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Introduction

The paper was accessible to most candidates and provided the full range of marks. Some
candidates scored very high marks and were well prepared for the examination, showing
excellent learning and teaching had taken place. Many had a sound knowledge of the
specification and could demonstrate this in their explanations and descriptions. However, a
small minority of students found the questions challenging and need to express their
understanding of Chemistry more clearly. The calculations were generally well attempted
with the main errors being in the use of significant figures and failing to use information from
earlier in the question. There were no reports of candidates running out of time and the
majority of candidates provided responses to the last question, indicating that the paper was
not unduly long. The mean mark for the paper was 39.

Section A had an average of just under 12 marks which is slightly less than in other series.
Candidates of all abilities gained marks on Q8 (electrons in boxes), Q4 (concentration
calculation) and Q6a (electrons in an ion). But some questions were more challenging for the
majority of candidates: Q11a (identifying metal elements from properties), Q16 (pollutants
from combustion), and Q14 (heterolytic fission products).
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Question 19 (a)

Some candidates found this question more difficult than expected, with a mean mark of 4
of 7.

The calculations in part ai and aii were not challenging but a minority of candidates struggled
to identify information in the stem relevant to each part of the question. Candidates should
be encouraged to underline information from the question as they work through past paper
guestions. Noting down the relevant equations would also help them focus on the
information available and what they need to use for each part of the answer.

Many lost marks on part aiii by not showing their working and/or giving their answer as an
ionic equation.
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This answer is a good example of clearly laid out working throughout.

2 1'“"'
19 The element iron forms two chlorides: iron(ll) chloride, FeCl,, and k 1 Nracon )
iron(lll) chloride, FeCl,.

(a) A known mass of iron powder is added to 200 cm’ of a hot solution of
iron(ll) chloride with a concentration of 0.500 moldm™. When the reaction is
complete, the solution only contains iron(ll) chloride.
The unreacted iron is filtered, dried and weighed. 200em® = 0.2dm> & 0.5 mol /dem?

Fe
Initial mass of iron powder = 6.17g —
Final mass of iron powder = 3.38g
(i) Calculate the number of moles of iron that react.
2
617-33%8 = 3.79 q. Tron = 55.8g/mal (2)
S$.3 1 ~ael
2.79 2c ~ols
7‘-{0.05 mls\ iren
(i) Calculate the number of moles of iron(lll) chloride that react.
. (2)
0.5 mgl ddm? ol +he 01 be only Fe(Ra s \eFL)
o mols 0.2dm3 ( el lj .
Fells

% 0.1 mols |

(iii) Use your answers to (a)(i) and (a)(ii) to write the ionic equation for the

reaction of iron with iron(lll) chloride. Include state symbols.

You must show your working.
Fe: Fells : Fe + 2FCls =¥ 3FeCl, e hot sa.U'snnuP (3)

0.0S 04 ron Ghlonde
1.8 2 2 Fe + 80 iron powder
- 3 B0 solulon= aq

Feto + 2Rl ) h, 3FeCla tag)
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N / ResultsPlus
/--.‘: Examiner Comments

This candidate gains all the marks for ai and aii but does not give their
final answer as an ionic equation for aiii so loses a mark.

The working shown is sufficient to gain M1 for aiii.
The state symbols are correct for M3 for aiii.

The equation given is balanced but not ionic so M2 cannot be
awarded.

M4\ ResultsPlus
\ Examiner Tip

Always show your working, even if it is not explicitly asked for - you
may pick up marks for transferred error.
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This is an example of a response that gains all three marks for aiii.

19 The element iron forms two chlorides: iron(ll) chloride, FeCl,, and
iron(lll) chloride, FeCl,. '
—

(a) Aknown mass of iron powder is added to 200¢cm’ of a hot solution of
iron(lll) chloride with a concentration of 0.500moldm™. When the reaction is
complete, the solution only contains iron(ll) chloride.

The unreacted iron is filtered, dried and weighed.

Initial mass of iron powder =6.17g
Final mass of iron powder =3.38g

(i) Calculate the number of moles of iron that react.
613 =13 = VI ey (2)

—

55 ¥

(i) Calculate the number of moles of iron(lll) chloride that react.

D_Lx p‘s.: &" %

L&

(2)

Use your answers to (a)(i) and (a)(ii) to write the ionic equation for the
reaction of iron with iron(lll) chloride. Include state symbols.
You must show your working.
(3)

4%

0 43
Bfe ot —> PR

I

v ofteof - )

) - 4t =

X

feey +2fe', - 3 G,
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< / ResultsPlus
/--.‘: Examiner Comments

The candidate has used their values from ai and aii to gain the ratio so
M1 is awarded. The ionic equation is correct for M2. The state symbols
are valid for M3. NOTE: Benefit of the doubt will always be given for
subscript numbers that may prove hard to read. The second equation
here would have also gained the mark for M2 as spectator chloride
ions were allowed as long as the equation is balanced.

s ResultsPlus
<

Examiner Tip
It is a good idea to underline your final answer for emphasis.
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Question 19 (b)

The average mark was just one out of four and many candidates left this part blank, showing
a need to practise water of crystallisation questions.

When attempted, candidates used a variety of routes to solve this question. Unfortunately
many of them erroneously used data from part a and this may have led to marks being
dropped when they made inappropriate assumptions.

This is an example of a response scoring all 4 marks.

(b) The concentration of the solution obtained in (a) is increased by heating it gently
to remove some of the water. The solution is allowed to cool and pale green
crystals of a hydrated iron(ll) chloride, FeCl;:xH,0, form.

Analysis shows that these crystals contain 28.1% by mass of iron,

Calculate the number of moles of water of crystallisation, x, per mole of
hydrated iron(ll) chloride.
(4)

Mmey LYy T 0. X B - 0 VSwvungy

3 g =z my. %

L OND

¥t AR LENGS )

W% .5 19'%:“&%:,‘\&1\) -\

Xz F . 336S

vh
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< / ResultsPlus
/--.‘: Examiner Comments

The response does not start well, using the moles calculated
previously. However, this is ignored as the candidate moves on to use
the percentage by mass of iron correctly to work out the formula mass
of the hydrated compound. They have then substituted this into an
equation to calculate the moles of water algebraically. The answer is
rounded to the nearest integer.

s ResultsPlus
ey

Examiner Tip

Waters of crystallisation should always be expressed as whole
numbers, not fractions or to several decimal places.

IAL Chemistry WCH11 01
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This candidate scores 2 marks.

(b) The concentration of the solution obtained in (a) is increased by heating it gently
to remove some of the water, The solution is allowed to cool and pale green
crystals of a hydrated iron(ll) chloride, FeCl,xH,0, form.

Analysis shows that these crystals contain 28.1% by mass of iron.

Calculate the number of moles of water of crystallisation, x, per mole of

hydrated iron(ll) chloride.

.
28—V

2'5-1‘f‘=‘—."'—7-q—-

)
n - 2:7%
01§

= 8% .q9288
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N / ResultsPlus
/--.‘: Examiner Comments

One mark was awarded for the relative formula mass of iron(ll)
chloride and once for calculating the moles of water.

Unfortunately this candidate did not understand how to use the
percentage by mass of iron so was never going to gain the correct
answer by this method.

A . ResultsPlus
<

Examiner Tip
Attempt every question - candidates may pick up marks even if they
do not find the correct answer.

IAL Chemistry WCH11 01
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At first glance this candidate has the correct answer so it could be assumed that they would
gain all 4 marks. Unfortunately the candidate has made some early errors and though a
mark is given for the correct answer they only score 3 out of the four marks.

(b) The concentration of the solution obtained in (a) is increased by heating it gently
to remove some of the water. The solution is allowed to cool and-pale green
crystals of a hydrated iron(ll) chloride, FeCl,xH;0, form.

Analysis shows that these crystals contain 28,1% by mass of iron.

Calculate the number of moles of water of crystallisation, x, per mole of
hydrated iron(ll) chloride.

| (4)
F'Qut 1\'\‘10'
1°
N‘D\‘E& ’ :\wlm
mOsge ¢
£5.84(36.Sx2) 4 18 = 4Y:8.
E==fe. 28.| . 0.5 -
v £5.8
=\ eno\ .
- C/\ §§ g 0.8
-0
;. (K-asn ——
Fell, * H.0 -
Mass = 65'\ | 261G
M}&g.ss= \26.8 - 18-
i L 269 -
m\(& = Gué'% " \(; ‘
s & -DS
= ©-4aqe e
0-4aneé |
\ . .19 -
\ . Yy
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< / ResultsPlus
/---t Examiner Comments

The candidate has started poorly by calculating the formula mass of
the monohydrate. They then try to calculate the percentage of chlorine
in this compound and assume the percentage of water would be the
remainder. They score one mark for the formula mass of iron(ll)
chloride, one for calculating the moles of water (from their incorrect
percentage) and one mark for giving the answer 4 as an integer.

s ResultsPlus
ey

Examiner Tip
Practise using percentage by mass data to calculate formula masses of
compounds.

IAL Chemistry WCH11 01
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Question 20 (a)

This question was well answered by the majority of candidates, as was expected. One
common mistake was to omit the word number from the answer 'atoms with same protons
but different neutrons' was not accepted.

This was a common response to the question.

20 Naturally occurring bromine has two isotopes: bromine-79 and bromine-81.

(a) State what is meant by the term isotopes.
(1)

5. Op.... the core. slemert  wath the

Dhomber.. S T et S 5 e e

N

y { ResultsPlus
/--.. Examiner Comments

Electrons were ignored as long as they were the same as the number
of protons. Candidates should be encouraged to learn the definition
without reference to electrons.

-

'/ \ ResultsPlus
o\

) Examiner Tip
Ensure you understand the meaning of key words in the specification -
writing a glossary is an excellent revision exercise.
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This is an example of a response that did not gain credit.

20 Naturally occurring bromine has th(o isotopes: bromine-79 and bromine-81.

(a) State what is meant by the term isotopes.
' (1)

_Jeotopes.. &n.\fj"am : m&mglmﬂ%u

N

ﬂ ResultsPlus
Examiner Comments

'Same element' is not equivalent to the same number as protons.
Candidates were allowed to substitute atoms with elements but not
omit the protons from the definition.

) Examiner Tip

< ResultsPlus

Ensure definitions contain the necessary detail.
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Question 20 (b)

Nearly 90% of candidates gained both marks for this question. Where errors were seen it was
usually that mass or atomic numbers has been entered instead of the number of neutrons.

This is a correct answer as per the mark scheme.

(b) Complete the table to show the numbers of subatomic particles in the two
isotopes of bromine.
(2)

bromine-79 VN 1A-Mo =4y P
bromine-81 D 3\*3‘5 -4k Ry

¢ ResultsPlus

Examiner Comments

It is perfectly fine for candidates to show their working in the answer
box. This candidate scores both marks.
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This is an example of a one mark response.

(b) Complete the table to show the numbers of subatomic particles in the two

isotopes of bromine.,
(2)
bromine-79 25 79 1LY
bromine-81 23S 2 2
ResultsPlus

Examiner Comments

The candidate has given the mass number instead of the number of
neutrons for both isotopes. However, this candidate still scores 1 for
the correct numbers of protons and electrons for BOTH isotopes.

<5 ResultsPlus

Examiner Tip
Always spend any spare time at the end of the exam to check your
answers.
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Question 20 (c)(i)

Many candidates also scored two marks for this answer. The most common reason for loss
of a mark was neglecting to show the lone pairs on the bromine atoms. Benefit of the doubt
was given to candidates who had attempted to cross out extra electrons, although some
candidates need to be more careful in their presentation. Incorrect labelling of the atoms eg
with a B instead of a Br was ignored for this paper.

This is an example of a correct response.

(c) The mass spectrum of a sample of bromine is obtained.

() Draw a dot-and-cross diagram to show the bonding in a molecule of bromine.

Only the outer electrons should be shown.
(2)

N
\/ { ResultsPlus

Examiner Comments

Candidates are allowed to use any representation of electrons. Circles
were allowed with or without overlaps.

5\ ResultsPlus
\ Examiner Tip
Practice drawing dot-and-cross diagrams for molecules with single and

double bonds.
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This is another example of a correct response.

(c) The mass spectrum of a sample of bromine is obtained.

(il Draw a dot-and-cross diagram to show the bonding in a molecule of bromine.
Only the outer electrons should be shown.

BVC = \ Deck(ony, (2)

L - ﬁ'# é.
2 i

ﬂ ResultsPlus
Examiner Comments

The line representing the covalent bond is ignored and it is clear that
the atoms are sharing a pair of electrons between them.

/\V, ResultsPlus

) Examiner Tip
Ensure you understand the differences between dot-and-cross

diagrams and electron density maps, you won't get marks if you draw
the wrong one.
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Question 20 (c)(ii)

Over half of candidates failed to score on this question and many blank responses were
seen. Some candidates drew little diagrams of mass spectrometers or continued their
answer to acceleration and separation, showing that they had knowledge of this topic, but
often did not give the required information in their answer.

This example was awarded both marks.

(i) Describe the formation of the| molecular iuaof bromine in the mass

spectrometer. Include an equation.
ate symbols are not required.

ng. A 39500vS . malilar. ion oBrot
o

.................................. Bry (o T B P RCT

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

The first mark is awarded for the electron gun, though 'high speed' was
also allowed as a reference to high energy.

Either of the equations given here is acceptable for M2.

T\ ResultsPlus

\ Examiner Tip

Ensure you read the question very carefully. Highlighting, underlining
or putting boxes around key terms, as seen here, is an excellent way to

focus on what the answer needs to contain.
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This is an example of a response that did not gain credit.

(i) Describe the formation of the molecular ion of bromine in the mass
spectrometer. Include an equation.
State symbols are not required.

Br}w — z.Br' + ,?_ey

: @1@;%3@ ”ﬂ 77"

(2)

~ < ResultsPlus

/--.. Examiner Comments

M1 is not awarded. The candidate has confused high-energy electrons
with ions and the number of electrons is incorrect.

M2 is not awarded as two bromine atoms are formed rather than a
molecular bromine ion. This was a common response for the equation.

/ 4 \ ResultsPlus
\

| Examiner Tip

Provide as much detail as you can in your answers, but you should not
need more space than is provided.
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This is an example of a 1 mark answer, emphasising the most common error when M1 was
not awarded.

(il) Describe the formaﬂon of the EE-IEEE ion of bromine in the mass

State symbols are not reqmred

Bgl) —> 85 @+ e .
In...He. mees. spec,hmxﬁdﬁfr Ak bromire. molecube is. vaponsed....

_aad. then bombared with elechrons.  which  knods. awt/ reamore.
eleckons . fom e mulecwses. ol shell. ﬁmlmngd B

ety psihe ion. (cakion).:.. R

AN

ﬂR&suﬁsﬂus
Examiner Comments

M2 is awarded for the equation.

M1 is not awarded as the 'high-energy' descriptor for the electrons is
omitted. 'Bombarded with' is insufficient for credit here. This was often
seen and candidates need to be able to explain ionisation effectively.

< ResultsPlus

| Examiner Tip

Ensure descriptions of mass spectrometry contain sufficient detail.
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Question 20 (c)(iii)

The average mark for this question was 1, with just over a third of candidates gaining both
marks. Many candidates who scored both marks labelled their peaks with the isotopes that
would be present in each molecular ion, showing excellent understanding. Of those who
failed to score, many only drew two peaks (usually at 158 and 162 m/z) and M2 was
dependent on M1. Peaks of any height were accepted, as long they were in the correct ratio,
for M2.

This is an excellent example of a fully correct answer.

(iii) On the mass spectrum grid, draw the peaks for the bromine molecular ions,
showing the relative peak heights.

The bromine isotopes in this sample have the same relative abundance.
(2)

100

90

80

70

60

Relative
abundance

40

50

30

20
10

0

156 157 158 159 160 161 162 163 164

m/z
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N / ResultsPlus
/--.‘: Examiner Comments

The candidate has emphasised the peaks rather than just drawing one
line at the relevant m/z values. They have used the lines for relative
abundance to help them show that the peaks on either side are half
the height of the central peak.

- .'::"' . ResultsPlus
\

Examiner Tip
Use grid lines to help you when drawing peaks in ratios. Broader lines
will help the examiner see your vertical lines on a mass spectrum.
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This is an example of a response scoring only 1 mark.

(iii) On the mass spectrum grid, draw the peaks for the bromine molecular ions,
showing the relative peak heights. N

The bromine isotopes in this sample have thd %m abundance.

(2)

100
90
80
70
60
aml::ne - 1
40
30
20
10
0
156 157 158 159 160 161 162 163 164
m/z
79+ 31 - (60 ?95+7q“1§8
79 41 +31 = 162
%1
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\( { ResultsPlus

Examiner Comments

This candidate scores M1 for 3 lines at the correct m/z values. The
1:2:1 ratio is not shown in the peak heights for M2 to be awarded. The
candidate has shown their working to get to the correct molecular ion
masses underneath.

5\ ResultsPlus
\ Examiner Tip
Use blank spaces if you need to work out answers, you will never be

penalised for showing your working.
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Question 20 (d)

Most candidates knew how to answer this type of question but over half only gained two
marks as they gave the value to 2 decimal places for the relative atomic mass rather than the
molecular mass, which would have scored 3 marks.

This is an example of a commonly seen 2 mark response.

(d) The percentage abundances of the isotopes in a different sample of bromine

are shown.

bromine-79 56.38%

bromine-81 43.62%

Calculate the relative molecular mass of this sample of bromine, giving your
answer to two decimal places.

(638 x%) + (4362x81)  ~

)00

(3)

. 19%7.217 - 19.87Y o= 9. %7

L
Yo Y
N\

%j ResultsPlus
Examiner Comments

The expression seen at the top is sufficient for M1 to be awarded.

M2 is awarded for the 79.87. This had to be given to 2 decimal places if
it was the final answer.
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U\ ResultsPlus

\\ Examiner Tip

Check your final answers are given to the precision given in the
guestion - this candidate used two decimal places but has not
calculated the correct final mass.
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This is an example of a one mark response.

(d) The percentage abundances of the isotopes in a different sample of bromine

are shown.

bromine-79 56.38%

bromine-81 43.62%

Calculate the relative molecular mass of this sample of bromine, giving your
answer to two decimal places.

(3)
v _

ADO

= .9

AN

ig ResultsPlus
Examiner Comments

The expression is correct for M1.

M2 is not awarded as the final answer is not given to 2 decimal places.

s 3/::-1'.

/"'/{ \ ResultsPlus

\_) Examiner Tip

Reread the instructions given in bold in the question. Bold instructions

are essential for the awarding of marks.

.
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An example of a fully correct response.

(d) The percentage abundances of the isotopes in a different sample of bromine

are shown.

bromine-79 56.38%

bromine-81 43.62%

Calculate the relative molecular mass of this sample of bromine, giving your

answer to two decimalplaces.
63220504}

-G = 03059

(IS8 x 0S¢ 28 x0-§638)+(16Ox 05638 x 0436241

e

2 (162 x0-M3CIx0- U362

t)

1S$q- 7MY
= 1&a-7Y

N\

<%;§Rmmmﬁms
Examiner Comments

This candidate has taken an unusual route using the ratios of the
molecular masses but has come to the correct answer. Candidates will
never be penalised for taking unexpected but correct methods for
calculations. The candidate has correctly rounded their answer to 2
decimal places for the final answer.
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A\ ResultsPlus
\\ Examiner Tip

Set out your calculations carefully, it is useful to show each answer on
a new line.

\.
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Question 21 (a)(i)

Candidates did not answer this question well. It may be that the specific example given
confused their definition of a covalent bond. A lot of incorrect chemistry was ignored on this
year's mark scheme so that more candidates could gain credit but over 70% of candidates
scored no marks here. A common omission was not to mention the attraction between
electrons and nuclei. Some candidates mentioned molecules of oxygen and others discussed
the bond in carbon dioxide; this was not awarded.

This is an example of a response that gained 2 marks.

e
21 The elements carbon and silicon both form dioxides. w ' 9’

(a) Carbon dioxide is a simple covalent molecule but silicon dioxide has a
giant covalent structure.

(i) Describe the covalent bond between a silicon atom and an oxygen atom in
silicon dioxide, in terms of the particles involved.
(2)

’fheco\ale%bondﬁ)rmao{ue%oqnafhmhohFDrft
betweent The nucleld of Yhe. 2. atoms..ond the
Shaved_pawrs_of eleCtrons: The. 5 shaves 2.

eledhrons wnith each oxyygen atom, sothec a
Yokl of Y DaAIrS of shavd eleChyons -

NS ResultsPlus

/'--.. Examiner Comments
The candidate scores M1 as they have referenced the 'attraction force'
and the 'shared pairs'. M2 is given for the 'nuclei of the two atoms',
silicon and oxygen are referred to in the next sentence. Plurals were
ignored, as were double bonds so the final sentence did not negate the
mark. The marks could have been awarded for a correctly labelled
diagram, but the candidates working here would not have scored.
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e N\

V ResultsPlus
\\

| Examiner Tip
Read the whole question carefully, the information in the question
should help you get to the correct answer.
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Question 21 (a)(ii)

Many candidates lost marks here as they assumed both compounds contained double
bonds. The structure of silicon dioxide and the theory of orbital overlap may require more
time in teaching, given that over half of candidates scored no marks for this question.

This is an example of a response that scored all 3 marks.

I S L N T T Ae%kue.mﬂ-lmamm

200 dS WIS A heed en overlappiag
oﬁlor\a?*m\%lfﬁo»&&\hof\m AN ke

................. Co oo 1A A e . thele cole.  1x  es. . o Sevble
ﬁioﬁtp~b°ﬁ°\,\cgmq\iﬁ*he o
LAenbie bend L kelwsan. .Gacken. snd.  oxuaen,.

e ith 18 CowoHRaA

\ﬁﬁ*bﬁ-mvu‘&-{:ﬁﬁ& k... 2

— S \\Q_or\ ol;opuole Gn\ NheeS 2 M%""\%— Lonrds,

o o & coi oo n d50%X v Nob o dou bl

vr, P
. Lo g )N o ekuo @,
PPN | , Ahwe C.o val X o TR Ala

A Yo P S Ty Yxvom Com ma\
ce v oadea X g o AT r\;’g“\ F Ti1Ttanm A:OX?C‘Q,

N

ﬂ/ < ResultsPlus
/--.. Examiner Comments

M1 is scored for the sigma bonds in both compounds. M2 is awarded

for the description of sigma bonds as 'head-on overlapping'. M3 is
awarded for the presence of a pi-bond in carbon dioxide. The
comment about the strength of bonds was not required by this
guestion.

-~ 4 \ ResultsPlus
\

) Examiner Tip
Try not to add unnecessary information to your answers. If it is
incorrect it may cause you to lose marks.
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This is an example of a correct response with suitable diagrams.

(ii) Compare and contrast the covalent bonding in carbon dioxide and
silicon dioxide in terms of orbital overlap.

(3)

Aorming.. Sigma. londs as wel as  S\dewass overiap
Of e oxviraus  foxming 2 Pi oonds, These T bonds aearw

NS

ﬂ ResultsPlus
Examiner Comments

M2 and M3 could both be awarded from the diagrams here as the

relevant bonds have been labelled. M1 is awarded as the sigma bonds

in both compounds are mentioned in the text. M2 and M3 would also
be awarded for the text alone in this response.

T\ ResultsPlus
\_/' Examiner Tip

Diagrams can be a great way to communicate understanding - but
make sure they are labelled.

IAL Chemistry WCH11 01 36



This response contains common errors that led to only 1 mark being awarded.

»

wA ~
s30

20

T
o %

3 *X
Nl

W
20 =€
”'-

pom Suiton e o ade tncl Cavieonn dox e  tus frou

dounte cwvalentr onds . ( FA0 =5 ~O umO=—'C"'G")-

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

A Siyma  bond s e band  vesuiiy B0 e 4ot (Lincar)
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Examiner Comments

Neither dot-and-cross diagram is correct here but these would not
have been sufficient for marks to be awarded even if correct. The
mention of double / pi - bonds in silicon dioxide meant that M3 could
not be awarded. M1 is awarded as the sigma bonds in both
compounds are referenced. 'Direct (linear) overlap' is not sufficient for
the awarding of M2.

< ResultsPlus

| Examiner Tip
Sigma bonds should be described as 'end-on overlap'.

Pi bonds should be described as 'sideways overlap'.
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Question 21 (b)(i)

The average mark for this question was just 1, usually awarded for the shape of the molecule
and/or bond angle. Many candidates referred to bonding pairs rather than regions of
electron density (but double bond electron pairs were accepted). Language was often
imprecise when it came to the separation of the bonding atoms, but many candidates did not
include this at all.

This is an example of a response scoring 3 marks.

(b) The shape of the carbon dioxide molecule affects its physical properties.

(i) Explain the shape of the carbon dioxide molecule.

Carleordionide molecae VWMo 2 \ineax Sweacpe ot a

leord
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\/ / ResultsPlus
/'-—-.‘: Examiner Comments

The first sentence scores M3. The '2 groups of bonded electron pairs'
scores M1, though this could also have been awarded from the
diagram. 'The atoms arrange in a way to reduce the repulsion to a
minimum' is sufficient for M2.

NB The bond angle on the diagram is labelled incorrectly but this was
ignored as both the bond angle and shape were correct above.

i ResultsPlus
<D

Examiner Tip
A dot-and-cross diagram may help you work out the shape of a
molecule but always draw a diagram with bonds shown as straight
lines when representing shapes of molecules. Be careful to label bond
angles correctly.
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Question 21 (b)(ii)

Nearly half of candidates scored 0 on this question. A common reason for this was that some
candidates quoted Pauling electronegativity values and incorrectly stated that there wasn't
enough difference for the bond to be polar. Other candidates said there was a difference but
didn't state which element was more electronegative.

This is an example of a common answer scoring 0.

(i) Explain the polarity of the carbon—oxygen bond.
(2)

Ciqtr\nank}_};h‘anmé ................. VS .(;.n....\R,m..,..........:s..i“:mc.c ............ ealh
g."\-‘m\'\n,sm.&f?-k:f:nﬁﬂicﬁ*‘mh:ga“r}ﬁ'\g
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\( 1{ ResultsPlus
/'--. Examiner Comments

The candidate has stated the bond is polar, but not given the element
that is more electronegative or stated the partial charges of the
elements. This means that no marks can be awarded.

(A ResultsPlus
\ Examiner Tip

Be specific when describing electronegativity differences - ensure you
state which element is more electronegative.
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This is an example of a response scoring 2 marks.

(i) Explain the polarity of the carbon-oxygen bond.
(2)
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i( ResultsPlus
Examiner Comments

The candidate scores M2 on the first line. M1 is scored for the second
sentence. The definition of electronegativity was not required or the
clarification of the polar bond.
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This is an example of a response scoring one mark.

(i) Explain the polarity of the carbon-oxygen bond.

\A%th hev... thechoneddkivit. than carbm so
c'5---<;>35 ...................................................... % ................ *5 ...........................................................................

N

¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

The candidate is awarded one mark for oxygen having a higher
electronegativity (M2) but the delta positive and delta negative signs
are the wrong way round on the carbon oxygen bond so it not
awarded. This diagram, if correct, would have been sufficient for M1.

’“ 'f ResultsPlus
\

| Examiner Tip
Double check your use of symbols - if an element is more
electronegative it will be the delta negative atom in a bond.
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Question 21 (b)(iii)

Over half of candidates did not score a mark here. Where candidates had misunderstanding
in part bi or bii they often continued with the same incorrect reasoning into aiii. So where
candidates thought the molecule was v-shaped they inevitably got this question wrong and
no transferred error was awarded.

This is an example of where the candidate has achieved the mark.

(iii) State whether or not the carbon dioxide molecule is polar.

Justify your answer.
(1)
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N &{ ResultsPlus
/'--. Examiner Comments

The reference to symmetry scores the mark here.
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This is an example of a candidate response that scored the mark.

(iii) State whether or not the carbon dioxide molecule is polar.
Justify your answer.

(1)
e coriy Memdecdehm?dﬂrbwdswmtnme%
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\(/g ResultsPlus
Examiner Comments

The candidate is awarded the mark for the reference to the molecule
being symmetrical but could also be given for the dipoles cancelling

out. It was also necessary for candidates to state that the molecule is
non-polar in order to gain the mark.

< ResultsPlus

| Examiner Tip

Ensure you answer the question by rereading it after you have finished
your response.
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This is an example of where a candidate has continued their answer from bii into biii.

(iii) State whether or not the carbon dioxide molecule is polar.
Justify your answer.

(b doode. . ten pohan 00 00 dhe

 dklugeny g Al Mhuan_

N

% ResultsPlus
Examiner Comments

The candidate has stated the molecule is non-polar but does not give a
suitable justification so no mark is awarded.

C V ResultsPlus
\/

) Examiner Tip
Ensure your answers are legible so examiners can mark them easily.

This response does not contain sufficient detail for the mark to be awarded.

(iii) State whether or not the carbon dioxide molecule is polar.
Justify your answer.

(1)
. Y {DD]M Bs  Trere. lth. Oxdgen abwms
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ﬂ ResultsPlus
Examiner Comments

Here the candidate has confused repulsion, electronegativity and
polarity. This justification did not allow the mark to be awarded.

IAL Chemistry WCH11 01 44



Question 21 (c)(i)

Many candidates did not achieve this mark, mainly due to the imprecision of their answers.
The mark scheme required that candidates use the word tetrahedral to describe the
structure as well as either the number of bonds formed around the silicon atoms or a
reference to the structure as giant.

This is an example of a correct response.

(i) Using your knowledge of the structure of diamond, suggest how the structure
of silicon dioxide is similar to that of diamond.

_____ 1.k L‘|q;- ach ol eom alona :.Wﬂlmfflj

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

N
\/ 2{ ResultsPlus

/'--.. Examiner Comments

The candidate has correctly identified the number of oxygen atoms
each silicon is bonded to as well as stating it is a giant structure (either
of these would have been sufficient for the mark, along with the
'tetrahedral shape').

A\ ResultsPlus
\ Examiner Tip
Revise the different solid structures on the specification and identify

for similarities and differences between them.
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This is an example of a 'near miss'. The candidate has given a good answer but omitted a key
word.

(i) Using your knowledge of the structure of diamond, suggest how the structure
of silicon dioxide is similar to that of diamond.

(1)
mek@?m}%m]tn;ﬁwdyﬂanaﬂwmwf«mk ...... caxlma.atom.
mgum"l\ﬂmh ...... WA F\'\ng&uwhnahwﬁrm..mnal«wﬂa,mhmivﬂa#m

\(/K ResultsPlus
Examiner Comments

The candidate has written a reasonable answer but has not used the
word 'tetrahedral' so the mark is not awarded. Where words are in
bold in the mark scheme they are essential for an answer.

< ResultsPlus

| Examiner Tip
Write a list of keywords to describe each type of solid structure when
revising.
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This is another example of a candidate not achieving the mark.

() Using your knowledge of the structure of diamond, suggest how the structure
of silicon dioxide is similar to that of diamond.

(1)
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ﬂ ResultsPlus
Examiner Comments

The candidate has used the word 'tetrahedral' twice but this answer
lacks the detail required for the mark to be awarded.

’“\VJ ResultsPlus

) Examiner Tip

Ensure you add sufficient detail to your answers.
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Question 21 (c)(ii)

Many candidates did not achieve this mark but this was targeted at the top-end of the
cohort. Where 'suggest' is used as a command word candidates are expected to bring
together ideas from various parts of the specification and use their reasoning skills to
formulate a suitable answer.

This an example of a good response that scores the mark.

(i) Give a possible reason why silicon dioxide has a lower melting temperature
than diamond, even though the Si—O bond is stronger than the C—C bond.
(1)

............................................. e O dim eon_oly dold % 2 Si g,
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\( &{ ResultsPlus
/--._ Examiner Comments

Here the candidate has specified the number of bonds both the
carbon and oxygen atoms form, giving a valid reason for the lower
melting temperature.
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This response scored a mark.

(i) Give a possible reason why silicon dioxide has a lower melting temperature
than diamond, even though the Si—O bond is stronger than the C—C bond.

(1)

mﬂtﬂf*"C}urt'aﬂﬂwraﬂbgamm’rﬁmi‘ff\r{gy'f”Ef?ﬂr”‘f
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iﬁ ResultsPlus
Examiner Comments

The candidate has stated 'the C-C bonds are more than the Si-O bonds'

and this was awarded the mark, the language is imprecise but the

candidate further clarifies that there are many C-C bonds. The
reference to total surface area is ignored.

-

.-'f‘\

@4\ ResultsPus
\_;

) Examiner Tip

Reread your answers to check they make sense.
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Question 22 (a)

This question was poorly answered with many candidates circling either of the methyl groups
on the hydrocarbon chain. Some circled both of the methyl groups at the end of the chain
and a few even circled a double bond. Many of these diagrams were left blank so it is
possible candidates did not realise that part a required a response. Often the diagram was
annotated for counting the hydrogens and carbons for the molecular formula, even when no
circle was seen. Candidates should know how to name and recognise parts of cyclic
compounds as well as straight chains.

This response scored the mark.

22 Zingiberene is the compound that gives ginger its characteristic flavour.
Its IUPAC name is 2-methyl-5-(6-methylhept-5-en-2-yl)cyclohexa-1,3-diene.

(a) On the structure of zingiberene, draw a circle around the '2-methyl’ group referred
to in the IUPAC name.
(1)

S

zingiberene

\( / ResultsPlus

Examiner Comments

The inclusion of the '2' carbon was allowed and the mark was awarded
here.

) . ResultsPlus
ey

Examiner Tip
Practise identifying each part of molecules with complicated names in
lessons.
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Question 22 (b)

One mark was most frequently awarded here, as candidates regularly miscounted both the
number of carbon and hydrogen atoms. Many candidates used the diagram in order to count
each atom but the mixture of double and single bonds added complexity to this question. A
few shortened structural formulae were seen in responses.

No mark was awarded here.

(b) Deduce the molecular formula of zingiberene.

C.\, -

..................... “l“}

(2)

N
\( / ResultsPlus

+ Examiner Comments
This candidate has given the general formula for an alkene. As this was
not the molecular formula it did not score the mark and the candidate
has failed to take into account the number of double bonds.

- .'::"' . ResultsPlus
ey

Examiner Tip

Practise writing molecular formulae for complex molecules.

An example of a fully correct response.

(b) Deduce the molecular formula of zingiberene.
(2)

N
\( / ResultsPlus

/'--.E Examiner Comments

The candidate has correctly counted the number of carbon atoms and
hydrogen atoms, taking into account the double bonds and cyclic
section of the molecule.
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Question 22 (c)(i)

Roughly half of candidates scored the mark here, which was less than expected. Many
candidates just stated 'addition reaction' rather than giving the electrophilic mechanism
name as well. Heterolytic was seen regularly, as were substitution and 'free radical'.
Candidates need to revise the names and types of all the mechanisms thoroughly to ensure

they can be precise in their answers.

This is an example of a common response that did not score.

(c) When zingiberene reacts with excess hydrogen bromide, there are a number of

possible products. The structure of the major product is shown.

Br
Br

Br

() Name the type and mechanism of the reaction.

N
\( { ResultsPlus

Examiner Comments

the mark to be awarded.

The candidate does not get the mark here as they have failed to name
the mechanism. Both the type and the mechanism were required for

' . ResultsPlus
\

Examiner Tip

specification.

Learn the names of all the reaction types and mechanisms on the
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There were six marks available here in two parts. The average mark for these responses was
between two and three. Just over a quarter of candidates failed to score any marks and a
disappointing number of blank answers were seen.

In the mechanism, the most frequent reasons for dropping marks included arrows not
starting from the lone pair on the bromine, arrows going in the wrong direction and incorrect
charges - these were sometimes full charges when they should have been partial and vice
versa.

In part iii many candidates spoke of the compound being a tertiary or a carbocation. Many
could state that a tertiary carbocation was more stable than a secondary, and secondary
being more stable than primary was allowed.
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This response scores 4 for part ii and 2 for partiii.

(i) The diagram shows a simplified structure of zingiberene, in which part of the

molecule is represented by A.
Complete the mechanism for the reaction of zingiberene with one molecule
of hydrogen bromide.
Include curly arrows, and any relevant dipoles and lone pairs.
(4)
= A
—> S
s+ ;"
7
T A
gﬁ' F Er
(iii) For the reaction in (c)(ii) there are two possible products:
A
Br
| II
Explain why 1 is the major product, by referring to your mechanism.
(2)
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« {ResultsPlus

/“--'- Examiner Comments
The mechanism here is correct for 4 marks. The dipole on the
hydrogen bromide is correct and the arrow shows the movement of
the electrons from the bond to the bromide ion. The arrow from the
double bond to the delta positive hydrogen is also correct. The
intermediate here is acceptable though it is unusual to show a carbon
in the middle of a skeletal structure. The charge and lone pair are
shown on the bromide and the arrow from the lone pair to the positive
carbon gains the final mark.

The language isn't precise for part iii but was accepted as the meaning
is clear, that in the mechanism compound | there is a tertiary
carbocation while Il has a secondary carbocation (M1). The statement
about tertiary being more stable than secondary gains M2.

; <EeSLIT .pll.ls
\ Examiner Tip
Precision is key in mechanisms, ensure your arrows start and end in
the correct positions.
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This is an alternative mechanism that also gains four marks. The second part shows a
common mistake.

(i) The diagram shows a simplified structure of zingiberene, in which part of the
molecule is represented by A.

Complete the mechanism for the reaction of zingiberene with one molecule
of hydrogen bromide.

Include curly arrows, and any relevant dipoles and lone pairs.
A (4)

(iii) For the reaction in (c)(ii) there are two possible products:

arj\/ﬂ

I I

Br

Explain why [ is the major product, by referring to your mechanism.
(2)

STl g becanse T D8 Secen derbooug ..
oo catfon..ldch . Pa. oncre .S dodsla...

...................... Hoae.... dELQ/LoDjﬂa_.:S Ceslao. )

IAL Chemistry WCH11 01 56



™

« {ResultsPlus

/--.". Examiner Comments
The formation of a secondary carbocation was acceptable and all 4
marks were awarded here. Here, the arrow from the hydrogen
bromide bond and the arrow from the bromide's lone pair are on the
edge of acceptability and ideally they would start closer to each
feature.

In part iii, compound | is described as a tertiary carbocation which is
incorrect so M1 is not awarded. M2 is given for the tertiary carbocation
being more stable than secondary.
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Question 22 (d)(i)

Nearly two thirds of candidates could recall a catalyst for this reaction, with both nickel and
platinum being accepted. However, some less able candidates gave a variety of acids and
zeolite instead.

This is an example of a candidate giving more than one response to the question.

(d) Zingiberene reacts with hydrogen gas in the presence of a catalyst.

X

(i) Identify the catalyst, by name or formula,
(1)

BT oo it

N
\( { ResultsPlus

Examiner Comments

This candidate has given the symbol for nickel and the name for
platinum. Both of these are correct, however, they go on to give the
formula of potassium manganate(VIl) which is incorrect and negates
the mark awarded.

' ResultsPlus
L

Examiner Tip
Check the number of responses asked for each question, here 'the
catalyst' indicates only one is required.
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Question 22 (d)(ii)

The average mark here was 2 from the four. Many candidates lost marks as they did not
realise that each mole of zingiberene would react with three moles of hydrogen. Some
candidates also lost the final mark as they either did not give units or gave units

inappropriate to their expression, the most common being dm3 instead of m3. M1 was the
most frequently awarded mark with the vast majority of candidates being able to rearrange
the expression.

This is an example of a common response.

(i) 2.0mol of zingiberene react completely with hydrogen at 150°C and a
pressure of 120kPa.

Calculate the minimum volume of hydrogen needed under these conditions,
stating your units.

[Ideal gas equation is pV=nRT  Gas constant (R) =8.31Jmol'K™']

(4)
?U“: ﬂTZT
& n kT
P

Vo Q.3 x2x 1604273

\2 O *» IR0

V= 0059 dm’
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\/ { ResultsPlus
/--.‘: Examiner Comments
M1 is awarded for the rearranged ideal gas equation.

M2 is awarded for the conversion of the temperature to Kelvin and the
pressure to Pascals.

M3 is not awarded as each mole of zingiberene will react with three
moles of hydrogen, so the number of moles should be 6.

M4 is not awarded as the expression given would require the units of

m3.

" J

@4\ ResultsPlus
D

Examiner Tip
Always check you are using the correct units for your answer.
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This is an example of a fully correct response.

(iiy 2.0mol of zingiberene react completely with hydrogen at 150°C and a
pressure of 120kPa.

Calculate the minimum volume of hydrogen needed under these conditions,
stating your units.

[Ideal gas equation is p¥=nRT  Gas constant (R) =8.31Jmol'K™]
(4}
11“q‘mg~rt we - hljlh oG On
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N / ResultsPlus
/--.‘: Examiner Comments

M1 is awarded for the rearrangement of the expression to give
volume.

M2 is awarded for the conversion of temperature and pressure to the
correct units.

M3 is awarded for the use of 6 moles of hydrogen.

M4 is awarded as the answer is correct and given with appropriate
units (any of the three answers would have been given this mark, the
use of 4 significant figures was not penalised here)

A ResultsPlus
<)

Examiner Tip

The clear layout of this calculation makes it very easy to mark.
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Question 23 (a)(i)

Two thirds of candidates did not score this mark. Many candidates gave the answer of
thermal decomposition which was not awarded. Some gave terms from the specification
such as cracking, fractional distillation or combustion which were rather surprising.

This is an example of a response that scored credit.

23 Organic waste may be disposed of by landfill or incineration.
Both processes produce gases.

(a) The main gases produced from a typical landfill are shown in the table.

methane 50

carbon dioxide 45
nitrogen 4
sulfur compounds 1

() Name the process that forms these gases in landfill.

f

?‘K ResultsPlus
Examiner Comments

Decomposition was an allowed answer, as was fermentation if it hadn't
been crossed out. The mark is awarded.

."f H'

Q ResultsPlus

Examiner Tip
Only cross out your answers if you have written another.
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This is an example of a response that did not score.

23 Organic waste may be disposed of by landfill ur incineration.

Both processes produce gases.
(a) The main gases produced from a typical landfill are shown in the table. CH y
| e s |
methane 50
carbon dioxide 45
nitrogen 4
sulfur compounds 1

(i) Name the process that forms these gases in landfill.
(1)

_Qwokic_ respie o

/ ResultsPlus

Examiner Comments

Aerobic respiration is not an accepted answer, though anaerobic
respiration would have been allowed.
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Question 23 (a)(ii)

Almost half of candidates did not score this mark, though the majority of candidates did
attempt this question. Many candidates gave more than one answer and this had the
potential to negate any marks awarded.

This is an example of a fully correct answer.

(ii) State the main environmental problem caused by landfill gases,
identifying the gas or gases responsible,
(2)

.-""P-:

N { ResultsPlus
/--.. Examiner Comments

Global warming was allowed for M1.

Both carbon dioxide and methane are given for M2.

This response did not score either mark.

(ii) State the main environmental problem caused by landfill gases,
identifying the gas or gases responsible.

(2)

T T

N

) &{ ResultsPlus
/--._ Examiner Comments

'Harmful gases to the environment' is not sufficient for M1 to be
awarded.

M2 is not awarded as methane is omitted and sulfur dioxide is
included.
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Question 23 (a)(iii)

Some blank responses were seen here and the average mark was one of the three available.
M1 was the least frequently awarded as candidates regularly neglected to multiply by 45%
and/or 365 to calculate the annual volume. M2 and M3 were more regularly awarded, though
a minority of candidates multiplied by the molar gas volume and divided by the molar mass
of carbon dioxide.

This is an example of a fully correct response.

(i) One tonne of landfill waste produces approximately 12.5dm’ of landfill gases
per day.

Calculate the mass of carbon dioxide produced in a year by a typical landfill
site which contains 90000 tonnes of waste.

Assume that the gas volume is measured at room temperature and
pressure (r.t.p.). [Molar volume of gas at r.t.p. = 24.0dm’mol™]

20000 * 2.3 x36S

= 41015000
G 106150007 4S%h
- 174 7311s0 L2
(194 78139 /14.0) (44)

1 3%1635;,5%)//

(3)

\/ / ResultsPlus

Examiner Comments

This candidate scores all three marks. The candidate has extracted the
relevant numbers and information from the question and used them
to good effect. The volume of carbon dioxide gas per year has been
calculated for M1. This value has then be divided by the molar volume
and multiplied by the molecular mass. The answer has been given with
the correct units.
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This is an example of a typical response worth two marks.

(iii) One tonne of landfill waste produces approximately 12.5dm’ of landfill gases
per day.

Calculate the mass of carbon dioxide produced in a year by a typical landfill
site which contains 90000 tonnes of waste.
Assume that the gas volume is measured at room temperature and
pressure (r.t.p.). [Molar volume of gas at r.t.p. = 24.0dm’* mol™']
(3)

qxdhh{ L | ﬂ‘}is

a6 000 ..., A125000 dm® (el
11>%00 ()
-l L U 2%

W 835 x (> r16:16) > L O0( 27560

20 E2%N004 J'C {0':
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¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

The candidate has not used all the information from the question to

gain M1. They should have used the 45% from the table above and the
number of days in a year to accurately calculate the volume of carbon
dioxide released annually. M2 is awarded for the division by 24 to give
the moles of carbon dioxide, as a transferred error. M3 is similarly
awarded as a TE for the multiplication by 44 to give the mass of carbon
dioxide.

\

| Examiner Tip

Always check whether your answer requires units.
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Question 23 (b)

This question was not well answered by candidates though many gave responses along the
correct lines. The answers were often imprecise and lacking in detail. Candidates need to add
more detail to their answers and ensure that they are using scientific terms accurately.

This is an example of a good quality response.

(b) Suggest two advantages of incineration over landfill.

(2)
........ hOweben  Un . friete "-""U&n'ﬁt’fﬁw"v’!%f'}*ﬂfruJurL
it which Cam ke used,  Tncimeador  does  wet  dske o
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N ﬁ{ ResultsPlus
/'--.. Examiner Comments

This candidate scores 2 marks for their response. The first mark is
awarded for 'produce electricity'. The second mark is awarded for
incineration using less space than landfill.

\. J

L
-
o

&\ ResultsPlus
\ Examiner Tip
Ensure you always give the number of responses asked for in the

guestion.
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This is an example of a poor quality response.

(b) Suggest two advantages of incineration over landfill.
(2)

ancinecorion doesn k. dake e land.  ond. it Con. bl nsed.

..... &vprpM&-&nar@\,lncaﬂg

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

No marks are awarded here. Incineration will take up land so no credit

is given for this point. 'Produce energy' is also not sufficient for credit,

as this is poor science (having no appreciation of the conservation of

energy) and gives no indication of the type of energy that may be of
use.

s
-
o

‘”’ \ ResultsPlus
\

| Examiner Tip

Be precise in your use of language and scientific principles.
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Question 23 (c)

Over 80% of candidates were not awarded this mark. Many candidates gave a definition of
recycling as their response, with limited reference to any chemistry.

This is an example of a common response that did not score the mark.

(c) Environmental groups prefer recycling to both landfill and incineration.

Suggest one advantage of recycling.

N

~ { ResultsPlus
/‘--. Examiner Comments

This response is not specific enough to gain the mark, as it gives a
definition of recycling and doesn't reference conserving resources, just
money. 'Doesn't affect the environment negatively' is too vague to get
credit.

&34\ ResultsPlus
)

| Examiner Tip

Be specific in your answers, use key words and terms.
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This is an example of a good response.

(c) Environmental groups prefer recycling to both landfill and incineration.

Suggest one advantage of recycling.
(1)

ﬂﬂesuhsﬂus
Examiner Comments

The mark is awarded for 'less greenhouse gases will be given out'. The
candidate has refereed to both landfill and incineration in their answer
showing that they fully understand the question.

This is an example of a response that gained credit.

(c) Environmental groups prefer recycling to both landfill and incineration.

Suggest one advantage of recycling.
(1)

...w......S.mﬁf:m,a.,_.,,.....n,.ﬁ....,,.,.....{,gml.......,._,m.o.:m.rfmzi.&i....,.,. ...............
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%{ ResultsPlus
Examiner Comments

Either of the first two bullet points could have gained the mark. The
final sentence on pollution is too vague to gain credit but was ignored.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

Read the questions carefully, underlining or highlighting key words and using this to
structure their answer.

Record their answers for calculations to appropriate numbers of significant figures, using
values stated in questions as a guide.

Always give units with their answers.

Practise deducing and drawing the reaction mechanisms on the specification, ensuring
they are precise with their curly arrows.

Practise interpreting and drawing mass spectra for different molecular ions.

Revise knowledge that is expected from GCSE, such as balancing equations and state
symbols.

IAL Chemistry WCH11 01 72



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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