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Introduction

Paper 1SCO_2CH is the second of two papers that make up the chemistry component of the
GCSE Combined Science (Higher tier). Questions 1 and 2 (apart from 2(e)) were common with
the foundation tier 2CF, paper and both questions 1 and 2 were common with the 1CHO_2H
(Chemistry) higher tier paper. This paper assessed Topics 1, 6, 7 and 8 of the specification.

This was the first time that GCSE Combined Science was taken under normal conditions since
June 2019, although candidates and schools had access to the Advance Information which
gave information about which topics were and were not being assessed. This Advance
Information also listed the core practicals that were also being assessed. Marking took place
as usual and grade boundaries were set under the guidance of OFQUAL so the standards
would be somewhere between those of 2019 and 2021.
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Question 1 (a)(i)

Most candidates gave a suitable piece of equipment that could be used to measure the
volume of gas produced. Most of these gave the answer of gas syringe, but some did give the
answer of 100 cm3 measuring cylinder. The second mark was for being able to record the
volume to a greater resolution, but about a third of those who scored the first mark either
could not give a reason for their choice or made some comment about no gas escaping when
using a gas syringe.

Common errors for the first mark included beaker, conical flask, gas jar, pipette; here there

was no common pattern for these choices.

(i) Name a piece of apparatus that would be better to measure the volume of gas
produced, instead of the 250 cm’ measuring cylinder.

Give a reason for your answer.
(2)

name of apparatus

................................................. RS SO

reason \W Q{

........................................................... (R 0f oag.esconng. o

\( / ResultsPlus

Examiner Comments

This just scored the 1 mark for the gas syringe.

The reason given here turned out to be seen quite frequently.
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() Name a piece of apparatus that would be better to measure the volume of gas
produced, instead of the 250 cm® measuring cylinder.

Give a reason for your answer,

s (2)
name of apparatus
SEONGR e
reason

...................................

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

¢ ResultsPlus

Examiner Comments

This scored 2 marks - 1 for the syringe (spelt incorrectly but
recognisable) and 1 for the reason given 'a more accurate reading'.

(i) Name a plece of apparatus that would be better to measure the volume of gas
produced, instead of the 250 cm® measuring cylinder.

Give a reason for your answer,
(2)

name of apparatus

2 ResultsPlus

Examiner Comments

This scored 0. The use of a larger measuring cylinder would not
improve the precision.
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Question 1 (a)(ii)

This should be a very straightforward question: read the volume at 90 seconds from the
graph, divide that volume by 90. A tolerance on reading the graph meant that volumes of 28,
29 or 30 cm?3 were all acceptable. Some candidates had the correct volume but divided the
time, 90 seconds, by the volume. Others used 1.5 minutes in the calculation rather than 90
seconds. In these cases, marks were awarded for the correct volume and the processed
result. Marks could also be scored for a correct calculation based on an incorrect volume.

Many candidates lost the 34 mark as a result of incorrect rounding.

Almost a third of the candidates scored 0 on this item, many of whom used incorrect
volumes and completely incorrect times and weaker candidates had tried to work out the
averages by taking volumes at different times.

(i) Calculate the mean rate of production of hydrogen over the first 90 seconds,
in cm® per second.

« { ResultsPlus

/'--". Examiner Comments
28 cm3 was in the accepted range of 28 - 30 as the volume read from
the graph. The division by 90 was clearly shown along with the correct
answer based on the reading from the graph. This scored all 3 marks.
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(i) Calculate the mean rate of production of hydrogen over the first 90 seconds,
in cm® per second.

(3)
.......... qD%zq:S"lﬂanrn
.............................................. i
rate = .. 3.0k cm’ per second
/AN 7
K’/ ( ResultsPlus
/'--.. Examiner Comments
The candidate has correctly read the volume of 29 cm3. The second
marking point for the fraction was not awarded as they have divided
time by volume instead of volume by time. The third marking was
awarded for the correct evaluation of the fraction.
2 marks awarded

T\ ResultsPlus

\ Examiner Tip

This is an example of a calculation where it was clear how an incorrect
process could still be awarded some marks. Had the candidate just
given an answer as 3.1 without any working, this would then have

scored 0 marks.
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Question 1 (a)(iii)

There was a wide variety of ways in which the candidates could offer an acceptable answer,
and this was seen in most cases. Many candidates had the idea of no more hydrogen was
being produced or the graph plateaued. The most common missed mark was to say the
reaction has stopped but sadly failed to explain how they knew it had stopped. In addition,
several students referred to the rate becoming constant rather than the volume.

(iil) The student measured the volume of gas for 10 minutes.

State why the measurements could have been stopped at 9 minutes.

(1)
et b e el gl feft
-
y ( ResultsPlus
/--. Examiner Comments
1 mark
This was another acceptable answer.
(iii) The student measured the volume of gas for 10 minutes.
State why the measurements could have been stopped at 9 minutes.
(1)

Deconnne dne valuag
ound\ SEQMKR Lenel g

S%e@sm_cmwkmg

N

¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

This was a correct answer to the question.

1 mark

GCSE Combined Science 1SC0 2CH 8



Question 1 (b)(i)

Most candidates scored the first mark by stating that there were more particles present and
less than half of those scored the second mark by saying that there were more frequent
collisions.

The most common error for the first marking point was saying there was more acid present,
or something similar. By far the most common error on the second marking point was just
saying there were more collisions, and not referring to the rate or chance of collisions.
Another error often seen was where candidates referred to an increase in kinetic energy of
the particles. Weaker answers just said there were more successful collisions and did not
comment on frequency. Candidates that didn't score MP1 were also unlikely to score MP2.

(b) The experiment was regeated, but with acid of a higher concentration.

The rate of reaction was faster.

(i) Explain why the rate of reaction increases when the concentration of acid is
increased.

N &{ ResultsPlus
/'--. Examiner Comments

This scored 1 mark for more acid particles.

'More particles collide' was insufficient for the second mark as it did
not reference the frequency of collisions.
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(b) The experiment was repeated, but with acid of a higher concentration.
The rate of reaction was faster.

(i) Explain why the rate of reaction increases when the concentration of acid is
increased.

(2)

AN
ResultsPlus

Examiner Comments

The first mark was not given as this answer referred to particle
collisions rather than the amount of particles increasing in a given
volume. The second was also not given for more collisions as this was
not related to time.

0 marks.
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(b) The experiment was repeated, but with acid of a higher concentration. 'SQ yar s UO(.UMQ

The rate of reaction was faster.

(i) Explain why the rate of reaction increases when the concentration of acid is

increased.
(2)

............. Tareis Mo @ H 06 » This jnceaids tha
________________ . AQQL Ao Uen(y 64 Coutisone and
....................... tfu,;u.mr& ot Beguancy OG ML CoUaIgos:

i& ResultsPlus
Examiner Comments

This scored 2 marks.

The candidate made mention of more H* ions as well as an increase in
the frequency of collisions.
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Question 2 (¢)

Although the majority of the candidates scored at least 1 mark, it was quite surprising to see
how many didn't really understand what was going on and tried alternative calculations to
determine the mass of carbon dioxide. Often a mark was lost for not giving the mass to 3
significant figures; common incorrect answers included 2.200 and 2.2. A common mistake
was to divide 5.000 by 2.800 instead of subtraction. Some candidates attempted calculations
involving the M, of CO,.

(c) When calcium carbonate is heated it decomposes.

Mass
CaCO4(s) — CaO(s) + CO,l(g) | mr
5000 2:QaQ 2 re
When 5.000 g of calcium carbonate is heated, the mass of solid remaining
is 2,.800g.
Calculate the mass of carbon dioxide that has been released.
Give your answer to three significant figures.
(2)
........... oz mous=50005100  We(02= R2+liexd)
—_— e =60 12 + 32
M= qoﬂﬁx([bkﬁ) = Mr = 4y
= 10Q mass of carbon dioide=. . 2: 70 g

mass of (B2 9-06 xuu= 2.2

\/ / ResultsPlus

Examiner Comments

This candidate managed to get to the answer eventually by calculating
the number of moles of calcium carbonate, which is the same as the
number of carbon dioxide. This was then multiplied by the relative
formula mass of carbon dioxide to give the correct answer. There is, of
course, a simpler route.

2 marks.
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(c) When calcium carbonate is heated it decomposes.
CaCO,(s) — CaO(s) + CO.(g)

When 5.000g of calcium carbonate is heated, the mass of solid remaining
is 2.800g.

Calculate the mass of carbon dioxide that has been released.

Give your answer to three significant figures.
(2)

: CQCO;&:%%—Z?‘&::EQB

mass of carbon dioxide = ... m?\ .......................... g

N

ig ResultsPlus
Examiner Comments

This scored 1 for the simple subtraction. However nice try for the
attempt on 3 significant figures!
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Question 2 (d)(i)

Most of the candidates scored the first mark for a full outer shell, but only about half of those
scored the second mark about gain/loss/share of electrons.

Candidates need to be careful about referring to electron shells. Atoms only have one outer
shell - a common piece of loose description saw candidates mention multiple or more or
many outer shells. Some candidates just described the atomic structure (numbers of
protons, neutrons, and electrons) and failed to link the full outer shell has no need to gain,
lose or share electrons but instead just wrote ‘so it doesn't react’.

(d) A diagram of an atom of helium is shown in Figure 3.

= neutron
S &8 ¢
@ = proton

() Explain, using Figure 3, why helium is inert.
(2)
“’ _ 18 a 3‘-1& NUA NG NU M3ding

N R R AR O S

N
\( { ResultsPlus

Examiner Comments

0 marks

No missing outer electrons is not the same as a 'full outer shell". In
addition there was no mention of electrons lost / gained / shared.

" J
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?le A diagram of an atom of helium is shown in Figure 3.

58 b o

\t& Explain, using Figure 3, why helium is inert.
(2)

fohow 0. S0 ower eleckion dnelkand. wont  gue up the

mctrmmmu{ ........................

. ’\ B
% ResultsPlus
Examiner Comments
2 marks

Both points about the full outer electron shell and 'won't give up
electrons easily', which implies doesn't lose electrons scored.
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Question 2 (d)(ii)

The majority of candidates did not score on this question; this was mostly due to use of
incorrect terminology. The most common error seen was candidates saying that helium is
lighter than air. Just over a third of candidates gave their answer in terms of low density or
less dense than air or less dense than nitrogen. A number of candidates were confused by
the idea of density and wrote that helium is denser than air.

Unfortunately, some incorrectly compared its density with oxygen rather than air. Other
errors seen included where candidates mentioned non-flammability or that ‘it would float’ or
other irrelevant chemical properties.

(ii) Helium is used to fill balloons.

State one property of helium, apart from it being inert, that makes it suitable
for filling balloons.

(1)

Lo Wl um ve(bdmscwu
o exww'tﬁ CLQH'

\( / ResultsPlus

Examiner Comments

This wasn't a particularly well worded answer but was given 1 mark for
the idea of low density.

(i) Helium is used to fill balloons.

State one property of helium, apart from it being inert, that makes it suitable
for filling balloons.
(1)

\( / ResultsPlus

Examiner Comments
Whilst true helium does have a low mass, it wasn't pointed out that it

has a low mass per unit volume - ie a low density. 0 marks. Similar
incorrect answers included 'light’, 'lightweight', 'floats'.
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(i) Helium is used to fill balloons.

State one property of helium, apart from it being inert, that makes it suitable
for filling balloons.

a\___

ﬂ ResultsPlus
Examiner Comments

This is correct as a property of helium but it did not answer the
question. 0 marks.
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Question 2 (e)

Candidates struggled to link O, as having two atoms for each molecule, very few candidates
clearly demonstrated that understanding. Therefore 1 mark was often scored for multiplying

the number of moles of oxygen by the Avogadro constant to give 2.107 x10%4. But generally,
no second mark could be given showing a lack of understanding of how to extend their
answer to work out the correct number of atoms.

Errors seen included where candidates divided moles of oxygen by the Avogadro constant
rather than multiplied. Others introduced the relative atomic mass of oxygen into their
calculation, which was not given in the question. In these instances, this value was used in a
variety of unnecessary ways.

Examiners reported that a significant number of candidates did not attempt this question.
(e) Oxygen gas has the formula O,.

Calculate the number of oxygen atoms in 3.50 mol of oxygen gas.

(Avogadro constant = 6,02 x 10%)
(2)

RN )
" { ResultsPlus
/-—-.‘: Examiner Comments
The first line would have scored both marks. Unfortunately the
candidate then repeated the second step in the calculation and put
this answer on the answer line so only 1 mark could be given.
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(e) Oxygen gas has the formula O,.
Calculate the number of oxygen atoms in 3.50 mol of oxygen gas.

(Avogadro constant = 6.02 x 10%)

3.G0 ()
) = mely x M e I —

gl. ?‘

3 , 5 ? E f y { 6 ygEIIatUIIIS e I ........... ,

N_

ﬂ ResultsPlus
Examiner Comments

The candidate carried out 2 calculations and decided the second on
the lower left was more realistic. However, there was an incorrect

copying of the answer from the calculator in 2.167 x 1024, which
should have been 2.107 x 1024; this simple mistake lost the mark.
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(e) Oxygen gas has the formula O,.
Calculate the number of oxygen atoms in 3.50 mol of oxygen gas.

(Avogadro constant = 6,02 x 10%)
(2)

.................................................................................................................................................................................................................................................................................

.-""'d---lI

N &{ ResultsPlus
/--.. Examiner Comments

The 7 came from multiplying the number of moles of oxygen
molecules O, by the number of atoms in 1 molecule to give the
number of moles of O atoms. Both steps in the calculation have been
carried out correctly in one step so 2 marks were awarded.

GCSE Combined Science 1SC0 2CH 20



Question 3 (a)(i)

A well answered question with the majority gaining two marks. Most candidates identified
that there were more nitrogen oxides and more particulates, but some only stated the
masses emitted and did not specify a comparison.

Common errors included:
- Stating that unburnt hydrocarbons were more damaging in the diesel engine
- Trying to give explanations instead of just identifying the answer.

- A few candidates just wrote nitrogen instead of nitrogen oxides.

21 GCSE Combined Science 1SC0O 2CH



3 (a) Figure 4 shows some information about the composition of pollutant exhaust
gases from the engines of two different vehicles.

carbon dioxide 210 180
carbon monoxide 15 0.10
“unburnt hydrocarbons 0.13 0.020
nitrogen oxides 0.36 2.0
particulates 0.0060 0.046
sulfur dioxide 0.0089 0.0037
Figure 4

(i) Give two ways in which the data in Figure 4 shows that the diesel engine is

more damaging to the environment than the petrol engine.
(2)

Aot jval..engine. Xht . difference...béng.. €Y. AhAndhic. . iy U
M:bangmmpmmma .............................................................................

Z ResultsPlus

Examiner Comments

Both more nitrogen oxides and more particulates scored here. 2
marks.
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(i) Give two ways in which the data in Figure 4 shows that the diesel engine is
more damaging to the environment than the petrol engine.

(2)

k10 w'twoen Gmdy) owda p

This scored 0 as there was no comparison made between the petrol
and diesel engine when giving details about the pollutants nitrogen
oxides, and the last part of the answer was just too vague to credit.
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Question 3 (a)(ii)

The responses of carbon dioxide being less for diesel was given by most candidates, any with
global warming, greenhouse effect or climate change as correct environmental comments to
match. Those who went for sulfur dioxide correctly linked this to acid rain. When carbon
dioxide and sulfur dioxide were chosen, most candidates scored 2 marks. If they didn't, it was
due to vague responses such as ‘pollutants’ or ‘harmful to the atmosphere’.

Candidates that opted for other pollutants such as carbon monoxide failed to score. In these
instances, it was seen that candidates have clearly understood the health concerns of this
compound, but not an environmental concern.

(i) Explain, using information from Figure 4, one way in which the diesel engine
is less damaging to the environment than the petrol engine.

N
\( / ResultsPlus

< Examiner Comments

This scored 2 marks for 'Releases less sulfur dioxide' with the linked
explanation 'leads to acid rain'. If the candidate had just written
'damages ecosystems' without reference to acid rain this would not
have scored the second mark.

Carbon monoxide was ignored as it doesn't cause environmental
damage.
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T

(i) Explain, using information from Figure 4, one way in Which the diesel enginep' dsébﬁ
is less damaging to the environment than the petrol engine. -
(2)

QRXLAE INere 08 eSO Enaunes. celease 110,

onef..Cofbon dvoxide : Vieew @icoses I0o\ean.
Sacpon AExide-—ccnan PecroL ooe= map\m%;_t
eoD cio.ma%\;ﬂg O the environment:

_ ResultsPlus

Examiner Comments

This scored just 1 mark for diesel releasing less carbon dioxide than
petrol. The linked explanation of 'less damaging to the environment'

was not specific enough for the second mark - we were looking for
either greenhouse gas/global warming or a specified effect of global
warming (eg ice caps melting).
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Question 3 (b)(iii)

Disappointingly the majority of candidates failed to score a mark for either the correct
formulae of the reactants or even the correct formulae of the products. These candidates
often did not recognise that combustion of alkanes means reacting with oxygen to produce
carbon dioxide and water.

Where marks could be awarded, it was generally for the correct combustion products; a lack
of understanding that combustion requires oxygen as one of the reactants was often seen.
When reactants and products were correctly written, often the products balanced correctly
but this could not be said for the correct balancing of the reactant oxygen molecules.

Some candidates misread the question and showed equations for cracking rather than
complete combustion; often writing H, as product. A small, but significant, number of

candidates gave a word equation as their answer.
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(iii) Write the balanced equation for the complete combustion of octane, CgH,;.
(3)

\

)& ey ey

(Total for Question 3 = 9 marks)

ws
(g Hig Y'0q =2 8(lo, + TH0

(gt 150, 1k (o, +19HL0
< g C | v ¢
1 S e—a Tl 20 yq

0 243 H—2 o3

N\

ﬂ ResultsPlus
Examiner Comments

2 marks were scored for the left hand side formulae and the right
hand side formulae. Unfortunately, the candidate omitted a 2 in front
of CgHqg and therefore the mark for balancing could not be scored.

(T ResultsPlus

\_} Examiner Tip

Candidates should practice writing and balancing equations of a
variety of reactions.
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(iii) Write the balanced equation for the complete combustion of octane, CgH,s.
(3)

(Total for Question 3 = 9 marks)

Ce b . > 8(0, Artz 0

Codor -~ 6
Cgdonm ~ €
tpdeogen = 18 - 18
s Ny dnzpen
%3’\ - 0% - zg

N\

ﬂ ResultsPlus
Examiner Comments

3 marks scored for the correct formulae of reactants of products and

correct balancing of the equation. '12.5' is permissible in the equation

as the equation represents the number of moles of reactants and of
products in the reaction.
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Question 4 (a)

Just under half the candidates were able to identify bromine as halogen in period 4 of the
periodic table. Some candidates gave the answer ‘Br’ which was not accepted as the name of
the element was required. The most common error here was to identify the element as

iodine - presumably they ignored hydrogen and helium making up the first period and then
started counting from fluorine downwards.
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Question 4 (b)

Candidates struggled with this question, with only about half scoring any marks. The most
common mark awarded was for stating that chlorine had fewer shells or that atoms of
chlorine were smaller than iodine (or the reverse argument in terms of iodine). Many
candidates scored 0 for describing the trend in reactivity - chlorine is more reactive than
iodine - (and in some cases properties of halogens) rather than explaining them, but did
score a mark for saying that it is easier for chlorine to gain an electron.

Examiners reported common errors which included:

- lodine has more outer shells

- It is easier for chlorine to lose an electron (confusion here with group 1 elements)
- Not linking the force of attraction to the outer shell and the nucleus.

- Many said ‘intermolecular forces’ instead of force of attraction.

(b) Explain why chlorine is more reactive than iodine.
(3)

00 0S for. fam. Dweleso.,. 5. e sNngertsn. e kiem.. ..
LAOAVAL vy G0 SONLE it b WA 0

™
Y

N / ResultsPlus
/---t Examiner Comments

This candidate did not specify what was closer to the nucleus in
chlorine, so nothing here. The rest of the answer did not answer the
question.

0 marks.
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(b) Explain why chlorine is more reactive than iodine.

(3)
_Chlotire iS__ furec vp. 4. Grove then.Todire,. @ Groue...
o O8OV Go . 0p. ke dable  Ahe et elackve  fhe

baloaga....GeAS.. This...35... beaause*‘ AS GO Q0. salnwﬁgswf
F. e _ovlkr.  elecican.  becomeg -ﬁx%&ra_%-ﬁnﬂ-ﬂ-t
Doclens, ARS. . Leakeas. e odtuckion... bakid... ... JSS . Mackive.

Cllorise...ts higber wp...a... 8. qoup. rakiy. o Hore  Muckie. ..

AN
?‘K ResultsPlus
Examiner Comments
2 marks.

The first mark was scored because they've mentioned that the outer
electron(s) being further away from the nucleus for iodine. The second
was scored for describing a weaker attraction (between the outer shell
and the nucleus).
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Question 4 (¢)

Although the majority of candidates identified the substance correctly as sodium chloride,
there was a large number of candidates who just gave the answer as ‘salt’ or white solid.
Although the correct formula of sodium chloride was an acceptable answer, many gave an

incorrect formula such as ‘'SCI' (S=sodium?) or NaCl,.
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Question 4 (d)(i)

Candidates found this question to be particularly difficult and less than a quarter of the
candidates managed to score marks. The most common mistakes were writing Br instead of
Br, and NaBr».

Largely, candidates either got 2 marks or 0 marks. If they could write the correct formulae for
both the reactants and the product, they were able to balance it.

Other incorrect answers included adding other formulae into the equation, eg CO, or H50,
writing a word equation, or even writing S for sodium instead of Na.

(d) Sodium also reacts with bromine.

(i) Write the balanced equation for the reaction between sodium and bromine.
(2)

2N £2B 2 2 NeBr,

\( / ResultsPlus

Examiner Comments

0 marks - although the formulae on the left side were correct, the
incorrect formula of the sodium bromide on the right caused the
whole equation to be incorrect.

(d) Sodium also reacts with bromine.

(i) Write the balanced equation for the reaction between sodium and bromine.

LNn..‘l'Bfi"*NQEI

\( / ResultsPlus

Examiner Comments

This was one of the few equations that was seen to be worth just one
mark for the correct formulae.

33 GCSE Combined Science 1SC0 2CH



No + 8 -
(d) Sodium also reacts with bromine.

(i) Write the balanced equation for the reaction between sodium and bromine.
e

........................

%j ResultsPlus
Examiner Comments

This candidate didn't appear to understand that a word equation is not
a suitable alternative to a balanced equation.

0 marks
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Question 4 (d)(ii)

Only a small number of candidates could give an acceptable colour for the solution formed
when sodium bromide solution was added to chlorine water.

Common incorrect responses included effervescence / fizzing / bubbling / precipitates / going
cloudy / colour change. These seem to be the go-to answers when students are not sure.

Those candidates that did give a colour would most often incorrectly put brown alone or red-
brown, some would also put green or pink.

(i) In another experiment, a student adds colourless sodium bromide solution to
chlorine water.

State what you would see in this reaction.
(1)

\/ / ResultsPlus

Examiner Comments

Candidates need to be more specific about what is seen in a reaction.
'changes colour' is not enough.

0 marks

(i) In another experiment, a student adds colourless sodium bromide solution to
chlorine water.

State what you would see in this reaction.
(1)

You will See o Caove. Chon

\/ / ResultsPlus

Examiner Comments

Brown was not an acceptable colour for the bromine in solution;
however, we did accept combinations with brown in this way.

1 mark.
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Question 4 (d)(iii)

Few candidates scored both marks for this question. Many candidates managed to gain the
allowance 1 mark for saying that bromine is oxidised because it loses electrons. Candidates
clearly do not understand the concept that the bromide ion is the species that is oxidised,
into the bromine.

Many candidates incorrectly stated the chlorine was oxidised. This tended to be because
either (1) they incorrectly thought that oxidation was gained from electrons, leading to the

(correct) answer of chlorine, or (2) they thought that going from Cl, to CI" was the loss of an
electron.

(iii) The ionic equation for the reaction between sodium bromide and chlorine is:
2Br + Cl;, =» 2CU" + Bn;

Explain which species has been oxidised in this reaction.

...................................................................................................................................................................................................................................................................................

Jhe BImune Wou goucact OcicSOUton o i, WA 10BE. L8NS 10 CRIDINL........ccoonrmncc ——

™

Y / ResultsPlus
/---‘; Examiner Comments

0 marks

We were looking for bromide (ions) or Br™ being oxidised, not bromine
since bromine appears as a product in the equation. 'lost ions' also did
not score as it was the wrong particle being lost.
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(iii) The ionic equation for the reaction between sodium bromide and chlorine is:

2Br + Cl; —» 2ClI" + B,

Explain§MIEHSH8ties has been@XIBIEEA in this reaction.

2 marks scored for the correct species being oxidised (Br’) and for
what was being lost in the process.
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Question 5 (a)

This question was fairly well answered with about three-quarters of the candidates scoring at
least one mark. Most candidates got MP1 as they'd grasped the idea that plants/trees etc.
resulted in the production of oxygen. MP2 wasn't as well answered as, whilst they explained
the concept of photosynthesis, they didn't write the term.

Where incorrect answers were present, candidates were including ideas based on
volcanoes/the formation of oceans/deforestation.
5 This question is about oxygen.

(a) The percentage of oxygen in today’s atmosphere Is greater than the percentage
of oxygen in the Earth’s early atmosphere.

Explain what caused this change to happen.

(2)
......... n“s Meays 'Hw’fﬂ"rhm*lra“"(ﬂ]nktuf‘d’fm

......... AN, Mh(h ..

N { ResultsPlus
/‘--. Examiner Comments

This was a good response here. Plants evolving and producing O,
through photosynthesis gave this 2 marks.
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5 This question is about oxygen.

(a) The percentage of oxygen in today's atmosphere is greater than the percentage
of oxygen in the Earth’s early atmosphere.

Explain what caused this change to happen.

..................... Plons. Paokosinedis .. daereasea kng ..
muwkﬂeox%m ............... VTN 9 TX R T VI M,Lm\
.................. U\%mmmmmmo{-mmjx
OGRS oS AgnegiseRh kT Q0

(2)

Z ResultsPlus

Examiner Comments

'Photosynthesis decreases the amount of oxygen' caused this answer
to score just 1 mark.

5 This question is about oxygen.

(a) The percentage of oxygen in today's atmosphere Is greater than the percentage
of oxygen in the Earth’s early atmosphere.

Explain what caused this change to happen.

Z ResultsPlus

Examiner Comments

2 marks was given for primitive plants began to photosynthesise.
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Question 5 (b)

This was a poorly answered question, with most candidates looking for visual proof that the
reaction is complete, such as waiting for a white powder to form, or lifting the lid to replenish
oxygen.

The more common incorrect response was the test for oxygen. Add a glowing splint and if it
doesn't relight, all of the oxygen has been reacted.

Weighing without stating ‘until no change in mass’ was common. Some candidates were
saying ‘see if the mass changes’ alone. More suggested that they needed to show mass
remained constant (MP1) than suggested reheating (MP2). Only a few used the term ‘heat to
constant mass'.

Explain how the student could check that the magnesium had reacted completely
with oxygen.

Kttp “"—gkﬂ. v v uabil Doy S ny

™

\( ‘ / ResultsPlus

-~ Examiner Comments
The candidate suggested re-weighing the crucible until the mass stops

changing which scored a mark. They have not said to reheat the
crucible and so only 1 mark was given for this answer.
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Explain how the student could check that the magnesium had reacted completely
with oxygen.
(2)

AN

ig ResultsPlus
Examiner Comments

This was one of the few good answers seen for this question. Heating
further and repeating the mass determination scored 2 marks.
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Question 5 (¢)

Nearly half the candidates did not score a mark for this question. It seemed as if these
candidates had very little experience of determining the empirical formula from reacting
masses.

However, for the remaining group of candidates, most marks were awarded for calculating
the empirical formula of P,0s, but very few candidates went on to relate this to the

molecular formula by using the relative formula mass that was given, so limited themselves
to 2 marks. There were some candidates who calculated the empirical formula mass, but
then having realised that this was half the value of the relative formula mass, gave the final
answer as 2P,0s.

Some candidates got confused about rounding in empirical formula when they have the ratio
1:2.5 - many wrote POs. Frustratingly, several candidates managed to work out that there

were 4 phosphorous atoms and 10 oxygen atoms, then wrote on the answer line: 4 P 10 O,
so could not be awarded the 4t mark.

Examiners reported that a number of candidates were using a trial-and-error method of
working out how many atoms of each element made up the total for the relative formula
mass of the phosphorus oxide and this gave them the correct molecular formula P40+.
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(c) In another experiment, it was found that 1.24 g of phosphorus reacted completely

with 1.60g of oxygen to form phosphorus oxide.

The relative formula mass of this phosphorus oxide is 284.

Deduce the molecular formula of this phosphorus oxide.

You must show your working.

(relative atomic masses: O =16, P = 31)

(4)

molecular formula= . Og €.

a\__

This score 2 marks

ﬂ ResultsPlus
Examiner Comments

Moles of O and P correctly calculated and from this the empirical
formula was determined. We accepted the elements in either order for
both the empirical and molecular formulae.
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(©) In another experiment, it was found that 1.24g of phosphorus reacted completely

with 1,609 of oxygen to form phosphorus oxide.

The relative formula mass of this phosphorus oxide is 284.

Deduce the molecular formula of this phosphorus oxide.

You must show your working.

(relative atomic masses: O = 16, P = 31)

(4)

...............................................

molecular formula =

- a\ -
ﬂ ResultsPlus
Examiner Comments

There were no marks for the inverted mole calculations: 16/1.6 and
31/1.34. However, the derived ratio and empirical formula was treated
as an error carried forward and scored 1 mark.
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(c) In another experiment, it was found that 1.24 g of phosphorus reacted completely
with 1.60g of oxygen to form phosphorus oxide.

The relative formula mass of this phosphorus oxide is 284,
Deduce the molecular formula of this phosphorus oxide.

You must show your working.

(relative atomic masses: O = 16, P = 31)

AN

S/ ResultsPlus
/--.. Examiner Comments

This scored 4 marks.

Unfortunately, the question did not include 'Using these results,

deduce the molecular formula ....", so this method of choosing the

appropriate number of P and O atoms to add together to make 284
(relative formula mass) had to count and was awarded 4 marks.
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(c) In another experiment, it was found that 1.24 g of phosphorus reacted completely
with 1.60g of oxygen to form phosphorus oxide,

The relative formula mass of this phosphorus oxide is 284. LI IE )
Deduce the molecular formula of this phosphorus oxide. Cy
You must show your working. 16

(relative atomic masses: O = 16, P = 31) Y.
e (4)

B A T = Lo 2 W e T 7-8%3

\ & g1 -> WY

Hs

¢ ResultsPlus

Examiner Comments

4 marks for this answer.

There was nothing stopping candidates from using this method of
balancing the number of P and O atoms to arrive at the formula mass
of phosphorus oxide.
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(c) In another experiment, it was found thamf phosphorus reacted completely
with{1.60gjof oxygen to form phosphorus oxide.

The relative formula mass of this phosphorus oxide is284.]

Deduce the molecular formula of this phosphorus oxide.
e ¥ vpaveal 2

You must show your working,

(relative atomic masses: O = 16, P = 31)

P I S . B

(4)

LI & BN \. 60O

S le
0 .04 | S.04
® 1 e 03
Z .

molecular formula= ... Y20 ¢

N

ﬂ ResultsPlus
Examiner Comments

This was given just 1 mark.

The candidate had correctly calculated the number of moles of P and
O atoms and had obtained a correct whole number ratio. However,
they then approximated the 2.5 to 3 and so the resulting formula of
PO3 was then incorrect.
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Question 5 (d)(i)

It appears that very few candidates, for this and the following question, had seen a method
to determine the percentage of oxygen in the atmosphere.

Common incorrect answers included

the iron wool drying

the iron wool falling down the test tube.

e water moving down the tube

water level increasing or decreasing without saying where.

Where marks were awarded, MP1 was scored for iron would rust or water level in the test
tube would rise, but the explanation for MP2 was less frequent.
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(d) A student uses the apparatus shown in Figure 6 to investigate the percentage of
oxygen in the atmosphere.

wet iron wool
a:r\@//

Figure 6

The apparatus was left for a few days.

(i) Explain one change the student would see after a few days.
' (2)

The . won.....mdhe.pbok. Wit OXaenko
............................. rmmnﬂxibu.

f

ﬂ ResultsPlus
Examiner Comments

This scored 1 mark only for the iron reacting with oxygen. The answer
does give iron oxide as the substance formed, but this is not an
observation.
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(d) A student uses the apparatus shown in Figure 6 to investigate the percentage of
oxygen in the atmosphere.

@/ wet iron wool

air
test tube
by \h-. /

Figure 6

The apparatus was left for a few days.

(i) Explain one change the student would see after a few days.

2 marks were given for the observation [iron turning reddy brown] and
the explanation [due to oxidation].
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(d) A student uses the apparatus shown in Figure 6 to investigate the percentage of

Oxygen In the atmosphere.
wet iron wool
air \@/ test tube

= - /"’,!"

Figure 6
The appétatus was leféfor a féw days.

(i) Explain one change the student would see after a few days.
o (2)

f

iﬁ ResultsPlus
Examiner Comments

This was another way of answering the question. There would be more
water in the test tube as there would be less oxygen in the test tube
after a few days.

This scored 2 marks.
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Question 5 (d)(ii)

About a quarter of the candidates scored at least one mark by suggesting a piece of
apparatus in which they could record the volume changes; most of these candidates opted
for a measuring cylinder or a graduated test tube.

However, a number of candidates incorrectly tried to use a gas syringe, or a balance, trying to
measure the change in mass, or even ‘off the wall' comments such as ‘ruler’, ‘balance’,
‘thermometer’ and even ‘pH meter’.

Most candidates who scored MP1 for measuring cylinder didn't score MP2 as they missed the
idea of measuring the volume before and after and calculating the change, and would just
state that they'd use the measuring cylinder to measure the volume.

A range of incorrect ideas was seen, including ideas regarding the wire wool, the water,
alternative ways of measuring oxygen in general, sealing the apparatus, and increasing the
size of the apparatus. Some wanted to use a bigger test tube or include extra tubing.

(i} Explain one change that can be made to the apparatus in Figure 6 to allow the
student to calculate the percentage of oxygen in the atmosphere.
(2)

JE0gal fringe . wove uied. iodtad, .
U&u. ..... MLASWITOR).. LAUNJRY. roultpw e Wmmm

\/ / ResultsPlus

Examiner Comments

This answer does not score MP1 for gas syringe. It also doesn't score
MP2 - "measure the volume of gas produced, as no gas is produced."
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(i) Explain one change that can be made to the apparatus in Figure 6 to allow the
student to calculate the percentage of oxygen in the atmosphere.

(2)

TSN SV "Cl v T oo WO VUt S TG (WG N PV TWRT TS -
ovesse.. tor.. Sasres :ac:zgmrmbmqw\m%um

Aot e Ao codesob. Aaa.. QRFRONAOE. AOONL-. GO, X2R0. ...
i ; ‘ (Total for Question 5 = 12 marks)

N\

ﬂ ResultsPlus
Examiner Comments

This answer scored 2 marks for using a measuring cylinder in place of
the test tube and for comparing the levels of air before and after,
which would show the change in volume of air due to the oxygen
reacting with the iron wool.

u |w e T ™
(ii) Explaln one change that can be made to the apparatus in Figure 6 to allow the

student to calculate the percentage of oxygen in the atmosphere.
(2)

....llf\c rde  co Masgml’\\ﬂ
e e Seu&w Lo &e:e_

AN

%Resultsﬁus
Examiner Comments

One mark was given for the use of the measuring cylinder but the rest
of the answer was unclear as to what it meant.

1 mark.
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Question 6 (a)(ii)

There were many candidates getting transferred error marks in this question. Answers of +64
and +32 were quite common due to students mistaking H- for 2 lots of H-H bonds, so
multiplying that bond energy by 2. Several candidates did not multiply the bond of energy of
H-F by 2, so ended up with the answer of +32. The sign in these cases depended on whether
they calculated the overall energy change as ‘bonds broken - bonds formed'.

There was a low percentage of full marks due to missing the negative sign or mention of
exothermic reaction. Most candidates gave an answer of +530. Here they instinctively take
the smaller number away from the bigger number rather than thinking about ‘bonds broken
- bonds formed'.

Calculate the energy change for this reaction.

(4)
N r=—
,,,,,,,,,,,,,,,,,,, L W
________________________________________________________________________________ (s8¢ = 6
_____________________________________________ ooy BherAd . Ceeekdn
energy change = ...... 6 ..... “f ........................ kJmol™
! / ResultsPlus

\//"--". Examiner Comments

This answer was given 3 marks. The error made here was the doubling
of the bond energies of the reactants. This gave a much larger energy
value which resulted in the endothermic value of 64 k] mol"! here.
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Calculate the energy change for this reaction.

U3E + (57 = Sq(

energy change=.....S 30 . ... kmol’

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

This answer was given 3 marks. The error made here was in the
subtraction where the candidate used bonds formed - bonds broken
and so ends up with the correct numerical answer but with the wrong
sign.

It's likely that the candidate just subtracted the smaller number from

the larger number rather than thinking about what was actually taking
place, in terms of energy required to break bonds and energy released
on forming bonds.
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Calculate the energy change for this reaction.

Cecectiing) w

tutal eneryy dhaarge = =530 L5 mol”
meurm d) dn exoHermic e alhin -
sumroviadan @b

energy change=............. .2 35 _kimol”

a\ o
ResultsPlus

Examiner Comments

This answer scored 4 marks.

There was the correct addition of the bond energies for the reactants,
the correct multiple of bond energy for the product, the correct
subtraction of bonds broken - bonds formed: 594 - 1124 = - 530 along
with the correct answer and negative sign.
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Question 6 (b)

This was a fairly well answered 6-mark question, with good numbers of students accessing all
three levels and up to the 6 marks available.

Most were able to give a basic description of a catalyst including its function, with the most
common phrases being ‘speeds up a reaction’, ‘lowers the activation energy’ and ‘is not used
up'. Several candidates annotated the supplied diagram to help illustrate their answer to a
varying degree of help. The idea that catalysts provided an alternative route that requires less
energy was less regular but was still seen.

The most common incorrect statements were:

a catalyst gives the particles more energy

the activation energy increases

the frequency of collisions increases

temperature, concentration and surface area were often referred to as catalysts.

Most candidates were able to explain how the rate of reaction is affected by a catalyst; some
backed this up with correct collision theory and used the exothermic energy level diagram to
show the lower activation energy, with a catalysed reaction.

The question required knowledge of a catalyst example(s). Many candidates remembered the
iron catalyst for the Haber process or gave enzymes as biological catalysts. There were some
examples of knowledge of catalytic converters, cracking of large alkanes and other biological
examples. The more comprehensive responses had clearly defined paragraphs for the
description, function, and examples of catalysts. Frustratingly, some candidates produced
excellent descriptions of catalysts but failed to give any examples, thus limiting themselves to
level 2.

Unfortunately, there were too many candidates that contradicted themselves and centres
should encourage students to proofread their work to reduce this error, as it reduced their
overall level of mark available.
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Paper Summary

Based on the performance in this examination paper, candidates should:

e practice the various types of calculations met in this paper - empirical formula and
molecular formula from reacting masses and relative formula mass, bond energy
calculations

e be prepared to interpret experimental descriptions that they may not have met but could
still offer sensible suggested answers

e practice writing balanced equations of all degrees of complexity

e know what is expected by the command words ‘describe’ and ‘explain’

e use appropriate terminology in explanations

¢ avoid giving more points than asked for in any response as this may lose them marks if
they include an incorrect point

e reading their responses so that they do not contradict what they are trying to write.

Candidates need to be reminded that in any calculation, all necessary numerical information
is given in the question.
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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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