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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 fourth 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.

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, use of the correct terminology (ions vs
atoms) 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 introduction question regarding the definition of the relative isotopic mass of an
element.

Many fully correct answers were seen.

Common errors were the use of weighted/ average and mean mass of the atom, or the atom
missing entirely.

............. Mankflgmmﬂﬁcmmﬁm
MdOhFiij&‘-WUMFWJ .............................. b0 )/;'k .............
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_ ResultsPlus

Examiner Comments

This is an example of a fully correct answer and scores all two marks.

1£)
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N { ResultsPlus
/'--.. Examiner Comments

This response scores one mark.

The candidate has used the term average mass of an isotope and missed out the isotope
atom, however is it correctly compared to 1/12 th of an atom of Carbon 12.

P
P

WA\ ResultsPlus
\ Examiner Tip

Always remember to specify Carbon 12.
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Question 1(b)

This question required the candidates to explain what an isotope is with reference to Argon.

Many candidates could give the definition of an isotope but failed to refer to the three different
isotopes of Argon given.
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ResultsPlus

Examiner Comments

This is a fully correct example where the candidate has given the definition and included the
number of protons and the number of neutrons for all three isotopes of Argon. This
response scores two marks.

P isokope 3. verson ok aw  odam ok aw
Element. it Mae L Sawe  vowber ¥ profons
Cho e Oibesentvesaber ok nevieans
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ResultsPlus

Examiner Comments

This response just scores one mark for the basic description of an isotope.
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Question 1(c)

This question required the candidates to calculate the relative atomic mass of Argon from the
relative abundances of the different isotopic masses.

-

(%5 .43x0.333) ¥ (3§ 376X c0.063)+(39%x99.6) @

-
—

o0
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. 3495 (249)
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%Resultsﬁus
Examiner Comments

This is a fully correct answer scoring two marks.

36X 0,357+ 38% 0.063 + 405 99.¢00
| Co

g.AM.= 39.99 + 24y

RA M. =
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N / ResultsPlus
/'--.t Examiner Comments

Here the candidate has incorrectly used the isotope number rather than the isotopic mass,
so for 36 Ar they have used 36 rather than 35.97.

However the value has been correctly given to 2dp so the response scores one mark.

GCE Chemistry 9CHO 01
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Question 2(a)

This question asked the candidates to fill in the missing first lonisation Energies for the first 11
elements, by plotting points on a graph.

2000 // \ /)
First ionisation 1500 J(
energy / k) mol”

1000 L \
500 W

H He Li Be B C€ N O F Ne Na

//\ Element

2500
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Examiner Comments

This response is a fully correct answer and scores three marks.

Complete the graph by including the points for nitrogen, oxygen, and sodium.
(3}

2500 A
2000 X

Firstionisation 1200

energy / k) mol™ ¥ \
1000

500

H He L Be B C€C N O F Ne Na
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N { ResultsPlus
/'--.. Examiner Comments

This response scored zero.

This candidate has failed to plot Na, and they have missed the step change between N and
O at the point where the p orbital gains the 4th electron.
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Question 2(b)

The question required the candidates to explain why the first lonisation Energy of Beryllium was
higher than both Lithium and Boron. It was looking for the candidate to show the relationship
between the proton number and the effect on the outer electron of the nuclear attraction and
repulsion from other electrons.

This proved challenging for a proportion of the candidates, some of whom ignored the effect of
the nucleus entirely.

(b) Explain why the first ionisation energy of beryllium is higher than the
first ionisation energy of both lithium and boron.

(4)
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ﬂ( { ResultsPlus
/--.. Examiner Comments

This response is fully correct and scores four marks.

The first two marks are for the comparison of Lithium and Beryllium with their valence
electrons in the same 2s orbital so same shielding and the extra proton in Beryllium
meaning there is greater nuclear attraction.

The second two marks are scored for the statement that although Boron has more protons
its valence electron is in the 2p orbital so experiences more shielding and less nuclear
attraction so easier to remove.

A\ ResultsPhus
<)

| Examiner Tip

Be careful on being accurate in your description of the electron, outer or valence.

SBenylhu inieg pratiomohonenengy w gl than W
becourert o mor elechana thon Wi tewgek
it e 40 biggerofom o thaum. so e eruqy reqused.
Jruwmowowatmnwlwgrfumrbecm@mmfonq&rwndon
5ey31an qrtrrrmmw r.dmn emm] J . q\«emﬁy m[m bumn PECMA.
AA.0.N0n-metal
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N { ResultsPlus
/--.. Examiner Comments

This response scores zero.

The fact that Beryllium has more electrons and is a bigger atom is too vague to score any
mark.

GCE Chemistry 9CHO 01
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Question 2(c)

This question asked the candidates to give the equation for the second ionisation energy for

Beryllium.

This required them to recognise two things, that Beryllium was already Be+ and that the
required state for IE is gaseous.

Bely — Bty v €
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ResultsPlus

Examiner Comments

Fully correct answer which scored one mark.

(c) Write the equation for the second ionisation energy of beryllium.

Include state symbols,

Pe 4+ 27  —5 Be*-

(1
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i{ < ResultsPlus
/--.. Examiner Comments

This answer scores zero.

There are three errors: starts with Be not Be +, adds electrons and the states are missing.

20
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Question 2(f)

This proved to be a challenging question for many candidates. They were required to explain the
trend in boiling temperatures for H,O, HF, HCl and HI in terms of the intermolecular forces
between the compounds.

Permanent dipole - dipole interactions were often missed or if mentioned there was no indication
if they were stronger or weaker than hydrogen bonding. There was also some confusion around
the halogen hydrides in terms of covalency vs ionic, and quite which bonds are broken when a
substance boails.

LG AW e enpeuvds | covaad  Lendevt | fovees 4 London | fovces ave

LRMMPOUVIAS  cowkivt  pevyviavievh  digole -dipole  forceS » oniy W6

Lond HE  form  Wgdrcgevt oS | it e sivoager  avient evidovt

Moends). AL, 065, 0. MENer bV Kewiperoluf sy WY eemedit
INEXE ave. . weXe eleclranly | o siwonger  loviden fuwes ovd Tk gregsey
Lovoen | jorces | owlweigwn e Wiglier plecticvieqed ity | oMtkevewnice ta
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<g§ ResultsPlus
Examiner Comments

This response is neatly laid out and the points are clear and scores five marks from the six
available as they have failed to be specific about the number of hydrogen bonds in water
compared to hydrogen fluoride.

“D\ﬁ[ﬂ{h@1 “b;l[f"'ﬁ —f oS owe. e Po H
- \ale MW\AwﬂqF\mﬂwjﬁt#Mmﬂth’
5 wads m(\w.Jobr Wﬂjwlfudn Wohey
Shoma (bevimale umlon frortes. Lohween Ganndg, LeAs
_of oy \SN&MQ\%\Jadwsn{mI&.
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boser Lo pmndimy , o frace s
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\'/ / ResultsPlus
/'--.'. Examiner Comments

This response fails to score. Whilst they do state water has hydrogen bonding they needed
to state HF also has hydrogen bonding. The answer then becomes more confused as they
start talking about ionic bonding and electrostatic forces of attraction. They then switch back
to intermolecular forces, but have HF having more so clearly do not know how they form.

GCE Chemistry 9CHO 01
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Question 3(a)

This question asked why it is not possible to directly measure the enthalpy change for the
decomposition of CaCOs.

We are looking for the idea of the difficulty in measuring a temperature change when heating a

compound.
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_ ResultsPlus

Examiner Comments

This response scores one mark.

Lo because  incompere  decampc

o ducing (O w1 AeXNC
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\( { ResultsPlus
/'--.. Examiner Comments

This response fails to score, there is some merit to the incomplete decomposition but the
production of CO is irrelevant as we are looking for measuring temperature change.

26
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Question 3(b)

This question required the candidates to work though a calculation on enthalpy change for the
decomposition of calcium carbonate.

The table was generally completed well. A few struggled with proving that the HCl was in excess.
For the calculation most managed Q but then, rather than use the mol value of 0.41 given, they
attempted to calculate moles from other values.

When it came to completing the cycle there were a number who were unsure what to put in the
bottom box so put the elements rather than the formation of CaCly(aq), CO,(g) and H,O(l). A few
arrows went the wrong way too.

(b) Thes'tudeMphcedaknownmassofcaldumcarbomtelnapolystylafe,cup. 7K Pron,

30.0cm’ of hydrochloric acid of concentration 3.00mol dm™ was added. i+
The mixture was stirred, and the highest temperature reached was recorded.

The equation for the reaction is shown.
Reaction2: (CaCO,(s) + 2HCl(aq) — CaCl,(aq) + CO,(g) + H,O(l)

(i) Complete the missing data in the table for Reaction 2.
(1)

Mass of weighing boat with calcium carbonate / g 4.30
Mass of weighing boat after emptying out calcium carbonate / g 0.20
Mass of calcium carbonate used / g 4O
Temperature at the start / °C ' 19.0
Highest temperature / °C 264
Temperature change / °C ' 5.5

(i) 0.041 mol of CaCOs(s) was used in the experiment:

Show, by calculation, that the hydrochloric acid is in excess for Reaction 2.
(2)

Cn Co, = ‘oo \ 25
) AN _ = 0-Q
o lowa 3 AL
0. SN ) CacOny oo
XL-=-0.081L 9-°9&\¢ 009 .\
S e N G oon
*RXxce SS
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(iii) Calculate the enthalpy change, AH;, for Reaction 2 in k) mol’
Include a sign in your answer. ;
[Assume the specific heat capacity of the solution = 4.18 ) g} °C”'
and the mass of the solution = 30g] :
(3)
A= wc AT
2o x4 9 x5S = £894.1 D
689 ) T\o0Q: * o 680x)
Mma\s = O oLy - 0:-%%" -l -§2L14
} Cnu.c;?, © o)
(2) . —Ve TKEImer
(iv) The student carried out a similar procedure with calcium
The enthalpy change, AH;, calculated for Reaction 3 was -176.3 kJmol™.
Reaction3: CaO(s) + 2HCl(agq) — CaCl,(agq) + H,O(l)
Complete the enthalpy cycle.
Indudehecorrectsubstanceswiﬁstatesymbolslnﬂnlowbox.
Add an appropriately labelled arrow. .
(2)
Ain k- : .
CaCOx(s) e CaO(5) + CO,l9)
>
120900 AH /
E]
Cmav'z_“:: H‘z_,og,cs ' C"DICQ‘D
(v) Calculate a value for the enthalpy change AH, for the decomposition
of calcium carbonate by using your cycle.
(1
+ |
Vo ® £5 1763 - 1535 KJma)”

28
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ResultsPlus

Examiner Comments

This is a fully correct response, and scores nine marks.

(b) The student placed a known mass of calcium carbonate in a polystyrene cup.

30.0cm’ of hydrochloric acid of concentration 3.00mol dm™ was added.

The mixture was stirred, and the highest temperature reached was recorded.

The equation for the reaction is shown. .

Reaction 2: CaCOs(s) + 2HCl(ag) —» CaCl(aq) + CO;(g) + H0()

(i) Complete the missing data in the table for Reaction 2.

Mass of weighing boat with calcium carbonate / g 4,30

Mass of weighing boat after emptying out calcium carbonate / g 0.20
Mass of calcium carbonate used / g L|,|D
Temperature at the start / °C 19.0
Highest temperature / °C 24.5
Temperature change / °C 5.5

(ii) 0.041 mol of CaCO;,(s) was used in the experiment.

Show, by calculation, that the hydrochloric acid is in excess for Reaction 2.

UX0.03 =0-04 = meles oF H(|

0.04 > 0.04|
Heat  HO 15 \o  excess
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(iii) Calculate the enthalpy change, AH,, for Reaction 2 in kJmol™.
Include a sign in your answer.

[Assume the specific heat capacity of the solution = 4.18 J g™’ °C”'
and the mass of the solution = 30¢]

O s medT 3)
Yl X YA X 55268979

moles = O -0ul

o 09T v

b.oyr

(iv) The student carried out a similar procedure withcalcium oxide.
The enthalpy change, AH,, calculated for Reaction 3 was -176.3kJmol .

Reaction 3: (CaOfs) + 2HCl(aq) — CaCllaq) + H,0()

Complete the enthalpy cycle.
Include the correct substances with state symbols in the lower box.
Add an appropriately labelled arrow.

(2)

CaCO;(s) ——> CaO(s) + CO.g)

AcH,

+ 2HCL
AH,

uy G+30s,

(v) Calculate a value for the enthalpy change AH, for the thermal decomposition
of calcium carbonate by using your cycle.

(1)
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" / ResultsPlus
/'--.'. Examiner Comments

This response scores one for completion of the table.

They then score one for the correct calculation of mols of HCI. But they have not shown you
need 0.082 mol to react with the CaCOs.

The next part is fully correct scores three.
The cycle does not score, missing 2HCI on first arrow and the box is incorrect (elements).

Final part does not score due to not being attempted.

GCE Chemistry 9CHO 01
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Question 3(c)

The question required the candidates to calculate the feasibility of the decomposition of calcium
carbonate.

This could be done either by calculating Gibbs free energy or by the total entropy change and
then commenting on the value as to whether or not it was feasible.

The second part of this question then asked them to use the entropy of the system to calculate
the minimum temperature at which this would become feasible, and coverting to °C and giving an
answer to 3SF.

32 GCE Chemistry 9CHO 01



(c) A data book value for the thermal decomposition of calcium carbonate, A H®
(Reaction 1), under standard conditions is +178.2kJmol ™.

(i) Deduce the feasibility of the thermal decomposition of calcium carbonate at
298K using the data in the table.

(3)
calcium carbonate, CaCO,(s) 929
v calcium oxide, CaO(s) 39.7
¢ carbon dioxide, CO,(g) 2136
dSsqS'ttm = Protuct—Reanct

- - T
Dl = AW bss&ﬁtw = (39. 3+ 21?;.6)-Q2,q
= 13T 2000-(2a8x60.4) - (p0.y

F130U00. 3 Tmol™!
positive A& vodur - net feasible

I

(i) Calculate the minimum temperature, in °C, at which thermal decomposition
would occur.

Give your answer to 3 significant figures. 7 FC = 0.{( 2)

- QW = - T T=24 75°Csoas&K
LS &S.sastf-fn - 773K

- 12008 - (110.AF2S
\60.4 213 - %ZAF

2 Vst

= I38°C
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ResultsPlus

Examiner Comments

e

Fully correct answer. It scores three marks for Q03(c)(i) and two marks for Q03(c)(ii).

34
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(€) A data book value for the thermal decomposition of calcium carbonate, A H®
(Reaction 1), under standard conditions is +178.2kJmol .

(i) Deduce the feasibility of the thermal decomposition of calcium carbonate at
298 K using the data in the table.

oA (3)
T emem | eewcmer
P | calcium carbonate, CaCO;(s) 92,9
f« calcium oxide, CaO(s) ' 39.7
L carbon dioxide, CO;(g) 2136
29.9+42136=253"3 ~4375940
- 66 - . reoielon (s
263:3%929+ 4 not geasibl &€ AS

AS eotal is (€8S
=078 2x\000) . - 52748 than O

2.0¢ 60 -+ - SATA8=-1 3759
-L37- 65w
(i) Calculate the minimum temperature, in °C, at which thermal decomposition
would occur.
Give your answer to 3 significant figures.
AG=C (2
O=0H-TAS

0=17%200 - 16047
-17%8 200 = - 180T
T=110-Q725¢a° K ¥z -2773

T=%37-97°¢
T=%3%°C
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N { ResultsPlus
/--.. Examiner Comments

Fully correct answer using the delta S total route, it again scores three marks for Q03(c)(i)
and two marks for Q03(c)(ii).

36
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(c) A data book value for the thermal decomposition of calcium carbonate, A H®
(Reaction 1), under standard conditions is +178.2kJmol™,

(i) Deduce the feasibility of the thermal decomposition of calcium carbonate at
298K using the data in the table.

(3)

calcium carbonate, CaCO;(s) 92.9
calcium oxide, CaO(s) 39.7
carbon dioxide, CO,(g) 2136

producks  — veactents
gq,’:"' "l" Q.\gwg ’:'(Z.g%"%

253.% —aL A = +1o & 3 'mol”
s %&ag‘b\f
(i) Calculate the minimum temperature, in °C, at which thermal decomposition

would occur.
Give your answer to 3 significant figures.

A58 AH

——

(2}

| T
160 4 = . (F82)
—T"
_E T LW H Ak

160.9
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" / ResultsPlus
/'--.'. Examiner Comments

This answer scores one mark in the first part for the calculation of delta S of the system, but
they have failed to complete the calculation, and just made a statement of it being feasible.

In the second part they fail to adjust for the difference in k] and J so they end up with a small
value added to which it is negative value for K so scores zero.

. ResultsPlus
<\

Examiner Tip

Remember that some values are given in | and some in k] and convert so they are both in
the same.

Also if you get a negative value for K you've got something wrong somewhere, check those
negatives.

38
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Question 3(d)

This question was about the comparison in thermal stability of two group 2 carbonates,
Magnesium carbonate and Calcium carbonate. Many candidates scored two of the three available
marks, many missing out on the first marking point by failing to reference the Magnesium or

Calcium ions.

g nes. . Me . sewe. . claacge oo Ca¥ o Wewewe W

....... Sz o0 \emC.. emdims. o MaM s el T ey

Mace . MECBe el CaCy. .. SB.. mmh‘a ........ decompeses ,

GCE Chemistry 9CHO 01 39



b\

% ResultsPlus
Examiner Comments

Fully correct answer, referencing the ions, and scores three marks.

Qﬁ ResultsPlus

Examiner Tip

This answer shows the importance of accuracy and detail. Reference to ions rather than the
element and which bond is affected.

o AAANS TU LG CALCIUW DO NIVE A 12 CArUe nowever

oohore xpan (gt WA e Dond Wea kel U Less St pwe.
.00 Yes enerqv O ALeded v oveaw e pena.
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2 ResultsPlus

Examiner Comments

Here the candidate has referenced the ions but failed to identify the bond weakened by the
cation. This response scores two marks.

Haqmmm, and.calcium. bath hawt the some. Meolen: cnmgf. 00 Jims Lardhmu@ .....
The oomic tagii. geertare. ounQ.0l0up. mmnuﬁ calcium. ham.lager p@mre. DUOL...

Hagnemmunw)m polmu&am

Whenes. catoium 0ot DL
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ResultsPlus

Examiner Comments

This candidate has gone down the wrong route and therefore scores zero.

42
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Question 4(a)

This question asked the candidates to calculate the K, for a reaction, including both the
expression and the units. Those who did best in this question laid out the calculation in table

form.

A common error was the first step in the calculation ending up with the wrong number of moles
at equilibrium.

Another less common error was the presence of square brackets in the expression.

GCE Chemistry 9CHO 01 43



4 Ethanol is made industrially by the reaction of ethene and steam.
The equation is shown.

CHig) + H,0(g) = CH:OH(g) AH=-450k}mol”’

The catalyst used is phosphoric acid, H;PO, , which is bound to a
solid silicon dioxide support.

90.0 mol of ethene and 54.0mol of steam are mixed in a sealed reactor at 500K.
At equilibrium, the total pressure is 60.0 atm and 5% of the ethene has been
converted into ethanol.

(a) Calculate the value of K, at this temperature,
Include the expression for K, and units as appropriate.

(5)
C2H|_| H-,O | U OH

C_ -4.5 -4.5 .|.-L._5

E |8ss 4a.5 4.5

voly | 853 ba.s :
/7 |eas s 'Tc':a'.%s

P jo63x60 o350l ©.s223 x 60

Plo.o322x60)

KP - P(0.613x 60) x P (o0.355x60)

_ r(Cz HbOH)

ey € (10)

= 2,47 xIO_Bqt,J;"
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ResultsPlus

Examiner Comments

This is a clearly laid out and fully correct answer scoring five marks.

GCE Chemistry 9CHO 01
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4 Ethanol is made industrially by the reaction of ethene and steam.
The equation is shown.

CHi(g) + H,0(@ = CH:OH(g AH=-45.0kJmol™

The catalyst used is phosphoric acid, H;PO, , which is bound to a
solid silicon dioxide support.

90.0 mol of ethene and 54.0 mol of steam are mixed in a sealed reactor at 500K.
At equilibrium, the total pressure is 60.0 atm and 5% of the ethene has been
converted into ethanol.

(a) Calculate the value of K, at this temperature.
Include the expression for K, and units as appropriate.
(5)

ke - C?Cz“sm‘\ $).0f a0 0= Y.5

(l‘JCL H‘t\ (’? HLO\

(zW4 | MO "Y LM O
4

. @4 B o
C uss7
- | b5
el
gy lay 1ay
Z0.54875 }TS :;.01\(.5
o Y X 60

<L L ¢
35.61S ¥ 99 = /l-ﬁ'lj — 0.00%3%3q.
mul"\‘“"‘s

_Us.o
N SRR (1
)

ol dun x 10
Mol
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Examiner Comments

This example of the calculation shows the initial error in the number of moles at
equilibrium, they have unfortunately forgotten to change the moles of water. M2 and M3
are scored by TE, M4 is for the correct expression, but they lose M5 for incorrect units.

4 Ethanol is made industrially by the reaction of ethene and steam.
The equation is shown.

CHai(g) + H,0(g) = CH:OH(g) AH=-450kJmol

4 54
The catalyst used is phosphoric acid, H;PO, , which is bound to a
solid silicon dioxide support.

90.0mol of ethene and 54.0 mol of steam are mixed in a sealed reactor at 500K,
At equilibrium, the total pressure is 60.0atm and 5% of the ethene has been
converted into ethanol.

(a) Calculate the value of K, at this temperature,
Include the expression for K, and units as appropriate.

E g lw Conod 4,7

5.5 |49 { 4.5

YR a0 —57«-“1.5m@p, v

GCE Chemistry 9CHO 01 47



%

\'/ / ResultsPlus

L Examiner Comments

This response scores one mark for the correct equilibrium moles.

Unfortunately, although they have attempted to give the expression it has square brackets
so does not score, they we obviously unsure where to go with the calculation but did
attempt to work out the units but these too were wrong (probably as they had an expression
for concentrations) although without a value M5 could still not have been awarded.
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Question 4(b)(i)
This was a straightforward question on the effect of increasing the pressure on the reaction.

They needed to comment on the equilibrium shift and why, and the effect on the yield.

Inhmfggﬂb&\lr{‘“”"l"i\afj}'q“]qlrm|‘°H-¢rJU‘MFMMQSHM
ety R W ceaclanls s Y teid o) cHhonel ol mecttge..
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_ ResultsPlus

Examiner Comments

Fully correct answer scores both marks.

50
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N { ResultsPlus
/'--.. Examiner Comments

The marks were stand alone fortunately as this response has the correct effect on yield but
the candidate has clearly mixed their left and right.

GCE Chemistry 9CHO 01
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Examiner Comments

This response scores one mark for the yield but even though they have the equilibrium
moving in the right direction they have not given a reason as to why, eg there are less gas
moles on the RHS.

Examiner Tip

lf \ ResultsPlus
\

With Equilibrium questions it is important to give a reason as to why there is a change in the
equilibrium position.
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Question 5(b)

This question required the candidates to write an expression for the pH of a solution.

PH = - Aeg,, 47
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Fully correct answer.

g ¥ < (4])
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Examiner Comments

This response scores zero. The absence of the minus sign means no score.
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Question 6(a)(ii)

This was a straightforward question requiring the definition of a transition metal.

~Oneomdom can foxm one. of ore. Soblg ions
_with o gurtially- flled d wbskell
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Fully correct answer scores one mark.

~ Chiondm (s o Hanshon AN 4 4

ore_than.ore. oxidakon, Stee T

GCE Chemistry 9CHO 01

57



N { ResultsPlus
/'--.. Examiner Comments

Whilst there is some merit in the answer it is not the definition and makes no reference to
the incomplete d-orbitals or subshell.

This response scores zero.
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Question 6(b)(i)

This question required the candidates to draw a 3d structure of the Cr** hexa aqua ion and

proved more challenging than expected.

The errors ranged from not having the correct number of ligands, to incorrect connectivity and
finally not being able to draw a 3D representation using two wedges, two dashes and two solid

lines.
water ligands. 0,
h0%,
/:/f,.rjxl [
A Cf"
W8
| h

3+

(2)

NOTE.
A CEES SUOW
datve ‘oomdy

Band. argle = 10°
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Fully correct answer which scores two marks.

(2)
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This response scores zero due to extra bonds (no M1) and incorrect connectivity (no M2).

The original diagram crossed though would have scored one mark.

. Tlad
(b) (i) Draw the structure of the complex ion, [Cr(H,0),**(aq), showing clearly g ‘ f’{ -
3-dimensional shape, and the bonds between the chromium ion and the orbited s

ater ligands. .3 _|_
(2)

Ce These areoll

Covakans

OHZ. bord 5
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This representation scores one - no arrows or lone pairs on the oxygens.
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Question 6(b)(ii)

This question asked for a description of the shape of the Cr® hexa aqua ion.

ks .
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Fully correct answer which scores one mark.
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This is incorrect and scores zero.
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Question 6(c)

This was a challenging question for a large number of the candidates. It required them to write
equations to show the amphoteric nature of the Chromium (lll) hydroxide ion. This would involve
writing two equations one adding OH™ and one adding H*, they were also required to include the

state symbols.

B, (o 30 - Okfie 31,009
3 3

Cr (_oH),(HzoL)(s) v 3HT 0y > [(r (nlo};]z;ﬂ 4

66 GCE Chemistry 9CHO 01



<g§ ResultsPlus
Examiner Comments

This answer is fully correct and scores all three points.

12}

[-Cr(OH)sCHaohlgﬂL 3HLy > [or (H200 s
T S0H cadd

Lo s ci0): o+ oMewy > £, (o ( Ha0)3 Jcom>

t H20w
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This response scores one mark.

The first equation is unbalanced. The second is correct for a mono substitution and scores
M2. Both equations needed to be correct to score M3.

[Cf (DH)?,(H'LO)_;] + OH — [U‘(B“)hfﬁio),,] + W0

[ e o) (Rzody A noms —> [ar(ot) (Heo), ) + N
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This response scores zero. First equation has missing charge. The second equation uses
NH; and is incorrect. No M3.
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Question 6(d)

This question was asking for the type of reaction that occurs when aqueous ammonia is added to
the Chromium (lll) hydroxide.

......... \oyf'*\&'e*';\- an
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This response is fully correct and scores one mark.

o UG ISQIQ N AN

GCE Chemistry 9CHO 01

71



N
ResultsPlus

Examiner Comments

This response scores zero.
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Question 6(e)
This question was looking at the reason why the Chromium (lll) hexa aqua solution is coloured.

A general understanding of how the colour arises was shown, but candidates made some little
errors which lost marks. A few candidates attributed the colour arising from the emission of light,
this would be a flame test, rather than the transmission of the unabsorbed light.

There was the occasional careless use of subshells and d-orbital, rather than subshell and d-
orbitals. This could lead to the loss of a mark.

In QO06(e)(ii), there was sometimes a lack of detail in the different ligand being added, and that
was insufficient to gain the mark, the explanation of why was missing.

............ ijwmmm duFfe_(eat:
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This is a fully correct answer, showing all 4 marking points in Q06(e)(i) and enough detail in
QO6(e)(ii) to score the marking point.

Five marks in total.

wovelepgths  (4)
..........lhx:.g..ammmum.as...me.L,..pmauce..mauaemji.h.r.af..hqnn.Ihe...lm.l-ﬁ?thaL..unffz.amft .........
...e.mx'.ttea..am,ab.mt,bm...cmmq.m.t:@,!gu.ma..suuc.n‘gns,....The..wuﬂ.enqrhs...abunmea..aepemm .........
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This response scores zero.

In QO06(e)(i) they make no reference to d-orbitals splitting, so no M1.

There is no mention of electron promotion, no M2.

M3 and M4 cannot be awarded as the compound is described as producing light.

In Q06(e)(ii) they again refer to light emission so no mark.
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Question 6(f)(i-ii)

This question was about the feasibility of a reaction with respect to the % calculation.

They had to combine two half equations together and then calculate the E°.,. Most had a good
attempt at combining the equations but slipped up on small things like cancelling the OH on both

sides of the equation.

The calculation of £, was generally done well.

(f) The standard electrode potentials for two half-cell reactions are shown.

CrOi (aq) + 4H,0() + 3e” = Cr(OH),(s) + 50H(aq) 2  [E®=-0.13V €
ibort” ¢ L0e (DW)y -y v BH,0 ¢ 20 0,2

H,0,(aq) + 2" = 20H(aq) x2 E® =+088V —
AH 0, + 6 —» Gon”
(i) Write the ovefah equation for the reaction of chromium(lil) hydroxide with
hydrogen peroxide in alkaline conditions to form chromate(Vl) ions.

State symbols are not required.
4. - (2)
won » v 2 (e (6#) b B0, o T BNO v, 2-
D 3 6y 172 (aq) °) * o, fﬁa}

-

. - T~
- ok equrion s 401 Tagy v 2(c (o), ma- 3h,0, N = GH-;OII) + 20, gy ™

(i) Calculate the EZ; for this reaction.
Include a reason whether or not the reaction is thermodynamically feasible.
{2)
0.%88 - 003y 0. 7Sy
s s Mmqv.cm;; ! feaable a4 Petdwa
e '1.3 + <
G.-M el

76

GCE Chemistry 9CHO 01



_ ResultsPlus

Examiner Comments

This response scored two for QO6(f)(i), fully correct. And it scored one for QO06(f)(ii). Correct

answer should be 1.01 v, but they got M2 for the correct statement on feasibility.

(f) The standard electrode potentials for two half-cell reactions are shown.

CrOZ(aq) + 4H,00) + 3¢ = CrOH)\(s) + 50H (aq) RZ.  E®=-013V

H,0,(aq) + 2e" = 20H(aq) X 5 E® =+0.88V

(i) Write the overall equation for the reaction of chromium(lll) hydroxide with
hydrogen peroxide in alkaline conditions to form chromate(Vl) ions.
State symbols are not required.
(2)

\DB)‘)\-*\‘Z{((D‘\'\)_; — GOH- + 1(‘_0“1.'
A L0 - yp §H0
Lo
LIO’F\A \ Lacoﬂh ‘? ?.C-'('OL:' A S‘HLO

(iiy Calculate the ES; for this reaction.
Include a reason whether or not the reaction is thermodynamically feasible.

redwveh  — O Kudieo

0,_?8 e C"‘O'\’S)

— .ol

Ponwlie Vae 3O veawller
Vs eemods nami uly Feadl\e-

{2)
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This response scores M1 for the indication of which half equation is multiplied by 2 and
which is by 3. They then incorrectly tried to combine them making an error in that the 3H,0,
do not cancel out with 8H,0. In part QO06(f)(ii) they score two marks for a fully correct
response.

78
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Question 8

This question asked the candidates to compare the action of two catalysts. They were required to
look at both similarities and differences. They were also required to give the equations for the
reaction of both with sulfur compounds.

Many candidates understood that one catalyst was heterogeneous and one homogeneous
(although we did see some other terms here). Many could describe the mechanisms although
some referred to autocatalysis which was not the case for either. Equations were generally done
well. However an area the candidates barely approached was the variable oxidation states which
enable the catalysts to work.

.. ﬂll‘- 'JC reuchon B\‘J Pm:de an mllw:k
cmuq o lower  achuaton
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ZZ].fﬁjé;b;ﬁﬁ]};;i;ﬁﬁjjfZjéﬁl;;;;;;;jjjjﬁQf;;;;j;ﬁ;;;;;ﬁ;;;;fﬁﬁﬁﬁﬁfﬁﬁﬁ&;ﬁﬁ;é;;ﬁﬁﬁﬁf}fﬁiﬁ;}ﬁﬁ;{fjj;;;ﬁiﬁﬁﬁﬁﬁQﬁjﬁﬁﬁfﬁﬁfﬁ"_’fﬁ
PO Y I orde b pavidh olfembe cuckon pibny:
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This answer scores all six marks.

IP1 for the definition of a catalyst. IP4 for the hetero/ homogeneous catalysts. M3 for the
description of the mechanism for the Fe?* catalysed reaction. And part of IP2 is present as
they describe the oxidation of the Fe?* to Fe** and then its reduction back to Fe*. IP6 for the
correct balanced equations. IP5 for the vanadium equations and finally the remainder of P2
on the description of V,0s reduced to V,0, and then oxidised back to V,0s.
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30,08 1. oedsorbed by bhe. sudfee oF solidl \, 05, where e fo)lewng......
TRl PR OCEPNG. 0. LOUCS
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* NaOy )+ 509 T Ny gy :
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This answer scores four marks.

IP5 correct Vanadium equations. IP4 heterogeneous and homogeneous both referenced. IP3
mechanism details for te Fe2+ reaction. IP6 correct equations for Fe2+. IP1 is not
commented on and the reforming of the catalysts is not quite enough for IP2 where the
answer was looking for the oxidation and reduction/ change in oxidation numbers.

W06 € 415 0 Memerous mayek e povdes an

80yt 30mr L0y —+ B r 30,
...... Jiel*“l_eﬁ%\h‘%
Thie, & Yowo Hhe Yeockion Yoo place R fhe cololyeh
e F2t howener 1 o fwonepnoue okolyet

k\\u*we&u&e%k%\eﬂeu&m\%&mr%\m&ms

%,10%“"\_&"3“__*1%@“1*&_%

o Yeotkon toks pote in 2 stepe
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This answer scores one mark for IP4 the heterogenous and homogenous catalysts.

Both sets of equations are wrong there is a spurious charge on the V,0, and the
Fe?* equations are not balanced.

84
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Question 9(a)(b)

These two parts of question 9 are to do with completing a titration table and calculating the mean

titre.

Generally the table was done well. The main error on the mean titre was either not recognising

which two titres were concordant or adding all four and dividing by four.

F'rm"f:nbg"m 15.90 24.00 15.30 25.00

Initial burette

reading / cm’ 0.00 8.45 0.05 q.35
Titre / cm’ 15.90 15.55 16,25 15.65

(b) The mean titre was calculated to be 15.60¢cm’,

State how this value was determined.

’l;k Yo seordnb renlls 19,66 o sud 1. 45wt

1585 4

Mﬂdu..; 0t a}mél.(

1S .49 .
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Fully correct answer scores two marks.

One mark for the table and one for the mean titre.

Titre / em’ 15.90 15.55 KXy 15.65

(b) The mean titre was calculated to be 15.60cm’.

State how this value was determined.

h“ Nre valwes were QW and

(1)
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This response scores one mark.

One mark for the table but no mark for the calculation of the mean.
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Question 9(c)

This question asked for the colour change in the flask when the manganate was added. It seemed
that some candidates misread this as there were a significant number of purple to colourless

colour changes.
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This response is fully correct and scores two marks.
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This response does not score. Zero marks.

920
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Question 9(d)

This question required the candidates to work through a titration calculation. Most were able to
do this in a logical fashion and thus gained most or all of the marks. A common error was missing
a step, usually the determining moles in the sample scalling factor. Occasional slips on the M, of
the H,0,.

(d) Deduce by calculation whether the concentration of hydrogen peroxide in the
hand sanjtiser is within World Health Organization guidelines.

b0e.2 5 of rantioe ®

- z 4
L Maby 4 £ 00 t6H =M + 50, + €H,0

66156 x 0.2 = wdl Mpop” = 302510

I'H“ “1.01. - q-'g)”o#

- 5
F.€x "’fxw 2. fxre zwmd H 0, " 2fOc

Moals = Mr x rfles ‘ ,
s 2 3FX mn’tv'i: D.2652LG un 250cw

B €2 gre o et S Lo

0.2652 . ©.0323% ek Hy0,
—————, -
€.2

= 7.23 7. Mp0p o N

-—

{k’q.f"ﬁ w{n\l\ me.‘7¢,
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This is a fully correct response and scores all five marks.

(d) Deduce by calculation whether the concentration of hydrogen peroxide in the
hand sanitiser is within World Health Organization guidelines.

PLKM63)
n(H 'lo'z) -

tf

ol ” (5)
ERERLl M Vem

— . (7
35—y 2 =

Mo aksde  oF mge n Y5 64,
e ik SUHMe for WO guidyy )
O O\0LoLY
oo TON\M L ik
$ L =
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This response scores three marks.

The first step is correct, they then do a combination of steps and end up back at the original
answer so M1. From following logically from the initial answer they get the TE and get M4
and then M5.
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Question 9(e)

The final question was looking at the percentage uncertainty of apparatus used within a titration
namely the pipette and the burette.

The most common error here was the failure to realise that the burette uncertainty involves x2 as

there are two readings taken.

0. o4

P pipdde Lome D zmoe g ¥)00F 0.4

©0.05SxL
Hurelre -_—

for e . 1$. &S

X 0O :) o. 6§49 /. "z-:ﬂ‘)
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A fully correct response which scores two marks.

O
o
€
E—‘ﬁ
)
|
@
—
'\‘ﬁ-—..-

15.Ss
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This response scores one mark.

This shows the common error for the percentage uncertainty of the burette.
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Paper Summary
Based on their performance on this paper, candidates should:
+ Ensure that they can explain differences in first ionisation energies by referencing changing

nuclear charge and shielding.

* Know the difference between intermolecular bonding (eg hydrogen bonds) and covalent and
ionic bonding.

+ Be able to explain the trends in the thermal decomposition of Group 2 carbonates.
+ Check all calculations and do not leave expressions unevaluated.

« The correct expressions and whether to use round brackets or square brackets in these
expressions.

« Understand how to explain the reasons for colours in transition metal complexes, in terms of
ligands causing d-orbitals to split and light energy.

+ Correct balancing and states of compounds within equations.
+ Ensure they are clear on units for entropy and Gibbs free energy.

+ 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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