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

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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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.
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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.
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This is a fully correct answer scoring two marks.
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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.
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Question 2(a)

This question asked the candidates to fill in the missing first Ionisation Energies for the first 11

elements, by plotting points on a graph.
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This response is a fully correct answer and scores three marks.
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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.

14 GCE Chemistry 9CH0 01



Question 2(b)

The question required the candidates to explain why the first Ionisation 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.
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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.

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

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

mark.
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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.
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Fully correct answer which scored one mark.
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This answer scores zero.

There are three errors: starts with Be not Be + , adds electrons and the states are missing.
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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 H2O, 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 boils.
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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.
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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.
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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 CaCO3.

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

compound.
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This response scores one mark.
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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.
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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 CaCl2(aq), CO2(g) and H2O(l). A few

arrows went the wrong way too.
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This is a fully correct response, and scores nine marks.
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This response scores one for completion of the table.

They then score one for the correct calculation of mols of HCl. But they have not shown you 
need 0.082 mol to react with the CaCO3.

The next part is fully correct scores three.

The cycle does not score, missing 2HCl on first arrow and the box is incorrect (elements).

Final part does not score due to not being attempted.
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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 oC and giving an

answer to 3SF.
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Fully correct answer. It scores three marks for Q03(c)(i) and two marks for Q03(c)(ii).
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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).
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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 kJ and J so they end up with a small

value added to which it is negative value for K so scores zero.

Remember that some values are given in J and some in kJ 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.
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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.
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Fully correct answer, referencing the ions, and scores three marks.

This answer shows the importance of accuracy and detail. Reference to ions rather than the

element and which bond is affected.
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Here the candidate has referenced the ions but failed to identify the bond weakened by the

cation. This response scores two marks.
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This candidate has gone down the wrong route and therefore scores zero.
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Question 4(a)

This question asked the candidates to calculate the Kp 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.
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This is a clearly laid out and fully correct answer scoring five marks.
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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.
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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.
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Fully correct answer scores both marks.
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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.
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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.

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.

GCE Chemistry 9CH0 01 53



Fully correct answer.
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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.
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Fully correct answer scores one mark.
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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 Cr3+ 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.
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Fully correct answer which scores two marks.

60 GCE Chemistry 9CH0 01



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.
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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 Cr3+ hexa aqua ion.
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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 (III) hydroxide ion. This would involve

writing two equations one adding OH- and one adding H+, they were also required to include the

state symbols.
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This answer is fully correct and scores all three points.
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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.
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This response scores zero. First equation has missing charge. The second equation uses 
NH3 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 (III) hydroxide.
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This response is fully correct and scores one mark.
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This response scores zero.
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Question 6(e)

This question was looking at the reason why the Chromium (III) 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 Q06(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.
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This is a fully correct answer, showing all 4 marking points in Q06(e)(i) and enough detail in

Q06(e)(ii) to score the marking point.

Five marks in total.
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This response scores zero.

In Q06(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 Eθ
cell calculation.

They had to combine two half equations together and then calculate the Eθ
cell. 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 Eθ
cell was generally done well.
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This response scored two for Q06(f)(i), fully correct. And it scored one for Q06(f)(ii). Correct

answer should be 1.01 v, but they got M2 for the correct statement on feasibility.
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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 3H2O2

do not cancel out with 8H2O. In part Q06(f)(ii) they score two marks for a fully correct

response.
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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.
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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 Fe2+ catalysed reaction. And part of IP2 is present as

they describe the oxidation of the Fe2+ to Fe3+ and then its reduction back to Fe2+. IP6 for the

correct balanced equations. IP5 for the vanadium equations and finally the remainder of IP2

on the description of V2O5 reduced to V2O4 and then oxidised back to V2O5.
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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.
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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 V2O4 and the 

Fe2+ equations are not balanced.
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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.
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Fully correct answer scores two marks.

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

the H2O2.
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This is a fully correct response and scores all five marks.
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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.
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A fully correct response which scores two marks.
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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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