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Introduction

This paper provided candidates with the opportunity to demonstrate their knowledge and
understanding of the key concepts in Topics 1 to 8 and 10 to 15 of the A Level specification.
This was the third series of Chemistry A Level papers in the June examination series that had
been sat by candidates since 2019 due to the impact of the Coronavirus pandemic. These
candidates would have been the first to have sat public GCSE examinations since the
pandemic in June 2022. The paper proved accessible to all candidates and there was no
evidence that any were hindered by not having sufficient time to complete their answers. A
number of the questions were found to be demanding and it was pleasing to note that many
candidates rose to the challenge and demonstrated their knowledge and understanding of A
Level chemistry. There were common errors of exam technique such as failing to double
check answers, giving answers to the wrong number of significant figures and not reading
the question properly before giving an answer. However, it was clear that many candidates
were well prepared and were able to overcome the challenges of the last few years.
Nonetheless, there are some key lessons for centres and candidates to learn from the
feedback illustrated in the following examples.
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Question 1 (a)

This was an introductory question designed to assess the candidates' ability to determine the
number of sub-atomic particles in various species of sulfur.

Many fully correct answers were seen.

Common errors included not realising that the number of neutrons needed to change for
each isotope and subtracting two from the proton number instead of adding two in the
negative ion for the number of electrons.

There were a few instances of candidates using the mass number instead of the atomic
number for the number of protons.
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ResultsPlus

Examiner Comments

This is an example of a fully correct response scoring all three marks.
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Examiner Comments

This response scored two marks.
The first two rows are completed correctly.

In the third row, the candidate has subtracted 2 from the number of
protons instead of adding 2 to obtain the correct number of electrons.

Examiner Tip
Remember that electrons are negatively charged.

<§ ResultsPlus

5 GCE Chemistry 9CHO 01



Question 1 (b)(i)-(ii)

This question required candidates to calculate a % value and then use that value to calculate
the relative atomic mass of sulfur using data from 4 isotopes.

There were a few errors seen in calculating the %. Candidates should check all answers using
their calculators. Candidates also lost marks for incorrect rounding of their final answer.

A few candidates lost marks for incorrect units which were penalised if incorrect.

(b) A sample of sulfur was found to contain only four isotopes.

(i) Complete the table to show the percentage abundance of *S.
(1)

!25 J!S !-45 365

95.02 0.75 L .2\ 0.02

(i) Calculate the relative atomic mass (A,) of the sulfur in this sample using the
data in the table. Give your answer to two decimal places,

o e e 1w )

- L
4.(-5(0 % 2%\0 ) = 32.0A425
= 32.09

(2)

N

iﬁ ResultsPlus
Examiner Comments

This is an example of a fully correct response.
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(b) A sample of sulfur was found to contain only four isotopes.

() Complete the table to show the percentage abundance of *S.

325

335

s

s

95.02

0.75

4 &l

0.02

(i) Calculate the relative atomic mass (A,) of the sulfur in this sample using the
data in the table. Give your answer to two decimal places.

(BaxC’!S'U’Q + (31079 J-(‘j,av;(u-‘l])

» (3x 00y

P

_—
IO

= 32°10

. ResultsPlus

Examiner Comments

In this example the calculations are correct but the candidate has
incorrectly rounded their final answer.
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Question 2 (a)

This question proved challenging with many candidates confusing first electron affinity with
first ionisation energy. Many candidates suggested that energy was required for the process,
despite the values given in the question being for an exothermic change. There were also a
number of candidates who referred to losing an electron instead of gaining it. The last
marking point, relating to the effects of shielding and distance from the nucleus outweighing
the effect of increased nuclear charge, was rarely awarded.

y / ResultsPlus

Examiner Comments

This is an example of a fully correct answer.

Marks were awarded for the following:

e M1 for the comment that the values become less negative going
down the group.

e M2 for correct reference to the bigger radius of iodine and the effect
on that of the attraction between the outer electron and the
nucleus.

e M3 for the correct reference to iodine having more shielding.

e M4 for the statement that iodine has more protons but this is
outweighed by the increased shielding.
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2 This question is about the formation of ions.

(a) Explain the trend in the values of the first electron affinities of the
elements shown.

(4)

e y
...... extrn Sl dl 13 Aoy
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Tho e te  ouer  eleckons oo o couly
Cled) . o veqie. oy Q0OEY.
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\'/ { ResultsPlus

L Examiner Comments

This response scored one mark.

The first mark was not awarded as the candidate needed to refer to
the value becoming 'less negative' or 'less exothermic' going down the
group. In fact, they have made a contradictory statement in their final
sentence where they state that more energy would be required.

The second mark was not awarded, as although the candidate has
referred to an increase in the number of shells, they have not stated
that this would reduce the electrostatic attraction between the nucleus
and the incoming electron. Additionally they have referred to 'ionic'
radius.

The third mark was awarded for the increased shielding.

There is nothing creditworthy towards the fourth mark.

A\ ResultsPlus
\ Examiner Tip
Take care to use the correct vocabulary when writing about chemical
species. It is important to be accurate and describing atoms as 'ions'

will lose marks.

GCE Chemistry 9CHO 01
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Question 3 (a)(i)

This relatively straightforward question about the method for a flame test yielded many fully
correct answers. However a few candidates did not mention the use of HCl, and a few
described using a splint instead of a nichrome wire.

3 This question is about compounds and their chemical analysis.

Three containers of soluble white solids have lost their labels but are known to be
calcium bromide, calcium iodide and potassium sulfate,

(a) (i) Describe how to carry out a flame test on these samples.
(3)

0oegin 2 £lome ST use 2. NIChiomo. Uste. SO Ak WAL ek 1680t
WD SUWBSIONE 4ol A0 beLng L. D1 412 Nickiome. darecnte
..Mdmmmf;....a,gi.d.....anﬂ......Q_ia_m_____w%..__a_....m.....ﬂo._..q,e..t.....n..d....a{:...an.g .........
CPIUICUS . SOMPEY, WHRY ANt 1S NC CAlouLlL IO UL 0ALe ..........
ANKD. SOUT L RIRCL IO DAL PlaNE. NG olosene. 4o COlOUL ~
DIOCUET, . PR\ L TEPRAY. N SteQs. £
CANCLM. DLOMIAL, CALCM 1 OMA and...Peiqssuim.....

AN

ig ResultsPlus
Examiner Comments

This is an example of a fully correct answer with all points being made
clearly.
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(3)

5 Ll e o, Ld

<g§ ResultsPlus
Examiner Comments

This candidate had suggested to use nitric acid rather than
hydrochloric acid and so lost a mark.

Two marks awarded.

GCE Chemistry 9CHO 01
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Question 3 (a)(ii)

This question assesses candidates' knowledge of the colours of the flame tests. Many fully
correct responses were seen. However it was clear that some candidates were not familiar
with the colours that would be produced.

(i) Give the expected observation for each of the flame tests.
(2)

calcium bromide

N
Y {: ResultsPlus

/'--.. Examiner Comments

This scored both marks. The responses are fully correct.

13 GCE Chemistry 9CHO 01



(i) Give the expected observation for each of the flame tests.
(2)

calcium bromide

calcium iodide

o B N e e e e

potassium sulfate

Jl'l\ N
yngesuﬁsﬂus
Examiner Comments
This candidate did not score the first mark, so one mark overall.

They have given two different colours for the calcium compounds and
one is incorrect.

The potassium colour of lilac is correct.
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Question 3 (b)

This question was about the analysis of halide ions. Many candidates knew the colour of the
precipitates formed with silver nitrate, but on occasion the formulae were incorrect, with
AgBr, / Agl, being common wrong answers. Most candidates knew that adding ammonia

would cause a change to the precipitate, but not all candidates were able to describe this
correctly.

(b) Separate aqueous solutions of calcium bromide and of calcium iodide reacted
with acidified silver nitrate to produce a precipitate.
Concentrated aqueous ammonia was added to each precipitate.

Complete the table.

(2)

SSOWEA

T doer
calcium iodide(aq) Asl © W\M N 1' C’\\S“D\WL

calcium bromide(aq) A& gf ) MM ABR“ W{ d\

g ResultsPlus

Examiner Comments

This is a fully correct answer scoring both marks.
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calcium bromide(aq) A 5 &’YL

ueum

A 1SS Oive ¢

calcium iodide(aq) A jﬁ

v\QHDU\i

di s selveg

g ResultsPlus

Examiner Comments

This response did not score. The candidate has given the incorrect
formula for the precipitate, the colours are correct, but then the
observations with concentrated ammonia are wrong.

<§ ResultsPlus

Examiner Tip

Learn the charges of the cations and anions in the specification.
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Question 3 (¢)

This question required candidates to recall a chemical test for sulfate ions. Many correct
answers were seen, although some candidates did not specify the acid that would need to be
added to the barium chloride to give a white precipitate specific for sulfate ions. A few
candidates wrote the formula for barium chloride as BaCl instead of BaCl, and so were not

credited.

DL tg
(c) Describe a chemical test for the sulfate ion giving the positive result.
(2)

N

N /\, ResultsPlus
I'/“----. Examiner Comments

This is a fully correct answer scoring both marks.

ﬂdclkm"’a}%mct,mfga}-gaw ..................................... s

me,miécampovné ............ A _posstisve. feadr walv
hO . o

..................................... *&E-G.%vsh*cp{tupx‘rm‘mﬁﬂmvg

N

N { ResultsPlus
/—-.. Examiner Comments

This did not score. Although the candidate had identified that barium
chloride needed to be used, the formula was incorrect and they had
omitted to add HCl or HNOs.
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Question 4 (a)

This was a straightforward question, and many correct answers were seen. A few candidates
wrote the definition of a base and some gave an incorrect answer as an 'electron donor"'.

Adcks

N 7
A

-
ra

ResultsPlus

Examiner Comments

This response did not score as it did not answer the question.
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Question 4 (c)

This question challenged the candidates' ability to interpret data on the pH of various acids
of the same concentration. Many answers that scored three marks were seen as candidates
correctly identified hydrochloric acid as a strong acid, sulfuric acid as a diprotic acid, and
propanoic acid as a weak acid.

The third marking point was rarely scored as candidates did not make the connection that
the pH value in the table for the sulfuric acid was not as low as expected for full dissociation
of both protons and that therefore the second ionisation of sulfuric acid was suppressed by
the first.

A few candidates wrote that propanoic acid was a weak acid and then contradicted
themselves with an equation showing the dissociation with a forward arrow, rather than
reversible arrows.

19 GCE Chemistry 9CHO 01
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(c) Some information about acids in aqueous solution is given.

Comment on these pH values. No calculations are required.

(4)
hydrochloric acid HCl 1.00
sulfuric acid H,S0, 0.98
propanoic acid CH,CH,COOH 2.94
A of @m leoo wesss Hd fuly
........A:{a.ifacmhi A ag,weons. .50 G-Lf‘ lms HLSQ’,

XK aq afk, acddd S0 lqa,s I"\?ﬂ
..... Fidy .- Cau,feh.[? l-u H.Q H@ww,

S LY. - HE B o Occar
0 Mp]wl'm b~ “\trc fore. (‘s H. i J‘MH
\'lqaq\ OO Profauxa( a.c,u! L ek acrﬂ
Ao Nqi- o s M[ecofﬂ Stuns..as..

........ (R (M, c,ooumu,g.\ +L¢..., W wpobm.
Thad —t,l«.q I*; Lt th)}kd‘ ........ becauwe.

% ResultsPlus
Examiner Comments

This is a fully correct response. The candidate has identified that HCI
fully dissociates and that H,SO4 is diprotic. They have also realised

that the second dissociation of H,SO4 is incomplete and given a

correct equation. Finally, they have described propanoic acid as a weak
acid for the final mark.
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|

ﬂ ResultsPlus
Examiner Comments

This is an example of a response that scored marks 1, 2 and 4, but the
candidate did not explain in enough detail the reason why sulfuric acid
could not dissociate completely.

_r'_'\
-__/ i

\ \ ResultsPlus

Examiner Tip
Use all of the data in the question in your answer.
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Question 4 (d)

The first part of this question required candidates to write the correct expression for the acid
dissociation constant of carbonic acid and was generally well-answered.

The second part of the question required candidates to rearrange their expression to
determine the concentration of hydrogen ions and then to calculate the pH.

For those candidates that did not rearrange the expression for K, correctly, there was a mark
available for working out a pH value from their concentration of hydrogen ions.

Candidates were generally familiar with the required calculation methods, but there were a
few calculator errors seen and candidates should be encouraged to check their work as they

go.

GCE Chemistry 9CHO 01
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(d) One of the systems controlling the pHof blood isthe ~ © '~ (%44
carbonic acid-hydrogencarbonate buffer system. fpon x A
e
H,COs(aq) = H'(ag) + HCOs(aq)

() Write the expression for the acid dissociation constant, K,, for carbonic acid.

State symbols are not required.
(1
tHt](HW; ]
kl‘l e [HeCos ]

(ij) A blood sample taken from an individual was analysed.
Calculate the pH of the blood sample.
Use your expression for K, and the values shown.

e

K, for carbonic acid = 4.50 x 107" moldm™

[HCO3] = 0.0240 mol dm [H,CO,] = 0.00200 mol dm
[H] - Ka (HaCos] ¥
[H Cos 7]
Gk x107?) (00w))
b.yf
S 3 Irant
Pz -1y (33450079

F.o48 b

t

ResultsPlus

Examiner Comments

This is an example of a fully correct response, scoring all available
marks (1,3).
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(d) One of the systems controlling the pH of blood is the
carbonic acid-hydrogencarbonate buffer system.

H.COs(aq) = H'(aq) + HCO;(aq)

(i) Write the expression for the acid dissociation constant, K,, for carbonic acid.
State symbols are not required.

Koo = CH'ILHCO; ]
(Ha Oy ]

(i) A blood sample taken from an individual was analysed.
Calculate the pH of the blood sample.

(1)

Use your expression for K, and the values shown.
K, for carbonic acid = 4.50 x 107" moldm™

[HCO;] = 0.0240moldm™ [H,CO,] = 0.00200 mol dm™
(3)

Ko x [Ha(O31  _ 4
[HCO5™ ]

(bl5 Wo?- ){O-OOR.)
O-6A4AYy O

== W P

~3.7%xs0 ° =
Te | 35y
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N { ResultsPlus
/--._ Examiner Comments

This response scored 1,2.
The expression for the acid dissociation constant is correct.

They have also scored the first two marks for the third part, but their
pH calculation is incorrect.

lf ResultsPlus
\

| Examiner Tip

Check all answers with your calculator.
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Question 4 (e)

This question was about regulation of the pH of the blood.

The first part required candidates to explain the effect on the two equilibria involved after
vigorous exercise.

Candidates generally answered this well in terms of the effect on the equilibria, but the

second mark was often not awarded as the candidates just stated that the amount of H* ions
would increase, rather than the concentration. A few candidates stated incorrectly that an
increased hydrogen ion concentration would increase the pH.

The second part of the question was about how the buffer system in the blood works.
Candidates found this more difficult to answer.

Good answers mentioned the large reservoir of hydrogen carbonate ions that would react
with the H ions.
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(e) The relevant equilibria that maintain the pH of blood are shown.

Equilibrium 1 CO;(ag) + H,0() = H,CO4aq)

Equilibrium 2 H,COs(aq) = H'(ag) + HCOs(aq)

(i) When a person exercises vigorously the concentration of carbon dioxide (aq)
in the blood increases.

Explain how this increase in the concentration of carbon dioxide affects the

pH of the blood.
Refer to the equilibria in your answer. No calculation is required.
R @
......... ﬁccgmm\twmg_\m,mequm\mumiw
B?mhhﬂumqlekdibmﬂoqt%% ......... WW
m%k\rlgga) .............. ( cr.rcxaan.(a.,c..;;k} ..................
TS Avmerese i av@uk@akio, & HaCO3. . Deatad...
w v J

" L - \D\mod« Ll xena ) Q) [ﬁ") LTV, %

(i) Explain how the carbonlc acid-hydrogencarbonate buffer system in
Equilibrium 2 acts to restore the pH of the blood after a person has exercised.

(2)

AR CA m\\:\a\lﬁ ...... LONSYL.... IOV 0\t .

............ kkﬁﬂ}bangMCMMO AR C b w.@L "!‘LQ_.QLI '?\
i Rau@AOARP R 2 SN o e g O T
............................ HLMglmﬁn*]d_q,mm‘:Stgmﬁmg
.............................. MM..?.P : . .
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Y / ResultsPlus
/--.'; Examiner Comments

This is an example of a fully correct response to both parts of the
qguestion, scoring all of the marks (2,2).

For the first part, the candidate has referred correctly to both equilibria
moving to the right and they have made a correct statement linking the

increased [H*] to the reduced pH.

For the second part, the candidate has correctly referenced the large
reservoir of hydrogen carbonate ions which react with the H' ions.
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(e) The relevant equilibria that maintain the pH of blood are shown.

Equilibrium 1 CO,(ag) + H,O() = H,COs(aq)

Equilibrium 2 H,CO.(ag) = H'(ag) + HCO;(aq)

(i} When a person exercises vigorously the concentration of carbon dioxide (aq)
in the blood increases.

Explain how this increase in the concentration of carbon dioxide affects the
pH of the blood.
Refer to the equilibria in your answer. No calculation is required.

(2)
T edeede Sa 02 @i Sifh . Bgaillibgom L
épmﬂ?htqh..mg_kmﬂ..smu
e Mcteomn M MaCos  caSin. . Egpilliiae 2 o

DO X Mo A A2 0RRMD...... COUTS ey VORI

(i) Explain how the carbonic acid-hydrogencarbonate buffer system in
Equilibrium 2 acts to restore the pH of the blood after a person has exercised.

(2)
AS!‘(umhhpﬁo?H";nmsp&m
VL.,. h}ﬁnﬂﬂﬂmu"mlgﬂﬂm
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" / ResultsPlus
/'--.‘: Examiner Comments

This response scored just one mark overall (1,0).

For the first part, the candidate had correctly referenced the effect of
exercise on both equilibria.

However they had linked an increase in hydrogen ion concentration to
an increase, rather than a decrease, in pH.

For the second part, although the candidate knew that hydrogen
carbonate ions were involved, they had not fully explained their role in
regulating blood pH after exercise.

g ResultsPlus
<

Examiner Tip

Remember that a high concentration of H" ions is linked to a low pH.
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Question 5 (a)
The question required the calculation of an enthalpy change using bond energy data.

While many correct answers of -1276 were seen, a few candidates subtracted the energy
change for the bonds forming from the energy change for the bonds breaking and so gained
an answer of +1276, scoring two of the three marks.

Many candidates did not check their answers to ensure that they had taken account of all of
the bonds being broken or made, and a few calculator errors were seen.

31 GCE Chemistry 9CHO 01



5 This question is about ‘Direct Ethanol Fuel Cells’ which are being developed to power
small electronic devices.

The overall reaction in these fuel cells is shown.

CHOH() + 30,(g) — 3H,0() + 2CO.(g)

(a) Calculate the enthalpy change for the reaction using the

mean bond enthalpy data.
3)
o
oo
—C 347 _
S(yls) -1—'}‘9’ C—H M3
3 ,55-9, r 4 c—o0 358 v
O—H 464 - 23(Zx 6w )
s 3 oF"° L O
223(4q % ) 0=0 498 OCG
c=0 805 3. (2X3%)
Fep
odu &
, - pqg(;l-onh —pf .
A= E_:f— Bt bond > vokem — bonel > mectt

1

o Reackenll = G Lé"b)*% 4D s 4 e 3(1%)

e r.?\roo\ulﬁts - 3(9.)‘ qb"{’) r '1,(1/\8'5’%
= ¥yt 22 32°

o AH= y3F2%- ooy

O

Enthalpy change =
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N { ResultsPlus
/--._ Examiner Comments

This is a fully correct answer where the candidate has taken care to
include all of the bonds and has also circled their answers so that they
can keep track of their progress.

'f‘ \ ResultsPlus
\

) Examiner Tip

Write out all expressions for bond energy and check your calculations.
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07 HgOH t 302 7 ¢ 4qsr3 =

I*-—; I!C-T C. rotr
3 (
C-H = 413 S ——
c-c =T 29544406 = [5729
¢ -0 = 33&¥!
oHH = 4ey ¥! 6664-2729

PpOCH - =
Lo o3 - R = f <)

')_ Q O“H - \f‘ . -

;{a\m = Zﬁ()oq‘ )

©1630 o

et = *f)'
4 60 605*’23 Enthalpy change=(”21'7g ......................... kJmol™’

-

V < ResultsPlus
I/--._ Examiner Comments

This response scored one mark overall. The enthalpy change for the
bonds being made was calculated correctly, but the enthalpy change

for the bonds breaking was incorrect. The candidate could still have
scored the third mark for overall enthalpy change, but they have done

the subtraction the wrong way round (bonds made - bonds broken,
instead of bonds broken - bonds made).

"V \ ResultsPlus
\

| Examiner Tip

Remember breaking bonds is endothermic (+) and making bonds is
exothermic (-).
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Question 5 (b)

This question required candidates to complete an enthalpy cycle and then to use their cycle
to calculate the enthalpy change in the Direct Ethanol Fuel Cell.

The first mark, for completion of the cycle, was awarded more frequently than the second.
Candidates were sometimes unsure which substances to place in the bottom box, with
marks lost for unbalanced oxygen and for incorrect state symbols.

Many correct answers were seen for the value of the enthalpy change, but some candidates
did not take into account the moles of water and carbon dioxide and a few obtained an
incorrect answer of +1369 instead of -1369, having used their cycle incorrectly.
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(b) (i) Complete the enthalpy cycle for the overall reaction in the Direct Ethanol
Fuel Cell. Include labels.

(2)

CzH_-,OH(I) -2??
CO.(g) -394
H;O(l) -286
AH
CHOH() + 30(q) o 3H,0() + 2CO,(g)

AR of H0 x3
O H f Oy X2

2Cce ¥ 3N2¢g) +302 (O

e

(ii) Calculate a value for the enthalpy change of the Direct Ethanol Fuel Cell
reaction, using your cycle. "'

(1)
277 + (-394 x2) 3 4 (-286 %3)
= —1369

Enthalpy change =...—.\3.G% .. kJmol”’
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ResultsPlus

Examiner Comments

This is a fully correct response, scoring 2,1.

y
P
Pl
-~
)

s \ ResultsPlus
\_/

| Examiner Tip
Clear diagrams help to ensure that calculated answers are correct.
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AH
CH:OH() + 30,(g) = 3H0() + 2CO,(g)

- AR 1,002
A" (A0H) L ArH"(COzJKZ
- — 23€ sl ~— (lbeomor

2C1) + 50,8+ 59

(i) Calculate a value for the enthalpy change of the Direct Ethanol Fuel Cell
reaction, using your cycle.

AeH= DI -(6le
= - 1364 Lol

(1)

Enthalpy change = _lgéq kJmol™

N\

ig ResultsPlus
Examiner Comments

This candidate scored the first mark for the cycle but the oxygens and
the hydrogens are unbalanced in the box.

Their calculation is correct.

Score 1,0.

2\
\
/_DL"- \ ResultsPlus
\_) Examiner Tip
Check that the amounts of all substances are correctly balanced.
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Question 5 (c)

This question required candidates to give the reasons for differences between the values for
the enthalpy change of reaction calculated using bond energy values and by using values for
standard enthalpies of formation.

The majority of candidates who were awarded at least one mark for this question realised
that mean bond energies were used in the calculations, which would not be the specific value
for the bond in the molecules in the question.

The second mark was for stating that the bond energy values given were for substances in
the gas state and that water and ethanol are liquids. This was awarded less often, with a
common insufficient answer being that the standard enthalpies of formation were under
standard conditions.

(c) Give two reasons for the difference between your calculated values in (a) and (b).

(2)
" NalAe W @) Osumes oL Wondy  ee in Adreous

................................. Yede poheas a0 i comicen the tacr they et

................................ ‘SML'L‘VLJCL‘GW

N
\( / ResultsPlus

< Examiner Comments

This response scored two marks.

The second mark was awarded for the first sentence. The candidate
has identified ethanol as being in the liquid state but it was sufficient
to mention that the bond enthalpy values are given for the substances
in the gas state without mention of ethanol or water specifically to
score the mark.
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ﬂ ResultsPlus
Examiner Comments

This response scored one overall.

The first mark was awarded for the statement about the mean bond
enthalpies being used.

The second mark was not awarded as the reference to standard
conditions was not sufficient for this mark.
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Question 5 (d)
The question was about the reactions at the electrodes in the Direct Ethanol Fuel Cell.

Candidates were asked to write balanced ionic equations for both the oxidation and
reduction reactions.

The reduction half-equation was more often awarded than the oxidation equation.

(d) In the Direct Ethanol Fuel Cell under acidic conditions, at one electrode the ~ " ve¢J
ethanol is oxidised in the presence of water to produce carbon dioxide, hydrogen
ions and electrons./o%3

At the other electrode, the hydrogen ions and electrons combine with oxygen to
form water.

Write the two ionic half-equations for this process.

State symbols are not required.
' (2)

Oxidation half-equation )

CoHSOH  + 3H, 0 —  Jeo, +IZH* + nes

Reduction half-equation ®\(

Wt + 40, + ¢ — K0

.--::\

N { ResultsPlus
/--.. Examiner Comments

This is a fully correct response scoring both marks.
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Oxidation half-equation

C,MsOW™  * W Q —= €O 3 W

Reduction half-equation

+ .
2H 1 e’ % 83 = R0

ﬂ ResultsPlus
Examiner Comments

This response did not score. The first equation is incorrect and the
second equation is not balanced.

M4\ ResultsPlus

\_} Examiner Tip

Check that equations are balanced.
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Question 6

This extended response question was about d-block elements and the colours formed in
aqueous solution.

Many candidates started their responses by giving the electron configurations of copper, iron
and zinc.

While many correct electron configurations were given there were some that incorrectly
included 4s electrons in the electron configurations of the ions.

A general understanding of how the colours arise was shown, but candidates lost marks for
not mentioning that it is the ligand that splits the d-subshell and that the energy gap
between the split d-orbitals is linked to the colour seen.

Some candidates said that the colour arose when light was emitted when an electron
dropped back down, but this would be for a flame test, rather than for an aqueous solution
where the colour seen is the complementary colour of the light absorbed during the d-d
transition.

There was, on occasion, careless use of the words 'subshell' and 'orbital' which some
candidates used interchangeably. The incorrect mention of a single d-orbital instead of
'd-orbitals' or 'd-subshell’ was penalised by the loss of a mark.
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*6 Explain why aqueous solutions of Cu* ions and Fe** ions are coloured but have
different colours, whereas aqueous solutions of Zn** ions are colourless.
Include any relevant electronic configurations.

(6)
SO0l bl ax. hewsilon setnl fom, se Uese . on Mpspeie
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\/ / ResultsPlus

/--l Examiner Comments
This response scored all six marks.

IP1 - was awarded for the correct electron configurations of Cu?* and

Fe2* at the start of the response.

IP2 - in the second paragraph there is a statement about the ligand
splitting the d-subshell.

IP3 - although this is alluded to in the second paragraph this would be
insufficient for the mark as it does not make a link between the energy
gap and the different colours. There is a detailed correct explanation in
the penultimate paragraph which scores this mark.

IP4 - is scored in the second paragraph

IP5 - is also scored in the second paragraph.

IP6 - for the correct electron configuration of Zn2* given at the bottom
of the response, together with a comment that its d-subshell is full.
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*6 Explain why aqueous solutions of Cu** ions and Fe?* ions are coloured but have
different colours, whereas aqueous solutions of Zn** ions are colourless.
Include any relevant electronic configurations,

m , ﬂa 2 246, 3™ V3¢ w
........... 'zn“ 2Nl BB Bas 3&‘,$d“,3d'°

..hmrt lr\-t-m'\'\pl.ﬂ;t.i?« cl aubﬂwlb
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o e perodic dable, dy @ raration madal
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d-subshall / 34'° hune b enppecrana s .
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N / ResultsPlus
/'--.‘: Examiner Comments

This response scores two marks.
IP1 - is scored for the correct electron configurations of Cu?* and Fe?*,

IP6 - is scored for the correct electron configurations of Zn?* and the
comment that the 3d-subshell is full.

There is nothing else creditworthy in this response.
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Y { Result<Plus
Examiner Comments

This could have scored 5 marks, but the overall score is 4 due to
incorrect use of 'orbital’, 'orbitals' and 'subshell'.

IP1 - is scored for the correct electron configurations of Cu%* and ZnZ*.

IP2 - is not awarded as although the candidate has stated that the
ligand would split the d-orbital this is incorrect use of language and
they are penalised for not referring to the ligand splitting the
d-subshell or the d-orbitals.

IP3 - is awarded for an explanation of the different energy differences
in CuZ* and Fe2* and relating this to the colour seen.

IP4 - is not awarded as although the candidate has mentioned the
electron being promoted, they have not mentioned light energy.

IP5 - is awarded for the energy left being transmitted as colour.

IP6 - is awarded, as although the candidate has described Zn?* as
having a fully filled d-orbital instead of subshell, this error has already

been penalised and the electron configuration of Zn2* is correct.

A\ ResultsPlus
\ Examiner Tip

Take great care with the use of 'orbital’, 'orbitals' and 'subshell'.
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Question 7 (b)

This question required candidates to write two equations to show the catalytic activity of
vanadium pentoxide (V505).

Some correct answers were seen, but also many unbalanced equations and some equations
which did not include any vanadium compounds.

(b) Write two equations that show the conversion of SO, and O, into 5O; by using
—— V,0: as the catalyst.

State symbols are not required.
(2)

V08 t S0,.%9 & V, O4 + $O 4

N /\, ResultsPlus
/‘--. Examiner Comments

This is an example of a fully correct answer scoring two marks.

SO, * '/zo 1+\/109 = SO,S *V’a(k)qe-

N /\, ResultsPlus
/‘--. Examiner Comments

This response did not score.

The equation is an attempt to show the overall reaction to form SO3
from SO,.

There is no change in the oxidation state of vanadium and only one
equation has been given.
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Question 8 (a)

This question required candidates to draw dot-and-cross diagrams of the ions in magnesium
hydroxide.

Whilst most candidates drew ions, there were a significant number of candidates who drew
covalent bonding diagrams.

The Mg?* ion was generally drawn correctly, with most of the errors seen being with the
hydroxide ion. On occasion the charges were omitted and some candidates only gave one
hydroxide ion instead of two.

8 This question is about ionic compounds.

(a) Draw dot-and-cross diagrams of the ions in magnesium hydroxide, showing the
outer shell electrons only.

Use X for magnesium electrons, ® for oxygen electrons and A for each

hydrogen electron.
(2)

24 -

T [

-
.--I;\ i f

3{ (: ResultsPlus
I/--.. Examiner Comments

This is a fully correct response showing a correct Mg2* ion and two

correct OH  ions.
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yfﬁ ResultsPlus
Examiner Comments

This response scored one mark.

The structure of the Mg2* ion is correct.

However, although the candidate has recognised that there should be
two hydroxide ions, the structures are not correct.
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Question 8 (c)(i)-(ii)

This question required candidates to complete a Born-Haber cycle for MgF, and calculate the
standard enthalpy of formation.

Four marks were allocated for the completion of the cycle and one for the calculation.

Most candidates scored the first mark for adding the labels in the correct places and many
realised that they would need to double the enthalpy change of atomisation of fluorine and
first electron affinity of fluorine.

Some candidates failed to write the correct species in the boxes, in particular when
converting F, to 2F, and on occasion the electrons and state symbols were missing.
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(i) Complete the Born-Haber cycle for magnesium fluoride with formulae,
state symbols, electrons and correctly labelled arrows.

The cycle is not drawn to scale.
(4)

VU”HI 2§ g 1 2¢”

£T luﬁ

Mg+t ¥ & W CRATTRRAS A

* |

My + Zf a9
1x{. I B

Mag(g) + Fi(g)

CT
v

Mg(s) + F.(g) MgF;(s)

4

(i) Calculate the value of A;H® [MgF,(s)].
(1)

C+2f + D+ E -12'%*5.
Mg 4 2(30) ¢ ¥3% 4 L(-818) * (12951

AR
- 0 ilng

= =118 Kymot™

- J\ —
?‘S ResultsPlus
Examiner Comments

This is an example of a fully correct answer, scoring 4,1.

11

43 H® [Maf. 1)

L]

All of the labels are correct, including a clear indication of doubling F
and G.

The species are correct, as are the state symbols and electrons and the
final calculation is correct.
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(i) Complete the Born-Haber cycle for magnesium fluoride with formulae,
state symbols, electrons and correctly labelled arrows.
The cycle is not drawn to scale.

(4)

3
Hﬁi + 2¢ 4 'ZFm

F'y
"“15} E _1?? 1 I‘,‘- ('ﬁ'l}

&\

Fyep + €™ 4 TFrp

My + 2F

t 13 Tb

Plotsy + 2Fs

x -2917 {3
+7%4 F (we)

Mg(g) + Fi(g)

CT LA |
v

Mg(s) + F;(g) > MgF(s)

(i) Calculate the value of A;H® [MgF(s)].
(1
LW 2 - AMew JANWF)m AWur,s ANk - SHG . - 2(ANGF)

A (=Tasrys TUEMRY=LIVED) = (93F) 20980 = (1S

= + N et
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N
y {: ResultsPlus
/--._ Examiner Comments

This response scored 3 in total (3,0).

The labels and species were correct, but a state symbol had been
missed from the Mg2* in the top box.

The calculation had yielded +1118 instead of 1118 k] mol™! and so was
not awarded.

(A ResultsPlus
\ Examiner Tip
Check Born-Haber cycles for consistency so that minor errors do not

creep in.
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Question 8 (c)(iii)

Candidates were required to evaluate data on the theoretical and experimental lattice
energies of two compounds.

Candidates were generally able to make a link between the data and the bonding in the
compounds, with many candidates realising that Mgl, would have some covalent character

thus scoring the second mark.

Some candidates clearly understood that the MgF, would be almost 100% ionic, but just
stated that MgF, had less covalent character than Mgl, and so did not score M1.

Candidates sometimes did not score M3 due to careless slips when describing species.
Examples included describing the ionic lattice as a 'molecule’ and referring to iodine atoms or
molecules being more polarisable.

Very few candidates were awarded M4 as they were focused on the differences between the
experimental and theoretical lattice energies in their answers and so did not compare the
values for MgF, and Mgl>.
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(iii) The experimental and theoretical values of the lattice energy for MgF, and
Mgl, are given in the table.

Explain the differences in these values.
(4)

- MgF, -2957 -2913

Mgl, -2327 -1944

2MQT2 hos. o lorg?. okfferesse. in. fxperoasdol. oo Magordicoll ...

..... e e T ——
S TS 88 becoanse . T7 oS o Mnda torgel. Aowhe. fodamas. BAer o,
o p

L. MRt LS. el Ae . pedeh SR Mok T Lon A, A A0SEXSi0g S

---------------------------

in MQIL I.
2. TAS. .tk mdases. conoled.. anosker, s anokes. Hae. h!gﬁ ........................

Msmger .....

G 1o

ResultsPlus

Examiner Comments

This response scored three marks, M1, M2 and M3.

MgF- is described as being ionic and Mgl, as having covalent
character.

The description of the iodide ion being polarised by the Mg2*
is correct.

Nothing creditworthy for M4,
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Question 9 (a)-(b)

This question was about entropy and Gibbs free energy and required candidates to
determine the minimum required temperature for a chemical reaction from given data.

Part (a)

For the first mark the candidates needed to calculate the entropy change of the system.
Many correct answers were seen.

For the second part the candidates needed to calculate the Gibbs free energy and comment
on why the reaction was not feasible.

Candidates needed to convert both the entropy and the enthalpy change of the reaction so
that both were in ] or k] and then calculate the Gibbs free energy change.

The most frequent mark that was lost was for not giving the correct units for Gibbs free
energy that would be consistent with their calculation.

The third mark proved accessible with many correct responses noting that the reaction
would not be feasible at 298K as the Gibbs free energy change was positive.

Part (b)

Candidates needed to rearrange the Gibbs free energy equation to calculate a feasible
temperature in K.

They then needed to convert this to °C for the final answer.

There was an alternative route to the same answer via a total entropy change of 0. Few
candidates opted for this method.

Many fully correct answers were seen, with a few candidates adding 273 instead of
subtracting it to convert from K to °C.
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9 Sodium hydrogencarbonate is used as a raising agent in baking as carbon dioxide gas
is released when it undergoes thermal decomposition.

(a) Show that this reaction is not feasible at 298K by calculating AG.

2NaHCO;(s) — Na,CO4(s) + CO,(g) + H,0() AH=+91.6kimol
(3)

NaHCOs(s) | NayCOs) CO,(9) H,0(l)

101.7 135.0 2136 69.9

QS%M-; (G"l.“l + 213.6 & -.35)..C\D\.7 x1)
- '4' 2‘501 d'- ‘L.A r“‘r-l

-~ BN RN TR

L hay, 0 = wagw 2190
Voo

= 197.5 .43 mal’

(b) Calculate the minimum temperature, in degrees Celsius (°C), at which an oven
should be set for this reaction to be thermodynamically feasible.

(2)
AW -ToS = 0.
LR - T x©% 215, = o
F== 02150 T = 9 .¢
+ = 4l-4
0:219)
= H 3 5 - E h—
- 1§2.8 °C
Minimum temperature =... V228 s
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Jl'l\ N
’yngesuﬁsﬂus
Examiner Comments
This is a fully correct answer scoring all five marks (3,2).

The calculation of the entropy change of the system, change in Gibbs
free energy and the comment about feasibility are all correct.

Their calculation for part (b) is also correct via the Gibbs free energy
route.

2 G2 AH“‘Z”?S&SW

Aéﬁ‘ﬁ‘”‘:(@qﬂ)+ 715-£ l@S) - (2)((0{-7)

= 832 __ 2(101'7) ,
A = ABISTI W

AG = alg -298 (1),

P

T AG = t27.S002
AG = 4278

ﬂ ResultsPlus
Examiner Comments

This is part (a) of the candidate's answer and they have been awarded
two marks.

They have not given a unit for their change in Gibbs free energy.

\d

) Examiner Tip

Check that you have added units and that they are correct.

61 GCE Chemistry 9CHO 01



Question 10 (a)

This question required candidates to give a detailed method for producing a solution of a
vitamin C tablet.

Although many correct answers were seen, some candidates omitted to specify that distilled
or deionised water should be used. There were a few candidates who did not reference using
a volumetric flask, with a conical flask being the most common alternative.

A few candidates omitted transferring the washings and a few did not state that the solution
needed to be mixed once it was made up to the mark on the volumetric flask.
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10 Vitamin C has the molecular formula CiHzO,.

The label on a bottle of vitamin C tablets stated that a 2.50g tablet contained 6%
of vitamin C by mass. The tablet was analysed to check the accuracy of the label.
The procedure involved a series of steps.

(a) Step1 Dissolving the tablet.

A 2.50g vitamin C tablet was crushed and dissolved to make an aqueous solution
of volume 250.0cm®.

Describe how to make this solution from the crushed tablet.
(3)

LPOUL sl d . Aok\e oo o \eeaxes: . Pdd

Mnmmemg&ak\ucdmmahw 4o

M&%@M’Y%\ﬁ’t{'uses&mnr\%mﬂ)
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LAOKD. o oG sk (250 c,,w}\ 5 Linse.
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....... O RGeS ok Ao\l AR AR ?\Mt A\

fcs.ko&&has‘c_mmwm.wz‘mmtwm

Lo sRMNeA  maXxtl . Place oo i, invelt ..

WL X

ResultsPlus

Examiner Comments

This response scored all three marks with a clear reference to each
marking point.
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iﬁ ResultsPlus
Examiner Comments

This response scored two marks.

The candidate described the method correctly but did not mention
mixing the solution once it was made.
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Question 10 (b)(i)
This was generally well-answered with many fully balanced equations seen.

Some errors included unbalanced water molecules or adding electrons instead of water.

(b) Step2  Producing a known amount of iodine.

lodine was produced by reacting 25.0cm® of 0.0100 moldm™® potassium iodate
with excess potassium iodide and hydrochloric acid in a conical flask.

(i) Complete the ionic equation for the formation of the iodine from 1 mol of

10; ions.
(1)

N

¢ { ResultsPlus
/--.. Examiner Comments

This is a fully correct response scoring the mark.

10; + 6. + v H - 31, + .. 6@~

y ( ResultsPlus

/--.. Examiner Comments

This candidate had interchanged the numbers for the I"and the H.
They also added electrons at the end instead of water molecules and

so did not score the mark.
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Question 10 (b)(ii)

This was an accessible question towards the end of the paper and as such, was
well-answered.

Nevertheless a few candidates did not make it clear how they had reached the final answer
by multiplying their first answer by 3 and lost the mark. A few candidates gave the wrong

'power of 10' to their first answer, for example, 2.3 x 103 was seen relatively often in
responses that did not score.

(i) Show, by calculation, that 7.50 x 10™ rnoles of iodine were produced in
the flask.

2Scen® 1000 = 0-0920m? @
O -00Sdm® XO-Olmatdm™® = 9-Sx)0™ mol
ofF TO,~
123 moloT ToEo
25x079 % & = - S¥I0™ mo)
of

T
shgwr?s

Y / ResultsPlus

Examiner Comments

This candidate has made it clear how they calculated their final value
and therefore this scores the full two marks.

GCE Chemistry 9CHO 01 66



(1) - % | 5.4
— 0.0% x2—crrmio |

0.0 %% = wW(T)= 76wt

a\___

ﬂ ResultsPlus
Examiner Comments

This response did not score as they had shown the moles of potassium
iodate to be 0.025 instead of 0.00025.
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Question 10 (c)(i)

This question required the candidates to determine which was the most appropriate
indicator for a redox titration involving iodine and then to describe the colour change at the

end-points.

The indicator was frequently correctly identified as starch, but the candidates found it more
difficult to give the correct colour change.

Where a wrong indicator was given, it was frequently phenolphthalein.

(c) Step3  Titrating with sodium thiosulfate solution.

10.0cm’ of the vitamin C tablet solution from Step 1 was added to the conical
flask from Step 2 to react with the iodine produced, as shown in the equation.

GHiOslaq) + Iaq) — CeHeOslaq) + 2HI(aq)

The unreacted iodine in the conical flask was titrated with a solution of
0.100moldm™ sodium thiosulfate, Na,S,0;(aq).

The mean titre was 14.40cm?’.
25,0i(aq) + Lfagq) — 2I(ag) + S,0: (aq)
(i) State the indicator used in this titration, giving the colour change that would

be observed at the end-point.
(2)

Search .o blue/black €0  CoOlOAC e s i,

N

N /\, ResultsPlus
I'/“----. Examiner Comments

This response is fully correct and scored two marks.
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%{R&suﬁsﬂm
Examiner Comments

This response scored one mark for the correct indicator. The colour
change is incorrect as it should be from blue-black to colourless.

#
i
o

/,z’zf . 4 -Ill'u

(T ResultsPlus

\ Examiner Tip

Look carefully at the equation used for a titration to work out the
colour change.
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Question 10 (c)(ii)

Many candidates were able to work their way through this redox titration calculation logically
and gain all or most of the marks. Common errors included failing to carry out the step to
determine the moles of iodine that reacted or making an error in the calculation of the
relative formula mass of ascorbic acid.

(ii) Deduce, by calculation, whether the label on the bottle of vitamin C tablets
is correct.

mewt  bhe 14.Gcw”
[ NtaS, 04 1= 0.\ welldn”

— \ﬁhcﬁg % ~% ‘
Thon g g “\“""",raﬁ*'““"“ﬁ = VAN wo

bt Mgt g, = U,

Ny = LLHG b ol et
b 5

(6)

-“\‘"'N- WeaL Ol 7.‘.3*10-':"”5‘ I:r.-,
| go 0310 ::zm"smt used up

Now Nt Wee 1l 2o b 16 M6 ° ol
of (M0 n e Solukon, (10cw® & sen.)

Then Yt hee o 1—'?—5-'5”55m‘l
:1,%‘(\6*!!0'
The wdox WM (& ﬂ&b[uo\
0w 013l

-O,% \00%, = 5.28%

90 becw'zr.. 57'870( 60/9,
j]u_ la\se\ 1S mcarmc}ﬁ’
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/--\J_ Examiner Comments

This is a fully correct response scoring all six marks.

N
\/ 4 ResultsPlus

The candidate has laid their work out clearly and logically, helping
them keep track of this multi-step calculation.

Examiner Tip

L’ \ ResultsPlus
\

When working through a multi-step calculation, lay your work out
clearly so that you keep track of what you have done.
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(i) Deduce, by calculation, whether the label on the bottle of vitamin C tablets

is correct.
(6)
67 4 2% = 0I5 ¢ d C,Hgle
no 4 Nay 5253:
pe 00 x W4S o HHx®7®  pol
(D08
I
22 LM x> g g x0T meo
2.
attame w4 15 .
(7.9 x©*1 ) - L? 2 x07Y) = a0 mo!
nE ™ Mz 3 a0°° x (1264 x2)
Py

s bt x 077 g

yfﬁ ResultsPlus
Examiner Comments

This response scored three marks. The first three steps were correct,
but then the candidate calculated the relative atomic mass for iodine

instead of calculating the relative formula mass of ascorbic acid and
lost their way.
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Paper Summary

Based on their performance on this paper, candidates should

Ensure that they can explain differences in electron affinity clearly without confusing with
first ionisation energy.

Be able to describe the experimental procedures in the core practicals.

Be able to explain how a buffer solution works.

Check all calculations and do not leave expressions unevaluated.

Use correct vocabulary when describing species (atom, ion, molecule etc).

Understand how to derive the correct electron configurations for transition metals and
their ions.

Be able to explain differences in bonding in ionic compounds using given data.

Ensure they are clear on units for entropy and Gibbs free energy.

Learn which indicators are used for which type of experiment.

Set out working for multi-step calculations clearly.
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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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