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Introduction

This was the first Chemistry A-level paper that was sat by candidates in the June examination
series since 2019 due to the impact of the coronavirus pandemic. The majority of candidates
sitting this paper would not have experienced any public examinations as the summer exams
did not run in their GCSE or AS years. This 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 on a few occasions a
qguestion required more than one statement to score a single mark. It was pleasing to note
that many candidates rose to the challenge and demonstrated their knowledge and
understanding of A Level chemistry. 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 question was designed to assess the candidates' knowledge of sub-atomic particles.
Many completely correct responses were seen. However, there was some confusion over the
mass of an electron with this commonly being incorrectly given as '0'. Various options for the
mass of an electron were allowed on the mark scheme including 'negligible’ and '1/1840'.

This is an example of a completely correct response to this question.

(a) Complete the table to show the relative charges and masses for a neutron and

an electron.

(2)

Examiner Comments

proton +1 1
neutron (6] |
electron =i\ Gr 0065
. ~
ResultsPlus

All of the properties of the sub-atomic particles were correctly given.
The answer of 0.0005 for the mass of an electron was allowed.
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(a) Complete the table to show the relative charges and masses for a neutron and

an electron.
(2)
proton +1 1
neutron i '
electron = | P,
ResultsPlus

Examiner Comments

This is an example of an answer that scored just one mark. The three
boxes for the relative charge and mass of a neutron, and the relative

charge of an electron are correct. However the mass of an electron is
given incorrectly as '0'.

-

<_E ResultsPlus

Examiner Tip

Remember that the mass of an electron is very small, but is greater
than zero and is generally given as a relative mass of 1/1840
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Question 1 (¢)

This question required candidates to draw the shape of a p orbital.

Many correct answers were seen, and we allowed for a set of three p-orbitals joined together
to score.

Some candidates tried to draw over-lapping p-orbitals to show a pi bond which was not
asked for in the question and so the mark was not awarded.

(c) Draw the shape of a p orbital.
(1)

N
\( / ResultsPlus
/'--.‘: Examiner Comments

This is an example of a drawing that was awarded the mark.

(c) Draw the shape of a p orbital.
(1)

N
\( / ResultsPlus
/'--t Examiner Comments

This candidate did not score the mark as there were two p-orbitals
overlapping which might have been intended to show a pi bond.
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Question 1 (d)

This three mark question proved more challenging.

The best answers showed a full understanding of the structure and bonding in silicon and
chlorine. There was some confusion over the structure of silicon with metallic, ionic and

molecular all being used as descriptors.

Some candidates suggested that the covalent bonds in chlorine were broken on melting.
These answers generally did not include a reference to the London forces between chlorine

molecules.

(d) The melting temperatures of two elements in Period 3 are given in the table.

silicon

chlorine

1683

172

Explain, in terms of the structure and bonding of each element, the difference

between these values.
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ﬂ ResultsPlus
Examiner Comments

This is an example of an excellent response to this question which
covers the structure of both silicon and chlorine in detail and links the
strengths of the covalent bonds in silicon and the London forces
between chlorine molecules to the melting points of the elements.

(d) The melting temperatures of two elements in Period 3 are given in the table.

silicon chlorine

1683 172

Explain, in terms of the structure and bonding of each element, the difference
between these values.

(3)
......... Chlaviva. el o SInaPle nadle Colour 304 LA SO, St Gt

NEANMNTE, O LY. O €809 Ly (roioas nasd ke etk SULCO . Wt &
Qloank covaiank. sEathace. ol va. o UAENCL P 20, SAuEO . ...
QRN Cornhiinkiy. oomoted Po 4 0faaar SIS KRS COmARMA

Mmmmmwfommﬁw%mmwamm ..............

a\__

% ResultsPlus
Examiner Comments

This is a well-structured answer and if that candidate had named the
intermolecular forces between chlorine molecules as London forces
three marks would have been scored.
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Question 2 (a)

This is an example where careful reading of the information in the question would have
helped the candidates to access both marks.

The first mark was awarded for noting that the Universal Indicator would change colour to
blue/purple.

The second mark was scored for realising that the water in the test tube would drop as a gas
would collect at the top of the tube.

Candidates were asked for observations, and should be made aware that 'solution goes
alkaline' is not an observation, whereas the accompanying correct colour change of the
Universal Indicator is.

Some candidates named the gas produced. Again, the observation would not be that the gas
was hydrogen, it would have been that a gas would collect at the top of the tube.

If the gas was correctly named as hydrogen then this was not penalised. However incorrect
gases were penalised, as were incorrect colour changes of Universal Indicator, such as 'an
alkaline solution produces a red colour'.

This answer scored 1 out of the possible 2 marks.
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A
(a) Magnesium g:olﬁrder is added to a beaker of water containing a few drops of
Universal Indicator.

The apparatus is set up as shown and allowed to stand for a few days.

Y

| test tube filled with water

b f

water and Universal Indicator

_— filter funnel
/ E | magnesium powder
State two changes that will be seen after a few days.

82. ...........................

(2)

= Coour..

M\

ﬂ ResultsPlus
Examiner Comments

Here the candidate has noted that there would be a colour change but
has not described the colour, so this first mark is not scored.

The second mark is scored for the decrease in the amount of the solid
magnesium.

(T ResultsPlus

\_} Examiner Tip

Read all of the information in the question and make use of it when
thinking of your answer.
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State two changes that will be seen after a few days.
(2)

e OBy T SRV L U T . R

...... winker ok has doened NN

AN

~ < ResultsPlus

/--.. Examiner Comments

This scored one mark out of the two for the colour of the water being
blue.

The second mark was not awarded as although the candidate has
noted that a gas would be produced, they have incorrectly identified it
as carbon dioxide.
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Question 2 (b)

This question required candidates to explain the trend in reactivity of the Group 2 elements
with reference to their electronic configurations.

Full explanations included reference to the weaker attraction of the outer electron to the
nucleus as the group is descended due to increased distance of the outer electron from the
nucleus and the increased shielding from inner electron shells, meaning that less energy is
required for the outer electron to be lost.

Common omissions included the shielding effect, reference to the electrons being in the
outer shell and not explaining that reactivity is linked to the loss of an electron.

This shows an example of a fully correct answer covering all of the points required for full
marks.
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(b) Explain how the trend in the reactivity of the Group 2 elements is determined by
their electronic configurations.

(3)
Dnl»mgoui’z,“\ermﬂhu‘r:)mhltmmw,a
JThis s becouse dows. the s dhe Ml oetals! alomic  codii & incedst..
ol She gite. . eleckoona.ase.. puchee. auan oo the _metlente
s Alse thes . mumbec.. oy eleckron.. shells, incseases..,.ze. . outec. elocksens . expesicact
morte[m’(fqns\,:lamj
..'..Ehi?_ﬁ.,._,,“.{mk.t.e.*.E.i\.ﬁh?..“._....,ﬂa@.......,.]M..{.ﬁ.l.s.t..;....._,,.,...mm.bf.(........ﬂ*,....._..f.m,!,?.ﬂ.?.....,,,,,.ﬂ.'d.’gmﬂ.......f.ﬂ!e.l,[hl@...,...i.n.......,...
..... %l'.%.f......,,,ﬂl&d.\'.!.nb....,..,,.,hm\.lx].....,.,.[.f,&:,.,.....aﬁ.{&r—.i.s..ﬂ...........*.\a.........kh%......__.mr..l!.i_____,,..n.f...._i‘,\'rn‘-........u{m'.\b....,....,ﬁm.ﬂ............
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Z ResultsPlus

Examiner Comments
This is a clear explanation with each point made in a logical order.

0\ ResultsPlus

This candidate has shown a good understanding of the factors
affecting reactivity.
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(b) Explain how the trend in the reactivity of the Group 2 elements is determined by
their electronic configurations.
(3)

-A; P onDve. clﬂ'wn e Grovp. (GCAC{:’N\LD wmereases
= i &rpuf H~e Bltmbd‘b Ol&.ﬂ\l‘c
f&qhu& WNLrenses o U'\Qr Purther Mun e Qoo the mure eleckeon

Shielding bhey expecience. PR —
= Um, meoms Baere & o uc.ul‘cc.r (urce u&” qu(w,e.m bt&wu\ Mﬂuc,{m

Owugf—'fwl:‘v\r.nucleus

a\_

ﬂ ResultsPlus
Examiner Comments

This response scored two. They had made the first two marking points
(greater distance between the outer shell electron and the nucleus and

greater shielding) but they did not complete their explanation by

saying that the reason why reactivity increased was because the outer
electrons would be lost more easily.
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Question 2 (c)

Candidates were asked to explain, in terms of electrons, why the reaction between calcium
and chlorine is a redox reaction. Candidates who gave good answers to this question made
sure that they had included a description of the loss and gain of electrons. Others who did
not score the full two marks answered in terms of oxidation number changes and did not
include reference to the electrons.

(c) Calcium reacts with chlorine.
Ca(s) + Cly(g) — CaCly(s)

Explain, in terms of electrons, why this is a redox reaction.
{2)

OGN RO wonde Snldning g
____________________________________ \ONS Ane 2 U NS BN &y

pom @G 5 Yene. GUANG rdlced

.JII:\' —
ﬂ/ &{ ResultsPlus
/--. Examiner Comments

This response scored both marks as they have correctly explained that
the reaction is a redox reaction and have included information about
the electrons.
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(c) Calcium reacts with chlorine.
0 i
Ca(s) + Clylg) = CaCly(s)

Explain, in terms of electrons, why this is a redox reaction.

........... beditSL.... e aidadin muwber”. abat st ae 7 za{a....az’aajof
..... aﬁg!ahammbf/ o+ a (luj.g)\._ ey 2 tdih..

......gg nf}:h{!x:{ e axidoirs wunkoc.. § Chhre.. Ar&!gw( y!
ko =L WNLL. & K&ZM

I\

%R&sultsﬁus
Examiner Comments

This is an example of a response that scored just one of the two marks
available. Their statements are correct but they have not mentioned
loss or gain of electrons as asked for in the question.

GCE Chemistry 9CHO 01 16



Question 2 (d)

This question required the candidates to calculate the moles of magnesium added to the
acid and then to use this information to calculate the molar volume of hydrogen with
appropriate units.

Many candidates accessed the first mark, and calculated the number of moles correctly (1.44
X 10-3) and some went on to give the correct answer in cm3 or dm3 as appropriate.

However many candidates found it difficult to work out how to use this to answer the second
part of the question, with many dividing 1.44 X 10-3 by 32cm? instead of dividing 32 by 1.44 X
1073 to give the correct answer of 22,200 cm? or 22.2 dm?3,

This response is typical of an answer that gained one mark only for the first step, to calculate
the moles of hydrogen.

(d) An experiment was carried out to determine the molar volume of hydrogen at
room temperature,

0.035 g of magnesium was added to excess hydrochloric acid and
32 cm’ of hydrogen was produced.

O'Dgs_Mg[s} + 2HClaq) - MgCli(aq) + Hi9) 3. .\ 43

Calculate the molar volume of hydrogen from the results of this experiment.

Include units in your answer.
(2)

nCijD- O- ogf“
AY. 3
= (YU (O
.
Cu,) -~ Hsao
©-0O%)

g

S

-

= Q -0455'\./«&.3\(:1/\.53
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\/ 1{ ResultsPlus

Examiner Comments
The candidate has correctly calculated the moles of hydrogen and has
then incorrectly divided this number by the volume of gas given in the
question.
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Question 3 (¢)

This question was about the electron configuration of a chloride ion. Many correct answers
were seen.

The majority of incorrect answers gave the electronic configuration of a chlorine atom.

This is an example of a fully correct response. Although not necessary for the mark, the
candidate's correct working out can be seen below their answer.

(c) The halogens can form halide ions during reactions.

Complete the electronic configuration of the chloride ion.
(M

_....'2_5 ......... 219° .2 } ........ =5 .'?.‘ ............................. T R DR

At \-—-—--._._h-.._d-r—f‘_"__._.—_._e

% A fé
|S

\/ / ResultsPlus

Examiner Comments
The correct electron configuration of the chloride ion has been given
and the mark has been awarded.
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This is an example of a common incorrect answer where the candidate has given the correct
electron configuration of a chlorine atom rather than the chloride ion asked for in the

question.

(c) The halogens can form halide ions during reactions.

Complete the electronic configuration of the chloride ion.

st Lpf Bt ApP

(1)

-
—
-

~ &{ ResultsPlus
/--._ Examiner Comments

negative charge of the chloride ion.

The candidate did not remember to add on the extra electron for the

s
-
o

14\ ResultsPlus
\

| Examiner Tip

from that of the atom.

If the electron configuration of an ion is required, this will be different

GCE Chemistry 9CHO 01 20



Question 3 (d)(i)

Many candidates were able to give a correct value for the first part of this answer, even if
their equation was not quite correct. It was possible to score marks for correct statements
about the equation for the reverse of disproportionation and some candidates made good
arguments from a correct reverse equation. There was some confusion over the final part of
the question, with some candidates saying that because the value was negative, the reaction
would be feasible.

This answer is fully correct and scores all three marks. State symbols were ignored as they

were not asked for in the question and so the absence of the (aq) on the H" ions did not
matter.

(d) The standard electrode potentials for two half-equations involving bromine

are given. 7P
N

Briaq) + 2e” = 2Bri(aq) E¥ = +1.09V
2HOBr(aq) + 2H*(aq) + 2e” = Brfaq) + 2H,0(l) E® =+157V
Nz

(i) Explain why the disproportionation of bromine in water is not
thermodynamically feasible under standard conditions.
Include the overall equation for the disproportionation and its £ value.

B, G - ZBr +2H0%r rZH’*

’MF)

(3)

= - &
Eo:”« i I E o
- (D) — G ST
- .o\

Egh o bos Han O 5o wader shidock condibo, e
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™
\-\.

N / ResultsPlus
/---t Examiner Comments

The candidate has balanced the equation correctly and shown it in the
forward direction with reversible arrows and so this scores the first
mark.

For the second part, the candidate has correctly calculated the value
for the electrochemical cell emf and so this is scored too.

The final statement is correct and so three marks scored overall.

Examiner Tip

.':.’" ResultsPlus
<

The candidate has shown their full working and so avoided making a
mistake with their calculation.
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This shows an example of where the candidate has written the reverse equation and gained
two marks. Their final statement does not explain why the disproportionation reaction would
not be thermodynamically feasible and so does not score.

(d) The standard electrode potentials for two half-equations involving bromine
are given.
—
Bri(aq) + 2" = 2Bri(aq) E¥ =41.09V

2HOBraq) + 2HYag) + 2e” = Brfaq) + 2H,0()  E"=+1.57V
T = Bc* ¥ 2e”
(i) Explain why the dispro onation of bromine in water is not
thermodynamically feasible under standard conditions.
Include the overall equation for the disproportionation and its £, value.

IR
2 @& Caqd ¥ 2O B laad ¥ 21t Caad —>2%3r,(aq )y
2 Y50

(3}

&‘9: ; - +\-53F - +1:-09

40 XV

TR — AIBPIREDMRNANDD. AT D0

AR T MRS AOOMIOAL L O . R RLITLA.. XOR L A SR ... A

CPinir wntan U'A e A v

ﬂﬂesuhsﬂus
Examiner Comments

This candidate has scored two marks as they have written the reverse
equation and calculated the electrochemical cell value correctly.
However they have made the incorrect interpretation of their value
and may not have realised that they had given the reverse equation
and so did not score the final mark.
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A\ ResultsPlus
\\ Examiner Tip

Check your work to ensure that your conculsion follows on from your
calculations.

\.
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Question 3 (d)(ii)

Very few candidates appreciated that the system is an equilibrium and so there would be a
presence of all of the species in the equation. Many answers referencing a high activation
energy or non-standard conditions were seen. A few candidates realised that if water were in

excess or bromine was at a higher concentration than 1 mol dm3 then disproportionation
could occur.

(ii) Bromine disproportionates in water to a small extent at 298 K.

Give a possible reason why this reaction occurs.

\( &{ ResultsPlus
/'--.. Examiner Comments

This response scored the mark for the reference to the equilibrium
and to the excess water which would shift the position of equilibrium
to the right hand side.
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Question 4 (b)

This question required candidates to know the colours of the transition metal ions in
aqueous solutions and then to work out which ion migrated to each electrode. The Cu?* ion
would migrate to the negative electrode and give a blue colour, whereas the CrO42" ion

would migrate to the positive electrode and give a yellow colour. Many candidates knew that
one of the colours that would be seen would be blue, although they did not always identify
the correct electrode. Fewer candidates knew the correct colour of the chromate ion, with
answers of green or orange seen relatively frequently.

(b) An aqueous solution of copper(ll) chromate(VI) was electrolysed using the
apparatus shown in the diagram.

Wt —= F

6 -1 4.
+] L™ L'—IL:‘-}L -~ ~T

—16V DCH

E\“— ‘——‘/F

N4 copper(ll) chromate(Vl)
u/ solution

Deduce the colours of the solutions in regions E and F after the electrolysis
has occurred.

3,

Colour in region E

Colour in region F

—
\( /i ResultsPlus

Examiner Comments

This candidate has given the incorrect colour of orange for the
chromate (V) ion, possibly confusing it with the orange of the
dichromate (V1) ion. They have the correct colour for the copper (ll) ion.
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Question 4 (c)

The question required the candidates to apply their knowledge of factors that affect the
strength of an ionic bond and to select appropriate ions from a table that would form a
compound with the strongest ionic bonding. Candidates would be expected to know that the
smaller the ion, the stronger the bond and the larger the charge, the stronger the bond and
therefore to select Mg2* and CI" from the table. They then had to combine these into the
appropriate formula. Most candidates, if they correctly selected the ions then derived the
correct formula of MgCl,

(c) Some ionic radii are given in the table,

Na* 0.102
Mg** 0.072
cl 0.180
Br~ 0.195

Deduce the formula of the compound, formed from the ions in the table, that has

the strongest ionic bonding.
(1)

N\

i( ResultsPlus
Examiner Comments

This is an example of a correct response with the correct formula
given.

| Examiner Tip
Formula is in bold here so the name will not suffice.

C V ResultsPlus
\_/

27 GCE Chemistry 9CHO 01



Question 4 (e)

This question assessed the candidate's knowledge of factors that affect the properties of
water compared to hydrogen sulfide. Many candidates recognised that there was hydrogen
bonding present in water and most made an attempt at a diagram to show the hydrogen
bonding present between two water molecules. To score the marks for the diagram it was
necessary to show the dipoles, the lone pair on the oxygen that was joined to the second

molecule by the hydrogen bond, and for the bond angle to be 180°. The most common
feature that was omitted was the lone pair on the oxygen. The next step in the answer was to
consider the factors causing the difference in the melting temperature of the molecules.
Most candidates noted that the hydrogen bonding in water would be stronger than the
intermolecular forces between hydrogen sulfide molecules. Fewer picked up on the
information about the number of electrons in each molecule and linked it to the fact that
there would be stronger London forces between hydrogen sulfide molecules. The final step

was to explain why ice had a lower density than water at 0°C. Many candidates scored just
one of the two marks for commenting that in ice the water molecules were arranged in a
hexagonal lattice with spaces in the structure with fewer noting that liquid water would be
more dense as the molecules were closer together. Some candidates mixed up their
comments for these two points, saying that ice would be more dense than water.
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*(e) Water has two significant anomalous properties:

+ ithas a higher melting temperature than hydrogen sulfide, H,S, even
though it has fewer electrons in its molecules

« the density of ice at 0°C is less than that of water at 0°C.
Explain these properties.

You should include a labelled diagram to show the intermolecular forces between
two molecules of water.

H 6 3 it...--' C.)"r B
=W \

r'."" "4 g
s 7\ U X B

Ny
H §+ 5—\1‘;&

Mb&'?’”&r dallozace e Mm\:gmﬂ@m

M Okvapen.. M&_Wgﬁn a,%uw:?
o cted.. forvmmals. &‘.L..a-f-wp T T
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ResultsPlus

Examiner Comments

This shows a good example of the diagram of a hydrogen bond
between two water molecules. The dipoles, the lone pair on the
oxygen in the hydrogen bond and the correct bond angle are all
evident. This scored the first two marks for the question.
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*(e) Water has two significant anomalous properties:

« it has a higher melting temperature than hydrogen sulfide, H,S, even
though it has fewer electrons in its molecules

» the density of ice at 0°Cis less than that of water at 0°C.
Explain these properties.

You should include a labelled diagram to show the intermolecular forces between
two molecules of water.

(6)

ﬂ ResultsPlus
Examiner Comments

This is an example of an incomplete diagram of a hydrogen bond. The

hydrogen bond itself is shown at the correct 180° angle, but there are
no dipoles and no lone pairs on the oxygen atoms.

< ResultsPlus

| Examiner Tip
If a labelled diagram is called for then check that you have added every
detail that you could in your answer.
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*(e) Water has two significant anomalous properties:

+ it has a higher melting temperature than hydrogen sulfide, H,S, even
though it has fewer electrons in its molecules

the density of ice at 0°C is less than that of water at 0°C.
Explain these properties.

You should include a labelled diagram to show the intermolecular forces between

two molecules of water.
(6)
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MMr\@pom&: S—tle< lee (s lESS
Qunse  Yaan  wokes hecouse  wokes hOL.S

e 0 pporgunatt tQhMﬁdea,mgenbo
PYT nmelecure p becaude b hasS EWQ (0ng .

GCE Chemistry 9CHO 01 32



ﬁ%{ﬂ‘ﬁ .......... (N b eqween . m, ........ m. .q.Le,mA.&S., T‘\e_ 3(1405 mean
20BN, ... MOrR..... A4 SPACES. Sm A rerelOve. ..
less  danse. The liguad. Ve Sion. e pt

torm 4 | V\Ad .................. 0gen bongs s e mole etel
Lo m@mm@ AC..mare

Warer i

1'5 cuale, {"5 Vvddu 0gen_ bona o

- OKygen. bﬁmj Mg% ........ M&%mﬂ
—SNLXTOND. QL. pulked WQJJ pmm ______________

bxo. %Mo;aen mald, 9. LE.NVerY  RAs

%j ResultsPlus
Examiner Comments

This response scored four marks. M1 was scored for the lone pair on
the oxygen in the hydrogen bond and for the correct dipole. However,
the angle in the diagram is incorrect and so M2 was not awarded. M3
and M4 were both awarded for the comments about greater London
forces in hydrogen sulfide and hydrogen bonding being a stronger
intermolecular force than London forces. M5 was evident for the
comment about there being gaps/air spaces between the molecules in
ice. M6 was not awarded as there was no mention of the water
molecules being closer together in ice. This gave four indicative points
which translated to three marks plus one reasoning mark and
therefore a total of four marks.
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Question 5 (a)

Candidates found this question challenging with few linking the production of carbon dioxide
to an increase in pressure. There were many responses linked to heat loss and to non-
standard conditions, but not specifically to an increase in pressure.

5 This question is about enthalpy changes and energy changes.
(a) Magnesium carbonate reacts with dilute hydrochloric acid at room temperature.

MgCOs(s) + 2HCl(ag) — MgClyag) + CO,(g) + H,Ofl)

When the reaction is carried out in a sealed container with a constant volume, the
heat energy change is not the same as the enthalpy change for this reaction.

Glve a reason why this is so.

....................... (O eacapts @5 a 4@ [0 leat log

X { ResultsPlus
/--._ Examiner Comments

This response did not score the mark, as although the candidate has
mentioned the production of carbon dioxide they have written that it
will escape. In the question it states that the container is sealed, so the
carbon dioxide would not escape. The have then mentioned 'heat loss'
which is not relevant to this answer.
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5 This question is about enthalpy changes and energy changes.

(a) Magnesium carbonate reacts with dilute hydrochloric acid at room temperature.
MgCO;(s) + 2HCl(ag) — MgCl,(ag) + CO,(g) + H,O(l)

When the reaction is carried out in a sealed container with a constant volume, the
heat energy change is not the same as the enthalpy change for this reaction.

X Give a reason why this is so.
(1)

jwuw“uﬁwfmm;mcmm

I\

<’$_§ ResultsPlus
Examiner Comments

This response scores the mark for the comment that the pressure
increases as a gas is produced.
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Question 5 (b)

This question asked for a description of the standard enthalpy of formation of alumiumium
oxide. Many candidates were able to score the mark for describing standard conditions
correctly. Some candidates opted to attempt equations for M1 and M2, but there were often
contradictions between the equation and what they wrote as a description, particularly
evident were references to ions in the gaseous state rather than elements in their standard
states for M2.

(b) State what is meant by the standard enthalpy change of formitigp__?f
aluminium oxide, Al,0,(s). Include standard conditions.

(3)

N i{ ResultsPlus
/'--.. Examiner Comments

This is an example of a fully correct response.
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(b) State what is meant by the standard enthalpy change of formation of
aluminium oxide, Al,0,(s). Include standard conditions.
(3)

T eergw  Omoae for ) Mol ol ~esaes

e SONBRITONS...... = VOO Kb 9B

AN

ig ResultsPlus
Examiner Comments

This response scored two marks as the candidate omitted to refer to
the standard states of aluminium and oxygen.
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Question 5 (c)(i)

This question was about the factors that affect the solubility of ionic compounds.

This is a completely correct response, scoring both marks.

(c) Use the data in the table to answer the questions.

Enthalpy change of hydration of K*

=322

-1650

Enthalpy change of solution of KCl

+17.2

Lattice energy of KCl

=71

(i) Name the two properties of ions that affect the value of their

enthalpy change of hydration.

...... Char c.}fqn;amdrua

(2)

ResultsPlus

Examiner Comments

The candidate has identified the ionic charge and radius correctly.
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This answer just scored one mark.

(il Name the two properties of ions that affect the value of their
enthalpy change of hydration.

N,

~ < ResultsPlus
/--. Examiner Comments
The candidate has correctly identified the features of the charge and
the size. However, they have referred to the 'atomic' radius and this

question concerns ions and so they have only scored one of the two
marks available.

A\ ResultsPlus
\\ Examiner Tip

If the question is about ions be sure to check that your answer is in
terms of ions and not atoms.
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Question 5 (c)(ii)

This question required candidates to complete an energy cycle to calculate the enthalpy
change of hydration for chloride ions. There were many correct answers seen, although it
was also common to see arrows the wrong way round and incorrect states for the ions in the
bottom box.

(i) Calculate the enthalpy change of hydration for chloride ions by completing
the energy cycle, including labels, and using the data in the table.

+i1.2

ﬁmInH
KCl(s) + aq »  K'(aqg) + Cl(aq)

ik o £ =
<

(3)

Ko+ g

H7.2= =7l + 322X

iy +7-2= 38+ X

enthalpy change of hydration for Cl” ions

N

¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

This scored two marks. The arrows are fully labelled and in the right
direction, and the final answer is correct. However the candidate has
omitted the charges on the ions in the bottom box.
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(i) Calculate the enthalpy change of hydration for chloride ions by completing
the energy cycle, including labels, and using the data in the table.

(3)
AsolnH
KCl(s) + aq » K'(ag) + Cl'(aq)
A
i H DS
£t aq,
Cl+ag,
~ B2 LHT-T 2= 1])
2= =467
enthalpy change of hydration for Cl” ions -LrOéZ. kJmol™

AN

ig ResultsPlus
Examiner Comments

This response did not score. The arrows, although labelled are pointing
in the wrong direction, the ions in the box are given as (aq) instead of
(g) and the final answer is not correct.
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Question 6 (a)

This was a straightforward question and scored well. A few candidates wrote that a base was
a proton donor, confusing the definition with that of an acid. Others commented incorrectly

that a base would react with an alkali.

6 This question is about acids and bases.

(a) State what is meant by a Brensted-Lowry base.

N

~ { ResultsPlus
/--._ Examiner Comments

This correct answer scored the mark.

(a) State what is meant by a Brensted-Lowry base.

N

) &{ ResultsPlus
/---. Examiner Comments

This was a common incorrect answer which describes an acid instead
of a base.
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Question 6 (b)

This question required the candidates to write an ionic equation for the reaction between
magnesium oxide and an acid. Many candidates worked a balanced symbol equation for this
reaction with hydrochloric acid being the most popular example, and then either did not
convert this to an ionic question or used the wrong state symbols. It was common to see (aq)
as the state symbol for the solid magnesium oxide and/or (aq) for water.

(b) Write the ionic equation for the reaction between magnesium oxide and an acid.
State symbols are required.

(2)
"\30“3 + ?H(‘Lf“ﬁ—}‘ MEU«I L\'} -+ HID[L‘,I
I\ /
\/ ( ResultsPlus
/'--. Examiner Comments
This response scored no marks. The candidate has written a balanced
chemical equation rather than the ionic equation and the state symbol
for the magnesium is incorrect.
(b) Write the ionic equation for the reaction between magnesium oxide and an acid.
State symbols are required. MY O &+ 2zrel =7 Mgl + 1,0
(2)

T4
Mg OW + 217 () —Y MY )+ o0

S
\/ /i ResultsPlus

Examiner Comments

This is an example of a fully correct ionic equation with the correct
state symbols and scored both marks.
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Question 6 (c)

Many correct answers for the concentration of the hydrogen ions were seen. A few
candidates did not score the mark because they incorrectly rounded their answer to 3.17 x

10-10

(€) Calculate the concentration of hydrogen ions, in moldm™, in a solution with a
pH of 9.43

(1)
Y%

10 = 3.7S3x107"°

Ot = 372 X106 ppt o

.-""'d---lI

N { ResultsPlus
/---.. Examiner Comments

This candidate scored the mark for a correct answer.

(c) Calculate the concentration of hydrogen ions, in moldm™, in a solution with a
pH of 9.43

of\ = —-\ogl__\"\-l
W] = e L4863 = 094745
T 0.435 mdn’

(1)

JAN /
y ( ResultsPlus
/--.. Examiner Comments
This candidate did not score as although their expression for the
concentration of the hydrogen ions was correct, they omitted the '-'

sign from their calculation and so their answer was not correct.
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Question 6 (e)(i)

Candidates were asked to plot a graph and to use this graph to determine a value for Kw at

45°c. Many candidates produced graphs that covered more than half of the paper with
suitable labelled axes and were able to use this to determine the value for Kw. Some
candidates omitted the labels on the axes and a few plotted the axes the wrong way round. It
was possible to score the marks by converting Kw to pKw and candidates that adopted this
approach were often able to draw the graph but sometimes forgot to convert their final
answer back to a Kw value.
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(e) The ionic product of water, K,, , varies with temperature as shown.

0 0.11x10™
10 0.29x10™
20 0.68 x 107
30 147 x10™
40 292x10™
50 548 x 107

(i) Determine the value of K,, at 45 °C by plotting a suitable graph.
You must show your working on the graph.

Kia ) o= (3)

~

5% o't

4 x

Ixg™

2RO =M

1 xpo -
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ResultsPlus

Examiner Comments

This is a fully correct response scoring all three marks. The axes are
fully labelled, the scale is appropriate and the final answer is correct.

J

(i) Determine the value of K,, at 45 °C by plotting a suitable graph.
You must show your working on the graph.
(3)

5.“—""6.& T
a1 0™
Lurxe
$
$ .
3
e 0 g™
]
(S Al 10” “(7-]'(1 .‘I‘I.HW'*J
on 1
= Lok
o o ] 1o Yo so
Tempvature (»)

KoatasCm lea mapzte .

ResultsPlus

Examiner Comments
The scale on the y-axis is not even and so that candidate did not score
the first mark. However their points are plotted correctly and the line
they have drawn is appropriate for their points. The final answer is
within the tolerance of the mark scheme and so this candidate scored
two of the three marks available.
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Question 6 (e)(ii)

Candidates were asked to calculate the pH of water at 30° given the ionic product. Many
correct answers were seen, with a few rounding their final answer incorrectly and so losing
the third mark. Some candidates divided the Kw by two rather than using the square root.

(il) The ionic product of water at 30°C is 1.47 x 10" *mol*dm™,

Calculate the pH of water at this temperature.
Kiai € Tarl Can™3
e 'Y s

W = 1.1212 xte~™ 7 =2CH*Y3

PH = ~lo 5CH+1

(3)

-7
—~\og, -2\ %10 = 6.9

—#

N
\( '{ ResultsPlus
/'--.. Examiner Comments

This fully correct answer scored all three marks. The answer was
correctly rounded to 2SF.
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(ii) The ionic product of water at 30°C is 1.47 x 10" mol’dm™,

Calculate the pH of water at this temperature. 3)

-tley

TW"L Fw -C’ mabey = | X wila {'.LJ“:G

oy (LG 7 xio™) =~ 1382

f“

\/ / ResultsPlus

Examiner Comments

This response failed to score any of the marks. They have quoted the
ionic product of water at 298K which is not relevant to this question.
They could have scored a transferred error (TE) mark for their
calculation of the pH from their hydrogen ion concentration but the
expression is incorrect as they have omitted the minus sign before the

log.
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Question 6 (f)(i)

Candidates generally showed a good understanding of how to choose an appropriate
indicator with phenolphthalein being selected in the majority of cases. The reason was
generally linked to the equivalence point and/or the first vertical jump in the graph. A few
candidates stated the colour change would be from colourless to red which negated the
second mark as the correct colour change would be from red to colourless.

() Deduce a suitable indicator to identify the first equivalence point.

Justify your answer using values from the Data Booklet. i

_Pnenoipnnalein (in evnanon  snouwd.
....... DO VLA At e nas. QO anQe
........ ot £ 2-00-0  wnich matthes the 1ange Of
...... OO NOTEICOL  SRTEION With e $sx
.......... QQUANQMNCE DOV

JAN

) { ResultsPlus
/---. Examiner Comments

This response scores both marks for the correct choice of indicator
and for the link to the vertical region of the graph.

(i) Deduce a suitable indicator to identify the first equivalence point.
Justify your answer using values from the Data Booklet.

N

~ ‘\/ ResultsPlus
/‘--. Examiner Comments

This response scored the first mark for identification of the indicator.
However there was no justification linked to the graph given for this
choice and so the second mark was not scored.
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(i) Deduce a suitable indicator to identify the first equivalence point.
Justify your answer using values from the Data Booklet.

(2)
................................................................................................ §:2-l0.0.= PAUYQNe,
N %5 0nd OG-S ..onestswand

CoOloMICNANgR (vomred 468 Caloure s .

N

ﬂ ResultsPlus
Examiner Comments

This response also scored both marks for the correct choice of
indicator and the link to the required pH range for it to cover. The
given colour change is correct.
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Question 6 (f)(ii)

Candidates were required to identify the reaction occurring at the second equivalence point
and to write an equation. Candidates found this more challenging that some of the other
guestions with many writing equations that showed the sodium hydrogen carbonate reacting
with sodium chloride instead of hydrochloric acid.

(i) Write the equation for the reaction taking place at the second
equivalence point.
State symbols are not required.

NN AN Q. ~o Py,
N0 N\ WE QN7

AN YR NRE o N TAVAV IV

NaWtoy + HCG —> Nali + W0 (O,

N

N i{ ResultsPlus
/--.. Examiner Comments

This is a fully correct answer as in the mark scheme. State symbols
were not required as stated in the question.
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(i) Write the equation for the reaction taking place at the second
equivalence point.

State symbols are not required. (1)

N H (03 N0l —> 2 (03 + pact .

ﬂ ResultsPlus
Examiner Comments

This response did not score as the candidate has reacted the sodium
hydrogen carbonate with sodium chloride and so has been unable to
produce a correct balanced equation.

f\“i ResultsPlus

) Examiner Tip

If an equation cannot be balanced correctly then check again as there
must be an error with the products and/or the reactants.
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Question 6 (f)(iii)

This question proved challenging with candidates having difficulty explaining the actions of
the specific buffer. There were many general answers referring to buffers as resisting

changes to pH when small amounts of H or OH" ions were added which did not score any

marks. The most commonly awarded mark was for the reaction with carbonate ions with H*
ions. Candidates who mentioned the carbonate and the sodium hydrogen carbonate rarely
mentioned that there was a large reservoir of these substances.

'Explain how the solution at point X on the graph can act as a buffer solution.
(3)

\(f( ResultsPlus
Examiner Comments

This response did not score. There was an attempt at explaining buffer
action, but nothing creditworthy in terms of the buffer in the question.

(iii) Explain how the solution at point X on the graph can act as a buffer solution.

(3)

.......................... - There (s o large. wsevoir. of . " and..

GCE Chemistry 9CHO 01 54



™
\ o

" { ResultsPlus

/--.‘: Examiner Comments
This response scored two out of the three marks. They have
mentioned a large reservoir of the carbonate and the hydrogen

carbonate and also given the equation for the reaction of H" ions with
carbonate ions. However, they have not given an explanation of how

the buffer would work when OH™ ions were added.
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Question 7 (a)

The question required candidates to explain in terms of ionisation energies why chromium
can show variable oxidation numbers. Many answers that were not creditworthy were seen,
including that all of the ionisation energies were low, or giving answers in terms of electron
configuration.

7 This question is about chromium and some of its compounds.
(@) The common oxidation numbers of chromium are +2, +3 and +6.

Give a reason, in terms of ionisation energies, why chromium can show variable
oxidation numbers.

AN

‘i&j ResultsPlus
Examiner Comments

This response scored the mark for the comment that there is no big
jump in the ionisation energies.

Give a reason, in terms of ionisation energies, why chromium can show variable
oxidation numbers.

(1)
..... ore. loar i sl {W‘*"‘“"
........ vs 187 25 2p€ 35" 2 Chc A 3AY

AN

ﬂﬂesuﬂsﬂm
Examiner Comments

This answer did not score. There is no reference to ionisation energies
as asked for in the question.
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Question 7 (b)

The question required candidates to draw a dot-and-cross diagram to show the bonding in
chromate (V1) ions. Many fully correct answers were seen, some with symbols to depict the
origin of the electrons, although this was not required. Errors included missing electrons on
the oxygens and additional electrons on the chromium.

(b) The bonding in chromate(VI) ions, CrOZ, is similar to that in sulfate(Vl) ions, SO,

Draw a possible dot-and-cross diagram for a chromate(Vl) ion.

(B¢

-

(2)
2 —

\( / ResultsPlus

Examiner Comments

This answer scored both of the marks. The candidate has shown four
single bonds between the chromium and oxygen and added the
correct number of electrons to each oxygen atom. Although not
required in the question, they have indicated the extra electrons in the
ion.
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(b} The bonding in chromate(Vl) ions, CrOZ, is similar to that in sulfate(Vl) ions, SO .
—

Draw a possible dot-and-cross diagram for a chromate(VI) ion.
{(2)

~ ResultsPlus
Examiner Comments
This response scored one mark of the two available. Four electron

pairs were shown around the central chromium. However the diagram

was incomplete as the electrons around the oxygen atoms were not
drawn.

\.
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Question 7 (c)(i-iii)

This question concerned the reaction of zinc with acidified potassium dichromate (VI). Many
candidates derived the equation correctly, although some careless omission of charges
occasionally resulted in loss of marks. The electrochemical cell potential was also well
answered. The third part of the question scored the best when +0.35 had been calculated as
those who tried to explain it in terms of more positive/less negative electrode potentials
sometimes got them the wrong way round.
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(c) A student added some pieces of zinc to an acidified solution of
potassium dichromate(VI).

Some standard electrode potentials are given in the table.

Zn™(aq) + 2" = Zn(s) 076 |(ovidaoban)
Cr'(ag) +2e” = )r''(aq) -0.41

Cr:07(aq) + 14H’(aq) + 6e" = 2Cr(aq) + 7H:0) | +1.33 [ reducson)

(i) Write the overall equation for the reduction of dichromate(Vl) ions to
chromium(lll) ions by zinc in acid conditions.
State symbols are not required.

3t x beT = 2720 (2)

Cra09% 7+ U HY +32n — 20" 71,0 ¥zn?t

(i) Calculate E,, for the reaction in (c)(i).
%= 1°33+ 076 = 42:09V v

(iil) Predict whether or not a further reduction of chromium(lll) ions to
chromium(ll) ions will occur. Justify your answer.

FCr* % Ty e S ™ ¥ Ep2r ()
E%m: “0'4)l +0-7b = 035V — feasivle.

A furkherx. mMmrﬂncbmmMocmerCmﬁe ........
t:.ha Cr“] Cl‘ ELO-EJ::QC:M. .SBS%E.m ¥ Sl U - 1Y mgmw:
E® reragive o, 2ol 2o’ elactrade SuSte o
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™

Y / ResultsPlus
/---t Examiner Comments

This is an example of a fully correct response where the candidate has
derived the correct equation, calculated the correct value for the
electrochemical cell emf and given a good explanation (including the
correct value) for the reason why the further reduction reaction is
feasible.
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Question 7 (c)(iv)

This question proved challenging for many candidates although some good explanations for
the differences in colour between the solutions were seen. The marks were awarded for an
explanation of the reason for a different energy gap (the d-subshell being split differently by
the ligand) and for the origin of the different colours (a different amount of energy is
absorbed). Candidates were often unsure of what to include in the explanation and incorrect
answers included references to 'the oxidation numbers/electron configurations are different'.
A significant number of candidates mentioned splitting of a single d-orbital rather than the d-
subshell. For the second part of the answer a significant number of the candidates
referenced electrons being promoted up to a higher energy level and emitting light as they
drop back to the ground state. This relates to the visualisation of colour in a flame test and
not to transition metal ions in solution and so no marks were scored if this was given as an
explanation.

(iv) Aqueous solutions containing chromium(lll) ions and chromium(ll) ions have
different colours.

Explain why these solutions differ in colour.
An explanation of the origin of the colours is not required.

S Greqvemees. oF suble el oo dacey diftammt colova .

™,
\-\.

¥ / ResultsPlus
/--.‘: Examiner Comments

This is an example of fully correct response scoring both marks. The
candidate has explained that the d subshell splits differently into two
different energy levels and there is a clear explanation of the origin of
the colours.
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Question 7 (d)
This question required the candidates to use experimental results from a titration to

calculate the percentage of iron in a nail and hence identify the brand of nail. Many
candidates were able to follow through the required steps to obtain the correct answer.
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(d) An iron nail was analyfgd using the following outline procedure.

« Aniron nail was‘placed in a beaker and excess dilute sulfuric acid
was added.

«  After all the iron had reacted to form iron(ll) ions, the solution was made
up to 1.00dm’ in a volumetric flask.

.+ 25.0cm’ portions of the solution were acidified and titrated with
potassium dichromate(VI) solution of concentration 0.0167 moldm .

Results
mass of iron nail = 3.54¢g
mean titre = 15.50cm’

The table shows the percentage by mass of iron in four different brands of nail.

B 94
c 96
D 98

Potassium dichromate(VI) in acid solution oxidises iron(ll) ions as shown in
the equation

CrO7 + 14H" + 6Fe’™ — 20" + 6Fe™ + 7H.0

Determine, using the experimental data, the brand of nail that was analysed.
(5)

MOl ke U20; = 0.0167 X 155 = 2.56¢ X16¥
o0

Mol Fe' = 2.9580x 10" X6 = \-893 x 182
Moy Fe*t (lam3) = 1-553:4:0"3‘
75

X000 = ©.06Limol

Mass> = Mol x Mr
= ©0.062124 X §5.%
= 3.Lebs519L

v fe = QW 3.u6ES <ioo = Qq7.q%. .. Brond D

-
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N
\/ 2{ ResultsPlus

/'--. Examiner Comments

This is an example of a completely correct response.

The candidate has laid out their work so that the steps in their
calculation can be clearly identified.
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Potassium dichromate(V1) in acid wgﬂa oxidises iron(ll) ions as shown in
the equation vz ;ﬁm’

CrO; + 14H' + 6Fe™ 2cr" + 6Fe’ + 7H

O + + 6Fe” — r e ,0
Determine, using the experimental data, the brand of nail that was analysed.

ULO;‘L Mmean e = ©.0155 dm?

6.0167 not A ®

(5)

mel = 22.9399 K IOH*ml
’ Fe:.*
[ 2 6
. o
For* mol = 1.5831X (0, N Wwm

X = OOISSH wa W 2SO W

rexe (e 0,"*

me (R) = S55.8

Moy () = S5s5.8 X 001583 = O- Bekég

O. Bt6e #y X 00 = 2.4.48 "

2.5
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\( / ResultsPlus
/'--‘: Examiner Comments

This candidate carried out all of the required steps. However they
calculated the concentration of the Fe2+ incorrectly, using a volume of
250cm3 instead of 1.00dm3 and so their final answer was incorrect
and did not match any of the nail brands.

- .'::"' . ResultsPlus
\

Examiner Tip
If your final answer does not match any of the possibilities given then
go back and check your calculations again.
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Question 8 (a)

The question required candidates to substitute values into an equation to calculate the
equilibrium constant 'K for a redox reaction. Many candidates read the question properly
and were able to gain full marks. A few substituted the incorrect value of the number of
electrons transferred (the number '5' was in the question), and some used the logarithm to
base 10 instead of the natural logarithm to calculate their final answer. It was possible to
score the second mark as a TE on the wrong equation and a number of candidates were
awarded one mark by this means.

8 This question is about electrode potentials, cells and equilibrium constants.

(a) Chlorine gas can be prepared by the oxidation of chloride ions with
manganate(VIl) ions in acid solution.

MnOi(aq) + 5Cl(ag) + 8H'(ag) = Mn™(aq) + 2%Cl(g) + 4H.0() E=+0.15V
-1 s ()
During this reaction, each manganate(VIl) ion accepts five electrons.

Calculate the equilibrium constant, K, for this reaction at 298 K using
the expression

_ nEaf
RT

lnK

where n is the number of electrons transferred in the overall equation,
Fis the Faraday constant (96 500C mol”') and
Ris the gas constant (8.31 Jmol'K™).
Units of K are not required.
(2)

&
T\E(Q\.\ f

g B = R

e = *0-\5
Ean 5 x0-15 x16500

n:- S o %3 x24%
Y': O\BSOD

Q=&  493x10"
V= 29% (3:5-6)

N
\( { ResultsPlus

Examiner Comments

This is an example of a fully correct response to the question with the
correct final answer and scored both marks.
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L (1~ +2€ = Ciq ¢
+ 5e¢ --7150(1

8 This question is about electrode potentials, cells and equilibrium constants.

(a) Chlorine gas can be prepared by the oxidation of chloride ions with
manganate(VIl) ions in acid solution.

MnOI(aq) + 5Cl(aq) + 8H'(ag) = Mn*(aq) + ZI&Clz(g} + 4H0(l) Ecn=+0.15V
“ace e R dbnotes 5e”
During this reaction, each manganate(VIl) ion accepts ﬁve electrons. NH.Q,‘ 4+ Se”

Calculate the equilibrium constant, K, for this reaction at 298K using
the expression

nE,F
RT

InK =

where n is the number of electrons transferred in the overall equation,
F is the Faraday constant (96 500 5 mol ") and
R is the gas constant (8.31Jmol" 'K )
Units of K are not required.
(2)

InK= B2 n x 0-19x 963500
X T B3 x29%

h=95

lInK = Sxo 13X 1, 500
—

A\ K2ay

MK~ 726.7 126
14116
K -

IC = 4.97% L33;)
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N / ResultsPlus
/--.‘: Examiner Comments

This response scored one of the two marks available. The candidate

has carried all of the steps out correctly, but omitted the x10'2 in their
final answer. Careful checking of their calculator would have been
beneficial here.
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Question 8 (c)

The greater demand of the paper toward the end was evident in this question as many
candidates struggled to work out the equations correctly. The information in the question
stem clearly stated the substances involved and where necessary their states, but these were
often missed by candidates. It was also not uncommon to see the equations written without
electrons, despite the requirement for half-equations given in the question.

(c) Lead-acid batteries are used as storage cells in some cars.

The electrolyte is sulfuric acid, one electrode is lead and the other is
lead(IV) oxide, PbOz Ph
o

As the cell dlscharges, the lead and the lead(IV) oxide are both converted to
solid lead(H) sulfate, Pbsg4 and the concentration of the sulfuric acid decreases.

4
Deduce, using the information given, the two half-equations occurring in the
lead-acid battery.
State symbols are required.

&Oq WD* P’DO'L(.:;} +2e " — Pb0u(s) * QH-{OU}

(3)
e

Pbisy + Ok Tay — PEDu (31 + 2¢”

\( ﬁ{ ResultsPlus

/'--.. Examiner Comments
This response scored two of the three marks. The state symbols in the
first equation given are correct but the equation is not balanced for
hydrogens and should have 4H+ on the left hand side instead of 2.
Equations could be given in either order and single headed arrows in
the forward direction were allowed.

'/ ResultsPlus
\\

) Examiner Tip

Check equations are balanced before you move on to the next
guestion.
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(c) Lead-acid batteries are used as storage cells in some cars.

The electrolyte is sulfuric acid, one electrode is lead and the other is
lead(IV) oxide, PbO:;.

As the cell discharges, the lead and the lead(IV) oxide are both converted to
solid lead(ll) sulfate, PbSQ4 , and the concentration of the sulfuric acid decreases.

Deduce, using the information given, the two half-equations occurring in the
lead-acid battery.

State symbols are required.
(3)

T~ T2
Pb (s) e SOL" ﬁq-“. g P‘DSOL}r’+ 2€- .

)

L+ Pb0 + S04 wte —s
H(q.lw, 1(53 4 fﬁiﬁ* © Pbso‘f{f} o 7‘“10&)

N\

ig ResultsPlus
Examiner Comments

This response is fully correct and so scored all three marks. The
equations were all balanced and the state symbols correct.
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Question 8 (d)

This question was the last on the paper and was a relatively complex multi-step calculation.
Candidates who were able to devise a logical progression through the calculation scored
highly. Common errors included confusion over which moles should be subtracted and which
volume should be used to determine the concentrations. The Kc expression was given in the
guestion and so many correct units were seen, although some candidates derived their own
expression and so did not score the units mark.
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(d) When solid lead(ll) sulfate is added to aqueous sodium iodide, an equilibrium
is established.

PbSO4(s) + 2I(ag) = PbL(s) + SOi(aq)

The expression for the equilibrium constant, K., for this reaction is

I"(@q)¥
In an experiment, K. may be determined by adding excess lead(ll) sulfate to
25.0cm’ of 0.100mol dm™ sodium iodide.
The volume remains constant at 25.0cm’.
The mixture is left to reach equilibrium at room temperature.

Ice-cold water is added to freeze the position of equilibrium and the mixture is
then titrated with standard silver nitrate solution.

The whole mixture requires 12.20cm® of 0.0500 moldm™ silver nitrate solution to
react with the aqueous iodide ions at equilibrium.

0.
Ag'(aq) + I'(ag) — Agl(s)
Calculate the equilibrium concentrations of the sulfate ions and the iodide ions,

and hence the value of K. at room temperature.
Give your answer to an appropriate number of significant figures and include

units for K., if any. Y
| : 7
N A" :0.08x 0 0122 sakwed Toa
= G+ ,,“0-4- NP S SEA R ']."Tam..lb-&
n I- a2 G-‘uto-*
- ) s = |
P'ﬁ Qe = 11:—1;"‘;‘ Pe Xa *~ &64 couny)
T ndead 2.Sx™3 O
Cansmylt = RO +Aaq o
Fimedn 6.\-“10-1“ = .*%w@-q-
L0029 + 002G
CamC
0.0 244 6-033%F%
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¢ &{ ResultsPlus
/---. Examiner Comments

This candidate has followed a logical pathway throughout and has
scored all seven marks. Their final answer is given to three significant
figures and the units are correct.

\

| Examiner Tip
Set out your work in multi-step calculations so that you keep track of
where you are.
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Calculate the equilibrium concentrations of the sulfate ions and the iodide ions,
and hence the value of K. at room temperature.
Give your answer to an appropriate number of significant figures and include

units for K., if any. o
r":

ﬂ(ﬂa )- 3&0 JM— K 0. asmﬂcﬁ_‘E (7)
n(ﬂg) éff't’h
ﬂ(ﬁg)-’w(l—) .,,(.L) é ""f-‘-kww/z

n[f) = n(;ﬁ) - h(_I”‘_) = mwb":'“’ gl ds? o 5.1Xto“tu4-
g ? = ?.'S’(IDF-L- 5-'1(10_#
= 'I-gq.lhp'z
H(I_): H[SO{;")

hetiad 7= 1*34.\(10—: t
wlede )z = =B Shln
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[-I - 25 a3 0 .02 ket b ®

) D2 O

G .U S kb mal
T 2 <
roee A
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N
\( { ResultsPlus

Examiner Comments

This response scored five out of the seven marks. The candidate has
followed all of the steps through to the end, but has not used the Kc
expression given in the question and so has not scored either M6 for
the value of Kc or M7 for the correct units.

5\ ResultsPlus
\ Examiner Tip
Read the question very carefully and make sure you use all of the

information.
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Paper Summary

Based on the performance of this paper candidates should:

Read the question thoroughly and use all of the available information given

Set out multi-step calculations clearly indicating the steps they have taken

Check all calculations, especially for correct rounding and exponentials

Ensure that ionic equations are fully balanced and that state symbols, when required, are
correct

Be familiar with the colours of the transition metal ions in the specification

Be able to explain how specific buffer solutions work

Ensure they know when to use natural logarithms and when to use logyq.
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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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