 2] 9 One mark awarded.

There is a sign error in

(ii) An electrochemical cell similar to the one you have drawn in (c)(i) was set up using a the calculation. It

0.100moldm™ solution of D in the hydrogen electrode instead of the standard solution.

should be:
Use the data and the Nernst equation, £ = £° +0.059log[H"*(aq)], to calculate the new E , Ecall = Ereqd — Eoxid
in this experiment. Ecell -0.34— (_0.17) _
E =034+ o.og“j(.m ) © +0.51V.
Mark for (d) (i) = 1/2
= o1V (d) (ii)
Ep=....Q:66 v 2 Total marks awarded =
[Total: 14] 11 out of 14

How the candidate could have improved their answer

(b) (ii) This candidate should have stated that acid 3 is more acidic than acid 4 (the consequence of Clatom
being closer to the —CO,H group in acid 3).

(c) (ii) The copper electrode is positive here.
(d) (ii) The correct answer is +0.51 V. This is calculated as shown:
Ecell = Ered - onid

Ecell = Ereq — 0.059l0g15(1.11 x 107°)
Ecen = 0.34 — (-0.17) = +0.51V

Mark awarded = (a) 1/1

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

Total marks awarded = 11 out of 14

Cambridge International AS & A Level Chemistry 9701
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Paper 4 — A Level Structured Questions

18

Example candidate response — low

Examiner comments

2 Ethanoic acid is a weak acid.

(a) Explain what is meant by the term weak acid.

— 71 7. R £ =+ =

Wak add.. Ao
fonfse wmpldz% ;

{b) The pK, values of four acids are listed below.

acid structural formula | pK,
1 CH,COH. 4.8
2 CH,CH,CO,H 4.9
3 CH,CHCICO,H 28
4 CH,CICH,COH 4.0

(i) State the mathematical relationship between pK, and the acid dissociation constant K,,.

(i) With reference to acidity, explain the difference in pK, values between

e acid 1 and acid 2,

., Stytly -
Add 2. 4. .a %e«xacfcéwny’amo/iﬂqao(#,l

.................................... g - AN R R

..... ta... 1 PeidS 2. M value. 40 Kgher Han Fhax e Al ...
20 - CHyl grovp is elechon withglaawing g8

e acid 2 and acid 3,
@ - M. Be. Lo eluty. Mssen Ho. Gekck e Terefis . b S......

... a.tmgen Al than. PAA 2. dite B, T LBl gresp presend:
' ' Tn Aued 2 cL fn Pud 2
 acid 3and acid 4. Which Is elechmAorativg grovp

...... A 2. 4 M. ade. tan KA. 4.0 etheri ...

PARSEIEIN. B BAA B
[3]

o A correct definition.

Mark for (a) = 1/1

9 The correct answer.

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

e The candidate is

awarded credit for the
correct trend in acidity
for the three bullet
points, but has given
incorrect reasoning.
Acid 1 is more acidic
than acid 2 due to the
smaller electron
donating alkyl group.
Acid 3 is more acidic
than acid 2 due to the
presence of the
electron-withdrawing
Clgroup.
Acid 3 is more acidic
than acid 4 since the
Clgroup is closer to
the CO,H group.

Mark for (b) (ii) = 1/3
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Paper 4 — A Level Structured Questions

Example candidate response — low, continued

Examiner comments

(c) (i) Draw a fully labelled diagram of the equipment needed to measure the voltage of an

electrochemical cell consisting of the standard hydrogen electrode and the standard
Cu/Cu? electrode— valtmubet,

: i ' ! saut
abbirg) (1 ¥ pladinion .;/ romolldw o Ha

(ii) For the cell drawn in (i), calculate the EZ,, and state which electrode is positive.

(5]

ESy= i) 098 +0°34 identity of the positive electrode ....... Copped ...
[1]

(d) Amonobasicacid, D, has K, = 1.23 x 10-*moldm,

(i) Calculate the pH of a 0.100moldm- solution of D. PHz Pkat20g0 C ‘2"_: ?
ks, [0 1y # !
| PHz —A@,,,EH*J 6
S 23
-5 22X
o ; Pia= -Aog 12
i &3"’ (A K BB s 2

-3
Z -8:99 Xlo

(ii) An electrochemical cell similar to the one you have drawn in (c)(i) was set up using a
0.100 moldm™ solution of D in the hydrogen electrode instead of the standard solution.

Use the data and the Nernst equation, E = E*® +0.0591og[H*(aq)], to calculate the new E
in this experiment.

. o-J%*lé-orﬂlAg Joloo

= 0-3l0S
E

coll = ceeree M RN L

[Total: 14]

0 Two marks are
awarded for marking
points three and four.
The presence of the
‘cell’ in the circuit is a
contradiction so
negates the first
marking point.

For the second
marking point, the
solution in the copper
half-cell should have
been identified as Cu®*
or CuSO,.

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

e The correct answer is
given.

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

6 An incorrect answer. D
is a weak acid (very
small K,) so the pH is
calculated as shown in
the mark scheme.

The correct answer,
pH = 2.96, should be
given to a minimum of
two significant figures.

Mark for (d) = 0/2

6 An incorrect answer.
The candidate should
have used 1.11 x 107
for the [H+] and the
Nernst equation is not
used correctly.

The correct answer is
+0.51 V.

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

Total marks awarded =
6 out of 14

Cambridge International AS & A Level Chemistry 9701
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Paper 4 — A Level Structured Questions
How the candidate could have improved their answer

(b) (ii) The candidate should have explained the difference in acidity as shown:
Acid 1 is more acidic than acid 2 due to the smaller electron donating alkyl group.
Acid 3 is more acidic than acid 2 due to the presence of the electron-withdrawing C1 group.
Acid 3 is more acidic than acid 4 since the Cl group is closer to the CO,H group.

(c) (i) The candidate should have had no cell present in their circuit and the solution in the copper half-cell
should have been identified as Cu®* or CuSO,.

(d) (i) The correct answer is 2.96. This is calculated as shown:
[H] = V(Ka.C) = V(1.23 x 107° x 0.1) = 1.11 x 10 moldm™
pH =2.96

(d) (ii) The candidate should have used 1.11 x 10-3 for the [H+] and the Nernst equation is not used
correctly. The correct answer is +0.51 V. This is calculated as shown:

EceII = Ered - onid

Ecell = Ereq — 0.05910g10(1.11 x 107°)

Ecen =0.34 — (-0.17) = +0.51V

Mark awarded = (a) 1/1

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

Total marks awarded = 6 out of 14

Common mistakes candidates made in this question

(a) A few candidates incorrectly described a weak acid in terms of dissolving, that it is a substance that was
partially dissolved.

(b) (i) A common error was stating that pK, had an inverse proportional to K.

(b) (ii) A number of candidates did not comment on the acidity of the two acids. For marking point one, many
candidates did not compare the relative electron-donating ability of alkyl groups. For marking points two and
three, some candidates said the Cl group acted as an electron-donating group. Many candidates’
explanations lacked clarity.

(c) (i) Some common errors were:
¢ the inclusion of a battery in the external circuit
e omitting the salt bridge from their diagram
e labelling the solutions as Cu®*/Cu or Hy/H" instead of Cu®* and H*
e omitting a standard condition, 1 atm or 1 moldm™.

(c) (ii) Some candidates identified the hydrogen half-cell as the positive electrode.
(d) (i) A common error was 5.91 (no square root taken).

(d) (ii) The electrode potential and the cell potential were confused. Common errors seen were 0.40, 0.17
and —0.17 (worth 1 mark) and 0.28 (no marks).
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Paper 4 — A Level Structured Questions

Question 3

Example candidate response — high

Examiner comments

3 (a) 2-bromopropane can be used to synthesise methylethylamine and 2-methylpropylamine.

‘4
¢
g N >'NH2
il %5
reacion1 """ methylethylamine >—C =N
Br
2-bromopropane

—————

reactih >‘ c=N reaction 3 >
NH,

X 2-methylpropylamine
(i) Draw the structure of the intermediate X in the box above. !
F» C‘ -NH,
(ii) Suggest reagents and conditions for
e reaction 1, ..odcoholic NHy. 9 ......................................................
o reaction 2, . ALEOROWE CCMLswRFIMK. = s ssisis st issssis
i raen S BRI v e
NH

(b) (i) Write an equation showing why aqueous solutions of ethylamine are alkaline.

(ij) Compare the basicities of ethylamine and ammonia. Explain your answer.

which 3 an dlecton donating grup - Lone paiv ov N is more readily

available to HY am compared to ammonia . e

o A correct answer.

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

9 Two marks for
reactions 2 and 3. The
candidate omits the
need to heat in a
sealed tube for
reaction 1.

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

e An incorrect answer.
This shows ethylamine
acting as a base,
rather than why
aqueous ethylamine
solutions are alkaline
(an equation releasing
hydroxide ions).

Mark for (b) (i) = 0/1
0 A correct answer.

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

Cambridge International AS & A Level Chemistry 9701
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Paper 4 — A Level Structured Questions

22

Example candidate response — high, continued

Examiner comments

(c) Solutions containing mixtures of amines and their salts are buffer solutions.

(i) Explain what is meant by the term buffer solution.
e solutemn cmsists of posttuve amd nagetively chamed mns wiidhh are readily

oot of HY ans amdh oK™ ésus ave added to the soluhiavie.
(i) Write two equations to show how a solution containing a mixture of CH;NH, and CH,NH,C!
acts as a buffer.

cdiMHz 4 ot” —  eNHa 4 H»0

[Total: 10]

6 A correct answer.

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

6 A correct answer. The
equations can be ionic
or not ionic.

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

Total marks awarded =
8 out of 10

How the candidate could have improved their answer

(a) (ii) The conditions for reaction 1 should be ‘alcoholic NH; heated in a sealed tube’.

(b) (i) The candidate should have included an equation showing how aqueous ethylamine solutions are

alkaline (an equation releasing hydroxide ions):
CchHQNHg + Hgo —_—> CH30H2NH3+ + OH>
Mark awarded = (a) (i) 1/1, (ii) 2/3
Mark awarded = (b) (i) 0/1, (ii) 2/2
Mark awarded = (c) (i) 1/1, (ii) 2/2

Total marks awarded = 8 out of 10
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Paper 4 — A Level Structured Questions

Example candidate response — middle

Examiner comments

3 (a) 2-bromopropane can be used to synthesise methylethylamine and 2-methylpropylamine.

b

reaction 1 methylethylamine

Br

2-bromopropane

reactim > N reaction 3

—_—
NH,
X 2-methylpropylamine

(i) Draw the structure of the intermediate X in the box above. [1]
(ii) Suggest reagents and conditions for

e reaction 1, ...’.‘.‘.‘.‘..‘i..%’,’,.’.‘.....@.’f'ﬁ.’.‘?,’.’.‘:,..Qm.".’.‘k..(M“s(:ﬁmn&}) ..................................
e reaction 2, “CLW”'Ww"ckCUQ .........................

o reaction 3. ..puss. ver. icke . colelyst ol bydegen gos. ...
(b) (i) Write an equation showing why aqueous solutions of ethylamine are alkaline.

(ii) Compare the basicities of ethylamine and ammonia. Explain your answer.

Yonahng r::mf.”.1.4'.‘.4'.)..".'.‘.‘!.G@sas..../T.‘r..Aﬂf.b.!/l..x)(.“ag.....ﬂ.‘,/.'ff’ﬂ%‘.‘“..%?.“..a?f'.‘f‘.,..d‘.‘:./‘.’.'f.‘:.
bond walh_ prelon  while bdmgen is ok as. sheg ol ase eledron ey

N GG (| SO Foen i S R R 21

{c) Solutions containing mixtures-of amines and their. salts.are buffer solutions.

(i) Explain what is meant by the term buffer solution.

(i), Write two equations to show how a solution containing a mixture of CH,;NH, and CH,NH,C!
acts as a buffer.

CHa Wy Cloggy +. NeoMeoor == CHalMyog) & Melleag) - HiOpy 1)

[Total: 10]

o A correct answer.
Mark for (a) (i) = 1/1

e Two marks for
reactions 2 and 3. The
candidate omits the
need to heat in a
sealed tube for
reaction 1.

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

9 Incorrect answer. This
shows ethylamine
acting as a base,
rather than why
aqueous ethylamine
solutions are alkaline
(an equation releasing
hydroxide ions).

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

0 One mark is awarded
for ‘ethylamine being
more basic due to the
presence of the
electron-donating ethyl
group’. The candidate
should also have
stated that this makes
the lone pair on the N
more available to
accept a proton.

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

e No mark, as the
candidate states that a
buffer solution ‘keeps
the pH constant’.

A buffer solution
minimises changes in
pH when small
amounts of acid and
alkali are added to it.

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

G Both equations are
correct.

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

Total marks awarded =
6 out of 10
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How the candidate could have improved their answer
(a) (ii) The conditions for reaction 1 should be alcoholic NH3 heated in a sealed tube.

(b) (i) The candidate should have included an equation showing how aqueous ethylamine solutions are
alkaline (an equation releasing hydroxide ions):

CH3CH2NH2 + HQO _—> CHQCHzNH3+ + OH

(b) (ii) The second mark would have been awarded if the candidate had stated that this makes the lone pair
on the N (in ethylamine) more available to accept a proton.

(c) (i) A buffer solution should be described as a solution that minimises changes in pH when small amounts

of acid and alkali are added to it.

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

Total marks awarded = 6 out of 10
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Paper 4 — A Level Structured Questions

Example candidate response — low

Examiner comments

3 (a) 2-bromopropane can be used to synthesise methylethylamine and 2-methylpropylamine.

>-NH2

reaction 1 methylethylamine

Br

2-bromopropane

reactim o reaction 3
NH,
X 2-methylpropylamine
(i) Draw the structure of the intermediate X in the box above. [1]

Suggest reagents and conditions for
e reaction 1, AMM'Q%“SQXLQSS)SQQ\th*bQ ........

. reaction2, .AgueensNa CN witha treee ofalcchel ...
e reaction 3.\5*\ 0§ ﬂ C‘-d

(ii)

(b) (i) Write an equation showing why aqueous solutions of ethylamine are alkaline.

Compare the basicities of ethylamine and ammonia. Explain your answer.

Ethy)amine.is..mave. basic. as omeared Rammenia........

(ii)

(c) Solutions:containing: mixtures of-amines and their salts-are buffer solutions.

(5]
B.sduXion lhichresists.chonges. in pgHwhensmal.

guantities. of ocidey.allaliove added et ... m

(ii) Write two equations to show how a solution containing a mixture of CH,NH, and CH;NH,C!
acts as a.buffer.

(i) Explain-whatis meant by the-term buffer solution.

[Total: 10}

o Correct structure
identified.

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

9 Credit is awarded for
identifying the main
reagent in reactions 1
and 2. The candidate
omits the need to heat
reactions 1 and 2. The
reagents Sn/HCl were
not accepted for
reaction 3. LiAlH,4 or
H./Ni catalyst was
required.

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

e An incorrect answer.
This shows ethylamine
acting as a base rather
than why aqueous
ethylamine solutions
are alkaline (an
equation releasing
hydroxide ions).

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

0 One mark is awarded
for ‘ethylamine being
more basic due to the
presence of the
electron-releasing alkyl
group’. The candidate
should have stated that
this makes the lone pair
on the N more available
to accept a proton.

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

6 A correct answer.
Mark for (c) (i) = 1/1

G Both equations are
incorrect. The first
equation has an extra
CI ion on the right.
The second equation
has incorrect products.

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

Total marks awarded =
4 out of 10

Cambridge International AS & A Level Chemistry 9701
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26

How the candidate could have improved their answer

(a) (ii) The candidate omitted the need to heat for reactions 1 and 2. LiAlH,4 or Ho/Ni catalyst was required for
reaction 3.

(b) (i) The candidate should have included an equation showing how aqueous ethylamine solutions are
alkaline (an equation releasing hydroxide ions):

CH3CH2NH2 + HQO e CHQCHzNH3+ + OH_

(b) (ii) The second mark could have been awarded for stating that this would make the lone pair on the N (in
ethylamine) more available to accept a proton.

(c) (ii) The correct equations are shown:
CH3NH2 +H —— CH3NH3Jr
CH3NH3Cl + OH ——— CH3NH, + H,O + CI

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

Total marks awarded = 4 out of 10

Common mistakes candidates made in this question
(a) (i) A few candidates included an additional CH, group or NO, group instead of CN group.

(a) (ii) Some common errors by candidates were:
e using NHs(aq) instead of NHz(alcoholic) in reaction 1
¢ omitting the need for high pressure as a condition in reaction 1
e the use of heat in reactions 1 and 2
e using HCN in reaction 2.

(b) (i) A common error was the equation CHzCH,NH, + H* — CHzCH,NH;™.

(b) (ii) Many candidates omitted sufficient detail about the lone pair on the nitrogen being more available to
protonation or donation.

(c) (i) A common error was stating that a buffer solution maintains constant pH.

(c) (ii) Some candidates gave equations for CH3NH, and CH3NH,C! ionising in water, and the formation of
CH3NH,Cl! as a product in the second equation, CH3NH3Cl + OH™ — CH3NH,CI + H0.
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Question 4

Example candidate response — high/middle 1

Examiner comments

4 (a) There are two isomeric complexes with the formula Pt(NH,),C1,, one of which is an anti-cancer
drug.

(i) Draw diagrams to show the three-dimensional structures of the two isomers.

Han e o e 31
\ /_/ /
Pt o . O
N
WiN / N L a NH3
S -plahn trans - plchn
isomer 1 isomer 2

[2]
(ii) Comment on the polarity of the two isomers of Pt(NH,),Cl,. Explain your answer.

Tmecheoges. e %Wels,sguo.rcplp.nox'[hce ......

polay™
Oxaloplatin is another successful anti-cancer drug in which the stereochemistry around the
platinum atom is the same as that in Pt(NH,),Cl,.

N, O~
.\2/
Pt

A
A
NH, \o/ C\O

oxaloplatin

(iii) Explain why there are no isomers of oxaloplatin.

..... Noushaﬂs&%ffsmneus’tbccmstfhcn«@sg

..... (4 .‘.@.@ﬂ.t.....Hne....R-!lﬁlc,s...loc,.‘.‘.“.\.l.lﬁ@.'.\...ihc...:lu.ou.e.naL.s.....u&fthﬁ_‘............ 1]
i naq . hree. o

fings d\dﬂ@ q The Og?jea_c (e-q cannot be agrosg

each othe

(b) Only one structure of the complex [Ni(R,P),CL,] is known. (R=CH,, R,P is amonodentate ligand)
(i) What does this indicate about the stereochemistry around the nickel atom? e
. ’ becanfse .
oAb s Aetrahedral, | ( l.ﬁ[..s;me.e.\amt..’ihefe. cald_be icomess) . [1]

(ii) Draw a three-dimensional diagram showing the structure of this complex.

(S
1
g -pP R

\
Q\P’Q/NL iy
' / cl

a

(5]

(11
[Total: 6]

0 The correct structures
of the cis- and trans-
isomers are given.

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

9 An incorrect answer.
Only the dipoles on the
trans isomer cancel.
The cis isomer is polar.

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

e This answer is not
sufficient for the mark.
The candidate should
have stated that the
mirror image of this
isomer is
superimposable/ the
same.

Mark for (a) (iii) = 0/1
0 A correct answer.

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

6 A correct three-
dimensional tetrahedral
diagram.

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

Total marks awarded =
4 out of 6
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How the candidate could have improved their answer

(a) (ii) The candidate should have stated that the cis is (more) polar due to both CI® on the same side or
the cis is (more) polar as the dipoles do not cancel.

(a) (iii) The candidate should have stated that the mirror image of this isomer is the superimposable.
Mark awarded = (a) (i) 2/2, (ii) 0/1, (iii) 0/1
Mark awarded = (b) (i) 1/1, (ii) 1/1

Total marks awarded = 4 out of 6
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Example candidate response — high/middle 2

Examiner comments

4 (a) There are two isomeric complexes with the formula Pt(NH,),C1,, one of which is an anti-cancer
drug.

(i) Draw diagrams to show the three-dimensional structures of the two isomers.

HN \ Pt/ok
e Y

isomer 1

N o
N Pt/ (1)
Sl O

isomer 2

[2]
(ii) Comment on the polarity of the two isomers of Pt(NH,),C1,. Explain your answer.

‘f""wdufwgd\w ..... chlotwn, a0t I _som, _sid. A1)

exX -
Oxaloplatin is another successful anti-cancer drug in which the stereochemistry around the
platinum atom is the same as that in Pt(NH,),Cl,.

N o o””

/Pt\ |
H, 0~ C\O

oxaloplatin

(ili) Explain why there are no isomers of oxaloplatin.

(b) Only one structure of the complex [Ni(R,P),C1,] is known. (R = CH,, R,P is amonodentate ligand)

(i) What does this indicate about the stereochemistry around the nickel atom?

Y (1
(ii) Draw a three-dimensional diagram showing the structure of this complex.
A
$ \ 0957
[N"W"’/
R
wpl [ s

(N
(11
[Total: 6]

o A correct answer.

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

9 A correct answer.

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

9 This answer is not
sufficient. The required
answer is that its mirror
image is the same or
superimposable.

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

0 A correct answer.

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

6 An incorrect 3D
structure, as the two
bonds outside the
plane should be
adjacent to one
another.

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

Total marks awarded =
4 out of 6
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How the candidate could have improved their answer
(a) (iii) The candidate should have stated that the mirror image of this isomer is the superimposable.

(b) (ii) A three-dimensional tetrahedral structure was required here. The two bonds outside the plane should
be adjacent to one another, as shown.

Cl

Ni \IPR,
Cl PR,

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

Total marks awarded = 4 out of 6
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Example candidate response — low

Examiner comments

4 (a) There are two isomeric complexes with the formula Pt(NH,),C1,, one of which is an anti-cancer
drug.

(i) Draw diagrams to show the three-dimensional structures of the two isomers.

a Ny
\ \
Pt Pt
\\\\“ \ \\“) ‘ \
‘\\\ \ NH \\\\
a 3 N \ C\ .
0 HyN a By a
isomer 1 isomer 2
[2]
(ii) Comment on the polarity of the two isomers of Pt(NH,),C1,. Explain your answer.
.................... %owweswwm\i
....................................................................................................................................... 1]

Oxaloplatin is another successful anti-cancer drug in which the stereochemistry around the
platinum atom is the same as that in Pt(NH,),CL,.

O

f‘!{iz /0\ 7

Pt
£ N\~

T
2 C
NH,

\O
oxaloplatin

(iii) Explain why there are no isomers of oxaloplatin.

(b) Only one structure of the complex [Ni(R,P),C1,] is known. (R = CH,, R,P is amonodentate ligand)
(i) What does this indicate about the stereochemistry around the nickel atom? 6

Yo will etten have. o Adquol. Q. 4. cm(s(,ux%e (]

(ii) Draw a three-dimensional diagram showing the structure of this complex.

dl (4
\
(N
»
o ‘ \
H ¢ b CH},
: U
(1]
[Total: 6]

o The diagrams in (i) are
incorrect and in (ii) the
candidate gives an
incorrect answer. The
candidate could have
received an error
carried forward mark
from (a) (i) if they had
added ‘as the dipoles
do not cancel'.

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

Mark for (a) (ii) = 0/1

9 This answer is not
sufficient for the mark.
The required answer is
that its mirror image is
the same or
superimposable.

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

6 ‘Tetrahedral’ is the
answer required.

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

0 An incorrect 3D
structure, as the two
bonds outside the
plane should be
adjacent to one
another.

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

Total marks awarded =
0 out of 6
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How the candidate could have improved their answer

(a) (i) The candidate should have drawn the two different square planar isomers here. Examiners wanted
candidates to label the isomers as cis and trans.

CII//,,,' \\\\\\\CI CI/,,,,'“‘ “‘\\\\\\NH 3
...Pt_.‘\\ Pt‘
NH3/ \NH3 NH3/ \CI
(cis) (trans)

(a) (ii) The candidate should have stated that the cis is (more) polar due to both C1®) on the same side or the
cis is (more) polar as the dipoles do not cancel. The candidate could have received an error carried forward
mark from two tetrahedral structures in (a) (i) if they had stated that ‘both isomers have the same/similar
polarity as their dipoles do not cancel’.

(a) (iii) The candidate should have stated that the mirror image of this isomer is the same or superimposable.
(b) (i) Tetrahedral is the only correct answer here.

(b) (ii) A three-dimensional tetrahedral structure was required. The two bonds outside the plane should be
adjacent to one another as shown.

c|;|
NiQmpr

3

o \PR3

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

Total marks awarded = 0 out of 6

Common mistakes candidates made in this question
(a) (i) Some candidates identified the structure as tetrahedral.

(a) (ii) Some candidates did not comment about dipoles. Some stated that the Pt?* and 2CI charges cancel
so no overall charge or polarity.

(a) (iii) Many candidates gave answers which were vague and not related to the structure of the complex.

(b) (i) Many candidates did not refer to any stereochemistry. A common error was ‘cis-trans’ or ‘optical
isomerism’.

(b) (ii) Many candidates gave a square planar structure. Some common errors with a tetrahedral structure
are shown here:
al cl T'
,\|“,” Cl—Niuyy,, Nz pr
Y Niees N
Cl

Cl PR
PR, PR3 3

correct answer common errors
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Question 5

Example candidate response — high

Examiner comments

5 Cadmium.ions form complexes with primary amines and with 1,2-diaminoethane.
Cd?(aq) + 4CH,NH,(aq) = [Cd(CH,NH,),J**(aq) Ky =3.6 x 105 equilibrium |
Cd*(aq) + 2H,NCH,CH,NH,(aq). = [Cd(H,NCH,CH,NH,),]**(ad) K, =4.2x 10" equilibrium Il

(a) (i) Wirite an expression for the stability constant, K, for equilibrium |, and state its units.

T @ = V5
Koay = {[CCL (s N“L)H]A mo! 1 am

(ag) o

{ Chsmiy, %1 ; L(_d Hcaz j OB s sacsssmsssssseusssins =

Cadmium ions are poisonous and need to be removed from some water supplies. This is often
done by adding a complexing agent.

(ii) In a sample of ground water the concentration of Cd?'(aq) is 1.00 x 10~*moldm=.

Calculate the concentration of CH,NH,(aq) needed to reduce the concentration of Cd?*(aq)
in this dilute solution by a factor of one thousand. ¥ 1000 — (x (o~ 7F

2+
s haanns = (0 (o ]

l 5 L}
\ vopx\o"i

(2
(\x (0—"'>_ﬁ1 - (‘xh—?) -

oo Adx 10

L4475 x Vo Dus
v ¢ X o 5mo‘d’:> concentration of CH,;NH,(aq) = ........... Sa ............. moldm= [2]
9,. o

o A correct answer.

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

9 An incorrect answer.
The candidate does
not calculate the new
concentration of
[Cd2+] and
[CA(CH3NH,)4].,] and
substitute into their
expression in (a) (i).
The correct answer is
0.129.

Mark for (a) (ii) = 0/2
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Example candidate response — high, continued

Examiner comments

(b): Values for AH® and AG® for equilibria.l and Il, and the. value of AS® for equilibrium I, are given
in the table below: All-values-are at'a temperature of 298K.

1 equilibrium | '.'AH"/kJ'movl-1 | AG®/kdmol™ AS'“-/JK"moI"‘_
1 573 374 |  -668
no | 665 1 ~60.7 to be calculated

(i) Suggest a reason:why the AH® values for the:two.equilibria-are-very similar.

Tn both complexes., ME_4 micogen atoms dooate four loge  pafs

to wade.. dakise vonds with cxdnivnes s S the eney retead s varyyy
ioler -
(ii) éalculate.AS“-for-’equilibrium in.
AG' = Ad - TAS o
k_(’o.qx\ow):‘ t—gé.gx pod) - (’ng)(bs)

As = 14.09245 ase=..htHe) JK=tmol' [1]
= 4:} FTlmol
(iif) Suggest a reason.for the differénce between the AS® you have calculated for-equilibrium ir
and-that for equitibrium I given:in-the table.

(6 wagchmllj(A&Gmuc‘\moreneﬁmveaormchanxsmpre .......... [1]
Cpontantoss T focward olvechion) ay alss becaise s

[Total: 8]
& 62\1‘159 + has o \n‘irjhex Ketmdb  yedure

e A correct reference to
bond breaking or bond
forming is credited
here.

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

0 A correct answer.
Mark for (b) (ii) = 1/1

6 A correct answer. The
examiners credited the
answer of ‘fewer moles
of reactant were
converted to the
complex in equilibrium
I’. They ignored the
slight slip (‘2’) here.

Mark for (b) (iii) = 1/1
6 An excellent answer.

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

Total marks awarded =
6 out of 8

How the candidate could have improved their answer

(a) (ii) The candidate did not calculate the new concentrations of [Cd(CH3NH,),>*] and [Cd**]. These values
should have been substituted into their expression in (a) (i). The correct answer is 0.129 as shown.

Cd® + 4CH3NH, = [Cd(CHsNH,).**

at start 1x10™ 0
at end 1x 1077 y 9.99 x 107
| Cd(CHNH, ) |

oo = [Co?* J[CHNH, |*

9.99 x 10°%(y*x1x107) =3.6 x 10°

and y = *V(9.99 x 107°)/(1 x 107 x 3.6 x 10°) = 0.129

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

Total marks awarded = 6 out of 8
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Paper 4 — A Level Structured Questions

Example candidate response — middle

Examiner comments

5 Cadmium ions form complexes with primary amines and with 1,2-diaminoethane.
Cd?*(aq) + 4CH,NH,(aq) = [Cd(CH,NH,),1**(aq) Kgap = 3.6 x 10 equilibrium 1
Cd”(aq) + 2H,NCH,CH,NH,(aq) = [Cd(H,NCH,CH,NH,),]*(aq) K., =4.2 x 10 equilibrium 1}

S|

(a) (i) Write an expression for the stability constant, K, for equilibrium 1, and state its units.

S5
2% (motawa
o - (Ceol tengmmy )3 ®3 (moldwr3) Lol dw? y .
w Lca®sz) C g3 2 wol M Awt
units “‘*°‘“d\wm— .................
2]

Cadmium ions are poisonous and need to be removed from some water supplies. This is often
done by adding a complexing agent.

(i) Inasample of ground water the concentration of Cd?(aq) is 1.00 x 10~*moldm=.

Calculate the concentration of CH,NH,(aq) needed to reduce the concentration of Cd**(aq):
in this dilute solution by a factor of one thousand.

-\
ot 2 @

\eoo

-5
concentration of CHNH,(aq) = *8. X A% ...oooc.coes moldm [2]

o A correct answer.

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

9 An incorrect answer.
The candidate does
not calculate the new
concentration of [Cdy,]
and [Cd(CH3NH2)4].]
and substitute into their
expression in (a) (i).
The correct answer is
0.129.

Mark for (a) (ii) = 0/2
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Example candidate response — middle, continued

Examiner comments

(b) Values for AH® and AG® for equilibria | and lI, and the value of AS®for equilibrium I, are given
in the table below. All values are at a temperature of 298K.

AH® [k mol AG® /kJmol-! AS® 1JK- mol-!

e‘quilibn'um
1 -57.3 ) -37.4 -66.8
[} -56.5 -60.7 to be calculated

(i) Suggest areason why the AH®values for the tw_c‘; -equilibria.are very similar.
WW%OA’@V%&VWbcmesﬁkkeenmgsaeqw\vﬁd
by reectea. o ﬁea mm‘:mqacx—{nrmmeaq?libﬁuw [1]ks

Lo B reacron - TAOS.
(i) Calculate AS® for equilibrium Il L

(-&o-3x1000) & Lsb-S x1000 )

—-—2de ’ o

AST=i XA i JK-*mol' [1]

= AS

(iii) Suggest a reason for the difference between the AS® you have-calculated for equilibrium It
and that for equilibrium | given in the table. . e

exporivvent i}

Or Lsorl & Yo ve doevne \w
i [Total: 8]

e This answer is not

sufficient. The
candidate needed to
reference bond
breaking or making in
their answer. For
example, the same
number of bonds are
forming and breaking.

Mark for (b) (i) = 0/1
0 A correct answer.
Mark for (b) (ii) = 1/1

e No marks. The

candidate needed to
answer in terms of the
number of moles of
reactants or quoting
the molar ratio of
reactants in equilibria I
and II.

Mark for (b) (iii) = 0/1
6 A correct answer.

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

Total marks awarded =
4 out of 8
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How the candidate could have improved their answer

(a) (ii) The candidate did not calculate the new concentrations of [Cd(CHsNH2)42+] and [Cd2+]. These values
should have been substituted into their expression in (a) (i). The correct answer is 0.129 as shown.

Cd® + 4CH3NH, = [Cd(CHsNH,).*

at start 1x 107 0
at end 1x1077 y 9.99 x 107
| Cd(CHNH, )" |

" [cd J[CHyNH, ]!
9.99 x 107°/(y*x 1 x107) =3.6 x 10°
andy = *V(9.99 x 107°)/(1 x 107" x 3.6 x 10°) = 0.129

(b) (i) The candidate should have referenced bond breaking and forming in their answer. For example, the
same types of or similar bonds forming/breaking or the same number of bonds forming/breaking.

(b) (iii) The candidate needed to answer in terms of the number of moles of reactants. For example, fewer
moles of reactants are forming the complex in equilibrium II than in equilibrium 1.

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

Total marks awarded = 4 out of 8
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Example candidate response — low

Examiner comments

5 Cadmium.ionsform complexes with-primary-amines and'with 1,2-diaminoethane:
Cd?(aq) + 4CH,NH,(aq). = [Cd(CH,NH;),?*(aq) Kyap = 3.6x 108 equilibrium [
Cd*(aq) + 2H,NCH,CH,NH,(aq) = [Cd(H,NCH,CH,NH,),I*(aq). K., =4.2 x 10 equilibrium Il

(a) (i) Write an expression for theé stability:constant; K,,,,, for equiilibiium I, and state its units.

. Lcd(ctis Via),]
" [cdILCH3NVH:]

Cadmium ions are poisonous and need to be removed from some water supplies. This is often
done by adding a complexing agent.

(ii) In a sample of ground water the concentration .of Cd?*(aq)‘is 1.00 x 10*moldm-3.

Calculate the concentration of CH,NH,(aq) needed to reduce the conéentration.of Cd2(aq)
in this dilute solution by a factor of one thousand.

(3-6x10%)

e

concentration of CH,;NH,(aq) = ...... 0’36 moldm= [2]

o One mark is awarded
for giving the correct
units. The mark for the
stability constant
expression has not
been awarded as the
charges have been
omitted on the two
ions.

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

9 An incorrect answer.
The candidate does
not calculate a new
concentration of [Cdy,]
and [Cd(CH3NHz)4],]
and substitute into their
expression in (a) (i).
The correct answer is
0.129.

Mark for (a) (i) = 0/2
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Paper 4 — A Level Structured Questions

Example candidate response — low, continued

Examiner comments

(b) Values for AH® and AG® for equilibria 1 and I, and the value of AS® for equilibrium-l, are given
in the table below. All values are at a temperature of 298K.

equilibrium | .AH® /kJmol-! AGe/kmol* [ AS®/JKmol!
o . 513 . 374 -66.8 :
i . =565 ~60.7 to be calculated

- 60,100~ ~56500-
-4200 = ?zﬁﬁg x AS® =/z7 .. JK-"molt [1]

(iii) Suggest a reason for. the différence between the AS® you have calculated for equilibriur Il
and that for equilibrium 1 given in the table.

L Move— E%u///b%uﬂl)”mswm@e
B AT IAII IR DTS

Va%a%%%zdeub/,/a2ba ....... 270V E.. 1]

. OVJQ 7 DV peelt s/ e .

’ 6 ;
(iv) Which ’o{ the two complexes is Q_e?n%‘r’e stable’?-Give .a-reason for your answer..

[Total: 8}

e An incorrect answer.
The candidate needed
to reference bond
breaking or making.
For example, the same
number of bonds are
forming and breaking.

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

0 A correct answer.
Mark for (b) (ii) = 1/1

e This answer is not
sufficient for the mark.
The candidate needed
to answer in terms of
the number of moles of
reactants or quoting
the molar ratio of
reactants in equilibria I
and 1II.

Mark for (b) (iii) = 0/1
6 A correct answer.
Mark for (b) (iv) = 1/1

Total marks awarded =
3 out of 8
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How the candidate could have improved their answer

(a) (i) The candidate should have included the charges for both ions in the stability constant, Ksap,
expression.

(a) (ii) The candidate did not calculate the new concentrations of [Cd(CHsNH2)42+] and [Cd2+]. These values
should have been substituted into their expression in (a) (i). The correct answer is 0.129 as shown.

Cd® + 4CHsNH, = [Cd(CHsNH,)J*

at start 1x107 0
at end 1x107 y 9.99 x 10°
| Cd(CHNH, )" |
K.

S

o~ [Co?* J[CHNH, I

9.99 x 10°/(y*x 1 x107) =3.6 x 10°

and y = *V(9.99 x 107°)/(1 x 107" x 3.6 x 10°) = 0.129

(b) (i) The candidate should have referenced bond breaking and forming in their answer. For example, the
same types of or similar bonds forming/breaking or the same number of bonds forming/breaking.

(b) (iii) The candidate needed to answer in terms of the number of moles of reactants. For example, fewer
moles of reactants are forming the complex in equilibrium 1I than in equilibrium 1.

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

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

Total marks awarded = 3 out of 8

Common mistakes candidates made in this question
(a) (i) A common error was putting charges outside the square brackets in the expression.

(a) (ii) Many candidates did not calculate the new [Cd2+] correctly and used 1 x 10~ instead 1 x 107 in their
expression.

(b) (i) Many candidates omitted any reference to bond making/breaking.
(b) (ii) A common error was —14.1.

(b) (iii) Some candidates answered in terms of increased disorder of the product or increased entropy, rather
than comparing the number of gaseous moles of the reactants.

(b) (iv) Many candidates gave a reason based on increased AS rather than larger K., Or more negative AG.
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Question 6

Example candidate response — high

Examiner comments

6 Esterases are enzymes that hydrolyse esters.

0
V4 J

R—C + HO —> R—C\ + HO-R
0—R' 0—H

Enzymes can be quite specific in the structures of the substrates they act upon. For example, an
esterase isolated from the mould Aspergillus niger will hydrolyse phenyl ethanoate, CH,CO,C;H;,
but not its isomer methyl benzoate, C;H,CO,CH,.

peocluick <
(a) Outline how enzymes catalyse reactions, and explain their specificity. olenies ~A ‘~®
Use diagrams in your answer where appropriate. U /

/S \y specihic
svbskades (} i e 1 o 355?6{(01( (RS o e
- cah r ‘L"/ S e, , ; g
// 7\ F\l” S P\\- / Vi 74 / P4 (et
- s coarot i (v \/ I
S S 7
achve v } = |
enzyme ate \ ] ! / }
Complex p
34 ~ / L_ 1/
gvtwe engyme
o enj\jme’S\bsﬂcd'( cecovered aX
ComPreXx end of cewhon

Ergymes ae biokgica) catolyss: They redice the acahior energy

(5 s emcbon Yy ‘,rou'-d'“"g an  aMernade  prway _@( reaction
Now W roay more  gubstate motecules have dhe Ea reguiced ond

foacos core mceases < Ensgnes afe higuy Speshc , with o
oacdve site ealy cerkmn Sobstades can Gt it - A ensgme -suhstrate

o An excellent answer.
The clear, labelled
diagrams and the text
obtain the essential
marking point and all
four of the other points
on the mark scheme.

Mark for (a) = 3/3
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Example candidate response — high, continued Examiner comments

(b) Sample bottles.of each of the isomers phenyl-ethanoate and methyl benzoate have lost their
labels and so have been named isomer A and isomer B.

(i) The carbon-13 NMR spectra of isomers A and B contain the following peaks.

isomer A | isomer B
§52 | 826
5128 | 8122 A
| 8129 5126 |
{ 8130 5129 )
5133 - 5151

8167 | . 8169

The identity of the-compound responsuble for each.spectrum.can.be deduced by studying
the'chemical shifts (5)-of the peaks in the spectra.

‘Use the Data Booklet to assign the corréct. peaks to the labelléd carbon atoms in the:
structures. of the isomers below. Write each value next to the relevant carbon atom and
hence deduce the-identity of each isomer.

paky ool : paka. > Tabig,,
25 50 & W ._9‘570*?0 % @ A correct answer.

................... ﬁ . 9 B A o the
AL O '/C 5 C\ use of the Data Booklet
© ﬁ\ pasaeok FW © “”"“5’ range as an alternative
0 .5 Mol ' ....‘é..‘..(’..‘?..’..,“"g' : to quoting the correct
' i "85 A , value from the table.

phenyl ethanoate is isomer ....... B ..... ‘methyl benzoate is lsomer ................ )
Mark for (b) (i) = 2/2

[2]
{ii). These‘two isomers.are difficult:to distinguish chemically.

Describe a meéthod of converting them to suitable products»in step 1 which can then be.
tested in- step-2. |
You should. state the reagents and conditioris for each step, and: any: observations- you

would make.
step 1 .. hydelyse. wnbh.. &L HCL and hedk: 4. p.hg.n.o.l....cm.ci ......
.. \Qefl}m.....;...AQ).Q....E‘:'.!.!.\ ...... cesul\bo reerevereeseneeend 9 .......................... e Three marks awarded.
: Dil HClis equivalent to
tessreisessacecanieseserenniosersrasarsosiasacanaannans ) ............................................................ ey N HCl(aq) for the f|rst
step 2 .....@cact...w.\.’?h,...ﬁ.c.n" ................................... e e phenel will marking point.
A whike.ped. prec.»plwe a( talacgmphem MBWBche. | Mark for (b) (i) = 3/3
....'..Y.‘.'.\.ﬁ...b.e..').z,@.\c, acd. wall..nek. .20 o... pienyl etasoake. will ..
Ye the | white et co mPOU“d— \"Ueﬂt Bl Total marks awarded =

[Total: 8] 8 out of 8

How the candidate could have improved their answer

(a) The candidate could have stated in words that ‘enzymes are specific because the substrate has a
complementary shape to the active site of the enzyme’.

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

Total marks awarded = 8 out of 8
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Example candidate response — middle

Examiner comments

6 Esterases are enzymes that hydrolyse esters.

0 o
J J

R—C + H0 —= R—C + HOR'
0—R' 0—H

Enzymes can be quite specific in the structures of the substrates they act upon. For example, an
esterase isolated from the mould Aspergillus niger will hydrolyse phenyl ethanoate, CH,CO,CH,,
but not its isomer methyl benzoate, C;H,CO,CH,.

(a) Outline how enzymes catalyse reactions, and explain their specificity.
Use diagrams in your answer where appropriate.

subsivede neaX!
bound to the ackhwe
site-

(1
; ?Yaduct
Letive site \eftepen

...ﬁ.\xce.:..dimn.s.i.ma.(l..s.bage..y:’.ks.qh.iscmp\ementmg.te.....,
.n’.ﬁ..ﬁ\&)d.3.)[.\(‘.’.‘.t€.:.ﬂ\ﬁ.él&hik%tg..me\“%bihd§ P iyand g

7S conveytedl o YYaolULd: ot tevuhich H«eqctiue Site
s leftepen for ande substrate melecus

o The clear, labelled
diagrams along with
the text obtain the
essential marking point
and three of the four
other points on the
mark scheme. The
candidate could have
stated that the
interaction of the
substrate with the
active site causes a
specific bond to be
weakened or lowers
the activation energy.

Mark for (a) = 3/3
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Example candidate response — middle, continued

Examiner comments

(b) Sample bottles of each of the isomers-phenyl-ethanoate and methyl -benzoate have lost their
labels and so.have been.named isomer A.and.isomer B.

.(i) The ¢arbon-13'NMR spectra of isomers A and B contain the following. peaks.

isomer A isomer B
552 526
5128 | 5122
5129 | 8126
5130 | 8129
5133 | 8151
3167 | 5169

- “The identity. of the- compoundlresponsmle ‘for each spectrurm. can:be-deduced by studying
the chemical shifts (8) of the peaks inthe spectra.

Use the Data Booklet to assign the correct peaks to the labelled -carbon atoms in the-

structures .of the: i isomers below. Write .each valte next fo the relevant carbon atom and
hénce deduce-the identity. of each:isomeér.

2059 6 P=i&
/ I
A : @A (2]
N O s
phenyl ethanoate is isomer ...... A’ methyl. benzoate is isomer ...... _6

2]
iy Thesetwo isomers afe difficult to distinguish-chemically.”

Déscnbe a method of cor{veiting them to suitablé products. in-step 1 which can then.be

tested in step 2.
You should state the reagents and conditions for each step, and any  observations you
would make. NG\ o H Laq,\

" step 1 Pf&do\- :tolt)}c”\)\[\ ..........

[Total: 8]

9 Three incorrect data
range values are
quoted here.

Phenyl ethanoate is B
with values 26 and
169. Methyl benzoate
is A with values 52 and
167.

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

9 One mark is awarded
for identifying that a
white precipitate will be
given (the third
marking point). For the
first marking point, the
condition of heat has
been omitted. If
alkaline hydrolysis is
used, candidates need
to acidify before
reacting with Bra(aq)
because NaOH would
react with Bro(aq).

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

Total marks awarded =
4 out of 8
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How the candidate could have improved their answer

(a) The candidate could have stated that the interaction of the substrate with the active site causes a specific
bond to be weakened or lowers the activation energy for this process.

(b) (i) The candidate should have used the Data Booklet to identify the values for these peaks. Phenyl
ethanoate is B with values of 6 26 for CH3-CO and & 169 for CH3CO. Methyl benzoate is A with values of §
52 for CH5-O and § 167 for phenyl-CO.

(b) (ii) The candidate should have included ‘heat’ and ‘followed by acidification’ in the alkaline hydrolysis
step.

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

Total marks awarded = 4 out of 8
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Example candidate response — low

Examiner comments

6 Esterases are enzymes that hydrolyse esters.

0
4 J

R—C B —= R=g + HOR'
0—R' 0—H

Enzymes can be quite specific in the structures of the substrates they act upon. For example, an
esterase isolated from the mould Aspergillus niger will hydrolyse phenyl ethanoate, CH,CO,C,H;,
but not its isomer methyl benzoate, C;H,CO,CH,.

(a) Outline how enzymes catalyse reactions, and explain their specificity.
Use diagrams in your answer where appropriate.

0
i :
R S

o No marks awarded,
The candidate needed
to include labelled
diagrams illustrating
the lock-and-key
mechanism. They
should also have
stated that the
enzymes are specific
because the substrate
has a complementary
shape to the active site
of the enzyme.

Mark for (a) = 0/3
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Example candidate response — low, continued

Examiner comments

(b) Sample bottles of each of the isomers phenyl ethanoate and methyl benZoate have lost their
labels and so have been named isomer A and isomer B.

(i} The carbon-13 NMR spectra of isomers A and B contain the following peaks.

isomer A isomer B
352 526
5128 8122
8129 8126
5130 5129
3133 8151
5167 5169

The identity of the compound responsible for each spectrum_can be deduced by studying
the chemical shifts (8) of the peaks in the spectra.

Use the Data Booklet to assign the correct peaks to the labelled carbon atoms in the
structures of the isomers below. Write each value next to the relevant carbon atom and
hence deduce the identity of each isomer.

0
&—0' ¢ -3 X f\_‘g‘,vo"wx
b e ... S S
1, / my yuy
O./6)LCH, G _CH, 9
N\ A°
o N tel... : et F
phenyl ethanoate is isomer ...... B methyl benzoate is isomer ..... A

[2]
(ii) These two isomers are difficult to distinguish chemically.

Describe a method of converting them to suitable products in step 1 which can then be
tested in step 2.

You should state the reagents and conditions for each step, and any observations you
would make.

step 1
podue > ddloat prodacts for ach oepad O......

[Total: 8]

9 A correct answer.

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

9 One mark is awarded
for step one, the first
marking point in the
mark scheme. The
iodoform reaction
would not give a yellow
precipitate with any of
the hydrolysis
products. Candidates
should have used
aqueous bromine,
which would give a
white precipitate with
hydrolysis product,
phenol, from phenyl
ethanoate.

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

Total marks awarded =
3 out of 8
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How the candidate could have improved their answer

(a) The candidate should have included labelled diagrams illustrating the lock-and-key mechanism as shown

below.
' r-_ c. '_'.—"_-.
riU\ S

BRTYITE
subsirale {prnducts}

aclive site

They should also have stated that the enzymes are specific because the substrate has a complementary
shape to the active site of the enzyme.

(b) (ii) The candidate should have used aqueous bromine, which would give a white precipitate with

hydrolysis product, phenol, from phenyl ethanoate. The hydrolysis products from methyl benzoate would
show no change.

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

Total marks awarded = 3 out of 8

Common mistakes candidates made in this question

(a) Common errors were omitting any reference to ‘active site’ or ‘enzyme specificity’ in their explanation and
drawing unlabelled diagrams with little explanation.

(b) (i) Some candidates identified the isomers but incorrectly assigned their & values.

(b) (ii) Some candidates omitted dilute/aq with the acid and heat in step 1. Common errors in step 2 were
use of the iodoform reaction or aqueous sodium carbonate.
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Question 7

Example candidate response — high

Examiner comments

7 (a) Amino acids can be separated by electrophoresis.

(i) Draw a labelled diagram of the apparatus used to separate a mixture by electrophoresis.
Pa“r

1 : - .: Wire U\A J\“Pd

Sl in e oltim
Iivviigvwy| /72 —
\ S bl ohdion
support [ == - [3]
(ii) Explain the principles of the separation of amiﬁ"& grﬁ&'by&eﬁtl%p#&esﬁy ”
LM basal o o S > Y

(b) Electrophoresis is usually carried out in a{buﬁer solution.
H W~
Given three buffers, with pH values of 2.0, 7.0 and 12.0, suggest, with a reason, which buffer
would be the most suitable for the separation of the following amino acid mixtures.
Your reasons should refer to the structure of each molecule.
(The structures of these amino acids are given in the Data Booklet.)
() Nton|
(i) Aspand Val

i
(i) Lx_s and Ser —o qrop -

Nk
reason . ko wittar ool nt e n ‘l.,‘.s.".kﬂ?.‘m.'.i

T’Bé" ,USM o w5 positivt O W w‘” movt,  to

H pobe
(iii) Tyrand Phe

:Bhgmim 1S slﬁva) wcidic b p‘wolﬂf mt ) ey 3]
e 5 a Wﬁnﬂ\b 61%3(, C@o‘-) od # wll wor 5

o A clear, correctly
labelled diagram which
earns all the marking
points from the mark
scheme.

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

9 One mark is awarded
for the direction of
movement related to
the charge on the
amino acid. The
candidate has omitted
the effect of size/Mr on
the distance travelled.

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

e A correct answer.

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

0 A correct answer.

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

6 An incorrect answer.
The candidate should
have chosen pH 12.
Tyr would move further
(towards the positive
electrode) than Phe (as
Tyr has a charge of 2—
and Phe a charge of
1-).

Mark for (b) (iii) = 0/1
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Example candidate response — high, continued

Examiner comments

(c) (i) Draw the structure of the dipeptide Gly-Ser, showing the peptide bond in full.
NH,.

|0 A
H—e=hH H-C—¢c —nN—c—typoy

[l ]

@y
[2]
The infra-red spectrum of Gly-Ser is shown below.
100
o .
e i
£
‘E 50
w
= : |
i E
- F G
0 +—rrrrr—r—r T — ]
4000 3000 2000 1500 1000 500

wavenumber/cm™

(i) Use the Data Booklet to identify the bond in the molecule of Gly-Ser that is responsible for
each of the peaks indicated on the above infra-red spectrum.

E oo, == 0-H. Q
B it it S
Giusmns Cm

[2]
[Total: 12]

6 A correct answer. Only
the peptide bond
needed to be shown as
a displayed formula.

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

e A correct answer. An
alternative answer for

E is N-H.
Mark for (c) (ii) = 2/2

Total marks awarded =
10 out of 12

How the candidate could have improved their answer

(a) (i) The candidate should have labelled their power supply as ‘DC power supply’. Examiners accepted

‘power supply’ with ‘+’ and ‘—’ charges.

(a) (ii) The candidate should have stated the effect of size/M, of the amino acid on the distance travelled.

(b) (iii) A pH 12 should have been chosen here. Tyr would move further (towards the positive electrode) than

Phe (as Tyr has a charge of 2— and Phe a charge of 1-).

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

Total marks awarded = 10 out of 12
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Example candidate response — middle

Examiner comments

7 (a) Amino acids can be separated by electrophoresis.

(i) Draw a labelled diagram of the apparatus used to separate a mixture by electrophoresis.

(3]
(ij) Explain the principles of the separation of amino acids by electrophoresis.

B0 Cemer volYage 13 gvovided which camsesThe @...
aming_0cids Yo move accoveling Yo Theiy chavge ot

15 tve fowayds mlflede —ve Ywavdsorode:The . p
piqoey ’% mdlecale slowey it will MmN € \essdistance
csvevea .
(b) Electrophoresis is usually carried out in a buffer solution.

Given three buffers, with pH values of 2.0, 7.0 and 12.0, suggest, with a reason, which buffer
would be the most suitable for the separation of the following amino acid mixtures.

Your reasons should refer to the structure of each molecule.

(The structures of these amino acids are given in the Data Booklet.)

(i) Asp and Val

buffer pH ........ \\Q ; O ........................................................ e .....................................

reason.....—.(k.c.% ...... both ove acidic imnatweand

...... i\ Thevefeve  wnove. DeTtey in alkaline coditis.
(i) Lys and Ser e

o111l ol RO TSRO

e S

(iii) Tyr and Phe

buffer pH ........ ’]O ................................................................................. 6

reason ﬂ\é ...... d“HEYEJ\CC{Y\.)"eﬁ@U'tH'SSO ............

great Yot The mxtwe will ke separom...
(3]

o Two marks awarded
for marking points two
and three. The
candidate should have
connected the DC
power supply to the
ends of the slide or in
electrolyte tanks.

Mark for (a) (i) = 2/3
9 A correct answer.

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

e The correct pH is given
here but the reasoning
is incorrect. At pH 12
Asp is more negative
so moves further
(towards the positive
electrode).

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

0 No response. The
candidate could have
chosen pH 2 where
Lys is more positive so
moves further (towards
the negative
electrode).

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

6 The pH given is
incorrect. The
candidate should have
chosen pH 12 where
Tyr is more negative so
moves further (towards
the positive electrode).

Mark for (b) (iii) = 0/1
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Example candidate response — middle, continued

Examiner comments

(c) (i) Draw the structure of the dipeptide Gly-Ser, showing the peptide bond in full.
CHa0H

. ¢ —~COH

{
Ml — ]
ik
vl 2
The infra-red spectrum of Gly-Ser is shown below.
100
o .
(&)
£ .
£ 50-
(2}
= B
o
E
i - G
e IR B S I I B L 2 [ B T =
4000 3000 2000 1500 1000 500
wavenumber/cm™

(ii) Use the Data Booklet to identify the bond in the molecule of Gly-Ser that is responsible for
each of the peaks indicated on the above infra-red spectrum.

E &'OH ........................
e (=0 . o
6..=0 .

[2]
[Total: 12]

e A correct answer.

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

0 One mark is awarded
for F and G. The
answer for E is
incorrect. Candidates
should have chosen
either the O—H bond or
the N-H bond for E.

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

Total marks awarded =
7 out of 12
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How the candidate could have improved their answer

(a) (i) The candidate should have connected the DC power supply to the ends of the slide or in electrolyte
tanks as shown.

d.e. power tupply

electrolyte

amino sckd mixtwre plazed here

fihes pq'-or soaked n bulfer sokithen

(b) The candidate could have chosen:
o for Asp and Val a pH 12 where Asp is more negative (as a 2— charge) so moves further (towards the
positive electrode),
o for Lys and Ser, a pH 2 where Lys is more positive (as a 2+ charge) so moves further (towards the
negative electrode),
e Tyr and Phe, a pH 12 where Tyr is more negative (as a 2— charge) so moves further (towards the
positive electrode).

(c) (ii) The candidate should have chosen either the O—H bond or the N-H bond for E.
Mark awarded = (a) (i) 2/3, (ii) 2/2

Mark awarded = (b) 0/3

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

Total marks awarded = 7 out of 12
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Example candidate response — low

Examiner comments

7 (a) Amino acids can be separated by electrophoresis.

(i) Draw a labelled diagram of the apparatus used to separate a mixture by electrophoresis.

SRR
g \_’ (1)
O_,___,________.J

W:;aw ..... L S aﬂsefm\—%&ouowed 2

Lk

(b) Electrophoresis is usually carried out in a buffer solution.

Given three buffers, with pH values of 2.0, 7.0 and 12.0, suggest, with a reason, which buffer
would be the most suitable for the separation of the following amino acid mixtures.
Your reasons should refer to the structure of each molecule.

(The structures of these amino acids are given in the Data Booklet.) (\Z \
wo-¢ ~-¢~
(i) Aspand Val ,l\u‘
(=)
PUlerphl PR o s e e .............. - PR P

auad . al\cane o op..ce. L. oWt becomea acidtc con be

Lopevotred etk L ot-en.
(i) Lys a‘r:d Ser oo™ . o™ Tt
no -&

buffer pH .. &2 82 - O e, G

Auwe o (Covamion 1owv etrelk.
(iii) Tyrand Phe

buffer pH ....... L2 702 > T o N Q ............................
reason . The..appeos. de. oo eur=al iotaicih own M2
REAP. te. . B larfing oot o Sl ae.tn. \eotih e

wwm . [3]

o No marks awarded.
The candidate should
have drawn a clear,
labelled diagram of the
electrophoresis
apparatus.

Mark for (a) (i) = 0/3

9 No marks awarded.
The candidate needed
to relate the direction
of movement to the
charge on the amino
acid, and the distance
travelled to the Mr of
the amino acid.

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

e The correct pH is
given, but with
incorrect reasoning.
At pH 12, Asp is more
negative so moves
further (towards the
positive electrode).

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

0 The correct pH is
given, but with
incorrect reasoning.
At pH 2, Lys is more
positive so moves
further (towards the
negative electrode).

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

6 An incorrect answer.
The candidate should
have chosen pH 12
where Tyr is more
negative so moves
further (towards the
positive electrode).

Mark for (b) (iii) = 0/1
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Example candidate response — low, continued

Examiner comments

(c) (i) Draw the structure of the dipeptide Gly-Ser, showing the peptide bond in full.

on
Aol R T
\N—L—G"'N-f'“c\v‘
4 \ ! w
A v n

[2]

The infra-red spectrum of Gly-Ser is shown below.

100
L
(3]
g i
£ 50
2 \
E 7 1
] o : (
. F\ 2
0 e ——————————
4000 3000 2000 1500 1000 500

wavenumber/cm™

(ii) Use the Data Booklet to identify the bond in the molecule of Gly-Ser that is responsible for
each of the peaks indicated on the above infra-red spectrum.

B IS PR
o it A R aw~cles 0
Gl CTON, i R Cuavengh

[2]
[Total: 12]

e One mark is awarded
for the peptide bond.
The candidate has
drawn an aldehyde
functional group
instead of a carboxylic
acid in the Ser unit of
the dipeptide.

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

e A correct answer.

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

Total marks awarded =
3 out of 12
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How the candidate could have improved their answer

(a) (i) The candidate should have drawn a clear labelled diagram as shown below.

d.e. power tupply

glass shdes

o ,ﬁ}m \\1‘:\%\

electrolyte

L_l_5
| T

fiher paper soaked in bulfer sokuthen

amino schkd mixture placed here

(a) (ii) The candidate should have related the direction of movement to the charge on the amino acid, and
the distance travelled to the M, of the amino acid.

(b) The candidate could have chosen:
o for Asp and Val a pH 12 where Asp is more negative (as a 2— charge) so moves further (towards the
positive electrode),
o for Lys and Ser, a pH 2 where Lys is more positive (as a 2+ charge) so moves further (towards the
negative electrode),
e Tyr and Phe, a pH 12 where Tyr is more negative (as a 2— charge) so moves further (towards the
positive electrode).

(c) (i) The candidate should have drawn a carboxylic acid group instead of an aldehyde group in the Ser unit

of the dipeptide.

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

Total marks awarded = 3 out of 12

Common mistakes candidates made in this question
(a) (i) Common errors included an incomplete circuit and omitting the filter paper or gel.

(a) (ii) Some candidates did not relate the size/M,/magnitude of the charge to the speed of
movement/distance travelled. Mass was often stated instead of M, which was not sufficient.

(b) Many candidates had difficulty identifying the charge on the amino acid at a particular pH and chose an
incorrect pH. Some candidates referred only to the R group in their explanation and omitted the effect of pH
on the COOH and NH, groups. For example, for Asp and Val at pH 12 Val does not move as it has no
charge and Asp has a negative charge and moves towards the positive electrode.

(c) (i) Common errors were connectivity errors linked to the CH,OH and COOH groups and drawing a
polymer unit with continuation bonds.

(c) (ii) Common errors included giving the structure or naming the functional group without highlighting the
specific bond responsible for the peak.
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Question 8

Example candidate response — high

Examiner comments

8 (a) Describe and explain the trénd in the solubility of the hydroxides down Group 2.

A‘\UMWSW@MWHV) ... et
£ Edlg zP’ sshifisn . becoms._ more. wxdharmic ” and SQ,S"L“L'I'

(b) Calcium reacts vigorously with HCI(aq) producing H,(g).
Ca(s) + 2HCl(aq) — CaCly(aq) + H,(g)
(i) How would you expect the enthalpy change for this reaction to compare with the enthalpy
change for the réaction where HNO,(aq) is used in place of HCI but all other conditions

are the same?
Explain your answer.

o A correct answer.

Mark for (a) = 3/3

9 A correct answer.

Mark for (b) (i) = 1/1
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Example candidate response — high, continued

Examiner comments

(ii) The ionic equation for this reaction is shown.
Ca(s) + 2H'(aq) — Ca*(aq) + H,(9) AH® = x kdmol!

Construct a fully labelled Hess’ Law cycle to connect each side of this equation to the
relevant gas phase ions.

Use your cycle, the following data, and data from the Data Booklet, to calculate a value for x.

standard enthalpy of atomisation of Ca(s), AH§(Ca) +178kJ mol-'

standard enthalpy of hydration of Ca?'(g), AH:yd(Caz') -1576 kd mol-'

standard enthalpy of hydration of H*(g), AH§,(H") -1090kJ mol™*

" M,
CU\CS)*)-H(N,)—)CM Cﬂﬂ)’f‘HL)

{a) +33 [Bod uﬁ“"” 4 Hy
M(‘ +13% C'\l’(& X S’l
9 + mcj)
cac5> + 2t @1)

iu (1310) [E‘fd 0 tahon o, v

4 H(y .
e.df:ej; o + -
o 4590+ 1150 - 116 6~1)+2H€33+1°

Fist + sud .
.‘ov’::d\‘m o faaans [N‘kj‘\ (G )‘
A’ (“(ﬂ) —l;q &
~¥id [Aqﬁa w)] O
(A‘Lﬁ E‘)) + wf(m’p +2"
M7 4 42 +2.00) = P35 + 1340 —I536 + 1070

A A=~ 1004 L) o)

X = "“’1“’ ......... kdmol-' [4]

(c) The standard enthalpy change for the reaction between Ca(s) and CH,CO,H(aq) is less
negative than x by 2kJmol-".

Suggest an explanation for this.

[Total: 10]

e One mark for a clear,
correct Hess cycle
diagram. Two marks
for —1624. The
candidate only uses
1 x—=1090 in the
calculation instead of
2 x —1090.

Mark for (b) (ii) = 3/4

Q This earns the first
marking point. For the
other mark, the
candidate should have
linked the less negative
enthalpy change to the
energy needed to
dissociate the weak
acid.

Mark for (c) = 1/2

Total marks awarded =
8 out of 10
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How the candidate could have improved their answer
(b) (ii) The candidate should have used 2 x —1090 in the calculation of x as shown.

X = AHy(Ca) + IE(1) + IE(2) — 2AH4(H") + Athd(Ca2+) —2IE(H) — E(H-H)

x=178 + 590 + 1150 + 2(1090) — 1576 — 2(1310) — 436

= -534 kJ mol™

(c) The candidate should have linked the less negative enthalpy change to the energy needed to dissociate
CH3CO,H.

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

Total marks awarded = 8 out of 10
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Example candidate response — middle/low

Examiner comments

8 (a) Describe and explain the trend in the solubility of the hydroxides down Group 2.
0 ﬂ%i aéwomso/ab/ag«ow down
%hﬁau,ﬁﬁsﬁﬁﬁwﬂm’ﬁﬁw ..... both.

decocase. but. MM decreeses.  atb. taster wte

(b) Calcium reacts vigorously with HCI(aq) producing H,(g).
Ca(s) + 2HCl(ag) — CaCl,(aq) + H,(g)

(i) How would you expect the enthalpy change for this reaction to compare with the enthalpy
" change for the reaction where HNO,(aq) is used in place of HCI but all other conditions
are the same?
Explain your answer.

O e cnthelpy.. would. be. higher..as.
....';.Jq.....m%./ﬁma....?Ma.m_.__..aﬁazﬁ%....ﬁz_#/!@ -

o A correct answer.

Mark for (a) = 3/3

9 An incorrect answer.
HNO; or HC! are both
strong acids so the
enthalpy change
should be similar. The
ionic equation for the
reaction of Ca with
HNO; or HC!is the
same.

Mark for (b) (i) = 0/1
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Example candidate response — middle/low, continued

Examiner comments

(ii) The ionic equation for this reaction is shown.
Ca(s) + 2H*(aq) — Ca?(aq) + H,(9) AH® = x kJmol-'

Construct a fully labelled Hess' Law cycle to connect each side of this equation to the
relevant gas phase ions.

Use your cycle, the following data, and data from the Data Booklet, to calculate a value for x.

standard enthalpy of atomisation of Ca(s), AH§(Ca) +178kJ mol-’!

standard enthalpy of hydration of Ca*(g), AH§,((Ca*) | —1576kJmol™

standard enthalpy of hydration of H*(g), AH(H") —1090 kJ mol-'

Cowr 2 Hiag) —> Ca*lag) + Haly)

1

(3)
i
Ca”{ﬂ)+ H, (<)
X=17% +1090+17% +413¢

Xx= ,/ggsz mol-' [4]

(c) The standard enthalpy change for the reaction between Ca(s) and CH,CO,H(aq) is less
negative than x by 2kJmol-'.

Suggest an explanation for this.

[Total: 10]

e No marks. The Hess
cycle should have
‘2H*(g)’ instead of
‘H2(s)’. The answer for
X is =534. The
candidate makes at
least three errors in
their calculation.

Mark for (b) (ii) = 0/4

0 No marks. CH;COsH is
a weak acid so some
energy is needed to
dissociate the acid.

Mark for (c) = 0/2

Total marks awarded =
3 out of 10
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How the candidate could have improved their answer

(b) (i) The candidate should have suggested that the enthalpy change would be similar since they are both
strong acids.

(b) (ii) The Hess cycle should have had '2H*(g)' instead of 'Hax(s)":

Ca(s) +2H"(aqg) — = Ca®*(aq) + Halg)

gas phase ions: Ca®*(g) + 2H*(g)

The answer to x is =534 and can be calculated as shown:
Xx = AHg(Ca) + IE(1) + IE(2) — 2AHpq(H") + Athd(Ca2+) — 2IE(H) — E(H-H)
x=178 + 590 + 1150 + 2(1090) — 1576 — 2(1310) — 436
X =-534 kJ mol™’

(c) The candidate should have stated that CH3CO,H is a weak acid so some energy is needed to dissociate

the acid.

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

Total marks awarded = 3 out of 10

62 Cambridge International AS & A Level Chemistry 9701



Paper 4 — A Level Structured Questions

Example candidate response — low

Examiner comments

8 (a) Describe and explain the trend in the solubility of the hydroxides down Group 2.

NS @\—L\ﬁl\l h ...ae?rk\kx o D i
SRR e A‘* - \'\xp«\w\ Dtsmanrs... Dea.. a2
WQQV‘—*‘W\V'E“Q RS N A 2. s ot o
mm()sﬁ\\\&bw«- ..... Xe.. qasna..cotdtxh Darxeten s 13]

3 (b) Calcium reacts vigorously with HCI(aq) producing H,(g).

Ca(s) + 2HCI(aq) — CaCly(aq) + H,(g)

(i) How would you expect the enthalpy change for this reaction to compare with the enthalpy
change for the reaction where HNO,(aq) is used in place of HC! but all other conditions

the same?
gzalaien yirSr answer. 9
Q%\M\a\\s RN TCVRIT O eV =TS WUOSIY. ) P
D(E..Q....\\ ....... (" 1.\g~r~o/3 oD, QVA r\&.ex—fv\ g\ .......................... [11

o Credit is earned for the
enthalpy of solution
becoming less
negative linked to the
solubility decreasing.
The solubility of the
hydroxides increases
down Group 2 as
lattice energy
decreases faster than
enthalpy of hydration.
So enthalpy of solution
becomes more
negative.

Mark for (a) = 1/3

9 An incorrect answer.
As HNO; or HCl are
both strong acids the
enthalpy change
should be similar.

Mark for (b) (i) = 0/1
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Example candidate response — low, continued Examiner comments

(ii) The ionic equation for this reaction is shown.
Ca(s) + 2H'(ag) —» Ca*(aq) + H,(Q) AH® = x kJmol-!

Construct a fully labelled Hess' Law cycle to connect each side of this equation to the
relevant gas phase ions.

Use your cycle, the following data, and data from the Data Booklet, to calculate a value for x.

standard enthalpy of atomisation of Ca(s), AH$(Ca) +178kJ mol-'

standard enthalpy of hydration of Ca*(g), AH,(Ca*) | —1576kJ mol~!

standard enthalpy of hydration of H*(g), AHg,(H") -1090 kJ mol-'
wée ¥
ngo:« N oS \\ ¢ b
o N
7
(\7 W & )
x A&
ot € No marks. The Hess
Cocs) M 7\‘\)(&J (3] cycle is incorrect and it
is not a cycle.
The answer for x is
\ PN s —534. The candidate
./ makes three errors in
Cax their calculation.

@ \:}-\' @ 'L(y
Mark for (b) (ii) = 0/4

= IR A Arso ¥ e *LM"%}

w7 YR T8 {)
x=. B3R kimor [4]

0 Examiners allowed

(c) The standard enthalpy change for the reaction between Ca(s) and CH,CO,H(aq) is less marking point one for

negative than x by 2kJmol-'. ‘CH3CO,H does not
fully decompose into
Suggest an explanation for this. e H* and CH,CO,~ as
SR 0N D S\ deomiz e A3 W S0 alternative wording for
o & is incompletely
..... OQQu}CO})VT\YWW\’ﬁv'QC‘A\](Ot\_W/\\&.vlklk»\' 2] ionised’. For the
N e second mark, the
Sestles o o [Total: 10] candidate needed to
state that this
dissociation requires
energy.

Mark for (c) = 1/2

Total marks awarded =
2 out of 10
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How the candidate could have improved their answer

(a) The candidate should have stated that solubility increases (down the group) because lattice energy
decreases faster than AHy4. This results in the enthalpy of solution becoming more exothermic.

(b) (i) The candidate should have stated that HNO3; and HC1 are both strong acids so the enthalpy change
would be similar.

(b) (ii) The Hess cycle should have been drawn as follows:

Ca(s)+2H"(aq) —— = Ca®*(ag) + H(q)

gas phase ions: Ca®"(g) + 2H'(g)

The answer to x is -534 and can be calculated as shown:

X = AHg(Ca) + IE(1) + IE(2) — 2AHpq(H") + Athd(Ca2+) —2IE(H) — E(H-H)

x=178 + 590 + 1150 + 2(1090) — 1576 — 2(1310) — 436

X =-534 kJ mol™’
(c) The candidate should have described the breakdown of CH3CO,H into H* ions and CH3CO, ions as a
dissociation. For full marks, examiners required candidates to suggest that this would require some energy.

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

Total marks awarded = 2 out of 10

Common mistakes candidates made in this question

(a) A common error was omitting any reference to the enthalpy of solution, AH¢,. Some candidates stated
the solubility decreased down the group.

(b) (i) Many candidates did not appreciate that both acids would be fully ionised.

(b) (ii) Many candidates did not draw a complete Hess cycle. A wide range of answers was seen for the
calculation. Common errors included missing out necessary values, multiples and using incorrect signs.

(c) Many candidates did not explain the difference in standard enthalpy change between the two acids.
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Question 9

Example candidate response — high

Examiner comments

9 The anti-inflammatory drug ibuprofen can be synthesised from benzene via the following six steps.

Lo
@M.

step 2
—_—

(=
/TN c
,/step 4 &7 ‘:\ (o] l L

ot COH Neom
2 2
@< c0s1 step 5 step 6 @
2
ibuprofen
(a) Draw circles around any chiral carbon atoms in the above five formulae. [1]
(b) Suggest the structures of compounds H and J and draw them in the boxes above. [2]

(c) Suggest reagents and conditions for steps 1-6.

(d) Name the mechanism of step 1 and state the type of reaction for step 6.
et Elerlrophilie  sobBA s g el oo

(4]

[Total: 11]

o One mark for
identifying both chiral
centres.

Mark for (a) = 1/1

9 One mark for the
correct structure of
compound H. The alkyl
group has been
omitted from
compound J.

Mark for (b) = 1/2

9 Correct reagents and
conditions are given for
all six steps.

Mark for (c) = 6/6

0 Two marks for
identifying the correct
name of the
mechanism and type of
reaction here.

Mark for (d) = 2/2

Total marks awarded =
10 out of 11
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How the candidate could have improved their answer

(b) The candidate omitted the alkyl group for structure J. The correct structure of J is as shown:
OH

CO,H

J is

Mark awarded = (a) 1/1
Mark awarded = (b) 1/2
Mark awarded = (c) 6/6
Mark awarded = (d) 2/2

Total marks awarded = 10 out of 11
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Example candidate response — middle

Examiner comments

9 The anti-inflammatory drug ibuprofen can be synthesised from benzene via the following six steps.

o
@ = == ﬁ P/
— —-

H
‘ A
oH step 5 COH step 6 © COH
04
, ©O
ibuprofen
(a) Draw circles around any chiral carbor atoms in the above five formulae. [1]
(b) Suggest the structures of compounds H and J and draw them in the boxes above. [2]
(c) Suggest reagents and conditions for steps 1-6.

sep1 H HUH, OLA b MUs  hat b efae
step2 ... A-CGlo MM&LWW‘L’ ...... 'bn“k .........................................
step3 ....... “ O\I ...... "‘"p" ..... “'H’HN ..... N\ (N ...... (%) +""1‘f ..... ’Zf‘ﬁ"‘x ...... e ....................
step 4 “(A ...... &“’l ) ...... l“\”‘* ...... V"L" ..... 'vplww ...............................................................
step5 ... ochn+m+AJH1§04 ..... M‘L‘&‘L"’d} ..... af B0 C.
step 6 ........... HL8)+PtCs) ..........................................................................................
6]

(d) Name the mechanism of step 1 and state the type of reaction for step 6.
step 1 ... Eled"’(’l“\'cm"’“'}m ........ 0 ...................................................................
Step 6 ........... E'uj@PL"\'L ..... "‘L‘h‘hm ..................................................................................
[2]
[Total: 11]

o Both chiral centres are
correctly identified.

Mark for (a) = 1/1

9 Structure J is correct.
Structure H is
incorrect; it should be
the methylketone
substituted product,
—COCH; instead of
—CHO.

Mark for (b) = 1/2

e The reagents and
conditions are correct
for steps 3, 4 and 5.

In step 1 the
chloroalkane should be
(CH3).CHCH.CL

In step 2 the reagent
should be CH;COCL
In step 6 a nickel
catalyst should be
used (Ho/Pt would also
cause the
hydrogenation of the
benzene ring).

Mark for (c) = 3/6

0 Two marks awarded.
Examiners ignored the
term ‘electrophilic’ for
step 6; ‘addition’ only is
required here.

Mark for (d) = 2/2

Total marks awarded =
7 out of 11
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How the candidate could have improved their answer

(b) The candidate needed to identify compound H as methylketone, as shown below:

H is

(c) The candidate should have suggested the reagents and conditions for steps 1, 2 and 6 as shown below:
e step 1 the chloroalkane should be (CH3),CHCH,C/ with AICI;
e step 2 the reagent should be CH3;COC/ with AICh
o step 6 a nickel catalyst should be used with H, to avoid hydrogenation of the benzene ring.

(d) The type of reaction for step 6 should be ‘addition’ or ‘reduction’.
Mark awarded = (a) 1/1
Mark awarded = (b) 1/2
Mark awarded = (c¢) 3/6
Mark awarded = (d) 2/2

Total marks awarded = 7 out of 11
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Example candidate response — low

Examiner comments

9 The anti-inflammatory drug ibuprofen can be synthesised from benzene via the following six steps.

O
© step 1 step 2
— —
H
OH step 3
CN
,/step 4
ou
O M step 5 COH step 6 COH
—_— —_—
2 |

ibuprofen

(a) Draw circles around any chiral carbon atoms in the above five formulae. [1]

(b) Suggest the structures of compounds H and J and draw them in the boxes above. [2]

(c) Suggest reagents and conditions for steps 1-6.

(d) Name the mechanism of step 1 and state the type of reaction for step 6.

[Total: 11]

o Both chiral centres are
identified.

Mark for (a) = 1/1

9 One mark for the
correct structure of
compound H. Structure
Jisincorrect as a
methyl group has been
omitted.

Mark for (b) = 1/2

e Two marks are
awarded for steps 1
and 2. The reagents
and conditions for the
other steps should be:
step 3 HCN + NaCN,
step 4 aqueous HCI +
heat, step 5 conc.
H.SO, + heat and step
6 Ho + Ni catalyst (+
heat).

Mark for (c) = 2/6

0 One mark for the
correct mechanism.
The type of reaction for
step 6 is reduction.

Mark for (d) = 1/2

Total marks awarded =
5 out of 11
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How the candidate could have improved their answer

(b) Structure J should have been identified as shown below:

OH

CO,H

J is

(c) The candidate should have suggested the reagents and conditions for steps 3—6 as shown below:

e step 3 HCN + NaCN

e step 4 aqueous HCI + heat

e step 5 conc. H,SO, + heat

e step 6 H, + Ni catalyst (+ heat).

(d) The candidate should have identified the type of reaction for step 6 as ‘reduction’.
Mark awarded = (a) 1/1
Mark awarded = (b) 1/2
Mark awarded = (c) 2/6
Mark awarded = (d) 1/2

Total marks awarded = 5 out of 11

Common mistakes candidates made in this question

(a) A number of candidates gave no response for this question. Some candidates failed to identify the chiral

centre in ibuprofen.
(b) A common error was identifying compound H as an alcohol.

(c) Common errors were:
e incorrect structures for the halogenoalkane and acyl chlorides
e omitting AICL in steps 1 and 2
e omitting ‘concentrated’ with H,SO,/H3;PO,
o the use of LiAlH, in step 6.

(d) Some candidates identified the mechanism as electrophilic addition and the type of reaction as an
elimination or substitution reaction.
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Question 10

Example candidate response — high

Examiner comments

10 (a) (i) Complete the electronic configuration of the iron atom.
2 ¢ 2
Fe 1s2si2pr.35.3023d 8¢ @ (1]

(i) In some of its complexes, the Fe* ion has only one unpaired electron in its d orbitals.

Using the symbols T and  to represent electrons of opposite spins, complete the following
diagram to show the d orbital electronic configuration of this Fe** ion.

9 A
4\ \

energy [l IR

1

(b) A solution containing a mixture of Sn?*(aq) and Sn*'(aq) is added to a solution containing a
mixture of Fe?'(aq) and Fe* (aq).

Use E° data from the Data Booklet to predict the reaction that might take place when the two
solutions are mixed, and write an equation for the reaction.

Feg?*_e_ 3%21' -}077

(c) Hexaaquairon(Ill) ions are pale violet. They form a colourless complex with fluoride ions, F-,
equilibrium 1, and a deep-red complex with thiocyanate ions, SCN-, equilibrium 2.

[Fe(H,0)¢** + F- = [Fe(H,0),FI* + H,0 equilibrium 1 K, = 2.0 x 10°mol-*dm?
violet colourless

[Fe(H,O)P** + SCN- = [Fe(H,0);SCNP** + H,0  equilibrium 2 K, = 1.0 x 10®mol-'dm?®
violet deep-red

(i) Predict and explain the sequence of colour changes you would observe in each of the
following experiments.

e Afew drops of KSCN(aq) are added to 5cm? of Fe®*(aq), followed by a few drops of
KF(aq).

Sobstitotion but eolor mixing makes 1t pale’ ¢ Hgher Wetab trom
e A few drops of KF(aq) ar&’ added to 5cm? of Fe**(aq), followed by a few drgps of
KSCN(aq). kkf has a qreates etfeck-

complex which maltes the color a pale purple due tecolor 4]
mixin
(i) What type of reaction is occurring during the experiments in (i)?

[Total: 9]

o The correct electronic
configuration of Fe.

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

9 A correct answer.

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

e Correct use of the data
and a balanced
equation given.

Mark for (b) = 2/2

0 Three correct colour
changes identified but
not explained. The
examiner expected
candidates to give the
reasons for these
colour changes. For
example, the stability
of the complex ion of
[Fe(H,0)sFJ** is
greater than
[Fe(H,0)sSCN]".

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

e A correct type of
reaction identified.

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

Total marks awarded =
7 out of 9
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How the candidate could have improved their answer
(c) (i) The candidate needed to say that when a few drops of KSCN(aq) are added to the colourless solution

of [Fe(H,0)sF]**, there is no change and the solution stays colourless. This is because the stability constant
for [Fe(H,O)sFJ** is greater than [Fe(H,0)sSCN]J".

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

Total marks awarded = 7 out of 9
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Example candidate response — middle

Examiner comments

10 (a) (i) Complete the electronic configuration of the iron atom.

(A 5
Fe 1s?2s22pt.35” 3% 3d 45 o [1]

(i) In some of its complexes, the Fe* ion has only one unpaired electron in its d orbitals.

Using the symbols T and | to represent electrons of opposite spins, complete the following
diagram to show the d orbital electronic configuration of this Fe** ion.

agd T energy 9

(1

(b) A solution containing a mixture of Sn?(aq) and Sn*/(aq) is added to a solution containing a
mixture of Fe?*(aq) and Fe*(aq).

Use E° data from the Data Booklet to predict the reaction that might take place when the two
solutions are mixed, and write an equation for the reaction.

ud

Deomll oguatin ® €T E afett s ot g,

(c) Hexaaquairon(Ill) ions are pale violet. They form a colourless complex with fluoride ions, F-,
equilibrium 1, and a deep-red complex with thiocyanate.ions, SCN-, equilibrium 2.

[Fe(H,0)e** + F- = [Fe(H,O);F]** + H,0 equilibrium 1 K, = 2.0 x 10°mol~'dm?
violet -colourless:

[Fe(H,0)** + SCN- = [Fe(H,0),SCN]* + H;0 equilibrium 2 K, = 1.0:x 10°mol-*dm?
violet -. deep-red ’

(i) Predict and explain the sequence of colour changes you would observe in-each of the
following experiments.

e Afew drops of KSCN(aq) are added to 5cm? of Fe*(aq), followed by a few drops of
KF(aq).

frowy  Lole} {o dexf] ke F Colouyfess.

e A few drops of KF(aq) are added to 5cm?® of Fe*(aq), followed by a few drops of

KSCN(aq).
I fowm yok e olowders 4o dug ek
.............. Eobgamd O ehcheempd | wiMy  Wo e SON g

o An incorrect answer. It
should be 3d°.

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

9 One mark is awarded
for an error carried
forward here. This
diagram has only one
unpaired electron and
shows the loss of three
electrons (two from the
4s and one from the 3d
subshells).

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

e One mark for
extracting relevant E°
data from the Data
Booklet. The candidate
gives the equation for
the reverse (non-
spontaneous) reaction.

Mark for (b) = 1/2

Q Three correct colour
changes identified, but
not explained. The
examiner expected
candidates to give the
reasons for these
colour changes. For
example, the stability
constant for equilibrium
1 is greater than
equilibrium 2.

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

e A correct answer.
Mark for (c) (ii) = 1/1

Total marks awarded =
5outof 9
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How the candidate could have improved their answer
(a) (i) The electronic configuration of an iron atom should have been completed by 3s°3p®3d°®4s?.

(a) (ii) The candidate was awarded this mark for the error carried forward from their incorrect answer to (a)(i).

The correct answer is as shown:

(b) The correct equation is: Sn®* + 2Fe* — Sn** + 2Fe*

(c) (i) When a few drops of KSCN(aq) are added to the colourless solution of [Fe(HgO)5F]2+, there is no
change and the solution stays colourless. This is because the stability of the complex ion [Fe(H,0)sFI** is
greater than [Fe(H,O)sSCNJ".

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

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

Examiner comments

10 (a) (i) Complete the electronic configuration of ttze iron atom.
14
Fe 1szzs=zp°35?‘6?"f5?3°\ (1) i

(ii) In some of its complexes, the Fe* ion has only one unpaired electron in its d orbitals.

Using the symbols 1 and { to represent electrons of opposite spins, complete the following
diagram to show the d orbital electronic configuration of this Fe* ion.

I wewr @

Av Ak 4y
[1
(b) A solution containing a mixture of Sn?*(aq) and Sn*(aq) is added to a solution containing a
mixture of Fe?*(aq) and Fe*(aq).

Use E® data from the Data Booklet to predict the reaction that might take place when the two
solutions are mixed, and write an equation for the reaction.

o A correct answer.

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

9 An incorrect answer.
The candidate should
have a 3d°
configuration in the
lower three d orbitals.

Mark for (a) (ii) = 0/1

e Two marks awarded
for a correct answer.

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

Examiner comments

(c) Hexaaquairon(IIl) ions are pale violet. They form a colourless complex with fluoride ions, F-,
* equilibrium 1, and a deep-red complex with thiocyanate ions, SCN-, equilibrium 2.

[Fe(H,0)]** + F- = [Fe(H,O);F}** + H,0O equilibrium 1 K,,.= 2.0 x 10°mol-*dm?
violet: .colourless

[Fe(H,O)** + SCN- = [Fe(H,0);SCN]* + H,0 equilibrium 2 K, = 1.0 x 10°mol-~'dm?
violet deep-red

(i) Predict and explain the sequence of colour changes you would observe in each of the
following experiments.

o Afew drops of KSCN(aq) are added'to 5¢cni® of Fe**(aq), followed by a few drops of
KF(aq). :

..... Adeﬁe vech Selu feonis Loy me.d Ihich then

e A few drops of KF(aq) are added to. 5cm?® of Fe®*(aq), followed by a few drops of

'KSCN(aq). )
............... will ik Xwminde Night. vieletond...
Then I YA
(i) What fype of reacz"ion is occurring during the experiments.in (i)?
. '\30\7\0(-5(/\)751"13“‘}!014 ........ [ 5 (1]
[Total: 9]

0 Only one correct colour
change identified and
no explanation, so no
marks awarded. The
examiner expected
candidates to give a
colour change for bullet
point 1 (violet to light
red to colourless) and
for bullet point 2 (violet
to colourless and stays
colourless), and to
explain these changes.
The explanation for
these colour changes
would have been
awarded marks for
stating that the stability
constant for equilibrium
1 is greater than
equilibrium 2.

Mark for (c) (i) = 0/4
6 A correct answer.

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

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

(a) (ii) The candidate should have drawn a 3d° configuration in the lower three d orbitals as shown:

(c) (i) The candidate should have given the following colour changes:

e KSCN added to Fe** followed by KF: (violet) —> deep-red —> colourless
e KF added to Fe** followed by KSCN: (violet) ——— colourless — stays colourless

This is due to the fact that the stability constant for [Fe(H,0)sFI*" is greater than [Fe(H,0)sSCN]".

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

Total marks awarded = 4 out of 9

Common mistakes candidates made in this question

(a) (i) Occasionally 3s*3p®3d® was seen.

(a) (ii) Many candidates completed the diagram with more than one unpaired electron or electrons not in

their lowest energy state.

(b) Common errors included an unbalanced equation, and writing the equation for the reverse reaction as

shown:
Sn* 4+ 2Fe®* — 5 Sn** 4+ 2Fe*

(c) (i) Many candidates found it difficult to apply the information in the question and gave a wide range of
different colour changes in their answers. Most candidates omitted any explanation for their colour changes.

(c) (ii) The most common error was ‘displacement’ on its own without ‘ligand’.
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