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Introduction

The paper was accessible to most candidates, probably more so than previous series due to
several marks being available from GCSE topics. Nevertheless, there were some quite challenging
questions and the paper provided the full range of marks. Some candidates scored very highly
and were fully prepared for the examination, demonstrating the excellent teaching and learning
that has taken place. Many candidates showed a sound knowledge of the specification and could
demonstrate this in the quality of their responses. However, a small minority of candidates found
some of the questions more challenging and needed to express their understanding of chemistry
more clearly. For most candidates, the calculations were very well attempted with a significant
number scoring full marks. For those candidates who did not do so well with calculations, one of
the main errors was in early or incorrect rounding of both intermediate and final answers. It is
good practise, unless instructed otherwise by the paper, to use a minimum of three significant
figures throughout. The mean mark for the paper was 58%.
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Question 1(a)

75% of candidates scored this mark, showing that the PCI5 test for alcohols was well known.
Some of those who did not score gave "misty fumes" which is the correct observation for this test
but clearly, although they were familiar with the test, these candidates did not read the question
properly, which asked for the identity of the gas. Other candidates that were unfamiliar with the
test gave a wide range of incorrect compounds.

This is the perfect answer.
1} Two isomeric organic liquids, P and Q, with one functional group, contain only
carbon, hydrogen and oxygen. They have the same functional group.

(a) Phosphorus(V) chloride is added to separate samples of P and Q.
A gas, R, is evolved in each reaction.

Identify R, by name or formula.

Int Advanced Level Chemistry WCH13 01
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Although it was not required to give both formula and name, this candidate has done so.
You have to be careful when doing this as, if the formula is correct and the name is wrong,
the mark is not scored. Also, the state symbol is not required but this candidate has clearly
read the question, noted that it was a gas evolved and gave the correct state symbol for gas.
Note that HCI on its own would have scored but "hydrochloric acid" would not since it is a
solution, not a gas.

o

'f': \ ResultsPlus
\

| Examiner Tip

It is not good practise to give two answers when only one is needed as there is a risk that
the mark could be lost, even if one of the answers is correct.

Here, the candidate was clearly familiar with the test for the alcohol group but did not read the
question properly.

1} Two isomeric organic liquids, P and Q, with one functional group, contain only
carbon, hydrogen and oxygen. They have the same functional group.

(a) Phosphorus(V) chloride is added to separate samples of P and Q.
A gas, R, is evolved in each reaction.

Identify R, by name or formula.

....................... M\S‘f\*}gumes R
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Misty fumes is the correct observation for the PCI5 test for alcohols but is not what the
question asked for. It asked for the identity of the gas, not the observation.

’“ 'f ResultsPlus
\

| Examiner Tip

Make sure you read the question properly, taking note of any relevant key words. Also, make
sure you are familiar with the command words at the start of the question stem. The two
most important words in this question were gas and the command word identify.

An example of an incorrect answer.

1: Two isomeric organic liquids, P and Q, with one functional group, contain only
carbon, hydrogen and oxygen. They have the same functional group.

(a) Phosphorus(V) chloride is added to separate samples of P and Q.
A gas, R, is evolved in each reaction.

Identify R, by name or formula.
(n

o Chlorine A .
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Chlorine is close but not the correct answer.

A
# 1
-

%“':: ResultsPlus
\

| Examiner Tip

Make sure you are familiar with all the chemical tests in the specification. A good idea, when
revising, is to make a set of flash cards on the chemical tests and get friends or family to test

you on them.
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Question 1(b)i

A correct response.

(b) When a few drops of acidified potassium dichromate(Vl) are added to separate
samples of P and Q and the mixtures gently heated, a reaction occurs.

(i) Give the colour change of the mixtures during heating.

FIOM . R DWNGIC . i

TO

(1}
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Examiner Comments

This candidate clearly knew the colour change and scored the mark.

An incorrect response.

(b) When a few drops of acidified potassium dichromate(Vl) are added to separate
samples of P and Q and the mixtures gently heated, a reaction occurs.

(i) Give the colour change of the mixtures during heating.
(1)

FPOM o I R e e

To D\'u..rae..
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Examiner Comments

This candidate clearly knows the colour change but unfortunately got it the wrong way
round.

7
zzz-"- ™y I'.
P!

W4\ ResultsPlus
2\

) Examiner Tip

When learning the chemical tests for the different ions and functional groups, you should
also learn the observation that is associated with it.

An example of an incorrect response.

(b) When a few drops of acidified potassium dichromate(VI) are added to separate
samples of P and Q and the mixtures gently heated, a reaction occurs.

(i) Give the colour change of the mixtures during heating.
(1

From
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Examiner Comments

It appears that this candidate got confused between two different tests for oxidation of
alcohols and gave the correct colour change for when potassium manganate(Vll) is used.

lf \ ResultsPlus
\

Examiner Tip

Always make sure you learn the observations associated with the chemical tests described
in the specification.
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Question 1(b)ii

This question required use of the previous two to identify the alcohol functional group. 86% of all
candidates scored this mark.

An example of a good answer.

(i) Identify the functional group presentin P and Q.

Int Advanced Level Chemistry WCH13 01
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This candidate was one of many who was able to deduce the correct functional group from
the observations in the two tests carried out.

P

r 1

A\ ResultsPhus
~2_)

| Examiner Tip

It is not good practise to give two responses when only one is required, just in case one is
not correct.

This was a common error among the 16% that didn't score.

(ii) Identify the functional group present in P and Q.
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Unfortunately, adding a minus sign to the OH group negates the mark. This makes it a
hydroxide ion which is clearly incorrect.

=
P

A\ ResultsPlus
\__; Examiner Tip

Be careful when adding signs to formulae. Are they needed and are they correct. Note that
OH on its own without the minus sign would have scored the mark.

An example of an incorrect functional group.

(ii) Identify the functional group present in P and Q. on

(1
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From the rough working above, it is obvious that the candidate knew there was an OH group
involved. However, although the carboxylic acid contains an OH, it is a very different
functional group overall and would not give the test results described in the previous two
questions.

< ResultsPlus
<

Examiner Tip

Make sure you learn the organic functional groups and the chemical tests associated with
them contained in the specification.

14
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Question 1(c)

An example of a 100% correct response.

(c) Mass spectra of P and Q show a molecular ion peak at m/z = 60.
The mass spectrum of P has its most intense peak at m/z = 31 and this peak is
not present in the mass spectrum of Q.

The spectrum of Q has its most intense peak at m/z = 45 which is less intense in
the mass spectrum of P.
In the alternative isomer these peaks are very small.

For each of these peaks, give the formula of one ion that could be responsible for
its formation.

(3)

45..CaXiOM’

Int Advanced Level Chemistry WCH13 01
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Examiner Comments

This candidate clearly knew how to interpret a mass spectrum and give correct formulae for
the species involved. Note that if the ions had been written as molecular formulae, this
would also have been accepted, eg C 3 H 8 O + for the molecular ion peak.

Pl
A

U \ ResultsPlus
\-‘

| Examiner Tip

Make sure you understand that organic molecules break up into fragments that can be used
to identify the parent molecule.

An example of a partially correct answer.

(c) Mass spectra of P and Q show a molecular ion peak at m/z = 60.
The mass spectrum of P has its most intense peak at m/z = 31 and this peak is
not present in the mass spectrum of Q. -
The spectrum of Q has its most intense peak at m/z = 45 which is less intense in
the mass spectrum of P.
In the alternative isomer these peaks are very small.

For each of these peaks, give the formula of one ion that could be responsible for
its formation.
(3)

60 CHCH CH0R 0¥ O -

5 CH CHOHW - &
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Examiner Comments

Although all of the formulae are correct (they can be written as structural or molecular
formulae) they are all missing the "+" charge.

/"’. )
ey
-

(M4 ResultsPlus
\_} Examiner Tip

Make sure to add a "+" charge to all ions detected in a mass spectrometer. Without the
charge, they would not move and therefore, would not be detected.

Another partially correct answer.

(c) Mass spectra of P and Q show a molecular ion peak at m/z = 60.
The mass spectrum of P has its most intense peak at m/z = Ell and this peak is
not present in the mass spectrum of Q.
The spectrum of Q has its most intense peak atm/z = = 45 which Is less intense in
the mass spectrum of P.
In the alternative isomer these peaks are very small.

For each of these peaks, give the formula of one ion that could be responsible for
its formation.

(3)

+
60.... CoHy0,

45 . e C,H 0H

3. ot
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Only one of the formulae is correct, that for the peak at m/z 45. The others have the wrong
relative formula mass.

o \-
e

(M4 ResultsPlus
\ Examiner Tip

Make sure that when writing the formula of fragments (or molecular ions) that you check
that the sum of the relative atomic masses adds up to the m/z value.

18
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Question 1(d)

Following on from identification of the fragments, the candidates now had to use this information
to identify the structures of the two alcohol isomers of C3H8OH. 61% of all candidates were able
to do this.

Candidates could, of course, deduce the structures of the two isomers from the m/z of the
molecular ion without using the fragment ions, but this often led to an incorrect answer, giving
the structures the wrong way round.

A large proportion of those candidates not scoring were because the formulae of the two
structures did not have a formula mass of 60 and/or they were not isomers of each other.

This is an example of a correct answer with two correct structures.

(d) Deduce the structural formulae of P and Q.

(2)
P
H H 4
) [
H-C-c-c-off
1,
H H o
Q M o0 M
Cm e —¢
-~ C —c~H
M ’ . ;
H H H

(Total for Question 1=8 marks)
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Note that the type of structure was not demanded in the question. This candidate gave fully
displayed structures but simple structural formulae and skeletal structures were also
accepted.

A partially correct answer.

(d) Deduce the structural formulae of P and Q.
(2)

’ HooH o
] l
H—C*Q—‘C“O"l‘[
A H H
Q
T
H-'C —C- 0-H
HooH

(Total for Question 1 = 8 marks)
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Examiner Comments

The structure for P is fully correct but Q, although it is an alcohol is not an isomer of P.

z"_-' 0!
P

/\VJ ResultsPlus

) Examiner Tip

Make sure that, if you are asked for isomers, that they have the same molecular formulae,
and that this matches the m/z value for the molecular ion, in this case 60.

This is an example of a poor response that scored nothing.

(d) Deduce the structural formulae of P and Q.

P ol A

(2)

Q
o.
\C__._ E’:.—w
TR

(Total for Question 1 = 8 marks)
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Although the formula for P is correct, and the structure is almost correct, the mark is
negated because of the incorrect connectivity of the OH group. The H of the hydroxyl group
should not be connected to a carbon atom. The structure of Q has the wrong formula and
the wrong functional group.

U4\ ResultsPlus
\ Examiner Tip
When drawing structures, always make sure the atoms are connected in the right way and
with the right number of bonds. Use the HONC rule. In the vast majority* of organic
structures, H always has 1 bond, O almost always has 2 bonds, N usually has 3 bonds and C

always has 4 (* there are a very few exceptions for oxygen and nitrogen but these are not
encountered in the AS specification).

22
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Question 2(a)i

This ought to have been a very accessible question because it was about the flame test procedure
which candidates ought to have encountered at GCSE if not before. However, only 72% got it fully

correct.

Marks were lost through lack of detail, mostly the type / colour of the flame used.

This is an example of a perfect answer.
2 Chemical tests can be used to identify the presence of ions, although sometimes the

results are inconclusive or difficult to interpret.

(a) Flame tests can be used to identify the presence of some cations.
A flame test is carried out using an unreactive metal wire, for example a nichrome

or a platinum wire,

(i) Describe how to carry out a flame test.
(2)

i ik fome e . Concenbrated HMW@
Llean.. '%dl«-rp wive . Sold. sw-«@h e
S Pb?— ek non-lumineas. € c—wt\ﬂ) M.
—%o\mww(}mmkow
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Examiner Comments

All the detail necessary to score both marks: a suitable use of hydrochloric acid; and the
correct Bunsen flame colour.

An example of an almost perfect answer, just missing one small detail.
2] Chemical tests can be used to identify the presence of ions, although sometimes the
results are inconclusive or difficult to interpret.
(a) Flame tests can be used to identify the presence of some cations.
A flame test is carried out using an unreactive metal wire, for example a nichrome
ot a platinum wire.
(i) Describe how to carry out a flame test.

{2)
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Examiner Comments

The response has the correct use of hydrochloric acid but is missing the colour of the flame.

AR
S| | ResultsPlus

Examiner Tip

Make sure to add relevant detail, no matter how trivial you think it is.

This is an example of a poor answer, lacking all the necessary detail.

2: Chemical tests can be used to identify the presence of ions, although sometimes the
results are inconclusive or difficult to interpret.

(a) Flame tests can be used to identify the presence of some cations,

A flame test is carried out using an unreactive metal wire, for example a nichrome
or a platinum wire,

(i) Describe how to carry out a flame test.
(2)

“Srnaa“‘canngnhromuarr.dﬁdafeN

drtaps of  cone Hel li%hr e Bungsn. . Berner. ...
.............................. o< din The wire in 10 The ARITHT Pl

L LY N LRV S e [ X0 K
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25



N
%ﬁ_{Resnﬁs’Plus

Examiner Comments

They haven't told us what they are doing with the hydrochloric acid and the type of Bunsen
flame is also missing.

lf \ ResultsPlus
\

Examiner Tip

Lack of detail in an answer is a very common source of lost marks in examinations. You may
well know the detail but unless you write it down, the examiner does not know what you are
thinking.

26
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Question 2(a)ii

Flame test colours are generally very well-known and candidates found the question very
accessible. Incorrect answers for potassium were very rare but as the colour for rubidium is less
well known, incorrect answers were a little more common.

A perfect textbook answer.

(i) The flame test colours for the potassium ion and the rubidium ion are difficult

to tell apart.
Give the flame test colours for the potassium ion and for the rubidium ion.

Rubidium ion .. &AL ZQUATON i

Int Advanced Level Chemistry WCH13 01
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Examiner Comments

Correct textbook colours for both metal ions.

A7
f

Q ResultsPlus

Examiner Tip

Make sure you know the flame test colours found in this specification.

Correct for potassium but incorrect for rubidium.

(i) The flame test colours for the potassium ion and the rubidium ion are ‘fih‘ﬂcult
to tell apart. -+ - v
Give the flame test colours for the potassium ion and for the rubidium ion.

(2)
POtASSIUM 0N o L o

Rubidium ion ...... manae—rm/
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This was one of the more common incorrect colours given for rubidium. Almost any shade
of red or purple was allowed for rubidium but not orange / brick red since this is the flame
test colour for calcium.

!
i

V ResultsPlus
\

| Examiner Tip

Make sure you know your flame test colours.

Int Advanced Level Chemistry WCH13 01
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Question 2(a)iii
Most candidates found this question very challenging with only 21% scoring full marks.

The context was unusual; candidates had to draw on information and understanding from a
number of sources to formulate a correct solution to the problem.

Only the more able candidates, who knew their solubility rules and could apply them, realised
that this was just the test for sulfate ions in disguise.

This was a fully correct answer.

The candidate was clearly able to use the solubility rules and trends in solubility down Group 2 to
work out that lithium sulfate is soluble and strontium sulfate is insoluble so would give a
precipitate with sulfate ions.

(i) Both lithium ions and strontium ions produce red flame colours, so further
tests are required to identify these cations.

Explain how a chemical test could be used to distinguish between two
solutions, one of lithium nitrate and the other of strontiym nitrate.

Lighty, br U"’})a._ (2)

.............. N —
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In this case, the candidate chose sulfuric acid as a source of sulfate ions but any soluble
sulfate, eg sodium sulfate, would also have worked.

A\ ResultsPhus
<)

| Examiner Tip

Note that some candidates who clearly understood the chemistry involved still lost a mark
by not stating that lithium sulfate gave no visible change / no ppt. If the question is about
telling the difference between two compounds or species, make sure you write about both
of them.

This is an example of a response where the candidate had the right idea relating to precipitates
forming but chose the wrong reagent.

(iii) Both lithium ions and strontium ions produce red flame colours, so further .
tests are required to identify these cations.

Explain how a chemical test could be used to distinguish between two
a solutions, lcmtI of I|th|um nitrate and the other of strontium nitrate,

droxide (2)
Sﬂdfulfh b %f sdifion ool ke sl o each solulion, Fove ml]

g&l .m G’ﬁf?ﬂ[dﬁm o ilﬁlum mMP, angl. Mwﬁlff mpffﬁfc......
ér’m . (”‘Lsaﬁtflm a{— g']emmgttd’] MA’M(Y. ............ e
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Both lithium and strontium hydroxides are soluble. Solubility of hydroxides increases as you
go down Group 2 - this is the piece of understanding that this candidate was lacking here.

A
P!
Ay )

/\Vl ResultsPlus

) Examiner Tip

Make sure you know your solubility rules and can apply them. They can come up in lots of
different contexts.

This was the most common incorrect answer given - significantly more common than the correct
answer.

(i) Both lithium ions and strontium ions produce red flame colours, so further
tests are required to identify these cations.

Explain how a chemical test could be used to distinguish between two
solutions, one of lithium nitrate and the other of strontium nitrate.
(2)

Ll um  mibkak  Soluken...fnd. Sheabun  alkek  tolekes  kwgk

beheaka e WL e mmm  COmpovads.. detompede. Al e Ovma

WNapesc.. (b .pbicved B N Compoend. .. heakd  wes  Aifien athak

B bt PR Ao Xfde, A brenn ges (o pvdaisd. e Ml

nibat dewmporta. Wueven Py boon ges 0 rob  podeted b

Shukum  Ribak decomposes.
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Examiner Comments

It is commendable that a very large proportion of candidates know the trends in thermal
decomposition of nitrates. Unfortunately, it does not work in this case because it was
solutions of the ions being distinguished, not the solids.

A . ResultsPlus
)

Examiner Tip

Make sure you read and understand the question correctly, taking note of key words (in this
case solutions) so that you can apply the chemistry correctly.

Int Advanced Level Chemistry WCH13 01
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Question 2(a)iv

This question proved more challenging than expected with only half of all candidates scoring
both marks.

The most commonly lost mark was, once again, through lack of detail, mostly when describing
the disadvantage.

A very good answer with correct and appropriate detail, scoring both marks with ease.

(iv) In school laboratories, wooden splints are sometimes used in the flame test
instead of the unreactive metal wires.

Give one advantage and @ne disadvantage of using wooden splints. .

34 Int Advanced Level Chemistry WCH13 01
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Cheaper, more available and easy to obtain were the three most common answers for the
advantage. To score the disadvantage mark, there had to be some form of justification as to
why the burning splint would interfere with the flame test.

An answer with the right idea but again, lacking in detail.
(iv) In school laboratories, wooden splints are sometimes used in the flame test
instead of the unreactive metal wires.

Give one advantage and one disadvantage of using wooden splints.
(2)

Advantage ... \\0000N . SPAOYS. . ase...2002% 4o odkaln than..tlae.. .
_unteachve  metml  toires , \O AKpUNSWR-

Disadvantage .. (A)00ALen  Splats can  burn and interupt +he €tame

O

Int Advanced Level Chemistry WCH13 01
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The advantage mark was scored but the disadvantage mark was not. "Wooden splints burn
and interrupt the flame colour" is insufficient because it doesn't say why or how it interrupts
the flame colour. If they had said "Wooden splints burn with a yellow colour so it interrupts
the flame colour", that would have been a much better explanation. Smoke from a splint
interferes is a weaker but still acceptable justification.

ResultsPlus
<\

Examiner Tip

Remember to add relevant detail in order to fully explain your answer.

36
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Question 2(b)

Hardly any candidates gave incorrect colours for the silver halide precipitates. A few cited
bromide as giving a pale-yellow colour, which was not accepted, but this was rare.

77% of all candidates scored full marks here and most marks were lost on the confirmation test
using ammonia.

A few marks were lost through incomplete explanations but more commonly through the use of
an inappropriate reagent.

An answer, although not perfect, but was sufficient to score full marks.

(b) Acidified silver nitrate solution is used to test for halide anions in solution, but the
results can be difficult to interpret.

(i) State the expected observations when acidified silver nitrate is added to each
of these ions.
(2)
Chloride ion \J’NlQPUQPl }d\kt {d ff"‘eé
Bromide ion Cmamf’@f[;ﬂ{ak{o“ﬂeé

lodide ion Y@[wacrgLPL'fd{ﬂfarmEé
(ii) Explain how the identity of the halide ion can be confirmed.

(2)
U‘e\g\dt_samfle()fc);lu’fcm‘x/mt?augMmen.quF]LhE
RelciPilobe dissolves i 13 o chlogdC ion, lhen  add o

Samtle. . of...concentraded g Lugyuc. oMmania.f dne PlciElee
JiSSelyes it 3% a L’(Qmiéeaéﬂ,ifllheﬁ@{{m.hlﬁdﬂﬁdluf&

N\nt&ktra%u\emgwA:]mkqmmm@Fﬂscm

(Total for Question 2 = 12 marks)
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Part (i) for the colours of the precipitates was fully correct. Even though precipitates was
spelled incorrectly but that was not penalised here. Use of ppt as an abbreviation is perfectly
acceptable. The answer to part (ii) could have added that the chloride ppt is also soluble in
concentrated ammonia for the purpose of clarity but the answer was sufficient to score
both marks.

" 'f \ ResultsPlus
\

) Examiner Tip

Make sure your answers have no gaps and fully explain the chemistry.

A correct answer for part (i) but very poor for part (ii).

(b) Acidified silver nitrate solution is used to test for halide anions in solution, but the
results can be difficult to interpret.

(i) State the expected observations when acidified silver nitrate is added to each
of these ions.

(2}
Chloride ion ........ U"h‘t"{ ............ PP}' ................................................................................................................................................. _
Bromide ion ....... C“LMJ ......... 2
lodideion ... Y A @ PP e
(i) Explain how the identity of the halide ion can be confirmed.
(2)

___ (Total for Question 2=12 marks)
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This candidate clearly did not understand how to differentiate between the halides using
ammonia and gave a completely inappropriate response that did not address the question.

.':.’" ResultsPlus
<

Examiner Tip

Make sure you know and understand your chemical tests inside out as it is 100% certain that
they will come up - most likely more than once in a question paper. 20% of the marks on
this paper are related to chemical tests.

Int Advanced Level Chemistry WCH13 01
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Question 3(a)

Candidates found this question quite challenging with just over 30% scoring all the available
marks.

Only the strongest candidates were able to relate the observations in the experiment to the
structure and bonding in the compounds concerned.

More candidates were able to construct an equation, however a good number of these were
unbalanced.

This is a very good example where the candidate has linked observations to chemical structure
and also given a correctly balanced equation.
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3) An experiment was set up as shown.

S

/1

0 O
microscope / i v \ﬁlter paper soaked

slide \ in tap water
AgNOs(aq) K,CrO4(aq)

Several drops of aqueous silver nitrate and aqueous potassium chromate(Vl), both of
concentration 1.0 mol dm, were placed on the filter paper and the switch closed.
After a short while, a red precipitate formed in the centre of the filter paper.

(a) Explain what the experiment tells us about the structure of silver nitrate and
potassium chromate(Vl), including an equation for the reaction which occurs.
State symbols are not required.

(3)
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L Examiner Comments
To score full marks, candidates had to:

1. give a correctly balanced equation for the formation of the precipitate.

2. explain how the ions moved to meet in the middle.

3. link the observations to the ionic structure of silver nitrate and potassium chromate(Vl).
This candidate did all three very succinctly.

W4\ ResultsPlus
\ Examiner Tip

Don't add more than is necessary, make your answers short and to the point. Adding
unnecessary detail only serves to cloud you answer and sometimes contradicts what you
have previously written. For this type of question, try answering in bullet points.

Despite the scruffy writing and crossings out, this is a relatively good answer that comes very
close to scoring all three marks.
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| 3; An experiment was set up as shown.
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Several drops of aqueous silver nitrate and aqueous potassium chromate(Vl), both of
concentration 1.0mol dm-3, were placed on the filter paper and the switch closed.

After a short while, a red precipitate formed in the centre of the filter paper.

@ Explain what the experiment tells us about the structure of silver nitrate and
potassium chromate(V), including an equation for the reaction which occurs.

State symbols are not required. L
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There is a correctly balanced equation at the top for the first mark. The second mark is also
scored for the correct movement of the ions. Mark three is missing because it is not
sufficient just to talk about ions, this has to be related to the structure so the word ionic is
needed.

ResultsPlus
<\

Examiner Tip

Make sure you read and understand the question fully and take note of key words in it. They
are there for a reason, to guide you towards a fuller explanation.

On the face of it, this looks like a good answer but it only scores 1 mark.
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3: An experiment was set up as shown.
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Several drops of aqueous silver nitrate and aqueous potassium chromate(Vl), both of
concentration 1.0moldm™3, were placed on the filter paper and the switch closed.
After a short while, a red precipitate formed in the centre of the filter paper.

(a) Explain what the experiment tells us about the structure of silver nitrate and
potassium chromate(Vl), including an equation for the reaction which occurs.

State symbols are not required.
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The first mark is lost because the equation does not balance in terms of silver and
potassium ions. The candidates scores the second mark for the ions moving but, although
there is a relatively strong implication that the compounds are ionic, it is not stated explicitly.
We needed to see the word ionic to score.

ResultsPlus
<\

Examiner Tip

Make sure that any equations you write are balanced in terms of atoms and charges. There
is one thing for certain in a chemistry exam and that is that unbalanced equations do not
score any marks.
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Question 3(b)i

This should have been a relatively easy question for candidates to access but proved more

challenging than expected, probably due to the unfamiliar context of the whole experiment.

All that was required was the understanding that the filter paper needed to conduct electricity

and that tap water contains the ions necessary for it to do that.
Only 42% of candidates scored.

A fully correct answer linking the presence of ions to electrical conductivity.

(b) (i) The filter paper was soaked in tap water prior to the experiment and then
gently shaken to remove excess water before use,

Suggest the reason that deionised or distilled water was not used in
- - —_—
this experiment.

(1)
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Examiner Comments

The answer was given from the reverse point of view but explains the need for ions to be
present.

A seemingly good response but not thought through.

(b) (i) The filter paper was soaked in tap water prior to the experiment and then
gently shaken to remove excess water before use.

Suggest the reason that deionised or distilled water was not used in
this experiment.
(1)
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Examiner Comments

The candidate scores the mark perfectly succinctly but then negates it by talking about the
movement of electrons.

=
A |

A\ ResultsPlus
\__; Examiner Tip

Remember that when solutions conduct electricity, it is due to the movement of ions, and
when metals (or graphite) conduct electricity it is due to the movement of electrons. It can
never be both in the same place.

A poor answer that does not attempt to link conduction with the presence (or absence) of ions.

(b) (i) The filter paper was soaked in tap water prior to the experiment and then
gently shaken to remove excess water before use.

Suggest the reason that deionised or distilled water was not used in
this experiment.
(1)
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The candidate did not consider the context of this question, the fact that it is part of an
experiment that requires the movement of ions.

o \-
e

(M4 ResultsPlus
\ Examiner Tip

Make sure that any answers you give address the question, thinking about the context of the
whole experiment.
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Question 3(b)ii

This question proved less challenging than the previous one but once again, it scored lower than
expected.

Candidates simply had to identify an ion present in tap water but 39% failed to do this, with the
most popular wrong answer being hydroxide ions.

Surprisingly, some candidates suggested species that were not even ions.

The most common, and most expected correct answer.

(i) Identify, by name or formula, one ion which might be present in tap water
that might cause the formation of a white precipitate on the left-hand side of
the filter paper.
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Examiner Comments

The candidate has a good understanding that chloride ions are present in tap water.

Pl "-.
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M4\ ResultsPlus
\:

) Examiner Tip

Knowledge of the common ions found in water is an essential part of this specification.

An example of an incorrect response that is not an ion.

(i) Identify, by name or formula, one ion which might be present in tap water
that might cause the formation of a white precipitate on the left-hand side of

the filter paper.
(1)

I\ 1 xR
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Examiner Comments

The candidate clearly understands that chlorine is present in water but did not read the
question properly, in particular, the key word ion.
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(M4 ResultsPlus

\_, Examiner Tip

Make sure you read the question properly, taking note of important key words.

An example with an incorrect, and impossible ion.

(ii) Identify, by name or formula, one ion which might be present in tap water
that might cause the formation of a white precipitate on the left-hand side of

the filter paper.
(1)
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This candidate picked up on the fact they needed to give an ion in their answer but the
choice of ion implies some misunderstanding of chemistry. Oxide ions do not exist in
aqueous solution as there are no soluble ionic oxides. Any ionic oxides that interact with
water do so by a hydrolysis reaction, creating hydroxide ions.

ResultsPlus
<\

Examiner Tip

Expect to have to think about other areas of the specification that may be relevant rather
than just the close confines of the question before writing down an answer that is
impossible.
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Question 3(b)iii

Perhaps because of the wider context of the whole question, most candidates found this

question very challenging with only the top 27% scoring.

Many candidates did not seem to understand what the question was really asking and the range

of incorrect responses was very broad.

The expected response was that the concentration of ions in tap water is very low and / or that

very little precipitate would be made as a result.

This is one of the better responses that clearly explained the reason.

(iii) Give the reason that the formation of any precipitate in part (b)(ii) will not
interfere significantly with the formation of the red precipitate.
(1)

WVerg. brace. amounts... 0f.. chloride., mn 15 pesent., meamng,_ ...........................

.............. they. wont . significantly. afect the. reaotron thas Takng place ..

Int Advanced Level Chemistry WCH13 01

55



ResultsPlus

Examiner Comments

The candidate clearly understood the link between the concentration of ions in tap water
and the potential effect on the experiment.

This is typical of a poorer response that does not address the question.

(iii) Give the reason that the formation of any precipitate in part (b)(ii) will not B
interfere significantly with the formation of the red precipitate.
(1}

"VQCW*WnAmm(.FIOVW%‘AWWQ}QY
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This candidate clearly understood that it was something to do with tap water but the answer
does not contain any detail as to how and is far too general.

o \-
e

(M4 ResultsPlus
\ Examiner Tip

Make sure your answers address specific points in the question rather than writing very
general remarks.
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Question 3(c)

Candidates found this a little easier than the previous question but still quite difficult with only
42% scoring both marks.

Many appeared to understand the underlying chemistry but did not pick up on the key phrase
"what would be seen" in the question so often good chemistry was seen but marks were lost
because candidates did not relate the chemistry to the observations.

This is an example of an excellent response that links the chemistry with the expected
observations.

(c) The experiment was repeated but this time using a spot of copper(ll) chromate(VI)
in the centre of the filter paper, as shown,

I

= .
oy @ G

1

The central spot of copper(ll) chromate(VI1) is green.
Describe what would be seen when the switch is closed on the circuit and current
is allowed to flow.
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Examiner Comments

The candidate has even annotated the diagram to show movement of the ions. If they had

added the correct colour to the diagram as well, it would have scored both marks without

any of the writing below.

-
o

\,- Resuttsﬁus

Examiner Tip

%,
'\-\..—"'I

Think about alternative ways of answering questions. Often, a well annotated diagram can
score marks more easily than prolonged prose. They can also demonstrate your
understanding to the examiner in a clearer way.

An example of a confused answer.

(€} The experlment was repeated but this time using a spot of copper(ll) chromate(Vl)
in the centre of the filter paper, as shown,

Cu CVO:-;
(
¥ e
G 04 Cm . *:::J_ e ¢ )
e, 5 Yo
¢ 4
The central spot of copper(ll) chromate(VI) is green.
Describe what would be seen when the switch is closed on the circuit and current
is allowed to flow.
(2)

LRe. . green . aaialch...move. 1o Hae ngint. hand
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(Total for Question 3 = 8 marks)
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Examiner Comments

This candidate has picked up on the "seen" key word in the question and understands they
need to give observations but the answer indicates some misunderstanding and confusion
of the chemistry involved. Firstly, they seem to think that the whole green spot moves as one
entity without splitting into ions. Next, they have stated that "orange moves to the left", but
orange is the colour of the dichromate(VIl) ion, not the chromate(Vl) ion. If they had stated
"yellow moves to the left", they would have scored a mark despite the apparent confusion.
They have also recognised that green is the colour of the chromium(lll) ion when it is
reduced from chromate(VI) but that is not applicable here as there is no redox happening.

\ Examiner Tip

Make sure you understand the context of the question, try to work out what is happening in
the experiment and make your answers relevant to that process.
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Question 4(a)

The whole of question 4, with the exception of Q04(e)(i) proved very challenging for the majority
of candidates. Although the chemistry itself ought to be familiar, most candidates will not have
seen this complex apparatus before which took the application of knowledge and understanding
to a different level.

The first part, Q04(a), is a question that has been repeated in many previous series, but this time
an equation for the reaction was not given. Instead, candidates had to give their own equation for
the oxidation of chloride ions to chlorine and state why the reaction was redox in terms of either
electron transfer of change in oxidation number.

Despite the mark scheme being fairly generous in that specific oxidation numbers or number of
electrons transferred was not required, only 29% of candidates scored both marks.

This is a very good example of a full and comprehensive answer that scores both marks.

(a) Chlorine is generated by the vigorous redox reaction between
concentrated hydrochloric acid and potassium manganate(Vil).
The chlorine moves through the apparatus as it is generated.

Justify the fact that the reaction between the concentrated hydrochloric acid and
the potassium manganate(Vll) is a redox reaction,
Include the ionic half-equation for the formation of chlorine.

State symbols are not required.
2T —> C\, o+ 2e” 2)
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This candidate clearly understands the chemistry involved, has given a correct equation for
the oxidation of chloride ion and has also given a correct equation for the reduction of
manganate(VIl) ions, which was not required. The second mark is scored by saying that
chloride ions lose electrons so are oxidised and that the manganese changes oxidation state
from +7 to +2 so is reduced.

W4\ ResultsPlus
\ Examiner Tip

This type of question is very common and marks are mostly lost because change in
oxidation number is not linked to oxidation and reduction.

This is quite a good response that almost scores both marks.
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4. Anhydrous iron(lll) chloride can be synthesised by the direct reaction of iron metal
with chlorine. It reacts vigorously with water to produce hydrates.
The apparatus shown can be used for this synthesis.
The equation for the formation of iron(lll) chloride is

2Fe(s) + 3CL(g) — 2FeCl(s)

The iron(ll) chloride that is formed sublimes and is collected in the receiver bottle.
The product is rapidly transferred to a weighing bottle, then sealed with a lid.

absorption tube

ceramic wool sodium hydroxide

concentrated
hydrochloric acid

N el receiver bottle
anhydrous calcium iron wool
chloride
ceramic wool o \ iron(Il) chloride
. combustiontube collects here
heat '

potassium manganate(VIl)

(@) Chlorine is generated by the vigorous redox reaction between
concentrated hydrochloric acid and potassium manganate(VIl).
The chlorine moves through the apparatus as it is generated.

Justify the fact that the reaction between the concentrated hydrochloric acid and
the potassium manganate(VIl) is a redox reaction.

Include the ionic half-equation for the fo lorine.

State symbols are not required. R R
: (2)
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Examiner Comments

The equation for the oxidation of chloride ions is correct so the first mark is scored. Then
there is a correct statement that the oxidation number of chlorine changes from -1 to 0
linked to oxidation. Unfortunately, the candidate then chooses the wrong element that is
reduced: hydrogen does not change oxidation number in this process, it is +1 throughout.

Pl
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e ResultsPlus
\_/

| Examiner Tip

Make sure you double check the oxidation numbers of each element, that they have actually
changed before committing pen to paper.

A poor example.

(a) Chiorine is generated by the vigorous redox reaction between
concentrated hydrochloric acid and potassium manganate(Vil).
The chlorine moves through the apparatus as it is generated.

Justify the fact that the reaction between the concentrated hydrochloric acid and
the potassium manganate(Vll) is a redox reaction,
Include the ionic half-equation for the formation of chlorine,

State symbols are not required.

60y = ot see”

(2)
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"Chlorine loses electrons and is oxidised" is the first half of the first mark but this candidate
appears confused about which reaction to talk about. They appear to be talking about the
reaction in the combustion tube between chlorine and iron rather than the one in the pear-
shaped flask, which the question directs them to. The equation is totally wrong, containing
the wrong species and it does not balance.

-
.-"f“' A

4\ ResultsPlus
\-‘

) Examiner Tip

"y

Make sure you read the question carefully so that you understand which reaction to discuss
in your answer, make sure any equations you give are about the right species and that they
balance.

An example of a response that contains some relevant chemistry but fails to score.

(a) Chlorine is generated by the vigorous redox reaction between
concentrated hydrochloric acid and potassium manganate(VIl),
The chlorine moves through the apparatus as it is generated.

Justi i drochloric acid and
mmmwwmwmgmr
Include the ionic half-equation for the formation of chlorine.

State symbols are not required.

(2)
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Examiner Comments

The equation for chlorine is incorrect for two reasons: it has chlorine being converted into
chloride ions so the wrong way round; and the electrons are on the wrong side for the given
equation, meaning the equation is not balanced for charges. Then there is a general
statement about oxidation and reduction but this is incorrectly inked to compounds rather
than elements within compounds.

a ..._ - Y o -'Hus
\ Examiner Tip

Make sure that any equations you give are balanced for charges as well as atoms. Make sure
you understand that in a redox reaction, it is an element within a compound that gets
oxidised or reduced, not the whole compound. There are three elements in potassium
manganate(VIl) - KMnO4 - and a statement that says it is reduced does not tell us what
happens to each of the elements. In this case it is only the manganese that is reduced, the
oxidation numbers for potassium and oxygen do not change.
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Question 4(b)

Most candidates were familiar with the use of anhydrous calcium chloride as a drying agent and
most got the mark for this, but some candidates lost it because they did not grasp the subtle
difference between a drying agent and a dehydrating agent. Very few candidates correctly
deduced the role of the ceramic wool which was simply to keep the calcium chloride and / or
sodium hydroxide in place.

A fully correct response.

(b) State the purpose of both the anhydrous calcium chloride and the ceramic wool
in the combustion tube,

(2)
AﬂhxﬁalmusCa&{;}{.ac{rz:nﬁmggnfwhr‘c‘l
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Examiner Comments

An example of a well thought through and well-structured answer,

A partly correct answer.

(b) State the purpose of both the anhydrous calcium chloride and the ceramic wool
in the combustion tube,
(2)

vk ol oo s b o ol pue i gus
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Correct use of calcium chloride but not ceramic wool. Ceramic wool is inert and would
therefore not have the ability to remove impurities.

V \ ResultsPlus
\

| Examiner Tip

Don't write general comments such as remove impurities. Firstly, there are no impurities
present - the reaction just generates chlorine and if there were, ceramic wool would not be
a good choice.

Another partially correct answer.

(b) State the purpose of both the anhydrous calcium chloride and the ceramic wool
in the combustion tube.
(2)

e CoQla s  Used os o den ydvating ogent .
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Examiner Comments

Holds the sodium hydroxide in place is an alternative correct response for the second mark.
The first mark is not scored as the chlorine is dried, not dehydrated.

' . ResultsPlus
\

Examiner Tip

Make sure you understand the difference between a dehydrating agent and a drying agent.
Drying is a physical process for removing water whereas dehydration involves a chemical
reaction to remove water.
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Question 4(c)

This question required candidates to appreciate that it takes time for the chlorine to reach and fill
the combustion tube. Only 48% of candidates correctly deduced this.

This is one way of scoring the mark.

(c) Give the reason why the iron wool must not be heated until about half a minute
after the reaction to produce chlorine has begun.

Voo (1)
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Examiner Comments

This scores from the point of view of a time lag for chlorine to reach the iron wool.

This is the alternative way of scoring the mark.

(c) Give the reason why the iron wool must not be heated until about half a minute
after the reaction to produce chlorine has begun.

(1)

Lo0xuaen  in dhe  alr  farming ifon oxldes .
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This candidate shows an appreciation that if heating starts before the chlorine has reached
the iron wool, that it will react with the oxygen present in the tube.

/"’. \'
Py

A\ ResultsPlus
\__; Examiner Tip

Have an appreciation that there is often more than one way to demonstrate your
understanding of a chemical process or practical procedure to an examiner.

A much weaker answer that does not score.

(c) Give the reason why the iron wool must not be heated until about half a minute
after the reaction to produce chlorine has begun.
(1)
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This candidate seems to have an appreciation of a time delay but the answer is too loose
and lacks any detail as to the effect of a time delay.

o \-
e

(M4 ResultsPlus
\ Examiner Tip

Think about what reactions may or may not be happening and add the necessary detail that
directly addresses the question.
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Question 4(d)

To answer this question, candidates needed to think through the whole process and think
through what chemicals may have gone right through the apparatus.

The substance can only be a gas and the question tells them that the iron(lll) chloride formed is
collected in the receiver bottle, which leaves chlorine as the only choice. The top 38% of
candidates made a correct deduction with the rest giving a wide range of impossible answers.

A fully correct answer.

(d) State the purpose of the sodium hydroxide.

e WL OSOUD. . OXRLL... CXCESS. . Chlotng. Ges. QS AF 08
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This candidate clearly thought through the process and deduced that the only possible
substance that could get through was chlorine. They have also justified their answer by
saying it is toxic.

An incorrect response that wasn't thought through.

(d) State the purpose of the sodium hydroxide,
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Examiner Comments

Sodium hydroxide will absorb a certain amount of water but this candidate has not thought
their answer through. Firstly, there is little or no water present as this was removed by the
anhydrous calcium chloride. Secondly, it would not matter if a little water vapour escaped
into the atmosphere as it is harmless.

4  ResultsPlus
\

Examiner Tip
Try to think about a process such as this as a whole, what substances will be present at the

different positions along the pathway, what are the physical states of the substance in those
places and what might you not want escaping into the atmosphere.

An answer that was thought through but lacks detail.
(d) State the purpose of the sodium hydroxide.
v

(1)
Sodtun viydroxide 1 (sed A0 apsorb e GaS produed.
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Examiner Comments

This candidate has clearly appreciated that a gas needs to be absorbed but has not said that
the gas is chlorine.

lf \ ResultsPlus
\

Examiner Tip

Don't write nonspecific statements such as "to absorb a gas". The examiner will inevitably
need to know what the gas is. If in doubt, it is better to make an educated guess yourself
than to leave the examiner guessing.
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Question 4(e)i

This question proved to be very accessible with 85% of all candidates being able to correctly solve
a simple reacting masses calculation, scoring all three marks.

Scores below 2 were rare, with the average score being 2.56.
This example was fully correct.

(e) The experiment was carried out using 2.00g of iron wool.

(i) Calculate the maximum mass of iron(lll) chloride that could be produced.

M, Fe ~ 65 .6 M, FeCla (3)
=2 * 55.6 + (355 x3)
z20:038¢
v Fed
Fe cCly 0.03 Ba'x 162 2
2 . 2
— 5 =82Y = 5.Q
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Although the layout could have been better, this candidate showed all their working for the
three different steps, making it very easy for the examiner to award all three marks.

.-"'. \-

"' 3 ResultsPlus
\

| Examiner Tip

Note that the final answer was given to 2 significant figures and this is the lowest that is
acceptable for the vast majority of calculations in this specification.

Three steps carried out correctly but an incorrect final answer.

(e) The experiment was carried out using 2.00g of iron wool.

(i) Calculate the maximum mass of iron(lll) chloride that could be produced.

ni(fe) = % .. .
c2.4 =2 6.0Y mol

mz=nimr = o-04 X 1b1-% =—>ib5 9’}

(3)
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This candidate lost a mark because of over rounding to one significant figure in the first
step. Although the steps were carried out correctly, the over rounding led to an inaccurate
final answer.

A

lf': \ ResultsPlus
\

| Examiner Tip

The minimum number of significant figures for calculations in this specification is usually
two. This includes intermediate steps as well as the final answer. It is wise, when doing
multi-step calculations, to use at least three significant figures throughout, or even better,
use the full calculator value held in its memory, unless the wording in the question tells you
otherwise.

Another example with one small error.

(e) The experiment was carried out using 2.00g of iron wool.
bt S

(i) Calculate the maximum mass of iron(lll) chigride that could be produced.

—_— —_— {3)
%9
s
_.2:- = OnG%S%“lzqsq‘
5%5.:%
Nxmr cvn
ST renye3s T 1% € 0163824229291 X126 8 = 4, TH4T 029 6%
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This candidate correctly calculated the moles of iron in the first step but then calculated the
relative formula mass of iron(ll) chloride instead of iron(lll) chloride. The final step was done
correctly, however, so this mark was awarded as error carried forward because the
candidate showed their working.

| ResultsPlus
\ Examiner Tip

Make sure you use the correct formula when calculating a formula mass. Note that this
candidate only scored two out of the three available marks because they showed their
working. If they had just given a final answer of 4.54g, they would have scored zero because
the examiner would have no clue as to how they got there.

82
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Question 4(e)ii

This question proved to be the most difficult on the paper with only the top 8% of candidates
giving a fully correct answer.

There were a multitude of different wrong answer that highlighted two things: firstly, that
candidates found it difficult to follow the process through and understand what was present and
/ or what reactions were happening at different stages of the process. Secondly that there were a
number of misconceptions concerning the chemistry involved.

Some candidates stated that the iron reacted with oxygen before the chlorine had time to reach
it, but what these candidates failed to take into account is the fact that the percentage by mass of
oxygen on iron(lll) oxide is much lower than the percentage by mass of chlorine in iron(lll)
chloride so this would actually cause a lower mass to be obtained. Other candidates stated that
there was excess chlorine present so more iron(lll) chloride was made. These candidates failed to
appreciate that there was a finite amount of iron which was the limiting reagent so you can't
make more moles of iron(lll) chloride than you have moles of iron.

This is a fully correct answer which gives all the necessary detail.

(i) Explain why, during an experiment using 2.00g of accurately weighed out
iron wool, the mass of product measured in the weighing bottle was greater
than your answer to (e)(i).

(2)
........ 5 W‘tdcf’ﬂ'\e,ﬂnhnam%\*Mul)chlanaawm‘»&l'mw
............... Yeucted . tiba. & toib of . meishae . tntwe veceivers
o batle Yo tmm“-&c\ka}e,arefrl&h Y
ﬂ'\e‘i&cﬁ‘ﬂe’T\/\e"‘ba“"tah'}mr".swﬂl‘évd-ﬁwej)
W?CﬂﬁiqﬁWEwﬁ9$o‘pm&f&a)rya&¢cE ..................................

FCC‘-chaA‘?\hg;mw&‘lbwih water

(Total for Question 4 = 11 marks)
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This candidate clearly realised that the only possible source of extra mass must be water, as
it cannot be chlorine, iron or oxygen. It could be that trace amounts were not absorbed by
the calcium chloride or that water vapour may have entered the receiver between
disconnecting it from the apparatus and putting the stopper in. The source is not important,
what is important is that the iron(lll) chloride became hydrated as a result and it is the mass
of the extra water that caused the increase.

o

'f': \ ResultsPlus
\

| Examiner Tip

When faced with a complex, multi-step process such as this, it is worth taking some time out
to think about what is happening and what is present at each stage. This will put you in a
better position to eliminate possible wrong explanations and arrive at the correct one.

An incorrect explanation.

(i) Explain why, during an experiment using 2.00g of accurately weighed out
iron wool, the mass of product measured in the weighing Bottle was greater
thalf your answer to (e)(i). =

—— = —

(2)
P veait wath  Ox. se. The Fer Oy . lwns.  beta. . . MJ%Tﬂ‘f'h{MJL!;ﬁ

. kn‘ﬂ[{ o reserars et et e e e e s s R e RS L e et e b

__(Total for Question 4 = 11 marks)
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Examiner Comments

This is an example where the candidate thought that some of the iron reacting with oxygen
caused the increase in mass.

Pl

=
Ay
- P}
\

o |

Q ResultsPlus

Examiner Tip

Take time to consider all the information available, such as the fact that chlorine atoms are
more than twice as heavy as oxygen atoms and therefore that this would cause a decrease
in mass, not an increase.

A poor answer that it too vague to score.

(i) Explain why, during an experiment using 2.00g of accurately weighed out
iron wool, the mass of product measured in the weighing bottle was greater
than your answer to (e)(i).

pre Anitg (2)

A omad rewlaind | some woreActed e or  water,...

PIIH.

(Total for Question 4 = 11 marks)
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There is a misconception in this candidate’s understanding. Unreacted iron would cause the
mass to be lower, not higher. There is also a statement about water being present but it is
far too vague to be creditworthy.

ResultsPlus
0\

Examiner Tip

There is no point in making vague and general comments such as water being present in
this response. You need to demonstrate deeper understanding to the examiner, in this case
that the water reacts with / hydrates the iron(lll) chloride so the resulting compound has a
higher mass.
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Question 5(a)(b)

This two-part calculation, comprising a total of six marks proved to be the most accessible on the
paper with 88% of candidates scoring full marks. Errors were rare in part (a), where candidates
simply had to calculate the moles of the two reactants and state which was in excess. More errors
were observed in part (b) but these were mostly related to omission of the last step to calculate A
H or use the wrong moles to calculate A H. A few candidates seemed to think that temperatures
needed to be converted to Kelvin, whilst others used the mass of magnesium (2.2g) or the mass
of magnesium plus water (52.2g) to do the Q = m x ¢ x A T calculation, rather than just the mass
of water (50.0g). A small minority of candidates lost a mark by getting themselves confused over
units.

This is an example of an almost fully correct answer with one small omission.
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5} A student planned an experiment to determine the enthalpy change of reaction for
the displacement of zinc from zinc sulfate solution by magnesium metal.

Mg(s) + Zn**(aq) —> Mg*(aq) + Zn(s)
Procedure

Step 1 Transfer 50.0cm?® of a 1.00 mol dm~* aqueous solution of zinc sulfate into a
glass beaker using a measuring cylinder,

Step 2 Put a thermometer in the beaker and leave it to stand for 5 minutes and then
record the temperature,

Step 3 Add 2.20 g of magnesium metal powder to the beaker.
Step 4 Stir the mixture and record the maximum temperature reached.

(a) Show, by calculation, that magnesium was in excess.

Mol og Zine :(5_0 x = O-O5rnot

L0000

(2}

d=_2 o.ca0cl : 1
2u-3 ©-0S T o.o908
(b) The student carried out the reaction. '
The starting temperature recorded was 19.4°C,
The maximum temperature recorded was 55.2°C.

Calculate the value for the enthalpy change of reaction.
Include a sign and unit in your answer.

[Assume: mass of solution = 50.0g
specific heat capacity =4.18)g7'°C™']

’W—E_M@eraxuvﬁ_ clhanog - 3%5-T%
MCEeT = GEOoXxIe . XU &F = FUBC-Z

5T
THB2-T L Gasuy
©-0 S =\ 000

lUo.euy
GL—\Ot-eu vao™

(4)
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L Examiner Comments

This is a response from a good candidate who clearly understands their chemistry in this
topic. They score both marks in part (a). Although they did not make an explicit statement
about magnesium being in excess, the fact that they used the moles of zinc for the final
calculation was enough to demonstrate to the examiner that they appreciate that zinc was
the limiting reagent. Unfortunately, they lost the final mark by not including the correct sign
in their final answer.

“\ ResultsPlus
\ Examiner Tip
Remember that, if there is a temperature increase in a reaction that the reaction must be

exothermic so the sign for A H must be negative.

This is another good answer that only loses one mark.

Int Advanced Level Chemistry WCH13 01
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5; A student planned an experiment to determine the enthalpy change of reaction for
the displacement of zinc from zinc sulfate solution by magnesium metal.

Mg(s) + Zn’*(aq) - Mg*(aq) + Zn(s)
Procedure

Step 1 Transfer 50.0cm’ of a 1.00 mol dm-? aqueous solution of zinc sulfate into a
glass beaker using a measuring cylinder.

Step 2 Put a thermometer in the beaker and leave it to stand for 5 minutes and then
record the temperature.

Step 3 Add 2.20g of magnesium metal powder to the beaker.
Step 4 Stir the mixture and record the maximum temperature reached.

(@) Show, by calculation, that magnesium was in excess.

.
50 ww = SO YID “dww ) _
oS nfw':;wL suole = | ¥ 6£x\O" = 0-05
© nweeded = O 0
2:204 7 2 135?‘ ' ..Mg 8 iv excess

- {b) IThe student carried out the reaction.
~=“The starting temperature recorded was 19.4°C.
The maximum temperature recorded was 55.2°C.

(2)

Calculate the value for the enthalpy change of reaction.
Include a sign and unit in your answer.

[Assume: mass of solution = 50.0g
specific heat capacity =4.18Jg'°C™"]

BT = 55-2-19.4 = 3s5.%“C
-~ .- 2k
: 50 v 4.8y 3587 A482:20 7 7.487 kJ
3’- :-qqukj

(4)
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The first two marks are scored via the alternative method but this is just as valid. The only
mark lost is by not performing the last step of the calculation ie dividing the energy change
by the moles of limiting reagent.

A~ ResultsPlus
KD

Examiner Tip

Remember that when the question asks for an enthalpy change this means per mole so you
have to divide the energy change by the number of moles reacting.

A less well thought out answer.

Int Advanced Level Chemistry WCH13 01
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5) A student planned an experiment to determine the enthalpy change of reaction for

the displacement of zinc from zinc sulfate solution by magnesium metal.
Mg(s) + Zn**aq) — Mg*(aq) + Zn(s)

Procedure

Step 1 Transfer 50.0cm? of a 1.00 mol dm~* aqueous solution of zinc sulfate into a
glass beaker using a measuring cylinder.

Step 2 Put a thermometer in the beaker and leave it to stand for 5 minutes and then
record the temperature.

Step 3 Add 2.20g of magnesium metal powder to the beaker.
Step 4 Stir the mixture and record the maximum temperature reached.

(a) Show, by calculation, that magnesium was in excess.

2L .
— - W
243 2
009085
(b) The student carried out the reaction.

The starting temperature recorded was 19.4°C,
The maximum temperature recorded was 55.2°C.

(2)

Calculate the value for the enthalpy change of reaction.
Include a sign and unit in your answer.

[Assume: mass of solution = 50,09
specific heat capacity =4.18)g'°C™"]
(4)

QR

\ A

56 x50 X 41§~ TH92.2

654

—— = |-30

5O 208 T4y
/‘Sop

- 5‘720,‘3174,

m Abe 55 3 ~M@.4 = ¥

C
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Examiner Comments

Only one mark is scored in part (a) because only the moles of magnesium are calculated. In
part (b) the layout is poor which makes it difficult for the examiner to follow. Nevertheless,
three marks are scored for the Q = m x ¢ x AT calculation to give the correct energy change.
The candidate then realises they need to divide by moles but this is calculated wrongly,
using the relative atomic mass of zinc when it should have been calculated from the volume
and concentration of the zinc sulfate solution.

] ResultsPlus
\ Examiner Tip
If you are asked to show that a reagent is in excess, it automatically implies that you have to

calculate the moles of two substances (and often apply the relevant stoichiometry). Also,
make sure you calculate the amount of substance correctly from the information given.

Int Advanced Level Chemistry WCH13 01

93



Question 5(c)

Most candidates were able to access this familiar question but with one slight difference: that
they were asked to give the most likely reason, which a good number of candidates missed the
significance of and gave reasons that would have had much less impact than heat loss (to the

surroundings).

The correct answer.

(c) A second student repeated the experiment using the procedure described.
The value obtained from this enthalpy change was considerably less exothermic

than that quoted in a data book.

Suggest the most likely reason for this large difference in values.
(1
\

HM\O&S"FDSM(OQHCIijS _____ e
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Examiner Comments

In this case, just "heat loss" would have been enough but the candidate was wise to be
specific and add "to the surroundings" as this is often required.

An incorrect example.

(c) A second student repeated the experiment using the procedure described.
The value obtained from this enthalpy change was cm less exothermic
than that quoted in a data book.

Suggest the most likely reason for this large difference in values.
(m

Int Advanced Level Chemistry WCH13 01

95



N
ResultsPlus

Examiner Comments

Not stirring the mixture may have a slight effect but is insignificant when compared to the
heat lost to the surroundings.

AR
QR \ ResultsPlus

Examiner Tip

Remember that heat lost (to the surroundings) is always the main source of error in this
type of calorimetry experiment when comparing experimental values to databook values.

Avery garbled and confused answer.

(c) A second student repeated the experiment using the procedure described.
The value obtained from this enthalpy change was considerably less exothermic
than that quoted in a data book.

Suggest the most likely reason for this large difference in values.
(1

*&W‘Sﬂ&w% Avey bpwe VMeSSWCS hacioum

ngordule cs( \o&t) clac(@ghg AT -ﬁms Qecresing
Qer Z.\SH &CQ‘GQ c‘tguc_\‘l ?ﬂi %‘.5';1 “}W( A w3l “'\‘(‘\1‘(’.......

\pwo € sa W5 Qana b\l}%‘g aling valye” TQ%WUEHQM\L
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L Examiner Comments

This candidate made two mistakes here. Other than not giving the correct answer, there are
two answers here when the question only asks for one (the most likely one). One of these,
using an inaccurate specific heat capacity, will make a slight difference but certainly not the
biggest difference. The other answer talks about the student recording the temperature
wrongly, which implies human error.

A ResultsPlus
\ Examiner Tip
Answers which imply human error in an experimental procedure should be avoided as they
don't usually address the specific issue being asked about. If the student had recorded the

temperatures perfectly, there would still be a large difference between the experimental and
databook values.

Int Advanced Level Chemistry WCH13 01
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Question 5(d)

Even though there are a large number of factors that candidates could have chosen, this question
proved less accessible than expected.

The most popular choice by far was to use a polystyrene cup, with the second most popular being
use of a lid, but very few candidates went on to give a third correct reason.

This is an example of an excellent and well-structured answer.

(d) Justify how the equipment and the procedure could be improved to give a more

accurate value for the enthalpy change of the reaction.
(4)

Liesk. v o Rehghreon. eng. (plrse
B ol rsrecd of A gess. banker o Coen ondNvs.cen

e sides F M ing... ol 10 ol anit shedel ot
LK feRecede ctadhd  Cushn exmpdadsd) | Aesre niefisin o

Asegine Slegeinteh gl rOR ferpecmPl VS o veve

........ Gers h\fq-—-ﬂf-(

Cmm e *"""Sw""j C:ﬁw‘" fer ‘-’M"P“L) 3**&-*05*

Yo yeShed o.AJa-r s G e\ res i e don o reac.h‘-m\‘bk allowsy
M o-w-—ﬂ-w-'_ rige 'bg _5{0.-—#1-‘“3%

W-MM vore eCorodln_ 2 mlforQutstlons 11 marks)
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This candidate not only gives three correct responses but also justifies their reasons for
suggesting them. They actually give more than three reasons. If anything, the response is a
little too long and at the end, they make a suggestion that would not improve the outcome,
but there are no penalties for that here.

ol
A=

- 4 \ ResultsPlus
\

| Examiner Tip

When faced with a question that asks you to make a number of suggestions, such as this
one, the best way to respond is usually to use bullet points. This makes it easier for the
examiner to follow your reasoning and therefore award the marks.

A response that scores the two most popular points but nothing else.

(d) Justify how the equipment and the procedure could be improved to give a more
accurate value for the enthalpy change of the reaction.
(4)

alns}u,éiwﬁwsmja?faméwﬁwm
................... afa[%ﬁumecufatfnrée&rjhfufa/{aha/&«f
a[a#&(%ﬁ'ﬂLCufllvf?wzﬂﬂf/Mcéaf
(e,awnﬁoxha[e}zzf{mg,/é/@mm AL
#I‘aﬁﬂ%(@ ........ with _an _alumindtn. foi'l. fo. s .
etk ang.. Auj{ww/vmmjm{-a}))e,«/(mﬁ’ ......... R
....... andcur(,jau/aéaammje%y}m@f/
mTakrM;Umcmsfmimkmw
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Examiner Comments

This scores two marks for use of a polystyrene cup and a lid. Adding aluminium foil as extra
insulation scores the same mark as using a polystyrene cup so no extra mark. "Taking
readings at constant intervals" does not score as it is not specific, whereas "taking readings
every 30 seconds" is specific and would have scored.

P
S| | ResultsPlus

Examiner Tip

Avoid generalisations in your answers, always being more specific wherever possible.

A poor response that scores 0 marks as it fails to mention any valid improvements.

(d) Justify how the equipment and the procedure could be improved to give a more
accurate value for the enthalpy change of the reaction.

SCOR RO QN N\Qﬂ&wq %\\______,
s Q00 NOWRs OReded.
309 Wnen NeokIng SO
P_d QQ\J@r Jofin. G UNG. +<:;

| SO0 DO IS W
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This response comes close but is far too vague with no real explanation. There is more than
one mention of preventing heat loss but no attempt to explain how. "Covering" and "bung"
are attempts at suggestions but a bung is inappropriate for a beaker and covering is too
vague.

4\ ResultsPlus
\ Examiner Tip
A much better way to answer this question would be to:
Structure your answer using bullet points.
Make sure that your suggestions / equipment are appropriate.
Make sure your suggestions are specific.

Make sure your focus is on the key word, "accurate" in the question - will your suggestions
make the experimental outcome more accurate.
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Paper Summary

Candidates gained most marks on this paper where the context was familiar and on simple
calculations. Most marks were lost on questions where the context was unfamiliar and / or
practical based. Questions three and four on this paper were particularly prone to this as most
candidates would have been unfamiliar with the experimental procedures concerned. As WCH13
is a practical based paper, it is to be expected that complex practical procedures such as those in
questions three and four will be an ongoing and perfectly reasonable feature of the paper. As
answering this type of question is a clearly acknowledged weakness of most candidates, they can
only be expected to improve by being exposed to a diverse range of practical experience,
including but certainly not limited to practising past paper questions of a similar complex nature.

Based on their performance on this paper, candidates are offered the following advice:
* Be encouraged to read the questions carefully to ensure they have not missed any important
points.

* Recognise and use the command words in the question to guide their answers.

* Practise how to improve the structure of their answers (for questions of 3 or more marks),
avoiding repetition, irrelevancy and contradiction. Use of bullet points is often a better way of
communicating ideas.

+ Learn how to structure calculations better, showing all working so that examiners can more
easily follow them and apply T.E. if appropriate.

« Do not round too early in a calculation - marks can often be lost through use of 1 sig fig. so
stick to the 3 sig fig min rule.

+ Don't use generalisations or vaguery in answers. Always follow up an idea with relevant
detail.
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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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