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Introduction

The paper contained a range of questions with a mixture of question styles and varying levels
of demand, ranging from some designed to be accessible for all candidates, to others meant
to be challenging for even the most able. There were opportunities for candidates to show
their knowledge, understanding and experience of a wide range of topics including practical
work they have carried out as part of their course.

The paper seemed to allow all candidates to show their ability and there was no evidence of
any candidates having had any time issues.

A general comment worth making is that candidates should read all the questions carefully,
as they often contain information such as formulae, and other advice to help them in their
answers.

This report gives examples of typical responses to questions and some comments on them.
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Question 1 (a)(i)
As expected, most candidates correctly identified the sub-atomic particles in the diagram.

1 The diagram shows the sub-atomic particles in an atom of an element.

(@) (i) Give the name of each of the sub-atomic particles labelled P, Q and R.
(3)
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ig ResultsPlus
Examiner Comments

This candidate has only correctly identified the proton so scores one
mark.
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Question 1 (a)(ii)

As anticipated, most candidates identified the nucleus.

(i) Give the name of the part of the atom labelled S.

N\

y { ResultsPlus
._/""" Examiner Comments

Although the spelling is not quite correct this is allowed the mark.

(i) Give the name of the part of the atom labelled S.

Sj{ { ResultsPlus
I‘/'--.. Examiner Comments

This is an example of one of the incorrect suggestions made by a
candidate.
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Question 1 (b)

Most candidates were able to count the protons or electrons in the diagram and use the
Periodic Table to identify the element as Boron.

(b) Give the name of this element.

N

»,

/ ResultsPlus

+ Examiner Comments

This is one of the incorrect answers seen.
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Question 2 (a)

Although many candidates correctly named 'dissolving' and 'diffusion' as the two processes,
there were a variety of other suggestions often including 'melting' and 'osmosis'.

2 A potassium permanganate crystal is placed in a beaker of water.

"
potassium
permanganate
crystal

After several days a coloured solution forms.

(a) Give the names of the two processes that cause the coloured solution to form.
(2)

1. Cr%&hhz;ﬂmn
2 Em.pcrq.‘hbn

( N\

N

<{ ( ResultsPlus

I‘/'--J. Examiner Comments
Unfortunately this candidate has seemingly misunderstood what was
required and did not gain any credit.
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2 A potassium permanganate crystal is placed in a beaker of water.

)

-~

potassium
permanganate
crystal

.

After several days a coloured solution forms.

(a) Give the names of the two processes that cause the coloured solution to form.

ResultsPlus

Examiner Comments

answer.

\.

This scores one mark but also shows another quite common, incorrect
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Question 2 (b)(ii)

Most candidates correctly calculated the relative formula mass of 158. The most common
incorrect answer was 76, where candidates had used atomic numbers.
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Question 2 (c)

Many candidates gave a definition of oxidation instead of oxidising agent. However, the mark
scheme allowed enough variation for strong candidates to demonstrate their knowledge and
understanding.

(c) Potassium permanganate can be used as an oxidising agent.

State what is meant by the term oxidising agent.
(1)

Gxtdumgn ot ends Ao okt o clamert O eladbow

N

V ResultsPlus
/'--. Examiner Comments

This is an example of an acceptable answer.

(c) Potassium permanganate can be used as an oxidising agent.

State what is meant by the term oxidising agent.
(4}

AN

V ResultsPlus
/'--. Examiner Comments

Another example of an acceptable answer.
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(c) Potassium permanganate can be used as an oxidising agent.

State what is meant by the term oxidising agent.

(1)
ao.%nm .......... that.  Aooses. .. oeexrons ond  featrs i ..

RS « 127

ResultsPlus

Examiner Comments

This type of incorrect answer was common.
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Question 3 (b)(i)

Many candidates correctly classified the reaction as 'substitution' with 'addition' being the
most common incorrect answer.
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Question 3 (b)(ii)

Although correct equations were seen regularly, there were many errors, with CH4Br being a
common product. Some candidates could not give a correct formula for bromine or gave
hydrogen as a product.

(i) Give a chemical equation for this reaction.

(1)
L CHa % By, 2 PalHy t K HEY

.':\L\-
\( / ResultsPlus

:‘/r--.‘\. Examiner Comments
An incorrect product is given here but if BrCH3 had been given,
although in an unusual order, it would have been allowed.

(i) Give a chemical equation for this reaction.
(1)

\( { Result<Plus
:/"‘--‘- Examiner Comments

This was a reasonably common incorrect formula for methane
producing an incorrect product.
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Question 3 (¢)

Many candidates gave correct responses for part (c)(i) and a good number then went on to
correctly answer part (c)(ii). However many candidates could not follow up their correct
answers in part (c)(i), often not giving the correct formula of the alkane in part (c)(ii) and
instead giving the formula of other organic compounds. Of those candidates that did
correctly give CgHq,, the most common incorrect value for x was 16, perhaps showing

confusion between oxygen atoms and oxygen molecules.
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(c) One mole of an alkane burns completely in oxygen.

The equation represents the reaction.
alkane + xO, —» yCO, + zH,0
The numbers x, y and z are used to balance the equation.

(i) The complete combustion of one mole of the alkane produces 220 g of
carbon dioxide and 108 g of water.

Calculate the values of y and z.

M, of CO, =44 M, of H,0 = 18]

(2)
(i) Determine the molecular formula of the alkane and the value of x.
(2)

MOIECLHAr FOrMUIA = ...t s o

ﬂ ResultsPlus
Examiner Comments

This candidate, although not showing any working, gained two marks
for the correct values of y and z but then was unable to continue any
further.
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(c) One mole of an alkane burns completely in oxygen.

The equation represents the reaction.
alkane + x0, —» yCO, + zH,0
The numbers x, y and z are used to balance the equation.

() The complete combustion of one mole of the alkane produces 2209 of
carbon dioxide and 10849 of water.

Calculate the values of y and z.
(M, of CO, =44 M, of H,0 = 18]
(2)
DI¢ | ¢#
e d ¥z
& b
I I'd /e
le /A B
—-";: -"";: y=. i b pameass e sy R ST
(ii) Determine the molecular formula of the alkane and the value of x.
(2)

CF”n -f'{é?(y;_ - 9—&91 -+ (:.H‘aD

AN

% ResultsPlus
Examiner Comments

This candidate, like many others, having given correct answers in
part (c)(i) and a correct molecular formula in part (c)(ii) then made a
balancing error and so gained three of the four marks.
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Question 3 (d)

The majority of candidates identified carbon monoxide as the product of incomplete
combustion and then went on to give a correct explanation in terms of the oxygen carrying
capacity of blood. However, some answers were incorrect due to candidates getting confused
in their explanations involving haemoglobin.

(d) When an alkane burns in a limited supply of air, incomplete combustion occurs.

Explain why incomplete combustion of an alkane could be harmful to humans.

(2)

N

V ( ResultsPlus
/"‘-‘- Examiner Comments

One mark is gained for carbon monoxide but the explanation involving
harmful is insufficient for the second mark.

(d) When an alkane burns in a limited supply of air, incomplete combustion occurs.

Explain why incomplete combustion of an alkane could be harmful to humans.
(2)

mgﬂhmﬂt’)m ................ Seo b B eIl then be

wfe\eaSed........ mnéfgol-IShnfMgu\ ........... +0. hwmans.

N

<( { ResultsPlus

/--.1 Examiner Comments
This was one of the minority of candidates who did not answer in
terms of carbon monoxide. They gained one mark for suggesting soot
as the product but again the explanation was insufficient for a second
mark.
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Question 4 (a)

As expected, there was a good spread of marks in this question. Most candidates identified
that copper is a good electrical conductor and is malleable/ductile. There were some
excellent explanations for conductivity, although some candidates failed to mention that the
delocalised electrons can move and some mentioned ions moving. Explanations of copper
being malleable/ductile were also usually good. High melting point was suggested less often
and the explanations were not always good enough. Many candidates suggested that copper
is shiny, cheap and unreactive, all of which was ignored.

4 (a) The diagram represents the structure of copper metal.

metal
cations

delocalised
electrons

Explain three properties of copper that make it a suitable metal to use in
electrical wiring.

(5)
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y / ResultsPlus
/""-.

< Examiner Comments

This candidate scores 3 marks. The answer mentions copper is
malleable/ductile but without an explanation. It does state copper
conducts electricity and there is a suitable explanation of this property.
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l 4 (a) The diagram represents the structure of copper metal.

delocalised
electrons

metal
cations

i Explain three properties of copper that make it a suitable metal to use in
i electrical wiring.

(5)

-
" ( ResultsPlus
Examiner Comments

This answer is worth four marks. It scores one mark for copper can
conduct electricity and one for its explanation. Similarly one mark for it
being ductile and one for the explanation.
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Question 4 (b)(i)

Many candidates did not score the mark in this question, usually because they gave incorrect
charges on the ions or very often they put S2" rather than S04%".

(b) The diagram shows the electrolysis of copper(ll) sulfate solution, using

graphite electrodes.
power supply S _
@g}/ lamp
positive electrode negative electrode

copper(ll) sulfate solution

Copper forms at the negative eléctrode and oxygen forms at the
positive electrode,

(i) Give the formula of the copper ion and the formula of the sulfate ion in
copper(ll) sulfate.
(1)
copper ion

sulfate ion

SO&

N

y ( ResultsPlus
._/"'"\‘ Examiner Comments

Although the copper ion is correct the charge on the sulfate ion is not
so it is not awarded the mark.

|
e
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Question 4 (b)(ii)

Most candidates scored a mark for bubbles or fizzing. Although told in the question that
oxygen forms at the positive electrode, many candidates stated that brown or orange copper
solid would be seen.

Candidates are also reminded that an observation has to be something seen, so ‘gas
produced’ would not score.

(i) State what would be seen at the positive electrode.
(1)

............................. A TR

™.

f Y
e

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

This is not an observation as the gas cannot be seen.

" J
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Question 4 (b)(iii)

A surprisingly large number of candidates did not score the mark for the test for oxygen. The
most common incorrect answers did not contain the key word 'glowing' but instead
suggested 'extinguished' or 'put out' splint. Many candidates gave the test for hydrogen or
even carbon dioxide on occasions.

(iii) Give a test for oxygen.
(1)

b@pﬂnjsphﬂ?‘,}fu// ................... L2 —

\( / ResultsPlus
/ﬁ-.\. Examiner Comments

This answer suggests using a burning rather than a glowing splint so
does not score the mark.

(iil) Give a test for oxygen.
(1)

hooEaaoUNSMX

™.
\.

Y / ResultsPlus
/---\. Examiner Comments

This candidate is mixing up the test for hydrogen with the test for
oxygen.
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Question 4 (b)(iv)

The ionic half-equation for the formation of oxygen proved too difficult for all but the
strongest candidates. Many candidates gave a half-equation starting from oxide ions. In
general, candidates either knew the answer for two marks, starting from hydroxide ions, or
got it completely wrong with only a few candidates scoring one mark as the balancing was

incorrect.

(iv) Give an ionic half-equation for the formation of oxygen at the

positive electrode,
(2)
ARSI e el Q8 4OH—— Y€ O30

\( / ResultsPlus
/ﬁ-.‘\. Examiner Comments

All the formulae are correct but the half-equation is not balanced so
this scores one mark.

23 International GCSE Chemistry 4CH1 2CR



Question 4 (b)(v)

A pleasing number of candidates correctly suggested that the hydroxide ions came from
water, with good descriptions of the dissociation of water.

(v) Suggest why the copper(ll) sulfate solution contains some OH" ions.
(1)

Ak ool wodTh.... M-DAAO_EL ......... AHS.... fa}«am
mHMMQH,LM

ﬂ ResultsPlus
Examiner Comments

This is a good answer and is worth the mark.
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Question 5 (a)(i)

The most common incorrect answers in word equations for fermentation included water as a
product. Although the question asked for a word equation, a number of candidates decided
to try to give a balanced chemical equation. This more difficult option was allowed to score
the mark as long as the equation was fully correct including balancing.

5 This question is about alcohols, carboxylic acids and esters.

(a) Ethanol can be manufactured by the fermentation of a solution of glucose.

(i) Write a word equation for this reaction.
(1)

o GHROe 0 202 Hs OH 420

™.

Y { ResultsPlus

/r--.\. Examiner Comments

This candidate, although asked for a word equation, gave a chemical
equation which, as it is fully correct including balancing, was awarded
the mark.
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Question 5 (a)(ii)

Most candidates scored a mark here for yeast. The most common incorrect answer was

'zymase' which would not be added on its own.

(ii) State the substance that needs to be added for the reaction to occur.

(1)

@nt.:&;)‘nmc_ ........... R o e,

™,

e

y ( ResultsPlus
._/"'"\‘ Examiner Comments

process.

This candidate seems to have confused fermentation with a different

(i) State the substance that needs to be added for the reaction to occur.

(1)

N

S}' { ResultsPlus
/“-—-‘: Examiner Comments

This is not an acceptable answer but enzymes in yeast would be.
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Question 5 (a)(iii)

Most candidates gave at least one correct condition for fermentation with many giving both.
Some candidates thought that yeast was a condition and unfortunately some gave industrial
conditions for ethanol production from ethene rather than fermentation as required by the
question.

(iii) State two conditions needed for this reaction.

2 ()0'70 ..... [ tma,;.l—.»tni._f_’.mmm..-. ............................................................................. S OO o e o

™.

\{ / ResultsPlus
/--J. Examiner Comments

Although the temperature is acceptable this candidate, like others, has
given a pressure related to a different process.
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Question 5 (b)(ii)

Most candidates knew that esters have a sweet or pleasant smell and scored a mark. Some
also added that an ester would be seen as an oily layer which was not worth credit on its
own, as other organic compounds would produce an oily layer.

(ii) State how you would know that an ester has formed.

N

Y

-

Y /mf ResultsPlus

< Examiner Comments

This was the most common correct answer.

\.
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Question 5 (b)(iii)

Most candidates were able to give a use of esters with perfume by far the most common
answer. Some suggested food colouring rather than flavouring whilst others put polyesters.

(iii) Give one use of an ester.

(1)

N

Fio™
-

Y /ﬁf ResultsPlus

< Examiner Comments

A common correct answer.
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Question 5 (c)(i)

Many candidates gave definitions of a homologous series rather than a functional group
whilst others gave an example of a functional group instead of a definition.

Pleasingly, there were some very good answers but also some confused attempts with
candidates seeming to know what a functional group was but not quite able to describe it
correctly, possibly due to language skills letting them down.

(c) Aspirin is a compound used to reduce pain.
Aspirin contains a carboxylic acid functional group and an ester functional group.

(i) State what is meant by the term functional group.
(1)

An okenn or acoune & akems  WMak

gmine e cemicak peopeniies & o
6arBer  NMole crle

N

\'.

\,«’ { Result<Plus
:/"‘--“- Examiner Comments

This is an example of an acceptable answer.
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Question 5 (c)(ii)

This question was generally poorly answered. Many candidates circled the ester linkage
rather than the carboxylic acid functional group. Others circled more that the carboxylic acid

group.

(ii) This is the structural formula of aspirin.

CH; 0—CH—¥F0—H

Draw a circle around the carboxylic acid functional group.
(1)

N

Y

e

Y /ﬁf ResultsPlus

< Examiner Comments

This is an example of one of many incorrect responses.

"
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Question 5 (c)(iii)

The calculation proving the empirical formula of aspirin was often well done. However some
candidates missed out the last step or did not make it clear what they were doing.

As expressed on the front cover, candidates should be encouraged to show all working to
demonstrate how they arrive at the empirical formulae.

(i) Aspirin has this percentage composition by mass.
C=60.00% H=4.44% 0=35.56%

Show by calculation that the empirical formula of aspirin is CsHzO,

=1 Wz | 22 \b I

& " O
&0 LW | DS:56
— P i
1> \ s
q L{.UM. 9\‘7_‘}9’5

F—.-—-_-.-'— __.____....---""-_-
e 2. 2205
2,220 § | FxeD
A 170 ]

.':\\_ i
\( { ResultsPlus

_/'*--*. Examiner Comments
This candidate has started the calculation well but has not completed
the final step of multiplying by four, so gains two marks.
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Question 6 (a)

Many candidates knew that concordant results were within 0.2 cm? or less of other result but
other candidates stated they were the same or gave imprecise statements such as similar to
each other.
6 A student uses this method to do a titration.

« use a measuring cylinder to obtain 25 cm’ of sodium hydroxide solution

« transfer the solution to a conical flask

+ add a few drops of universal indicator to the flask

- fill a burette with dilute sulfuric acid and record the initial burette reading

+ add the acid to the flask, swirling the flask continuously

« add the acid slowly near the end-point

« record the final burette reading at the end-point

The student repeats the titration until at least two concordant results are obtained.

(a) State what is meant by concordant results.
(1)

concodant esuls e bt dhat oote with 020 om?
_of eoth Olner.

ﬂ ResultsPlus
Examiner Comments

A common correct answer.
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Question 6 (b)

The explanations of improvements to the method were generally good, with candidates often
gaining at least two marks by suggesting a different indicator with a good reason. Some
candidates just repeated aspects of the given method, such as repetition to obtain more
concordant results.

(b) Explain two improvements to the student's method so that more accurate results
are obtained.
(4)

ke o pyete  h obtin chﬁm:bcmcqﬁm
..... (an... obhuin. mqni'f] W . @um*mmh}ﬁm*nma@

....... PPPFFPTPT

%Lﬂt"’b mfrafm( W &#;m%/ mﬂfqm‘m .............
e szl i cm‘af .......... doesart. hawe.. g/m¢ ...... ol .-jﬂﬁzq'f
e and ‘m it il ﬂ-ﬁ&/ af# ches tue.... . |

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

ﬁ- ﬁ while. Rl can. olp... A'. ...... wged. te. Sce.. 'f& calor. J,uz;t.
m;b e

[

ig ResultsPlus
Examiner Comments

A good answer worth four marks.
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(b) Explain two improvements to the student’s method so that more accurate results
are obtained.

it K dod bl o g ek

rrrrr

FAHRN PUNI (BN, = FEPRRRERRRRNN | = e

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

rE&_;[‘fs , .ée. g#)oriu GAJ a ﬁ;u) &DFS t?p /ﬁé/ |

<Z§ ResultsPlus
Examiner Comments

This answer is given two marks for one improvement with a reason.
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Question 6 (c)

It was pleasing to see many candidates gaining the full three marks in this titration
calculation. Others did not appreciate the molar ratio involved and ended up with an answer
of 62.5 or 125 but the use of ECF (error carried forward) in the mark scheme allowed these
candidates to gain two marks.

(c) The student makes the improvements and repeats the titration.
The sulfuric acid has a concentration of 0.600 mol/dm”.
The sodium hydroxide solution has a concentration of 1.50 mol/dm’.

This is the equation for the reaction. 2 g
2NaOH + H,50, — Na,50, + 2H,0

Calculate the volume, in cm’, of sulfuric acid that the student needs to completely
react with 25.0cm’ of the sodium hydroxide solution.

| (3)
o w\‘\”@%
0.005 x@F\.5: B AGeren’
0.0 3318

©.O5%5 - 006105
0. 4

6L.5
volume of sulfuric acid = i BLSem?

y / ResultsPlus
< Examiner Comments

This candidate failed to use the molar ratio in the equation so their
answer was twice as large as it should have been. With the use of ECF
(error carried forward) it was able to score two marks.
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(c) The student makes the improvements and repeats the titration.
The sulfuric acid has a concentration of 0.600 mol/dm’.
The sodium hydroxide solution has a concentration of 1.50 _rpoi_fd_m’.

This is the equation for the reaction.

1.50 5.6

2NaOH + HESO‘.-.; -» Na,50, + 2H;0
Calculate the volume, in cm®, of sulfuric acid that the student needs to completely
react with 25.0cm’ of the sodium hydroxide solution.

(3)
Nz 0.025%1.00= 0.0335 wmo\ of Na 0\
gl mD\do NaoH =» | mol U’g Hz&oq
6.0%+F+5 —7 ¢

x= 00515 - 0.0835 mol
e

Vof K, 50,= 0.0\835x 24000
=M B0

volume of sulfuric acid = 490

N

<ﬂ< ResultsPlus
Examiner Comments

This candidate started off well by completing the first two steps in the
calculation. However, they then involved the molar gas volume. They
scored two marks.
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Question 6 (d)

Many candidates unnecessarily gave a method for making sodium sulfate solution prior to
starting their method for obtaining the crystals. Many candidates gained MP1 and MP2 on
the mark scheme but often then did not gain MP3 as they went straight to filtering without
cooling or leaving the solution. Some candidates missed out the steps in MP3 and MP4
completely and went straight to drying crystals. Weaker candidates muddled the order of the
steps and so often scored few marks.

(d) The student plans to obtain pure dry crystals of hydrated sodium sulfate,

They add the calculated volume of sulfuric acid to 25.0cm® of the
sodium hydroxide solution to form sodium sulfate solution.

Describe what the student should do to obtain pure dry crystals of
hydrated sodium sulfate from the solution.

(4)

r[h O3dox <§D Qv¥ﬁ\ﬂ Dure &‘\ﬁ' ﬂrt!c}a1s
hydvatal @m\wwcu\l—”o*@,

c;*u&%& gbw\r\heu‘v%w&wm\%
| %‘ﬂhwbﬂh\&\\—h&mm Y ouapouts]

cand o tapuiBes  are  leg)

oMo ddenk  chewd Allber 00t
e N8 ? v Cmﬁ’m\q &im" o \Y“P\Mihﬁ

oA ..\a&%% T en cko\ 1wtha

.....'kﬂ‘*-""\ 6’6‘ n ""N’ wmon& m ) %&n ond

fr\aﬁf e 080 Opkatver

L

S

ﬂ ResultsPlus
Examiner Comments

In this answer the candidate scores one mark for heating the solution
but evaporates all the water so gains no other marks.
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(d) The student plans to obtain pure dry crystals of hydrated sodium sulfate.

They add the calculated volume of sulfuric acid to 25.0cm’ of the
sodium hydroxide solution to form sodium sulfate solution.

Describe what the student should do to obtain pure dry crystals of
hydrated sodium sulfate from the solution.

(4)
e X ey ¢ odmereek . Sodauen Subele
m\u\m D\mee exnfNuN o disv e\
J
LNl onet on o Seas . NSRBI S Wcok
B Cmﬂ%\a\\% \oeca“ﬁ X QOW\ Mo

am\ \Eme, *0 Cao\ P \Vv- S eNn. Gorem

v Y S RO N \J%\(\cj \D’\L Q\’ﬁ‘?{t\% W@i\'\ci Q\ML
o Soeene SiNve o Glec. S0 Buone\ L wamiena. 6. B\

ML o NNt N Scead. Yo I

S Fosouan. hor Q\N\m\ Dlece. M cm&h\%
Col\ered Ch/‘c&\ \eoe Nenn ‘o (Total for Question 6 = 12 marks)

M o¥ w\-) G &hﬂvzej Se\uTear

<Z< ResultsPlus
Examiner Comments

This candidate gives a good description and gains four marks.
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Question 7 (a)(i)
Most candidates correctly identified the reversible reaction symbol.

7 In the presence of an iron catalyst, nitrogen reacts with hydrogen to form ammonia.

The reaction conditions used are a temperature of 450°C and a pressure
of 200 atmospheres.

This is the equation for the reaction.
N, + 3H, = 2NH, AH=-92kJ/mol

(a) (i) State what the symbol = represents.

ﬂ ResultsPlus
Examiner Comments

This candidate refers to equilibrium which is ignored but has not
mentioned reversible so does not gain the mark.
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Question 7 (a)(ii)

The vast majority of candidates knew that a catalyst increases the rate of reaction. Some
went on to describe how a catalyst works which was not required and so was ignored.

(i) Give the reason for using a catalyst.
(1)

e 3\

N

Y

¥ / ResultsPlus
/'--‘- Examiner Comments

Unfortunately this candidate refers to altering not increasing the rate
of reaction so did not gain the mark.

" J
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Question 7 (b)(i)

Many candidates who correctly stated the yield would decrease with increased temperature
then went on to state that the equilibrium position would move in the endothermic direction
but did not state which direction that was. Weaker candidates confused yield and rate and

the position of equilibrium.

(b) (i) The reaction mixture is kept at a pressure of 200 atmospheres, but the
temperature is increased to 550°C.

Explain the effect of this change on the yield of ammonia at equilibrium.
(2)

SIS decrease  avne. . RS 08 0@

PV ST U o T T+ T UA ST WYY O L T —
S U SEUSE - S S 's I o' X< 2TV Ve W € 1o Ve Yo U = —

YT s 0 Lo b =T & o s KL <

B

ﬂ ResultsPlus
Examiner Comments

A good answer worth two marks.

PU'E”N'G wWyrm - P=rany L B AT E S L R (v )

(b) (i} The reaction mixture is kept at a pressure of 200 atmospheres, but the
temperature is increased to 550 °C.

Explain the effect of this change on the yield of ammonia at equilibrium.
(2)

b yield . of  ammenia... decreases  so .. Jower . yicld..

B OO ... T S 1< position.....of...equilibriom..... Shifbs .

Ao he o left o hecavg b forward  rPachion. iS..

................. eX0.Hermic
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Examiner Comments

A different way of gaining two marks.

(b}@) The reaction mixture is kept at a pressure of 200 atmospheres, but the
temperature is increased to 550°C.

Explain the effect of this change on the yield of ammonia at equilibrium.

[

<0‘< ResultsPlus
Examiner Comments

The candidate has correctly stated the yield decreases but without a
suitable reason, so they only score one mark.
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Question 7 (b)(ii)

There were many excellent answers but some candidates did not identify which side had the
fewer moles even though they made statements such as 'it moves to the side with fewer
moles'. Sometimes yield and rate were confused and some weaker candidates thought the
answer involved the exothermic nature of the reaction.

(i) The reaction mixture is kept at a temperature of 450°C, but the pressure is
increased to 300 atmospheres.

Explain the effect of this change on the yield of ammonia at equilibrium.
(2)

ﬂ (/né( JTF Ammonta... lacrease.s.. since.. '[4&* g;m/ erm.....,.
SL?HS an ”j%% ..........

AN

S}- { ResultsPlus
/'--1 Examiner Comments

The candidate has correctly stated that the yield increases but has not
given a reason involving moles of gas so scores just one mark.

(i) The reaction mixture is kept at a temperature of 450 °C, but the pressure is
increased to 300 atmospheres.

Explain the effect of this change on the yield of ammonia at equilibrium.
(2)

T\n& )ﬂﬁ\&. O'@‘ Oammenta Wil Wncvease.. A3 thelv ...
ove fewer gée wolecules onthe. . Y‘zght \oqho\........

ﬂ( { ResultsPlus
I‘/---..\_ Examiner Comments

Molecules was allowed for moles, so this candidate scored two marks.
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Question 7 (¢)

Although not asked for, many candidates included activation energy in their diagrams,
perhaps suggesting they do not know the difference between an energy level diagram and a
reaction profile. Some of the lines indicating the enthalpy change were a bit imprecise, often
not quite reaching the reactant or product horizontal lines making it difficult to award marks.

(c) Draw an energy level diagram for the reaction between nitrogen and hydrogen.

Include the reactants, products and AH in your diagram.
(3)

N}-* 3H1 (mm Y

energy

twd-uti)

LNN3

s N
5,
M
,

Y / ResultsPlus
/ﬁ-.‘\. Examiner Comments

This candidate scores the first two marks but not the third as the arrow
indicating the enthalpy change does not end at the level of the
products.
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(c) Draw an energy level diagram for the reaction between nitrogen and hydrogen.
Include the reactants, products and AH in your diagram.

A Mﬁm&ﬂkkﬁ

B 0

Na 23 He

(3)

energy

2N W, prwt«_ejl

B

%j ResultsPlus
Examiner Comments

This candidate also scores the first two marks but not the third as the
arrow indicating the enthalpy change does not start at the level of the
reactants or end at the level of the products.
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Question 7 (d)

As expected, weaker candidates found this calculation very challenging and often did not
attempt it. Some tried unsuccessfully to use masses. However, many candidates were able to
make good attempts at part (d)(i) often gaining the first two marks. Some candidates also
gained the third mark with a variety of acceptable methods, although others did not
convincingly show that nitrogen was in excess.

There were a lot of blanks in part (d)(ii) and only the strongest candidates were able to score
full marks. However a good number of candidates did manage two marks for obtaining 80

dm?3 but then failed to use the information that the yield was 20%.
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(d) At the start of the reaction, 48 dm’ of nitrogen is added to 120dm’ of hydrogen
at rtp.
N; + 3H, = ZNHg

[molar volume of any gas at rtp = 24dm’]

(i) Show by calculation that the nitrogen Is in excess.
ﬂ =‘
Uﬁ\uvv\e_.-—_ W\.an_h Vdwinae < o 03 W\.e’\q_g

120
4

(3)

:Mogw\.ejt.u,dj L"‘Esd-"’}‘v"
5= nog wals o Wydro

a 5tz ‘ w
= .ol wole gj n;huam\

RAURI-686
40 dum> eddd

S Ue > Yoo W

(ii) The yield of ammonia at equilibrium is 20%. o b Se Th

Calculate the volume, in dm®, of ammonia formed from 120dm’ of hydrogen, € X A4
(3)
JR0 .
R U

B2 *2
=T LD vwgly of avmvnonig

volume = Rtk volaem < o o} sl
Vome ¢ T 23 24

UM Aol A
, = 500 m3
A- RO L
. Qb KO
(20
e ) 4 N T gl volume of ammonia='édm’

) =mmon) o (Total for Question 7 = 15 marks)
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As indicated in the mark scheme alternative methods other than the
expected one were accepted. This shows one of them and the
candidate gained full marks.
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(d) At the start of the reaction, 48 dm® of nitrogen is added to 120dm’ of hydrogen

at rtp.
¢ 4 gdm®
N; + 3H, = 2NH,
1204dm*
[molar volume of any gas at rtp = 24dm’]

(i) Show by calculation that the nitrogen is in excess.

(3)
VEne gy om’

lave

\2 32 nXak , |
ppm —> to veack need 1°6 woeof Na

hz &5 woles Y

F(\'}/ G dm3 =nx 2%

ne 4t
5 9 KAY4

1

L lé M N2 \3irnaccess .
=

2 B vneley.

(i) The yield of ammonia at equilibrium is 20%.

Calculate the volume, in dm?, of ammonia formed from 120dm’ of hydrogen.

: (3)
= M Hy - W H 3
Y a“dm‘; L "13 \':.’./‘3
3 3): i
BH& Nn= Lﬂ._?._ali « 5 S Bt s 3

QAudm’ =

n | T ’ 3

. dm?
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Three marks were awarded in part (d)(i) but in part (d)(ii) the candidate
did not use the information about 20% yield so only scored two marks.

\. J
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Paper Summary

Based on their performance on this paper, candidates should:

e increase their familiarity with pieces of apparatus used in the laboratory and their
purpose.

e have as much practical experience as possible to improve understanding of methods used
in practical situations.

e read questions carefully to both be clear what is being asked and to be aware that useful
information to help in the answer is sometimes provided.

e l|earn tests for gases.

e practise writing formulae and equations, including those involved in organic chemistry.

e practise all types of calculations, including titrations and show all working.

e improve understanding of terms such as ‘oxidation’ and ‘oxidising agent'.

e be clear in which direction a reaction is exothermic or endothermic or which side of the
equation has more or less moles of gas.
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