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Introduction

The majority of candidates found the paper accessible and were able to apply their knowledge of
the topics in the specification to familiar situations. However, candidates found it more
challenging when faced with questions in novel scenarios. These included, explaining the colour
changes of an indicator found in bubble bath, deducing conjugate acid base pairs given the Ka
values of two acids and explaining why a reaction stopped when a sample was removed from the
reacting vessel. Although calculation questions generally scored highly it was sometimes hard to
follow the working when candidates were faced with the unfamiliar context of calculating a
temperature change from an enthalpy experiment. There was no evidence of candidates running
out of time and there were very few pages left blank.

The most accessible multiple choice questions were Q07 (high resolution mass spectrometry),
Q10 (reaction orders) and Q13(a) (equilibria) and the least accessible were Q06 (pH), Q01(b)
(nucleophilic substitution) and Q02 (acyl chlorides).
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Question 14(a)

The majority of candidates scored well on this opening question; however, a number did not read
the information carefully enough. Some candidates failed to state the colour or explain why the
equilibrium shifted left and a very small minority had the equilibrium wrongly moving to the right.

14 This question is about nitrosyl chloride, NOCL, which is a yellow gas.
Nitrosyl chloride decomposes into yellow-green chlorine, Cl,, and colourless nitric
oxide, NO, as shown.

2NOCl{g) = 2NO(g) + Cly(9)

(a) A mixture of nitrosyl chloride, chlorine and nitric oxide was placed in a sealed
container and allowed to reach equilibrium.

Explain what you would expect to see when the pressure of the equilibrium

mixture is increased.
(2)
fauilibriom._ snifte  do e lefb Lecavee ywmber &f
....... OSEOUS.......... smelecules... on \f:“ ,,,,‘nan,é '-"ide e Ness J“"'““—

r-jht-hand ......... ade . o smore 3eliow3a9<f£ *0"*'0‘3' chlovide
'ﬁ?lndmed(ﬂ’\erﬁ:kfr&Clnmi".‘,‘f'ﬁtbrﬂ“nw eslovre oo Olsevved.
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Here the candidate has explained how and why the equilibrium shifts and stated what they
would see. This excellent response scores both marks.

14 This question is about nitrosyl chloride, NOCL, which is a gllow %as.
lourless nitric

Nitrosyl chloride decomposes into yellow-green chlorifig, Ct;,
oxide, NO, as shown. e

2NOCl(g) = 2NO(g) + Cly(g)
% 2
(a) A mixture of nitrosyl chloride, chlorine and nitric oxide was placed in a sealed

container and allowed to reach equilibrium.

Explain what you would expect to see when the pressure of the equilibrium
mixture Is increased.

(2)
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This candidate has stated what they would expect to see but they have not explained why
the equilibrium moves so only one mark is scored. This was a common mistake.
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Question 14(b)i-iii

Although most candidates were able to give the correct expression for K. in (b)(i), a few drew
round brackets instead of square ones or used Cl instead of Cl,, both of which did not score.
Calculating the number of moles at equilibrium proved to be slightly more problematic in (b)(ii)
but there were a pleasing number of correct answers.

Most candidates were also able to correctly convert the moles at equilibrium to concentrations by
multiplying by two and the majority were able to input their numbers correctly into their equation
and determine a correct value for K. with appropriate rounding and units in (b)(iii). However,
some candidates lost a mark by incorrectly rounding or giving their answer to 4 or more
significant figures and others were not careful enough transferring their tabulated values into
their K. expression.

(b) 0.250 mol of nitrosyl chloride in a 500 cm’ sealed container was heated
to 200°C. At equilibrium there was 0.016 mol of chlorine in the mixture.

() Write the expression for the equilibrium constant K..

2 (1)
tc1) Ono)
e = -
tnoCi]
n-(x V
(i) Complete the table using the equilibrium equation and the data.
(2)
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Here the candidate has used a single Cl instead of Cl, so did not score.
(ili) Using your answers from (b)(i) and (b)(ii), calculate the

equilibrium constant, K.
Give your answer to an appropriate number of significant figures and

include units.
(3)
o,o;t,_lx o-0%L
- — 2
K. o .«%b
. A \ cLhr- -5
= 6£.995C x1o0 ™ e
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This candidate has given their final answer to four significant figures which lost a mark. This
was the most common error in this question.

(M4 ResultsPlus
\ Examiner Tip

When the question asks for an appropriate number of significant figures, it is important to
look at the minimum number of significant figures in all the data used.
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Question 14(b)iv

Although the majority of candidates correctly deduced the reaction was endothermic,
significantly fewer were able to explain the reason for the shift in the equilibrium position.

(iv) When the temperature is reduced; the value of the
equilibrium constant, K., becomes smaller.

Explain what can be deduced about the nature of the reaction.
(2}

.50 e equi (thium will Shift to the left ..
beiise (ower temperatu®e favour the exothermc teocton ...
50 the forward, oaction of NOCL IS endlothermic

Int Advanced Level Chemistry WCH14 01 9



2 ResultsPlus

Examiner Comments

This candidate demonstrates a good understanding of this reaction and excellent reasoning
so scores both marks.

() When the temperature s reduced thevaldeofthe 1, T et 4
equilibrium con ' : Enda T ke Kp T

Explain what can be deduced about the nature of the reaction.
: (2)

.....

10
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Here the candidate understood the reaction was endothermic but did not explain the
direction of movement. Instead they simply rewrote the part of the question about the K.
value, so only one mark was scored.

4  ResultsPlus
\

Examiner Tip

Do not rewrite parts of the question in the answer and remember the command word
‘explain’ requires some kind of reasoning or justification.

Int Advanced Level Chemistry WCH14 01
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Question 15(a)i

Most candidates were awarded both marks here. The formula of the reagent was well known, the
name less so and a number of candidates lost the mark by giving the correct formula and the
incorrect name. The conditions were almost as well understood, but additional wrong
information such as 'heat under reflux’' meant the mark was sometimes lost.

15 This question is about butanoic acid.

(a) Some reactions involving butanoic acid are shown,

CHyCH,CH,CH,0H CHyCH,CH,CN
Reactik /eaction B
CH,CH,CH,COOH

CH,OH and H,SO, NaHCO,

Reaction D

Substance C Substance E
CH,CH,CH,COCIL

(i) Identify the reagent, by name or formula, and the conditions required to carry
out Reaction A. -
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A correct answer.

Int Advanced Level Chemistry WCH14 01
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Question 15(a)ii

Rather surprisingly this question proved much harder than expected with the majority of
candidates not scoring.

(i) Name the type of reaction taking place in Reaction B.
(M

. NMCLeoPhJicgub;ﬂtmtgn
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This was the most common wrong answer seen.

(i) Name the type of reaction taking plhée in Reaction B.

s A AN I RUNISES e

(1)

Int Advanced Level Chemistry WCH14 01
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This correct answer was rarely seen.

16
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Question 15(a)iii
Most candidates scored at least one mark on this question.

Rather surprisingly, it was common for just the name or the formula to be given despite the
guestion asking for both.

Other errors relating to the naming of the ester were also seen quite regularly, with methyl
propanaote and butyl methanonate being the main ones.

(i) Give the structural formula and name of Substance C.

Int Advanced Level Chemistry WCH14 01 17
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This candidate has drawn the correct structure, but they have not counted the ester carbon
when deducing the name. The name methyl propanoate was quite a common wrong
answer.

(iii) Give the structural formula and name of Substance C.
(2)

18
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Despite the question asking for two pieces of information only one has been given.

—
-
/z.-' -
e

CA) ResultsPlus
\

~_ Examiner Tip

Read the question carefully and ensure the answer covers all points.

Int Advanced Level Chemistry WCH14 01
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Question 15(a)iv
This reaction was particularly well understood by the majority of candidates.

Although errors were rare, they included suggesting HCl was a reagent rather than a product and
also converting the carboxylic acid into an ester.

(iv) Identify, by name or formula, the reagent required to carry out Reaction D,
giving one observation.

Reagent ... £ .. P e S S

Observation .88 0\ . fames 0. B 1S . S€0M 2,
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A fully correct response.

Int Advanced Level Chemistry WCH14 01
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Question 15(a)v

Most candidates knew how to construct this equation. However, missing an oxygen atom in the
salt, or missing a charge on the O lost some marks.

(v) Write the full equation for the formation of Substance E.

State symbols are not required.
(1)

cyfa o a ¢ NH Ty 9 CHyUbcipeate # @, < Ao
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A correct equation.

(v) Write the full equation for the formation of Substance E.

State symbols are not required.
Mm

CH(H, Clipcoot + NoHs ™ ClyUiaCr (ool

Int Advanced Level Chemistry WCH14 01 23



.f'lll\\ —
yfﬁ ResultsPlus
Examiner Comments

A fully correct answer using carbonic acid instead of water and carbon dioxide as the
products.

24
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Question 15(b)

The unfamiliar context of this question meant that very few candidates scored all three marks.
Many simply did not follow the instructions, missing simple things like labelling the hydrogen
bond or missing off lone pairs or partial charges. A number of candidates also drew multiple
water molecules or multiple bonds to one water molecule which usually led to inaccuracies.

(b) Butanoic acid is very soluble in water. This is due to strong intermolecular forces
between butanoic acid molecules and water molecules.

Complete the diagram by adding one water molecule to show this intermolecular
force. Include relevant dipoles and lone pairs.

Label the intermolecular force involved.
(3)

H H H 0 ‘S

I [ 7 U
TN

H H H O—HII.I!II"tO; §"
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A fully correct labelled diagram.

(b) Butanoic acid is very soluble in water. This is due to strong intermolecular forces
between butanoic acid molecules and water molecules.

Complete the diagram by adding one water molecule to show this intermolecular

force. Include relevant dipoles and lone pairs.

Label the intermolecular force involved.
(3)

H—E—E—CT—-C/O - \-Iak
AR SN
H H H - N LS
X
L\?\"O “
boreh
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This is a good attempt but they have not included the lone pair on the oxygen so a mark is
lost.

Al
zzzf““'l \

Q ResultsPlus

Examiner Tip

Read the question carefully and make sure all the points are covered in the answer.

(b) Butanoic acid is@ soluble in water. This is due to strong intermolecular forces
een butanoic acid molecules and water molecules.

Complete the diagram by adding one water molecule to show this intermolecular
force. Include relevant dipoles and lone pairs.
Label the Intermolecular force involved.

(3)
na
hydmger
. J §+
HoH W o Lo H
H (|: é (IZ C// /J
Il T Nogfio..-0—H
H H H -
hyalw gen bonol
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By drawing two hydrogen bonds from the same water molecule this candidate was unable
to get the correct bond angle of the upper hydrogen bond.

28
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Question 16

This six-mark question proved to be a good discriminator with a mean score of just over three
and the full range of marks seen. Common errors were not linking the number of proton
environments to the number of peaks in IP1 and 1P3 or not linking the m/z to the formula of the
fragments in IP6. Correctly identifying the splitting patterns of the propanal protons was found to
be the most challenging IP, with the majority of candidates suggesting a quartet instead of a
quintet split. A number of candidates also wasted time by quoting chemical shift value which
were unnecessary and ignored.

I"IG Proton NMR spectroscopy and mass spectrometry give detailed information about
the structure of organic compounds.

Discuss the similarities and differences in these spectra for propanal aﬂd propanone,
H

H
Include in your answer: I 40 e 1
W C-C-C W-(~8-C-H
Proton NMR Spectroscopy \k \\4 ALY
the number of peaks, the relative peak areas and, where relevant,
splitting patterns
Mass spectrometry

any m/z peaks that show one similarity and one difference between the
spectra of the two compounds.

........... Y n Proten \NN\P\ for o F«nm Jﬂnerg uMJ

e m\qs m_ oo _envirentheay.
_Dne. ’m(g e%, q(li& C\juurh)’r oolitiin @uﬂ
’S.D*Q’gt’qu widl bf 3.2 Qi )qdh’r Cwbﬂﬂ

Ry o pro none Yhere wil be one ln
_due Yo ngmeffr ffn%@gmjnon wafl be. b... Peq
NO S}Cﬂ 'ng f;gﬁ@r (S e

Ln s Qlaaﬁ'pmd L Ahece Wil e o glm\mﬁf
\nq ek \pecodse 4 both honve (z0-
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Here the candidate has correctly stated there are three peaks for propanal as there are
three hydrogen environments so is awarded IP1. However, the splitting patterns are wrong
as they say a triplet, singlet and quartet, instead of two triplets and a quintet, so no IP4 is
awarded. This was a common wrong answer.
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*16 Proton NMR spectroscopy and mass spectrometry give detailed information about
the structure of organic compounds,

Discuss the similarities and differences in these spectra for propanal and propanone.

Include in your answer:

Proton NMR Spectroscopy
+ the number of peaks, the relative peak areas and, where relevant,

splitting patterns
Mass spectrometry
+ any m/z peaks that show one similarity and one difference between the

spectra of the two compounds.

?‘ (6)
.......... ¢-C-c=0 .. .€E-C—-<

T poton NHR spu;lrmpg For Pmmna.t merm E:')

- Plaks b as. bhere ae 3 profon environments . One. peat coll

bead 90- ~(0-Oppm_, have o relefive o of | and o hiplet.
..geészg potterp. ‘ﬂm fsmb »{adfo,gq i thes eparonment and .

/—\mﬂer m c-a# bﬁ QL LD I.S 00,
2 ond a. qaintet splithny. patem. ?Ae Yrd. mk ol e ot
. 0:0={0ppm , will_havea releh ‘

el e

é Gmw 6 pﬁh GH' Prepon. AL
 Roth hae o pesk behween 0D gpm - - Oppm Poawval
S peaks tlehve omms 3241 sdale. poparone only hes
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This excellent answer gains all the IPs relating to proton NMR spectroscopy (IP1-1P4). They
also gain IP5 for the m/z of 58 for both compounds. However, IP6 is not awarded as the
peak at m/z 29 seen in the mass spectrum of propanal needs the formula of the fragment
and a positive charge. This was a common omission.

Int Advanced Level Chemistry WCH14 01
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Question 17(a)i-ii

The vast majority of candidates were able to write the Ka expression and calculate the pH of this
solution of ethanoic acid.

17 This question is about weak acids.

The values for the acid dissociation constant of ethanoic acid and chloroethanoic acid

are shown.

ethanoic acid 1,70 x 10°° 4)

chloroethanoic acid 1.30x 107 GL.Utd(

(a) (i) Write the expression for K, for ethanoic acid, CH;COOH.

(1)
[ CHs Ceo™ T C H*]
a =
Cews covtt]
(i) Calculate the pH of a 0.25 moldm™ solution of ethanoic acid.
(2)

. wtl?

pa [ CHs CooH]

Tutl- J[a\,e [ Cis Coor ] "'\/G.-h %167 )(035)
= 2.06155%107% ol

PH = -Ioﬁ:ﬂ{']) = 2. 61 7
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A fully correct answer.

17 This question is about weak acids.
The values for the acid dissociation constant of ethanoic acid and chloroethanoic acid

are shown.

ethanoic acid 1.70 x 10°°

chloroethanoic acid 1.30x 107

(a) (i) Write the expression for K, for ethanoic acid, CH,COOH.

k‘! = IH+ “ C"h(oo-j KQ— \_.\'-4 ’ )

[C Ha CooHT\ [ (W3 Ceon\
(ii) Calculate the pH of a 0.25 mol dm solution of ethanoic acid.
[ R Y= Ke x%ﬂsmi{]
= 1Iy16™™ x0.25

~ o (U425 xiot) = 5.3

(2)
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Occasionally calculation mistakes were seen, but here the candidate was able to score a
transfer error mark for the correct conversion of the wrong hydrogen ion concentration to
pH in (a)(ii).

36
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Question 17(a)iii

There were plenty of correct options to choose from for this question and so candidates who
didn't score were in a very small minority. One unusual error was to state that [H+] initial = [H+]

egm.

A small number of candidates simply stated the definition of a weak acid which was insufficient,
whilst a few others appeared confused between weak and strong acids giving the assumption
that the acid fully dissociated.

(iii) State one assumption you have made when calculating the pH in (a)(ii).

Int Advanced Level Chemistry WCH14 01 37
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This was one of the possible correct answers as HA was an acceptable alternative to
ethanoic acid.

(i) State one assumption you have made when calculating the pH in (a)(ii).

D (on ‘-..‘.-h}"fr-k"..\rl ’s

(1)

............ Sart b egilibaiam

38
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Another correct alternative.

(iiiy State one assumption you have made when calculating the pH in (a)(ii).

A U bbb 441 EEEERRRRRAR 444 1B EEEEEGBRREARAAE 0]y B RORR 4400 1

R
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Although not common some confused wrong answers like this were seen.

40
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Question 17(b)i

This proved to be one of the most challenging questions on the paper. Although the majority of
candidates made a correct statement about the electron withdrawing nature of the chlorine
atom, only a very few were able to link this to the strength of the O-H bond or the stability of the
anion. Instead, many candidates just rewrote the question and stated the chloroethanoic acid
was stronger or commented on the relative magnitude of Ka or pKa, neither of which were

sufficient to score the mark.

(b) (i) Suggest a reason why chloroethanoic acid, CH,CICOOH, is a stronger acid than

ethanoic acid.
m

e FY et e O e el mabse KT wes gty Joo

 Chordhaugic acd has  an etecliom- 4o
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This excellent answer scores the mark as the candidate explains the nature of the chlorine
atom and the effect on the C-H bond.

(b) (i) Suggest a reason why chloroethanoic acid, CH,CICOOH, is a stronger acid than
ethanoic acid.
(1)

e A e s tlect o Wit draning , cedwcing. The  weasthve

e At G (A0 (e ewd | wakine iy were stable.

42
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Another excellent answer.

(b) (i Suggest a reason why chloroethanoic acid, CH,CICOOH, Is a stronger acid than
ethanoic acid.

m._

Int Advanced Level Chemistry WCH14 01
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The candidate has made a correct statement about chlorine but they have not then
explained why it makes the acid stronger so the mark is not scored.

(b) (i) Suggest a reason why chloroethanoic acid, CH,CLCOOH, is a stronger acid than
ethanoic acid.
(1)

Themhc;hlormﬁPulfsalgclrron$ Ay, From

the  cobon aﬂowU ,,,,, We H' o disseceke.......

44
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The candidate has explained what chlorine does but has not explained why the acid loses a
proton easier so the mark is not scored.

Int Advanced Level Chemistry WCH14 01
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Question 17(b)ii

The majority of candidates had a reasonable understanding of conjugate acids and bases but a
lack of precision often cost marks. Missing a hydrogen on the protonated ethanoic acid or a lack
of one or both charges were common mistakes.

Candidates found identifying the conjugate acid/base pairs more challenging and some had B1
and A1 on the same side of the equation.

(i) When ethanoic acid and chloroethanoic acid are added together an
equilibrium is set up containing two acid-base pairs.

Complete the equilibrium equation, labelling the conjugate acid-base pairs as
A1,B1and A2, B2.

(2)

CH,;COOH + CH,CICOOH = CH;CDOH;* + C_H;CJ(,O(J—
82 A A2 8
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A fully correct answer.

(i) When ethanoic acid and chloroethanoic acid are added together an
equilibrium is set up containing two acid-base pairs.

Complete the equilibrium equation, Iabe]llng the conjugate acid-base pairs as
A1, B1and A2, B2.

CH,COOH + CHCICOOH = CWacooM g + C&cdcoo™ |

\otrs- AL
Ay a f &2

2.

Int Advanced Level Chemistry WCH14 01
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The candidate has missed out a charge on the protonated ethanoic acid and numbered the
conjugate pairs incorrectly so no marks are scored.

T
LR
A
P!

W4\ ResultsPlus
D

| Examiner Tip

When writing equations check that both the atoms and charges balance.

(i) When ethanoic acid and chloroethanoic acid are added together an
equilibrium is set up containing two acid-base pairs.

Complete the equilibrium equation, labelling the conjugate acid-base pairs as
A1, B1 and A2, B2.
{2)

CH,COOH + CHCCOOH = /4. coo M, T + <t (4 ¢ oo

48
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The equation is correct but the candidate has not labelled the conjugate pairs so only one
mark is awarded.

Int Advanced Level Chemistry WCH14 01
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Question 17(c)

This question was a good discriminator with the full range of marks seen and an average score of
about two marks out of four. It was expected that candidates would tackle this buffer question by
calculating the number of moles of acid and salt or by calculating the concentration of the acid
and salt. However, a large number used the Henderson-Hasselbalch equation, despite it not
being in the Edexcel IAL specification. Although there were many fully correct answers, it was
often hard to follow some calculations and a confusion between moles and concentrations
sometimes made it hard to award transfer error marks. Those candidates who used the
Henderson-Hasselbalch equation were more prone to errors than candidates using one of the
other two methods.

A few candidates did not remember the Henderson-Hasselbalch equation correctly, some
confused Ka with pKa and others got the acid and salt ratio the wrong way round.

R —
(c) A buffer was made by mixing 8.20 g of sodium ethanoate, CH,COONa, with

250¢m? of 0.700 mol dm ™ solution of ethanoic acid, CH;COOH.

Calculate the pH of the buffer.

(4)
_ a)(wt]
% = O\ Mo\ﬁd \7x10" > l© 0';

©\ _ o-4molda > Lhrl-= P_—-—-E-L'““g-s 7
o'

9:2S
-iOcjw [H*:} - zp H
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Here the candidate has successfully used the concentration route to calculate the pH and

scores full marks.

(c) A buffer was made by mixing 8.20 g of sodium ethanoate, CH;COONa, with
250 cm’ of 0.700 mol dm* solution of ethanoic acid, CH;COOH.

(4)

Calculate the pH of the buffer.
o o = 202) % 34 2l + 23
=32
nz p-1 Y8 )z
32 Ph :405 ( ’.7*»!‘0-9
- .n,
~ 4.76255H
C - ‘tl 0"‘*
250 tlo pH = W-269s50 + 129 [ 4.

2452651 - &.¢2

51
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Here the candidate has successfully used the Henderson-Hasselbalch equation to calculate
the pH and scores full marks.

(c) A buffer was made by mixing 8.20g of sodium ethanoate, CH;COONa, with
250cm’ of 0.700 mol dm™ solution of ethanoic acid, CH,COOH.

Calculate the pH of the buffer. ¢,
ol o U CCeNa = 22 -0 ) (a)

82
mol oF CHaCooH ~6.700 « 259 = 0,175
rotio

\G oy
v\ Bza2\75 (754x \. 70107
Lar | A \BOx\07

[' W
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This candidate has used the moles route and scores a mark for calculating the moles of acid
and salt. Whilst attempting to rearrange the equation to find the concentration of hydrogen
ions, they have wrongly used the Ka of chloroethanoic acid so no further marks are scored.
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Question 17(d)

This question was found to be challenging to the majority of candidates. Most were able to score
the first mark for the initial colour of the indicator in the acidic conditions found in the bubble
bath. However, very few candidates understood the chemistry involved when the bubble bath
was diluted with water. Many thought that adding the water caused a neutralisation reaction and
some even suggested it made the bath water alkaline. There were some very good answers seen
that covered all the scoring points and a few excellent responses that explained the significance
of pKin and how the ratio of the two coloured forms altered to produce the bath water colour
changes.

(d) A type of bubble bath contains a weak acid and the indicator bromocresol green.
The bubble bath is initially yellow but when diluted with bath water, its colour
changes from yellow to green to blue,

Use the information on page 9 of the Data Booklet to deduce why the bubble
bath changes colour.
3)

TR pKinaf.... bromocresol .. geen. . is. 47....ond .. the.. ol change
R s 35 NS When . pH<B it s yellow. pHZSE it e
e It the begiming , the . wolve of . bubde  Path s smaller .
M 3.9 when  the bath is  diluted  with _ bath _woter., the
P bogins... toincrense., to. pH:41., the  mix of  yelow  ond. .
LB s green. . o the. Qlour chage . Yo green....fs the.  pH. invexe,

e pH 764 , fthe cour tfum fo. Wuee.
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This is an excellent answer. The candidate understands that when water is added dilution
takes place and the pH rises. They then relate the change in colour to the change in pH.

(d) A type of bubble bath contains a weak acid and the indicator bromocresol green.
The bubble bath is initially yellow but when diluted with bath water, its colour
changes from yellow to green to blue.

Use the information on page 9 of the Data Booklet to deduce why the bubble
bath changes colour.

aaaiC 1o W s (3)

LADN0MG e oo\ ool M be\L;:.-:- - Y

-

W avkallre,  and

3 shup:\u\% el \n e Andee Yo r.
Doen.. da\\kbﬁs &*M Mo sOuBon  YCCume .

a\%h&mmmd@h(humdbkm
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This candidate has scored a mark for the initial colour of the bubble bath. However, they
then suggest that adding water causes neutralisation and no further marks are awarded.
This was a very common error.
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Question 18(a)i

Rather surprisingly, this question was found to be challenging to many candidates.

Although a number made the correct deduction that the catalyst was no longer present in the
extracted sample, many incorrect responses such as quenching were seen. A number of
candidates also got the reaction confused and thought autocatalysis was taking place or

misidentified the catalyst as manganese(ll) ions or manganate(VIl).

18 This question is about the kinetics of the c@tﬂe@@gﬂ of
hydrogen peroxide, H,0,, using manganese(lV) oxide as a catalyst.
The equation for the decomposition is shown. MnQ2

2H,0,(aq) — 2H,0(l) + O,(g)

In an experiment, 10cm® of hydrogen peroxide solution was added to 150cm’ of

distilled water. A small amount of manganese(lV) oxide granules was added and the

clock started.

Every 5 minutes, 10cm’ samples of the reaction mixture were withdrawn using a

pipette and transferred to a conical flask.

The samples were then acidified with dilute sulfuric acid and titrated with
potassium manganate(VIl) solution. The equation for the titration is shown.

2MnO; + 5H,0, + 6H' — 2Mn* + 50, + 8H,0

The results of the experiment are given in the table.

reaction mixture.

Suggest why this occurs.

0 5 10 15 20 25 30
325 24.8 18.9 139 10.5 8.1 6.5
(@) (i) The reaction in the sgmf_le stops immediately on removal from the
(1)

Dfdeaufaswm .......... e R
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A correct answer.

18 This question is about the kinetics of the catalytic decomposition of
hydrogen peroxide, H;0,, using manganese(IV) oxide as a catalyst.

The equation for the decomposition is shown.
2H;0,(aq) — 2H,0(1) + O,(9)

In an experiment, 10cm’ of hydrogen peroxide solution was added to 150cm” of
distilled water. A small amount of manganese(lV) oxide granules was addad and the
clock started.

Every 5 minutes, 10cm’® samples of the reaction mixture were withdrawn uslng a
pipette and transferred to a conical flask.

The samples were then acidified with dilute sulfuric acid and titrated with
potassium manganate(Vll) solution. The equation for the titration is shown,

2Mn0; + 5H,0, + 6H' —» 2Mn* + 50, + 8H,0

The results of the experiment are given in the table.

0 5 10 15 20 25 30

325 248 18.9 13.9 105 | 81 | 65

(a) (i) The reaction in the sample stops immediately on removal from the
reaction mixture,

Suggest why this occurs,
(1)

Decanse  qentton 1y querch, vt enom _octies 0 ety
Cannet mhmhyﬂmn.&Mtao
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This was a common wrong answer.

18 This question is about the kinetics of the catalytic decomposition of
hydrogen peroxide, H,0,, using manganese(lV} oxide as a catalyst.

The equation for the decomposition is shown.

2H;0,(aq) — 2H,0(l) + O,(g)

In an experiment, 10cm® of hydrogen peroxide solution was added to 150cm? of
distilled water. A small amount of manganese(IV) oxide granules was added and the

clock started.

Every 5 minutes, 10cm’ samples of the reaction mixture were withdrawn using a
pipette and transferred to a conical flask.

The samples were then acidified with dilute sulfuric acid and titrated with

potassium manganate(VIl) solution. The equation for the titration is shown.

2MnO; + 5H,0, + 6H' — 2Mn™ + 50, + 8H,0

The results of the experiment are given in the table.

10

15

20

25

30

325

248

18.9

13.9

10.5

8.1

6.5

(@) (i) The reaction in the sample stops immediately on removal from the

reaction mixture,

Suggest why this occurs.
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This was quite a common incorrect response. The candidate has confused this reaction with
autocatalysis.

60
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Question 18(a)ii

Most candidates deduced that there was a connection between the hydrogen peroxide solution
and the potassium manganate(VIl) solution but very few were able to state the relationship
precisely enough to score the mark.

QU
(i) State why it is not necessary to calculate the concentration of *
hydrogen peroxide solution when trying to deduce the order of reaction with
respect to hydrogen peroxide.
(1

_________ Pecoiee..... concontnotsn.. of.. Ha e TS d‘@ee&@
oopotonal. . ba. owmMg..of . wmamah [ 1) R
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A correct answer.

(i) State why it is not necessary to calculate the concentration of
hydrogen peroxide solution when trying to deduce the order of reaction with

respect to hydrogen peroxide.

(1)

62
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This candidate knows there is some relationship between volume and concentration but
they are not equal to each other.

(if) State why it is not necessary to calculate the concentration of
hydrogen peroxide solution when trying to deduce the order of reaction with
respect to hydrogen peroxide.
(1)
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This candidate knows there is a relationship between concentration and volume but has not
stated what the compounds are so the mark is not scored.

Al
zzzf““'l \

Q ResultsPlus

Examiner Tip

Make sure answers are not missing essential detail.

(i) State why it is not necessary to calculate the concentration of
hydrogen peroxide solution when trying to deduce the order of reaction with
respect to hydrogen peroxide.

(1)

v AR K2 Q1§ S OINOAI e A QX AL O (L ORETRO
WA respeet 4o Mnlu”
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Only about 10% of candidates scored this mark and this is an example of the range of wrong
responses that were seen.
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Question 18(a)iii-iv

Although some candidates used an awkward scale that made it more challenging to plot, the
graph in (a)(iii) was generally well plotted and a neat smooth curved line drawn. If a mark was lost
it was usually for missing or incorrect units on the axes. The constant half-lives of a first order

reaction were nearly universally recalled in (a)(vi) but fewer candidates managed to show them on
the graph or state their values.
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(iii) Plot a graph of the volume of potassium manganate(Vll) solution against time.
(3)

"!vu'g
X

>

2P
24

7

]

,..
n

&

—
(]

volommg of Tonqanede LU
-
L

A s

o

o ™Y W *53 0 5
(i) m@mwmmm?ﬂ&?ﬁ&mmmm e
hydrogen peroxide. You must show your working on the graph.

(3)
2
(VI T S B bz 2T =AS = 2 einbes,

.............. h.alf — i fe. conskent.,. so. . Erek sxler:
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The candidate has plotted the graph correctly and used non successive half-lives to score
full marks.

68
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(iii) Plot a graph of the volume of potassium manganate(Vll) solution against time.

poluwe af pjan Lvin. (3)

Yo
30 A
i
|
0
|
[0
Dt - fo 4t »w WS 30 ar Yo
(iv) Use your graph to show that the reaction is first order with respect to 7‘&7/,.,,,1
hydrogen peroxide. You must show your working on the graph.

)

(3
e &M%J& ..... o] A0 Mifkﬁﬂ’fﬁff-ffkﬁf@mfem%
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The candidate has lost a mark for the graph as they have not included the units for the
volume of potassium manganate(VIl). This was a common error. Although they have
correctly drawn two successive half-lives at 15 and 7.5 cm?, they have not stated their values
so a mark is lost here too.

70
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Question 18(b)

Responses to this question were very varied. Only a minority of candidates made the link
between the number of H,0, molecules in the slow or rate determining step and the order of
reaction to score both marks.

A much larger number of candidates could state the order for each reaction with respect to H,0,
or write the rate equation for each reaction to score one mark. Unfortunately, a significant
number of candidates did not understand the significance of the number of H,0, molecules in
the slow or rate determining step to the order of reaction and were unable to score.

(b) Two possible mechanisms have been suggested by students carrying out
this reaction.
Mechanism 1

Step1 2H,0.(aq) — [H,0.(aq) slow
transition state

Step2 [HOJ(aq) — 2H,0() + O,(g)  fast

Mechanism 2
Step1 H,0, — 20H slow
Step2 H,0, + OH - H,0 + HO, fast

Step3 HO, + OH —» H,0 + O, fast

Explain whether or not these mechanisms are consistent with the reaction being
first order.

(2)

LA ono\e® 6 H0a  presenl  wnidh  wsould  make.
........ e  seackon @™  onden: o medranism. . A £S.. (omis-

Swp wos  only 1 woe o H0 (Total for Question 18 = 10 marks)
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The candidate has related the order to the number of molecules in the slow step and scores
both marks.

(b) Two possible mechanisms have been suggested by students carrying out
this reaction.

Mechanism 1

Step1 2H,0,(aq) — [H.O.(aq) slow
transition state

Step2 [H,O(agq) — 2H,0() + Olg) fast
Mechanism 2

Step1 H,0, —» 20H slow
Step2 H,0, + OH - H,0 + HO, fast
Step3 HO, + OH - H,0 + O, fast

Explain whether or not these mechanisms are consistent with the reaction being

first order.
(2)
R A T D Ao S0t 28 LA AR R LS S S
...... 2
(Total for Question 18 = 10 marks)
72 Int Advanced Level Chemistry WCH14 01



%
\-\.

N / ResultsPlus
/'--.t Examiner Comments

The candidate has worked out the order of reaction for both mechanisms but has not
mentioned the number of molecules in the rate determining steps, so only one mark is
scored. This was a common response and only scored one mark.
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Question 19(a)

Most candidates found these calculations quite straightforward with many scoring full marks. In
(a)(i) and (a)(ii) the most common error was to miss off the factor of five for the number of water
molecules.

Any mistakes did allow transfer error marks in (a)(iii). The final calculation in (a)(iii) proved the
most challenging with many candidates missing out multiplying by 1000 and it was surprising the
number of candidates who gave a negative Kelvin value, despite this being impossible.

74 Int Advanced Level Chemistry WCH14 01



19 This question is about some copper compounds.

(a) Crystals of hydrated copper(ll) sulfate, CuSO,5H,0, lose water when heated,
forming anhydrous copper(ll) sulfate, CuSO,. . _ _

CuSO,5H,0(s) — CuSO.s) + 5H,O()

300.4

109.0 699

(i) Using the data in the table, calculate the standard enthalpy change, AH®, for
o (2)
O 2 STy - 2888 1S C=2279+)
= 192 kI ma, 7 o

(i) Using the data in the table, calculate the standard molar entropy change,
AS® yem, fOr this reaction,
(2)

DS System = 109 + 53 699 - 300 4
- lsg.l

(iif) Using your answers from (a)(i) and (a)(ii), calculate the lowest temperature at
which hydrated copper(ll) sulfate will decompose.
(3)

L Diysrert = 2 Sgyren ACM&

- aH

- ]“'l = ———

when dbysten -5 T o e [aert

LTI

T g

“ ® TSN

N -‘--&3?7,- s S| o
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A fully correct answer.

76
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19 This question is about some copper compounds.

(a) Crystals of hydrated copper(ll) sulfate, CuSO.5H,0, lose water when heated,
forming anhydrous copper(l) sulfate, CuSO,.

CuSO45H,0(s) — CuSO.(s) + S5H,0()

(i) Using the data in the table, calculate the standard enthalpy change, A,H<, for
this reaction.

~FF-4 45 (235 -8) — (-2279-¢)

=74-2 B 3mol"

(ii) Using the data in the table, calculate the standard molar entropy change,
ASZ yysem, for this reaction.

(2)

(2)

090 +5(64-9) - '300-»»:]\6‘5-\ <K ot

(i) Using your answers from (a)(i) and (a)(ii), calculate the lowest temperature at
which hydrated copper(ll) sulfate will decompose.

(3)

-39
+\%¥ 1 =0
T
-1q. -2 _ - {5 ‘
_."qﬂ_'l :-\68‘\ —1%% ) - T..\-O_?i
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Parts (a)(i) and (ii) are correct but in part (iii) the candidate has not multiplied by 1000.
Despite the fact that this is such a low temperature and cannot be correct, only one mark
was lost.

lf \ ResultsPlus
\

Examiner Tip

When doing entropy calculations pay particular attention to the units and check the final
answer to see if it is possible.

78
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19 This question is about some copper compounds.

(a) Crystals of hydrated copper(ll) sulfate, CuSO,*5H,0, lose water when heated,
forming anhydrous copper(ll) sulfate, CusO,.

CuSO45H;0(s) = CuSO,(s) + 5H,0()

(i) Using the data in the table, calculate the standard enthalpy change, AH®, for
this reaction. :

Fpoocts “Fesrans , ((-285:8 xD)+-TT0H)) = - 22794 4) (2)
o - 2200.4 4+ 22726 = 79.2 Hmort

(ii) Using the data in the table, calculate the standard molar entropy change,
AS® e, for this reaction.

3 ptoesTs -~y chaNES (2)

T 69 6xS5 )+ (109 Y)- 3004
= 15667k 'ma)”!

(i) Using your answers from (a)(i) and (a)(ii), calculate the lowest temperature at
which hydrated copper(ll) sulfate will decompose.

AG—l = AH - TASsysaem
792 x1000 = T x 15466
T:=506k

(3)
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Part (a)(i) is correct but in part (ii) the candidate has made a mistake in the calculation so a
mark is lost. However, this figure is correctly used in part (iii) and all three marks are scored
through transferred error.

80
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19 This question is about some copper compounds.

(a) Crystals of hydrated copper(ll) sulfate, CuSO,+5H,0, lose water when heated,
forming anhydrous copper(ll) sulfate, CuSO,.

CuS0.+5H,0(s) — CuSO.s) + 5H,0()

- 69.9

(i) Using the data in the table, calculate the standard enthalpy thange,'A,Hé,for N
this reaction. -
@
-HH Y - $(285.8) - (-2 H46) = 4.2 kI /mof

(i) Using the data in the table, calculate the standard molar ehtropy change, g
AS yem, fOr this reaction.
(2)

P4+ $65.9)— 300 ¢ - (S3.( Ht T/c/pof

(i) Using your answers from (a)(i) and (a)(ii), calculate the lowest temperature at
which hydrated copper(ll) sulfate will decompose.
(3)

o :'%1 t o5 feln

~34.2xi0>
o= 7 o+ B85S ISE
T :
188 .1 xr - _n‘zxwl
3
T - ZHXe 7> $@Q ¢o/ ¢
~158.]
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Parts (a)(i) and (ii) are correct. In part (iii) the candidate has done the calculation correctly but
has given the wrong units so a mark is lost.

.-"'.
e

- 'f ResultsPlus
\

| Examiner Tip

"y

Pay attention to units as marks can be lost so easily.
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Question 19(b)

This novel calculation proved to be quite challenging. Whilst a large number of candidates knew
exactly what to do and arrived at the correct answer, there were numerous and varied errors
seen in the majority of responses. The masses of solid and solution were frequently confused
and often moles were not included in the calculation at all. However, transfer error marks were
awarded and so the mean mark was just above two.

(b) Hydrated copper(ll) sulfate is soluble in water. A student carried out an
experiment to determine its enthalpy change of solution.

100 g of distilled water was placed in a polystyrene cup and the
temperature recorded.

21.36 g of hydrated copper sulfate was added to the distilled water, the
mixture stirred, and the minimum temperature recorded.

Using this data, the student’s calculated enthalpy change of solution
was +12.3kImol™".
PE—

Calculate the temperature change in this experiment.

[specific heat capacity of the solution is 3.7Jg™'°C
total mass of solution = 121.36g
molar mass of CuSO,+5H,0 = 249.6gmol ']

Q=mc AT Ah= © @

Y
s l]
=(121.36) (3.3 &1 ne 2438, 08T a
249.¢
SGb~ |21, or
\052.5Ab= 121.1b(3.3) +12.3= & ® = |.0526 k3
aT = 2.34 ‘¢ 0.08¢ 21 Q00

*\082,5%y
2.34¢
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A fully correct answer.

(b) Hydrated copper(ll) sulfate is soluble in water. A student carried out an
experiment to determine its enthalpy change of solution.

1004 of distilled water was placed in a polystyrene cup and the
temperature recorded.

21.36 g of hydrated copper sulfate was added to the distilled water, the
mixture stirred, and the minimum temperature recorded.

Using this data, the s‘tdient‘s calculated enthalpy change of solution
was +12.3kJmol™;

77w % 2H
Calculate the temperature change in this experiment.

[specific heat capacity of the solution is @ Tem r-' ml -

total mass of solution = 121.36g ™M\
molar mass of CuSO,+5H,0 = 249.6gmol™]

q- H%AH (4)

@”M ﬁﬂe - 0.4 e
1708 %123
7=58
TWM_L A T8 Yoo =818 .5

$7%0.%
(51:")5( lll‘v’(’

13.37¢
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This candidate used the wrong mass of copper sulfate to calculate the moles (121.36 g
instead of 21.36 g) but achieved transfer error marks. This was a common error.

(b) Hydrated copper(ll) sulfate is soluble in water. A student carried out an
experiment to determine its enthalpy change of solution.
_ ________________.L—g—-—---—---—

o

1009 of distilled water was placed in a polystyrene cup and the R f
temperature recorded. )
21.36 g of hydrated copper sulfate was added to the distilled water, the ~ »
mixture stirred, and the minimum temperature recorded. ly }

)
Using this data, the student’s calculated enthalpy change of solution g 2
was +12.3kJmol™", e Y
Calculate the temperature change in this experiment.
[specific heat capacity of the solution is 3.7Jg™" °C
total mass of solution = 121.36g

molar mass of CuSO,+5H,0 = 249.6gmol ']
(4)
—_,\Qow*\s A= oo X =z I
®° = 230
AN Y —
A\ =
: ©c o BSSILY
moles = 2AVBC | o.osSSIS9
244 -6
VoSS aAlL = © 3V =
. =
A=-2-8BY -
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This candidate used the wrong mass of solution (100 g instead of 121.36 g) but achieved
transfer error marks. This was a very common error.

(b) Hydrated copper(ll) sulfate is soluble in water. A student carried out an
experiment to determine its enthalpy change of solution.

100g of distilled water was placed in a polystyrene cup and the
temperature recorded.

21.36g of hydrated copper sulfate was added to the distilled water, the
mixture stirred, and the minimum temperature recorded.

Using this data, the student’s calculated enthalpy change of solution
was +12.3kJmol™".

Calculate the temperature change in this experiment.

[specific heat capacity of the solution is 3.7Jg™'°C
total mass of solution = 121.36g
molar mass of CuSO,+5H,0 = 249.6gmol ']

moles of CuSOy SH20 -
WoPU S0 = ANBL ) g 5e T4 moles
4q,6

(4)
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This candidate correctly calculated the number of moles so scored one mark.
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Question 19(c)i

Very few candidates managed to recall correctly and in sufficient detail both parts of this
definition. Although a significant number of candidates scored one mark for mentioning enthalpy
change and one mole of gaseous ions, many missed this by stating that energy was needed or
required. The second marking point was more challenging and few candidates could explain

the process clearly and in sufficient detail to score.

(c) Copper(ll) chloride, CuCl,, is another copper compound that is soluble in water.
It is possible to calculate the enthalpy change of solution, A,,H, using a Hess cycle
and the lattice energy and enthalpy changes of hydration, Ay4H.
(i) Explain what is meant by the term enthalpy change of hydration.

st o€
LMMW&C\«\@(L“koc\a«tgeff%a_se@wsi‘ou

(2)
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A fully correct answer.

(¢) Copper(ll) chloride, CuCl,, is another copper compound that is soluble in water.
It is possible to calculate the enthalpy change of solution, A,,H, using a Hess cycle
and the lattice energy and enthalpy changes of hydration, A,4H.

(i) Explain what is meant by the term enthalpy change of hydration.

Int Advanced Level Chemistry WCH14 01
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Any mention of energy required was a 'do not award' for the first mark. However, the
candidate scores the second mark for 'infinitely dilute solution'.

\ \ ResultsPlus

Examiner Tip

When asked to give an enthalpy change definition, use the phrase 'enthalpy change' in the
answer to avoid the risk of losing a mark.

(c) Copper(ll) chloride, CuCl,, is another copper compound that is soluble in water.
It is possible to calculate the enthalpy change of solution, A,,H, using a Hess cycle
and the lattice energy and enthalpy changes of hydration, ApygH.

(I) Explain what Is meant by the term .nthdpy change of hydration. .. - _ '.

5|.Jv§+n4m
....... bﬁ ame yduble

.................................
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The candidate scores one mark for mentioning the energy released when one mole of
gaseous ions dissolve in water. The second mark is not scored as they do not say completely
dissolved.
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Question 19(c)ii-iv

The majority of candidates found parts (c)(ii), (c)(iii) and (c)(vi) very accessible and full marks were
scored by about half the candidates. However, mistakes on the cycle in (c)(ii) were quite common.
Missing or incorrect state symbols and species appearing in the wrong box were often seen.
However, errors in (c)(iii) and (c)(vi) were very rare and transfer error marks were often awarded

too.

(i) Complete the Hess cycle by filling in the empty boxes.

e o)+ 2e7(h)

Lattice energy Sum of A, 4H

Y

Cu**(aq) + 2Cl(aq)

Oﬁt“ ('l] M

(i) Complete the expression for the enthalpy change of solution using the
enthalpy changes of hydration and lattice energy. -

AgH= = lotkite t.wnw 4+ Suvan ...F a;..’,n—\

(iv) The lattice energy of copper(ll) chloride is ~2811kJmol ™,
Use this value, the data in the table, and your expression in (c)(iil)
to calculate the enthalpy change of solution.

Cu® -2100

ar -378

Aga M = = (=2W@Wu) 4 (-2os) & 1x (-37%)

ﬂh\l—\ = -ay kj.h‘ﬂ

(1)

(1)

(2)
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A fully correct answer.

(i) Complete the Hess cycle by filling in the empty boxes.

Lattice energy

Gy + %k

Sum of AyyH

Cu Cl.l

v

Cu*(aq) + 2Cl(aq)

(1)
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This candidate has missed out the state symbol for the copper chloride. This was quite a
common mistake.

94

Int Advanced Level Chemistry WCH14 01



(i) Complete the Hess cycle by filling in the empty boxes.

(m
M)
Lattice energy Sum of ApgH
Cu i:,,: * ng‘) A »|  Cu**(aq) +2Cl(aq)
(iii) Complete the expression for the enthalpy change of solution using the
enthalpy changes of hydration and lattice energy.
(1)
BoH= Dllte + REAN nyhebon
(iv) The lattice energy of copper(ll) chloride is =2811 kJmol ™",
Use this value, the data in the table, and your expression in (c)(iii)
to calculate the enthalpy change of solution.
(2)
Cu® -2100
cl -378
Asolh = 28N+ (-378%3) +(-100)
Asel= =45 kY mo| !
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2 ResultsPlus

Examiner Comments

This candidate has got the cycle wrong in (ii) and the expression wrong in (iii), but they still
manage to score both marks for the calculation in (vi).

(i) Complete the Hess cycle by filling in the empty boxes.
(1)

Lo, y Y )

Lattice energy Sum of A, 4H

v

CuC ' g (5) Cu**(aq) + 2Cl (aq)

AH

(iii) Complete the expression for the enthalpy change of solution using the
enthalpy changes of hydration and lattice energy.
(1)

AgH = Sum of Bh{cﬁ H - 'Q')’-H'Ce €nerg+

(iv) The lattice energy of copper(ll) chloride is —2811kJmol ™.
Use this value, the data in the table, and your expression in (c)(iii)
to calculate the enthalpy change of solution.

(2)

Cu™ -2100
cr 378
D&]H - — 2300 - 3%% } 2840 E3 S
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ResultsPlus

Examiner Comments

e

The candidate has not multiplied 378 by 2, but scores a transfer error mark in (vi).
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Question 19(c)v

A few candidates appeared confused by this question, giving answers relating to nuclear
attraction, filling of d orbitals or ionisation energies.

Nevertheless, the majority of candidates scored the first mark for Cu+ having a lower charge or
larger radius or lower charge density than Cu?®*. However, most of these went on to repeat the
question that Cu* has a lower hydration enthalpy, rather than complete the explanation in terms
of the strength of attraction to water molecules.

(v) The enthalpy change of hydration of Cu* is =593 kJmol™,
Explain why the hydration enthalpy of Cu* is much less exothermic than Cu®,
(2)

ﬁaJ‘ heve IOM\' d\wja ard lm:w AL h&dl‘bx‘;, ‘H’\c.h chﬁ
D e
MeA L . 0niG. = dipele Ctttation toWatel:

go(/b\-l:;\s,tqwthjeg(,é:{o-}-ﬁﬁr}nm'ﬂmhﬁhﬂ
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<g§ ResultsPlus
Examiner Comments

A fully correct answer.

(v) The enthalpy change of hydration of Cu* is ~593 kJmol™.
Explain why the hydration enthalpy of Cu* is much less exothermic than Cu®,

The.. f’?m;i. of C’w' 73 b her cm ﬁé’ re./,ag

_oP Ml alke jm&”@r’ vibieh means J@'M
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_‘/'--.. Examiner Comments

The candidate has scored the first mark but makes no reference to the interaction of the
ions with water molecules so does not score the second. This type of response was very
common.
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Paper Summary

Based on their performance on this paper, candidates should:

+ Always read the information in the question carefully, noting any instructions in bold type.
* Practise identifying conjugate acid-base pairs.

* Practise identifying different proton environments in NMR spectroscopy and predict their
splitting patterns.

« Show working when carrying out calculations and think carefully about units, significant
figures and rounding.

* Practise using indicator data to explain colour changes.

* Remember when drawing graphs to ensure that half of the grid is used, the axes are labelled
and the appropriate line of best fit is drawn.

* Practise deducing orders of reaction from reaction mechanisms.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:
https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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