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Introduction

This paper is designed to be synoptic in nature and so draws on topics from the whole of the
GCE specification and how these different topic areas relate or connect with each other.
There is indirect assessment of practical skills and candidates are expected to draw on their
experience of the Core Practicals as well as additional experiments that they have seen or
taken partin.

Many examiners reported that the layout of calculations in particular was especially
challenging as it was difficult to understand exactly what a candidate was doing. Hence
candidates are encouraged to work on making clear each mathematical step with
appropriate labelling and units. It is worth reminding also that rounding should not be done
during a calculation but only at the end.

It was pleasing to see that some candidates were extremely well-prepared for the rigor and
demand of this paper. The quality of some of the answers and the reasoning or justification
provided was very encouraging, especially with some of the more novel question settings.

There was no evidence that candidates ran out of time and it was very satisfying to see many
good answers to the complex K, calculation which was the penultimate question on the

paper. Clearly candidates had not become too exhausted to answer these testing
calculations at the end of the examination.
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Question 1 (a)

The majority of candidates correctly balanced the combustion equation. It was acceptable to
use decimals, fractions and improper fractions. Occasionally a candidate doubled the
numbers to avoid the need for fractions or decimals and this was allowed.

1 Alkanes are often used as fuels.

(a) Complete the equation for the complete combustion of hexane.
3 .____._-—-———'_'_'
State symbols are not required.

(1)
El o+ MY o . GE0; +» 3. HO

I\ /
NS ResultsPlus

/'--. Examiner Comments
An example of a response with an incorrect number of oxygen
molecules. A reminder to check the balancing for all the elements in an
equation and it can be especially helpful with questions at the start of
the paper when an over-eagerness or a tendency to rush may be more
easily felt.

-

“ \ ResultsPlus
<\

Examiner Tip

Check for the balancing of all elements either side of the equation.

\.

1 Alkanes are often used as fuels.

(a) Complete the equation for the complete combustion of hexane.
State symbols are not required.

(1

-

N
\/ /i ResultsPlus

Examiner Comments

Here is a response which used an improper fraction and scored the
mark.

\.
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Question 1 (b)

Well-answered with most scoring 2 marks, usually with carbon monoxide and carbon or soot.
Other acceptable answers such as nitrogen oxides and the unburnt pentane were seen, but
rarely. Since carbon dioxide is a product of complete combustion, this was ignored.

(b) Identify two pollutants produced from the incomplete combustion of a pure
sample of pentane.

(2)
............. s vl o ola Mo platminn 0 c 8 NN oY o BRI 1. | AR,
AN /
4 ResultsPlus
/---. Examiner Comments
The reference to the production of 'soot' was allowed for carbon
particulates and so, with the other correct pollutant, this response
scored both marks.
(b) Identify two pollutants produced from the incomplete combustion of a pure
sample of pentane.
(2)
Lorborr—TToveAe— - Ve thane
................................................. Hybvogen gas
AN /
N4 ResultsPlus
/---. Examiner Comments
Neither methane nor hydrogen are produced from the incomplete
combustion of pentane. The reference to carbon monoxide is crossed
out and replaced, so this does not score.

lf \ ResultsPlus
\\

Examiner Tip
Hydrogen always combines with oxygen in combustion to produce
water. The carbon-based fuel is always secondary to hydrogen in
bonding to any limited oxygen present.
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Question 1 (¢)

Most candidates correctly identified the issue and many good explanations of the cause were
seen.

Sulfur oxides are not greenhouse gases and so do not contribute to global warming which
was occasionally seen. Responses which referred to the formation of sulfuric acid were
allowed because this is the chemical responsible for the acidity of the rain from sulfur oxides.

(c) Explain the problem which results from sulfur impurities in fuels.

(2)

N / ResultsPlus
/--.‘: Examiner Comments

1 mark was awarded for the reference to acid rain but there is no
explanation of how this is the result of sulfur oxides, so no second
mark.

" J

P4\ ResultsPlus
\ Examiner Tip

Make sure that the response makes at least the number of points
corresponding to the number of marks for the question.
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(c) Explain the problem which results from sulfur impurities in fuels.
(2}

AR RN o e

AN

~ < ResultsPlus
/--. Examiner Comments
Reference to sulfur oxides was accepted but if a specific compound
was mentioned, then it had to be correct. Sulfur monoxide does not

exist and so, in this response, it did not score but the mark was
awarded for the reference to acid rain.

-~ y \ ResultsPlus
\

| Examiner Tip

Stick with the names of compounds which are well-known.
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Question 1 (d)

The mark scheme has many possible cyclic possibilities added but cyclopentane was by far
the most frequently seen. This equation was given 2 marks because the use of skeletal
formulae in the equation needed to be balanced by a hydrogen molecule as a product.
Hence this proved an effective discriminator.

Occasionally the pentane reactant was given an extra carbon to form cyclohexane and so
there is a real need to check the number of carbon atoms when drawing skeletal formulae.

(d) Adding cyclic hydrocarbons to fuels results in more efficient combustion.
These compounds can be made by reforming straight-chain alkanes.

Write an equation for the reforming of pentane into a cyclic hydrocarbon, using
skeletal formulae for the organic compounds.
State symbols are not required. Q

YENN@' (2)
Sy,
AN

N
\( { ResultsPlus

Examiner Comments
The scribbled-out work was ignored and so this response scores 1

mark for the correct skeletal formulae. The second mark for the
balancing with a hydrogen molecule was missed.

%\ ResultsPlus

\ Examiner Tip

When writing skeletal formula, it can be helpful to write out the
molecular formula in an appropriate space to the side. In this way, it

can become evident that extra balancing is required.
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Question 2 (a)(i)

This straightforward equation with state symbols was correctly given by the majority of
candidates. Multiples were acceptable. Most of the errors could have been resolved by
checking or by considering what candidates had likely experienced in class.

2 This question is about some reactions of the elements of Group 1 and Group 2 of the
Periodic Table and their compounds.

(a) Group 2 metals react vigorously with oxygen when heated.

(i) Write the equation for the reaction between magnesium and oxygen.
Include state symbols.

(m
MS cs)+ O, e B Msoz (sH

N,
\( 2{ ResultsPlus
/'--.. Examiner Comments

The equation is balanced and all the state symbols are given, but note
that the formula of magnesium oxide is incorrect. Hence no mark
awarded.

L
-
o

M4\ ResultsPlus
\ Examiner Tip
Check the formula of each compound in an equation. Ask 'Does this

look right"?
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2 This question is about some reactions of the elements of Group 1 and Group 2 of the
Periodic Table and their compounds.

(@) Group 2 metals react vigorously with oxygen when heated.

(i) Write the equation for the reaction between magnesium and oxygen.
Include state symbols.

(1)

—> TN
o"?mﬂ(:] Oa%) > & 80(3)

r N\
I.\

"
e

N { ResultsPlus
/---.. Examiner Comments

Magnesium oxide is used as a lining for furnaces because of it's very
high melting and boiling temperatures. Hence this equation does not
score because the product is not a gas.

e N\
il 1

k":: ResultsPlus
\

| Examiner Tip
The burning of magnesium in air is a very common experiment or
demonstration. Try to recall such reactions because the white powder
produced means that the product state symbol must be a solid.
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Question 2 (a)(ii)

Many excellent responses were seen. This is a topic area which is well-understood by most
candidates and generally marks were lost from a lack of accuracy or care in the answer. For
example, it is not correct to refer to increasing 'ionic' radius because it is the atoms which are
losing electrons. Hence the use of this term resulted in a loss of marking point two.

(i) Explain the trend in reactivity of the elements down Group 2.

(3)
............. Tha.... }\wrbd—f’f‘b-Lﬂedeowﬁ@rmP

ﬂ ResultsPlus
Examiner Comments

This is an answer which makes two points very well, but is lacking
reference to the increased shielding experienced down the Group.

\. J

- 'f \ ResultsPlus
\

| Examiner Tip

Remember to make at least three points for a question worth three
marks.
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(li) Explain the trend in reactivity of the elements down Group 2.
(3)

etaid  €lewment Cwe_ move .
ﬂ%morash‘ld-’.&&

\(f( ResultsPlus
Examiner Comments

This response does state that reactivity increases down Group 2, but
does not link this with decreasing ionisation energies nor the reduced
attraction between the nucleus and the outermost electron(s). The
reference to 'more shielding' does gain 1 mark, but there is nothing
else creditworthy. The use of "electrophiles" at the end of the answer is
understandable in the sense that atoms in Group 2 lose two electrons,
but this term is used in organic chemistry and is not appropriate here.

< ResultsPlus

) Examiner Tip
Think carefully when using specialist terms because they should only
be used in the correct context.
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Question 2 (b)(i)

The majority of candidates knew that the trend down Group 2 sulfates is of decreasing
solubility.

w

(b) (i) State the trend in solubility of the Group 2 sulfates.
(1)

A e ot MGK(‘BLL)@ e %u\%wdve:‘: ....... D€

08.}\'\5\% mace.. SohaRe
<(/£ ResultsPlus
Examiner Comments

This response is stating that solubility is increasing down the group
which is not correct.

74\ ResultsPlus
\-/

) Examiner Tip
Simple expressions save precious exam time and often avoid
contradictions.
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Question 2 (b)(ii)

This was one of the more challenging questions on the paper. It is worth reminding centres
and their candidates that the rubric of the paper can provide some guidance. For example,
parts (a), (b), (c) and so on are on the same general topic, but do not necessarily follow on. By
contrast, sub-parts (i), (ii), (iii) and so on do often follow on from each other. Hence the
answer of decreasing solubility in (i) provided some help or direction in answering this part
(ii). The decreased solubility of the calcium sulfate formed a solid coating or layer on the
metal which served as a physical barrier to further reaction.

(i) Explain why the reaction between calcium and excess sulfuric acid stops
before all of the metal has reacted.

{2)
o fodewm o rde Gy antund fie fVRiel wita
OB s e ey o ARy Ay veaen ©)

N
\( / ResultsPlus
/--.*. Examiner Comments

This is an example of a response which gives the wrong product and so
loses one mark, but the explanation is correct so still gains the second.

Recall that calcium oxide is a base and so would not be made in the
presence of an acid.

Y . ResultsPlus
)

Examiner Tip
Think about the compounds stated and whether the answer given
makes sense. Pause and reflect.
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(i) Explain why the reaction between calcium and excess sulfuric acid stops
before all of the metal has reacted.

(2)

W%NQ ..........................

N

~ { ResultsPlus
/—-._ Examiner Comments

The first mark could have been awarded for the reference to the
formation of a precipitate and the equation showing calcium sulfate
being produced, but the formula given is incorrect. This is a shame and
it is likely that a quick check of the equation would have easily
identified the error.

There is no reason given as to why the precipitate prevents further
reaction and so the second mark is not awarded.

CTU\ ResultsPlus
\ Examiner Tip
Make time to double check equations so that they are balanced for

both atoms and charge.
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Question 2 (c)(i)

Most of the candidates knew the test for oxygen very well. The main issues arose from poor
expressions and a minority confusing the test for oxygen with that for hydrogen.

(c) Sodium nitrate undergoes thermal decomposition to produce oxygen as one of
the products.

(i) Describe the test, with the positive result, for oxygen.

N { ResultsPlus
/---.. Examiner Comments

This is an example of where poor expression let the answer down. In
this test, the splint is relit and is not lit to begin with. Hence this
response did not score.

e N\

'f ResultsPlus
<)

) Examiner Tip
Some candidates correctly described what they had clearly done in
class. This was more lengthy, but correct and is worth considering.

\. J
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(c) Sodium nitrate undergoes thermal decomposition to produce oxygen as one of
the products.

(i) Describe the test, with the positive result, for oxygen.
(M

1% &aif AN e

f

ig ResultsPlus
Examiner Comments

The response ends with reference to the squeaky pop test, which is for

hydrogen and not oxygen, which negates anything correct that comes
before it.

.-"'#_l‘l

\) \ ResultsPlus

Examiner Tip
Never give two different answers to the same question.

17 GCE Chemistry 9CHO 03



In part (ii), it was disappointing that many candidates did not know the equation for the
decomposition of sodium nitrate, but it was perhaps more worrying that in the answers
given it was common to see elemental sodium being produced.

The oxidation number changes required in part (ii) were frequently given correctly for the
equations written. However, if the equation was incorrect then only one mark for the
reference to oxygen being oxidised from - 2 to 0 was awarded. There was one exception, if
the equation given was the decomposition equation was that of lithium nitrate which mirrors
Group 2 nitrates decomposition.

(i) Write the equation for this decomposition.
State symbols are not required.

M’—»M“—Gl—kﬂ*@—’*“

NanNO3 = 0, & NO + Na

(1)

(iii) Show, by reference to oxidation number changes, that the decomposition of
sodium nitrate is a redox reaction.

by -1s0 -1=-? @
Nits — 41
Nah AL =20

\.

Y / ResultsPlus
/---t Examiner Comments

In part (ii), there is an example of an incorrect decomposition equation.

Unfortunately, in part (ii) there is no mark for the oxygen oxidation
number changes because this needed to be connected to the aim of
the question, namely that it is a redox reaction. Hence it was essential
to refer to the oxygen as being oxidised as well as justifying it by
means of the oxidation number change.

GCE Chemistry 9CHO 03 18



< ResultsPlus

) Examiner Tip
'Read The Question Twice' to make sure that the point is addressed.

(i) Write the equation for this decomposition.
State symbols are not required.

(1)
e, & e
?_NCLNU-:S e NC\?.Q t ?_[\)(%2 1{02
(i) Show, by reference to oxidation number changes, that the decomposition of
sodium nitrate is a redox reaction,
(2)

e Nihoqen weduces flouk o 8+ cuauoe Fo

o 42+ clage M Oxupeu omdeed frouk o 2+
Qowst 0 o © 0 cige, as bolle oridmiou @ud
weduchow e Has

\{/K ResultsPlus
Examiner Comments

This is an example where the wrong decomposition equation is given,
but since it is a 'near miss' being of lithium nitrate and not sodium
nitrate then both marks were available in part (ii). In this response, the
oxidation numbers given are all correct and there is reference to their
showing that this is a redox reaction.

< ResultsPlus

| Examiner Tip
Transferred error often enhances marks that candidates achieve so it
is always worth trying an answer and not leaving it blank.

19 GCE Chemistry 9CHO 03
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Question 3 (a)

It was not expected that less than half of the candidates would not score this mark. Amongst
the issues seen were: the inclusion of a catalyst in the equation, the production of ethene but
omission of the water by-product, and incorrect ethene formulae.

3 Ethanol can be dehydrated using concentrated phosphoric(V) acid,
concentrated sulfuric acid or aluminium oxide.

(a) Write the equation for the dehydration of ethanol uslng structural formulae.
State symbols are not required. barn

W (1)
€. W 250v
CHa (W O0H 5 CHthy + Wy

\/ / ResultsPlus

Examiner Comments

It is acceptable to write the catalyst above the arrow as shown here but

not that hydrogen and not water is made. It is likely that if a brief

moment was spent to check the equation that the omission of the
oxygen atom would have been spotted and corrected.

V \ ResultsPlus
<

Examiner Tip

Make time to briefly check the balancing of equations.
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3 Ethanol can be dehydrated using concentrated phosphoric(V) acid,
concentrated sulfuric acid or aluminium oxide.

(a) Write the equation for the dehydration of ethanol using structural formulae.

State symbols are not required. -
S -w

) /\GH 4 Wiy —> 7 I~

~ &{ ResultsPlus

/--.. Examiner Comments

The question asks for structural formulae and not skeletal formulae.
Skeletal formulae are extremely useful, but it can be very easy to add
an extra carbon without meaning to. Note that the product here is
actually propene instead of ethene. The catalyst is also incorrectly

included in the equation and there is no water by-product.

" V ResultsPlus
\\

| Examiner Tip

Give your answer using the type of formulae required in the question.
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Question 3 (b)

(b) Give the formula of phosphoric(V) acid.

N i{ ResultsPlus
/'--. Examiner Comments

Four possible formulae are given here. Unfortunately, none are correct
but even if one had been correct, then the mark would have been
negated by an incorrect formula.

s
-
o

, 'f \ ResultsPlus

| Examiner Tip

Never give more than one answer to the same question

(b) Give the formula of phosphoric(V) acid.

¥ { ResultsPlus
/--._ Examiner Comments

This is an incorrect but reasonable attempt. The question gives the
oxidation number of phosphorus as (v) or five and in this formula, the
oxidation number for phosphorus does work out as such. However,
this is called 'metaphosphoric acid' and is not the compound required
in the question.

4 \ ResultsPlus
\

| Examiner Tip

Learn the formulae of the reagents stated in the specification.
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Question 3 (¢)

Many scored one mark for the electron pairs around the sulfur, but the second mark for a

completely correct diagram was seen less often.

(c) Draw the dot-and-cross diagram of sulfuric acid, H,S0,.
Clearly differentiate between sulfur, oxygen and hydrogen electrons.
Show outer shell electrons only.

Q
0
*¥ Mex, ¥ X
H = o2 S X oa H
- X
ool K.,
0

N
\( / ResultsPlus
/'--.‘: Examiner Comments

Benefit of the doubt was given to this candidate with respect to the
electrons shown on the left-hand side of the central sulfur atom. It was
assumed that one of the electrons was crossed out and so one mark
was awarded. It was a shame that the second mark could not be
awarded because this candidate does appreciate that the oxygen
atoms have lone pairs of electrons as shown by the two atoms on
either side. However, the two oxygen atoms at the top and bottom are
missing their lone pairs.

- .'::"' . ResultsPlus
L

Examiner Tip
Check to make sure that each and every atom has the correct number
of electrons.
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(c) Draw the dot-and-cross diagram of sulfuric acid, H,S0,.
Clearly differentiate between sulfur, oxygen and hydrogen electrons

Show outer shell electrons only ~ _ 4
€< e " (2)
—_ 97—
= Sulgux eletkrons = X
. Ouﬁ%}'\ Qdecktony = @
C::. HBO‘-“’W eleChvunt = A

N,
N &{ ResultsPlus

/'--. Examiner Comments
This is an example of a response which was seen more than expected.
The question asked for the diagram of sulfuric acid and not the sulfate
ion with protons. However, one mark could have been awarded for
correct diagrams but in this example the oxygen atoms at the top and
bottom of the sulfate ion are drawn with seven electrons instead of six.
In addition, the hydrogen ions are drawn with their electrons
remaining rather than them donated to the oxygen atoms.

V ResultsPlus
\\

| Examiner Tip

Another reminder to re-read the question to make sure that the
answer matches the requirement of the question.
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Question 3 (d)(i)

A seeming lack of practical experience was evident in this and the following questions. The
rocksil wool soaked in ethanol does not retain the liquid very well and so the angle of the test
tube was to prevent the ethanol from 'running down the tube'. This was rarely seen, but the
idea was expressed by such answers that referred to the need to prevent the ethanol and the
catalyst from mixing.

(d) Ethanol may be dehydrated using the catalyst aluminium oxide, A0, .
The apparatus is shown.

rubber coated clamp

aluminium oxide

alkene gas

mineral wool
soaked in

ethanol Bunsen valve -

expanded top view

Bunsen valve

delivery
tube g 91asS
plug

() Give a possible reason for the boiling tube to be clamped at the angle shown.
(1)

N i{ ResultsPlus
/'--. Examiner Comments

This was not an uncommon answer but focusses on the placement of
the heat rather than the point of the question, which was the angle of
the test tube.

'f \ ResultsPlus
\

| Examiner Tip

Try to visualise the apparatus and what the issues might be.
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(d) Ethanol may be dehydrated using the catalyst aluminium oxide, Al,O;.
The apparatus is shown.

rubber coated clamp

aluminium oxide

alkene gas

. mineral wool

soaked in
ethanol Bunsen valve -
expanded top view
/
Bunsen valve

delivery |
tube glass
slit plug

ballog dube s clonpd b on om0

% Examiner Comments

This is a better attempt at explaining the angle of the test tube.
Unfortunately, the main issue is the movement of the liquid ethanol
and not the solids so this did not score.
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Question 3 (d)(ii)

The majority of responses seen mentioned the flammability of the ethanol and referred to
ethanol undergoing combustion. Some candidates did refer to the evaporation of the
ethanol, but unfortunately did not connect it with the fact that it would then pass over the
catalyst without reaction.

(i) Describe the problem if the ethanol is heated instead of the catalyst.

(1)
................................ o ... .. IS oD o AN KOG
RRAISE...... OG, ............................ EQ o D U dﬁh&ﬁﬁ.’«/mwxy)@ ..........
== O
I\ 7
K( ( ResultsPlus
/'--. Examiner Comments
This response misses the issue that the ethanol would evaporate and
not undergo reaction. There would not be oxidation of the alcohol.
CTA\ ResultsPlus
\ Examiner Tip
Remember that in class experiments, the oxidation of an alcohol
requires acidified potassium or sodium dichromate(VI).
(ii) Describe the problem if the ethanol is heated instead of the catalyst.
(1)
_________________________________ [£..15... Klomeaile. . 80, 11 CaN. 8 CaIEN B .
N\

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

An example of a common incorrect response. Ethanol is flammable but
this would not be an issue by moving the heating position.
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Question 3 (d)(iii)

This was one of the most accessible questions on the paper, perhaps because many
candidates have experienced it in class. If the heat was moved to position X, then the vast
majority knew that the rubber would melt or burn.

(iil) Identify a safety issue if the heat source was moved to the position labelled X
on the diagram.

(1)

ﬂResu[ts?lus

Examiner Comments

An example of a response which scored the mark. The reference to the
melting of the clamp was sufficient to score. The mention of the tube
falling was not necessary.
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(iii) Identify a safety issue if the heat source was moved to the position labelled X
on the diagram,

ﬂResu[ts?lus

Examiner Comments

An example of a rare response which did not score. The movement of

the position of heat would not lead to the bung flying off. Perhaps the
candidate had experienced this in a different experiment and

wondered if it happened here. It is good to consider past experiences,
but care is also needed as to whether they apply elsewhere.

V \ ResultsPlus
o\

Examiner Tip
The wording used in the diagram labels often provides clues or hints to
how to answer the question. In most previous occasions, the label has
simply been 'clamp' on a diagram and so the inclusion of "rubber
coated" in this instance was there to give candidates additional
guidance.
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Question 3 (d)(iv)

Another question where practical skills or experience was lacking. It was expected that a
Bunsen valve would not have been used by many and so great care was taken to provide
both a side view and a top view of the valve to illustrate how it would work. There are a
number of experiments that candidates might have carried out where the 'suck-back' of
water is an issue. This was the point here. This answer was rarely seen, but credit was also
given for mentioning that the valve would prevent water from entering the delivery tube.

(iv) Give a possible reason for the use of the Bunsen valve in the apparatus.

(1)

N 2{ ResultsPlus
_‘/'--.. Examiner Comments

In this example, the term 'Bunsen valve' has been misunderstood
because no note has been taken of the 'expanded top view'. Hence no
mark awarded.

\.

M\ ResultsPlus

\ Examiner Tip

When something new or novel is incorporated into an exam question,
then further or additional guidance will be provided. Do take note of

this.
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(iv) Give a possible reason for the use of the Bunsen valve in the apparatus.

Allros aes. ™ ac. stalht Yo -te nverred

AN

ﬁ( /S ResultsPlus

Examiner Comments

An example of a frequently seen response where the candidate
mistakenly thinks that the Bunsen valve is to control the flow of the gas

into the inverted tube. The side view of the diagram clearly shows the

gas bubbling up through the trough of water and so there would have

been no prevention of the gas dissolving in the water, should this have
been possible.
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Question 3 (d)(v)

The vast majority of candidates could clearly give the bromine test for alkenes which
decolourise the halogen.

(v) Describe a test, with the positive result, which would confirm the presence of
an alkene in the test tube.

(1)

¥ { ResultsPlus
/--._ Examiner Comments

One of the few answers which did not score because the bromine goes
colourless and not cloudy.
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Question 3 (d)(vi)

The greater number of candidates scored both marks here. Occasionally there was a
rounding error or an answer was given to only one significant figure, and a small minority
divided by 24 or 24000 instead of multiplying. The question did not specify the units that the

volume was required in and so allowed for use of either 24 dm3 or 24000 cm3 as the molar
gas volume. A small minority of candidates used pV=nRT which was fine, as was an answer in
cubic meters. It is worth candidates noting that calculations involving the use of the ideal gas
law are generally worth at least three if not four marks. Reference to the volume a room
temperature and pressure involve the mola gas volume and carry a smaller tariff.

(vi) Calculate the volume of 2.759 x 10* molecules of alkene gas
at room temperature and pressure (r.t.p.).

(@)
- a.35ax (92 -
Ve LA T 30§ X0

h"'Dllz,_* 6:02 W pa? O\

Q 5% X v.o"“") x &L 0.0l 0m>+020p
-l-_-____ _--h
A4 e

\( / ResultsPlus

Examiner Comments
This response only scored one mark. The final answer is to one

significant figure which is generally more important than decimal place
unless the question indicates otherwise.

' . ResultsPlus
\

Examiner Tip
Rarely are answers to one significant figure acceptable. If in doubt,
then always given your answer to three significant figures.
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(vi) Calculate the volume of 2.759 x 10* molecules of alkene gas
at room temperature and pressure (r.t.p.).
(2)

7. %5q x (0" + 602x10%

o n(gas)

L}

u.gial0™Y

V(gmjg r_,(.g‘g;\o“* % 5

vol
i JBh = 0.01049419
= c-ollodm3

-

>
= -0 cmMm

)
y
o

N { ResultsPlus
/---.. Examiner Comments

Both marks awarded here, but the giving of two answers is not to be
recommended. Fortunately, the value in cubic decimetres and the
value in cubic centimetres are both correct. The value has also been

rounded correctly to three significant figures.

M4\ ResultsPlus

\ Examiner Tip

If the question does not state that units are required, then use of any
appropriate unit is fine. There is no need to convert from one unit to

another.
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Question 4 (a)

There were some excellent well-structured responses here from candidates who had clearly
understood the process and seemed to have had a good practical experience in their studies.
The most common error from those who described the correct type of experiment was that
they added the water to the salt. Doing it this way round would mean that the initial
temperature of the solid would have to be measured and this is very difficult, nigh impossible
to do. However, only one mark was lost. The second most common error or omission in this
situation was that there was a mark for reference to stirring the mixture and this was often
missing.

Large numbers of candidates, including those who scored all six marks, described the
method of calculation despite the question clearly stating that this was not required. From
the amount of writing that was seen, this would have taken a significant amount of time
which could have been spent on other question parts and may have gained extra credit.

However, there was also a significant number of candidates who showed their
misunderstanding by describing a thermal decomposition experiment. Either a crucible was
heated to remove the water of crystallisation or the salt was heated in a polystyrene cup.
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4 This question is about hydrated magnesium sulfate, MgS0,-7H,0.

*(a) Devise an experimental procedure to determine the enthalpy change of solution
for hydrated magnesium sulfate.

MgSO,7H,0(s) + aq — MgSO.(aq)

Details of the method of calculation are not required.
(6)

of
AR D QLASS. DAL TR QOUIAATENE. SRR
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(1om.mi)
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................ ond..O. A A2 prevent. Tk | esca

mg,ae_mmw

A bad Ao oodtus Ok daa.. i ko AN, EOR. Anarnematec
winig 3k.rnn¢i

WQM¢U—>EMma&mswmaawl{”‘-bmmxmacmol

................. A MAxe. . nNas. . Adsyehed . Thean

e Repeod  tne txpenmear:

.................... ondh... LA O M n. . FemeeOin. . oine. . O A3k khas. e

SGONCRNRNG O VR Ok eninoley - SNonge. . 0F. SoME .

¢ ResultsPlus

Examiner Comments

This is an example of a response which describes the addition of the
water to the salt. The response does state to record the initial
temperature of the mixture, but this is not appropriate given that the
dissolving of the salt will have already begun and so the temperature
will be changing. In all other respects the response is fine and was
awarded 5 marks.
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Question 4 (b)

The most common mark was two out of two on this question. Many knew both how to draw
the Hess cycle and how to use it to calculate the enthalpy change required. Centres and their
candidates can feel pleased that their practice paid off.

(b) The enthalpy changes of solution for anhydrous and hydrated magnesium sulfate
were found by experiment to be

MgSO,(s) + aq — MgSO.(aq) AH=-63.2kJmol’
MgSO,7H,0(s) + aq — MgS0,(aq) AH=+157kJmol™

Calculate, using Hess's law, the enthalpy change for the hydration of
anhydrous magnesium sulfate.
Include a sign and units in your answer.

MgSQ.(s) + 7H,O(l) — Mg50,-7H,0(s)

7A (2)
-63 z\ +;5_?
=47 5hTmg™! \\

Ma o () + TH, On)

N

~ ‘{ ResultsPlus
/"--. Examiner Comments

The right-hand arrow is going up, but should be going down. This one
error meant that this response scored 1 mark and not 2.

,x"' P,

S\ ResultsPlus

\ Examiner Tip

In a Hess cycle, check that the arrows go in the same direction as the

arrows in the equations.
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Question 4 (c)

Centres and their candidates are reminded that when exothermic enthalpy changes or those
with a negative sign are being considered that a description of the value being
bigger/larger/greater do not score. These terms are ambiguous when dealing with negative

numbers.

A small minority of candidates did not focus on the Group 2 ions and referred to the
hydration of the salt instead which did not score. At times, a correct reference to the
magnesium ion hydration energy being more exothermic was then spoilt by then stating that
more energy was "required".

Exgla n how the enthalpy change of hydration of magnesium ions in
magnesium sulfate is different from the enthalpy change of | hydration of

calcium ions in calcium sulfate.

/

ResultsPlus

y‘/‘--\-\. Examiner Comments

1 mark was awarded for reference to the greater charge density of the
magnesium ions. There was no second mark because energy is
released and not required when ions are hydrated.

-
r
o~ 1
L) \

4\ ResultsPlus

Examiner Tip

Charge density is a very useful term because it includes reference to
both charge and ionic radius.
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(c) Explain how the enthalpy change of hydration of magnesiyfiions'in .

magnesium sulfate is different from the enthalpy change of hydration of
calcium ions in calcium sulfate. '

(2)

______ ﬁrﬂm4yu4fmmdcd/gamwmhaaefﬂf2gé%

Hha it 1ol rrnis melly st o
onthalp Y c/mmg@ Mmoo etofemé

(Total for Question 4 = 10 marks)

N\

iﬁ ResultsPlus
Examiner Comments

Both marks awarded for this response. Reference is made to both the

size and the charge on the Group 2 ions for one mark and the

candidate has just squeezed in that the enthalpy change is more
exothermic for the second mark.
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Question 5 (a)

A large number of candidates scored one mark for the 'Y' label of the platinum electrode,
although there was the occasional manganese electrode. The other two marks were rarely
awarded. The question clearly requires "naming the substances needed" and so ions were
insufficient. Both a suitable manganese(ll) salt and potassium manganate(VIl) were needed
for the second mark. The third mark was for the naming of a suitable acid such as sulfuric
acid, but this was only seen a few times.
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5 This question is about electrochemical cells.

(a) A diagram is shown of the apparatus that is used to measure the emf of a cell
with a zinc/zinc(ll) electrode and an acidified manganese(ll)/manganate(VIl)
electrode system.

Complete the labels Y and Z by naming the substances needed.
Temperature and concentrations are not required.

(3)

voltmeter

Y

/

salt bridge Y f]lq\-i aotn  olicmdae

Zn

Z.. 30l e 0k, Mangnene
solution of 1) sl fabe. ovd . mangaonte (V1)

zinc nitrate (aq)
_________ Slbad®

N

ﬂ/ < ResultsPlus
/--.. Examiner Comments

This candidate has scored the mark for the 'Y' label and has given the
names of substances for Z. Manganese(ll) sulfate is acceptable as a

source of Mn2+ ions but manganate(VIl) sulfate does not exist, so the

second mark is not awarded. There is no mention of acid, so no third
mark.

e 3\

~ 4 ResultsPlus
<\

) Examiner Tip
Candidates should stick to substances that they know exist. For
example, potassium manganate(VIl), KMnO4 is often used in redox
titrations such as Core Practical 11.
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5 This question is about electrochemical cells.

(a) A diagram is shown of the apparatus that is used to measure the emf of a cell
with a zinc/zinc(ll) electrode and an acidified nfSliGENESED)
electrode system.

Complete the labels Y and Z by naming the substances needed.
Temperature and concentrations are not required.

(3)

volitmeter
salt bridge %v% _____ Paabinium . £\exode
o
7. [hmﬂg‘ﬁm’

solution of
zinc¢ nitrate (aq)

ﬂ ResultsPlus
Examiner Comments

Another response which scores the first mark for the platinum
electrode label.

The two manganese compounds do exist and would provide the
manganese ions required. However, the use of manganese(ll) chloride

was not allowed because the chloride ions would be oxidised by the
manganate(VIl) ions to chlorine. The label of the zinc nitrate salt in the
other electrode was provided as a help, but not used.

e N\

K \ ResultsPlus
\

| Examiner Tip
All nitrates are soluble and so suitable for use in electrodes and in

most situations they are unreactive so do not alter the desired
reaction.
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Question 5 (b)

This proved to be a high-scoring question with many candidates scoring all five marks. The
only real issue was when a candidate hadn't read the question properly and didn't determine
the Eq values, but simply answered in terms of the difference in electrode potentials.

(b) Excess zinc is added to an acidified solution of sodium dichromate(VI).
Some electrode data are given in the table,

Cr'*(aq) + 2 = Crls) -0.91
Crtaq) + e = Cr**(aq) -0.41
%Cr,0i(aq) + 7H'(aq) + 3e” = Cr*(ag) + 3%H,0() +1.33
Zn*(aq) + 2e = Zn(s) -0.76

Explain, using only the data in the table, the final oxidation state of chromium
that is formed when zinc is added to acidified dichromate(VI) ions.
Include EZ, values where appropriate. Equations are not required.
(5)

e 2I0C. TGRS C;c AR e e Ecenas
p.m
-0 .W=-(-0.96) = o. ISV , Tnest chfag

..........

e n@ate @en  vale  TNSnr wo  teaohCn U NeX

LEearine.  ard wulrebiy fo ot T Tynerfere AR
C\'hf

SReal o 0N | Steode

(=~ a o' o » SE UL

/ ResultsPlus

Examiner Comments

This is an example of a clear and concise answer that scored all 5
marking points.
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(b) Excess zinc is added to an acidified solution of sodium dichromate(VI).
Some electrode data are given in the table.

Cr'*(aq) + 2 = Cr(s) -0.91
Cr*aq) + e = Cr'*(aq) -0.41
@ 14Cr0(aq) + 7H'(aq) + 3" = Cr*(ag) + 3%H,0() 133 |
@ Zn*'(aq) + 2 = Zn(s) -076 |
e S

Explain, using only the data in the table, the final oxidation state of chromium
that is formed when zinc is added to acidified dichromate(VIfions.
Include E3, values where appropriate. Equations are not required.

{5)
Cuﬂ;lhqk&asrmtug&/ﬁmﬁm ........ ﬂ}.“&?m:f‘
...... wl b redueed  wdule. Zin ol be . sxidicee] . /oD
SGMM;&.;‘EB}L ....... M ........ ﬁ;}, VA TN 7 v VA,

..... mu}amf\)ﬁ%;ffunaym(xﬁzm

/ ResultsPlus

Examiner Comments

This candidate is correct in stating that the dichromate(VI) species will
be reduced and that the zinc will be oxidised. However, no emf values

are given. One mark was potentially available for such a qualitative
consideration for the further reductions of the chromium, but this
response doesn't go further and so no mark is awarded. The final
oxidation state is chromium +2 and not +3 which means this response
did not score any marks.

( - _“‘ul
0\ ResultsPlus

'Read The Question Twice' so that the answer matches what is
required.

GCE Chemistry 9CHO 03 44



Question 5 (¢)

It seemed that some candidates were familiar with the meaning of the cell diagram while
others were not. It is worth centres and their candidates practising writing and interpreting
these diagrams. Where candidates understood the meaning of the cell diagram, then this
mark was confidently obtained.

(c) A cell diagram is shown.
Ni(s) | Ni**(aq) || [NO3(aq) + 2H'(aq)], [NOs(g) + H,O)] | Pt(s) E& =+1.06V

Deduce the reduction half-equation.
State symbols are not required.
(1)

.--':-\

N / ResultsPlus
/'--t Examiner Comments

This is almost correct in that the equation is balanced for atoms but
unfortunately, it is lacking the electrons which would both balance the
charge and mean that it is a reduction half-equation.

A\ ResultsPlus
\ Examiner Tip

Always check that an equation is balanced for charge.

A half-equation always includes electrons. Reduction is the gain of
electrons.
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(c) A cell diagram is shown.
-0V =0.%0
Ni(s) | Ni*(aq) || INO3(aq) + 2H*(aq)], [NO.(g) + H,O()]| Pts) Egy=+1.06V

Deduce the reduction half-equation.
State symbols are not required.
(1)

2+ - :
NF ("'ﬂ)*u e M!(g.)

( N\
-'-'

N &{ ResultsPlus
/'--. Examiner Comments

An example of an incorrect reduction equation that was often seen.
The cell diagram has the nickel on the left which means that it is
oxidised and not reduced. The order of the species in the cell diagram
matches the order in the half-equation so solid nickel is oxidised to
nickel(ll) ions.

(T ResultsPlus
\ Examiner Tip
The term 'cell diagram' can be confusing given that it's not a diagram

so learn what this term means and the conventions employed.

" J
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Question 5 (d)

Many candidates correctly stated the direction of electron flow for the first mark. A sizeable
number of candidates mentioned the oxidation of hydrogen, but omitted the reduction of
the oxygen and both were needed for the second mark. A small number of candidates

referred to the reduction of the oxide ion 02', which is incorrect.

(d) State the direction of the electron flow in the hydrogen-oxygen fuel cell shown.
Justify your answer by reference to the redox processes in the cell.

hydrogen

acidic electrolyte s

. | I:,_fnegatwe electrode

T []\ cell load

}_
| T~ positive electrode

membrane

| 1

water  oxygen
(2)

............... to_the  Dositive . ereccrode. ( Lom R 0.0

N { ResultsPlus
/'--. Examiner Comments

The movement of electrons is from the negative electrode to the
positive electrode, but it is not through the membrane and so this
comment negates the mark.

There is no justification with respect to the redox processes.

'f \ ResultsPlus
<

) Examiner Tip

Sometimes 'less is more'.
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(d) State the direction of the electron flow in the hydrogen-oxygen fuel cell shown
Justify your answer by reference to the redox processes in the cell.

hydrogen  H» — HT4 eoX

acidic electrolyte
N i | - negative electrode
|—
e [
membrane = :I\ cell load
=l
TR - | positive electrode
’I' T 0: —— P‘yo , e .

water  oxygen
(2)

Ll;cﬂm%mu avickied -t H* . ien b)r e _loi. .f eloctrms, heaw, electr
o Flow T nsmw Ef&ﬂm to... f)ﬁra'hut ........ detnele, o

f

iﬁ ResultsPlus
Examiner Comments

The correct movement of electrons is described for the first mark.
Unfortunately, only the oxidation process is described so the second
mark is not awarded. The brief note written just under the diagram is
not quite enough because 're' is not necessarily reduction.

.-"# H-

\ \ ResultsPlus

Examiner Tip
Annotations on or around diagrams can be credited, but best to
answer in the space provided.
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Question 5 (e)

A very well-scored question. The most common correct answers related either to water being
the only/harmless product or that no greenhouse gases/CO, is produced.

(e) State one advantage of the hydrogen-oxygen fuel cell over the use of petrol as

fuel in a vehicle.
(1)

el N2 T~ oLt proctg,

ﬂR&suﬁsﬂm
Examiner Comments

Everything that this candidate has written is correct and, in a sense,
has scored the one mark several times. The request for "one
advantage" seems to have been overlooked.

) /xzx | .-'. .II'-I

(T ResultsPlus

\ Examiner Tip

Avoid writing too much because it is possible to negate the correct
answer.

(e) State one advantage of the hydrogen-oxygen fuel cell over the use of petrol as

fuel in a vehicle.
(1

*%\stfﬂ”w‘ﬂmw*“'ﬁfmf‘

‘i&j ResultsPlus
Examiner Comments

Brief can be good but in this instance, there is no named pollutant and
so this response does not score.
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Question 6 (a)

Approximately half of the candidates correctly compared the different interactions between
the amino acids and the stationary or mobile phases. A significant number of candidates
referred to differences in solubility, but without relating it to chromatography.

6 Amino acids can be separated using chromatography.

(a) State how chromatography separates the components of a mixture.

o

(1)

\(f( ResultsPlus
Examiner Comments

Very clear answer which scored the mark.

6 Amino acids can be separated using chromatography.

(a) State how chromatography separates the components of a mixture.

(1)

@G.Q.M ..... O e e e

\{/( ResultsPlus
Examiner Comments

stationary phase.

There is no comparison nor any reference to either the mobile or
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Question 6 (b)(i)

A sizeable number of candidates missed key points given in the information in this question.
There is no spot on the baseline of the chromatogram and so comments about the lack of
movement of an amino acid due to poor solubility were not accepted. Also, the question
clearly stated that answers "other than ....almost identical Rs values" were required and so it

was disappointing that many responses gave this as an answer.

(b) A sample of a tripeptide was hydrolysed and then placed on an ‘X’ at the
bottom right-hand corner of a piece of chromatography paper.

A simplified diagram of a developed chromatogram is shown.

B

\ solvent front 1

= baseline 1

L)

L
/

Ll

(i) Give a possible reason for the presence of only two spots for the tripeptide
other than two amino acids have almost identical R; values.
(1)

Cong omne acdas gt osawble

e N\
e

X { ResultsPlus
/--._ Examiner Comments

An example of a response which had missed the point that there was
not spot on the baseline, so a lack of solubility was not a creditworthy
response.
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(b) A sample of a tripeptide was hydrofysed and then placed on an X’ atthe = 0 ~ = U
bottom right-hand corner of a piece of chromatography paper.

A simplified diagram of a developed chromatogram is shown.

N\

\ solvent front 1

- baseline 1

el

(i) Give a possible reason for the presence of only two spots for the tripeptide
other than two amino acids have almost identical R; values.
{1)

Tmc@. .......... Wia.. apeptiies... WAl TONE _yer) st

............. nﬁwmhmsmmrgmfmmu%m
PR cmma}e%fow:s PO per oo Sanwma  avaduad .

AN

ﬂ ResultsPlus
Examiner Comments

Unfortunately, either this candidate has missed the point that the
tripeptide has been hydrolysed or that there is a misunderstanding in
the use of the term 'tripeptide’'.
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Question 6 (b)(ii)

A minority of candidates was able to draw a correct fully labelled chromatogram. It was clear
that most candidates had not met this two solvent process before. There was also a
significant number of candidates that didn't realise the three amino acids would occupy the
same position at the beginning and instead started them from different positions on the
baseline. Some candidates who understood the basic principle still lost credit through
inaccurate placement of their spots.

(i) Some amino acid mixtures cannot be effectively separated in one
chromatography ‘run
The chromatography paper from the first run is dried but not developed.
The chromatography paper is then rotated clockwise by 90° and placed in a
~ different solvent.

Complete the simplified diagram of the developed chromatography paper
after a second ‘run’for a tripeptide of alanine, glycine and valine by adding

labelled spots for each amino acid.
alanine 038 0.43
glycine 033 0.26
valine 0.39 0.58
—
— solvent front 2
* —volng,
% - G0N
Bl “%"W
baseline 1 — _
S \\
-} )ﬂ solvent front 1
A
J

baseline 2 / ‘blaah{
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« {ResultsPlus

/“--'- Examiner Comments
This is an example of a response which illustrates some of the
misunderstandings evidenced by some candidates. This candidate has
drawn two 'sets' of three spots rather than just one. There is one set of
spots which have moved the correct distance from baseline 1 and a
second set of spots are shown as having moved from baseline 2.
Neither sets of spots are starting from the spot on the baseline, but
each set of spots has been measured from one square along each
baseline from the original starting spot.

Responses of this type scored one mark only.
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(i) Some amino acid mixtures cannot be effectively separated in one
chromatography ‘run’
The chromatography paper from the first run is dried but not developed.
The chromatography paper is then rotated clockwise by 90° and placed in a
different solvent.

Complete the simplified diagram of the developed chromatography paper
after a second ‘run' for a tripeptide of alanine, glycine and valine by adding

labelled spots for each amino acid.

0.5

o4

5oy |t

R |

0
©.q

baseline 1 ]
O. |\
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alanine 0.38 043
glycine 0.33 0.26
valine 0.39 0.58
(3)
w
= \4-..___‘_&
[~ solvent front 2
: - T Ve
£
"\_1,,
|
\ i
™ solvent front 1

; ﬁ * *
baseline 2




™
Y

N / ResultsPlus
/--.‘: Examiner Comments

It is clear that this candidate does not understand the meaning of the
Rf value because they have given the chromatogram grid an incorrect

scale. Responses which changed the dimensions or scale of the
chromatogram scored zero.

@4\ ResultsPlus
D

Examiner Tip
Remember that the R¢ value will always be between 0 and 1 because it

is calculated by dividing the distance moved by the spot by the
distance moved by solvent front.
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Question 6 (b)(iii)

Approximately half of the candidates scored the mark for ninhydrin. Other locating agents
were allowed but not seen. A wide range of incorrect chemicals were suggested and it is hard
to understand why some of them were chosen.

(iif) Name a reagent that locates colourless amino amds by producing a
coloured compound.

(1)

\( / ResultsPlus

Examiner Comments

An example of an incorrect response which was possibly chosen
because it is a 'reagent’.

(iii) Name a reagent that locates colourless amino acids by producing a
coloured compound.
(1)

\\\\B\MM ....................................................................................................................................................................................................................

\/ / ResultsPlus

Examiner Comments

The approach taken by examiners was to be generous with the spelling
and to make a judgement based on whether the suggested name
could be reasonably any other molecule. In this instance, the spelling is
incorrect but allowed since it couldn't be confused with anything else.

57 GCE Chemistry 9CHO 03



Question 6 (¢)

It was not uncommon to see that the basic principle of separation followed by identification
was not understood. Many responses gave a second separation technique such as
electrophoresis or TLC. However, just under half of candidates either gave mass
spectrometry or infrared spectroscopy.

(c) State the technique that is used in conjunction with gas chromatography (GC)
when carrying out forensic testing.
(1}

N
\( / ResultsPlus
/'--‘: Examiner Comments

Although the correct technical term is mass 'spectrometry’, it was
acceptable for "spectroscopy" to be used as seen here.
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Question 7 (a)(i)

Inevitably some candidates confused a pipette with a burette, but many gave acceptable
answers. A number of alternatives scored the mark. For example, a "gentle flick" of the
pipette was not uncommon as a means of dislodging the air bubble. The removal of the air
bubble by letting out some of the water was also frequently seen.

Occasionally, responses were seen which referred to "squeezing" and it was unclear if this
was referring to a Pasteur pipette or the 'bulb' of a pipette filler. Centres and their candidates
are encouraged to make it abundantly clear which piece of apparatus is being referred to.

7 Hardness in water is measured in terms of the concentration of dissolved
calcium compounds.

Titration experiments can be carried out to determine the hardness of
a water sample.

(a) A pipette is used to measure a 50.0cm’® water sample for titration.

(i) Describe how to remove an air bubble from the tip of the pipette.

™ .
\( { ResultsPlus
/'--.. Examiner Comments

This is an example of a response which clearly shows the confusion
between a burette and a pipette and which did not score.

' . ResultsPlus
LD

Examiner Tip
Learn the different types of specialist chemical apparatus and what
they are used for.
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7 Hardness in water is measured in terms of the concentration of dissolved
calcium compounds.

Titration experiments can be carried out to determine the hardness of
a water sample.

(a) A pipette is used to measure a 50.0 cm® water sample for titration.

(i) Describe how to remove an air bubble from the tip of the pipette,

\(/K ResultsPlus
Examiner Comments

Please note that it should never be encouraged for any lab workers,
whether they be staff or candidates, to put their lips and to blow
through any glassware.

An air bubble can be removed by letting some of the water out, but
here the candidate is letting "all" the water out which will not
necessarily prevent an air bubble from reappearing when the pipette is
refilled. In addition, a pipette should never be inverted because some
of the water or solution will likely enter the pipette filler.

< ResultsPlus

| Examiner Tip
Try and imagine carrying out any steps that are described in an
answer.

GCE Chemistry 9CHO 03 60



The majority of candidates understood both question parts and gained credit. A common
error in part (ii) was the careless writing of 50.8 instead of 50.08 and the most common error

in part (iii) was where the volume of a single 25.0 cm? pipette was used to calculate
percentage uncertainty rather than the total volume measured of 50.0 cm?3.

(ii) Calculate the maximum volume that would be obtained by using a
25.0cm’ pipette twice to measure a total volume of 50.0cm?’,
The uncertainty in each 25.0cm’ pipette measurement is&b.04 cm’.

e ——

(1

ey T 008 = eToWay ars >

SO - 004 = ’4q.qm
L <

(iii) Compare the percenta ainty in using a 25.0 cm’ pipette twice with

Using a 50.0 cm™ pipette once to measure 50.0 cm” of water.

The uncertainty in the 50.0cm’ pipette measurement is £0.05cm’,

0.08 = (00 = O 327
~25

0.0 - 0.17%
,éa_":_rtoo "

(2)

l.i P{rf.{ﬂhe ¢ uncerfa I‘lﬂb
'S highefusing
3 .
25um "ﬂ;m{
__/___....-——-—-vacf
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N / ResultsPlus
/--.‘: Examiner Comments

In part (ii), this candidate has understood the concept required but
given the minimum volume rather than the 'maximum’' volume
required by the question.

In part (iii), one mark was awarded for the calculation of the

percentage uncertainty of the 50.0 cm3 pipette with a comparison.
However, the calculation should have a division by the total volume of
50 and not 25 so this mark was not awarded.

.':.’" ResultsPlus
ey

Examiner Tip
'Read The Question Twice' - RTQ?
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Question 7 (b)(i)

The vast majority of candidates realised that a 100 cm? measuring cylinder is too large to

measure a small volume of only 2 cm3 and often connected it with the previous question by
stating that the percentage measurement uncertainty would be too high. One common error

was to refer to the measuring cylinder being suitable because 2cm? could be added to the 50

cm? to give a total of 52 cm3. These candidates missed the point that the volume of buffer
was being measured separately.

(b) About 2cm’ of a pH 10 buffer is added to each 50.0cm’ water sample.
kol

(i) State whether or not a 100cm’ measuring cylinder is suitable to measure this
volume of buffer solution. Justify your answer.

(1)
................... NQM&@WWL@?M’Q:QLM%%W:M

................... ALL....Cu.. ,ped&&cmemJ:um;lsanmmm
wd rasult o0

N
\( ( ResultsPlus

Examiner Comments
The question does not ask for an alternative piece of apparatus, but

rather why the 100 cm3 measuring cylinder is suitable or not. Hence
responses along these lines do not gain credit. It is true that the large
measuring cylinder would not accurately measure such a small volume
but this alone is insufficient since a justification is required.

" J

' . ResultsPlus
“\

Examiner Tip

Make sure that the answer given addresses the question set.
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Question 7 (b)(ii)

This was the first of several longer calculations and candidates are reminded of the
advantages of well-organised and clearly laid out answers. Well marks are much more likely
and errors more easily avoided.

There were many fine answers which 'fell at the last hurdle' by using the molar mass of
ammonium instead of ammonium chloride as asked in the question. Generally, these
candidates knew how to carry out the calculation and worked through it with skill, and so it
was disappointing to see the answer given not relate to that which was asked.

A sizeable number of candidates did a weak acid calculation rather than a buffer calculation
which was also disappointing. However, some credit was still possible such as the
determination of the hydrogen ion concentration from the given pH.
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(i) The pH 10 buffer can be made by adding solid ammonium chloride to an
aqueous solution of ammonia of concentration 18.1 moldm™,

The relevant equation is

NH; = NH; + H'
K, =5.62 x 10" moldm™

Calculate the mass of ammonium chloride that must be added to 100 cm? of
ammonia solution to make the pH 10 buffer.

Assume that there is no change in the volume on the addition of
ammonium chloride.

' 2 - wty@
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\— H"ﬂ: S-67 x0T © 3. 2L Mo\ 2
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\ o
o r 5. 20q

65 GCE Chemistry 9CHO 03



N
\( { ResultsPlus

Examiner Comments

This is an example of a response which scored three marks and lost
the final mark because focus has stuck with the ammonium ion from
the calculation resulting in a molar mass value of 18 being used. The
attention needed to shift to the compound ammonium chloride as
requested in the question.

) . ResultsPlus
ey

Examiner Tip

'Read The Question Twice' - RTQ2
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(i) The pH 10 buffer can be made by adding solid ammeonium chloride to an
aqueous solution of ammonia of concentration 18.1 moldm™.

The relevant equation is

NH: = Nm

K, =5.62x 10" moldm™

Calculate the mass of ammonium chloride that must be added to 100cm? of
‘@54 ammonia solution to make the pH 10 buffer. =

Assume that there is no change in the volume on the addition of
ammonium chloride.

(4)

wo (s NASE
rH‘*‘-“Osﬁiﬂ : My

MoS = conC X wj.

Ka = mﬂi
foH7)

-10

— -lo .

- 10 -0 7Y un budf fer.
s
(5.6 14 et )
. 2 = = — S

X10 B = .18 Ay
00
MmowLs ~ :&00 X 0i& -0.008-

,
0- 0\& =__ < 0- 32hoy.
18 @
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/--.'. Examiner Comments
This is an example of how candidates can benefit from the application
of transferred error. This candidate scores one mark for the
conversion of pH into the hydrogen ion concentration. The K
expression is incorrect and so loses the second mark, but this
candidate does score the third marking point by showing that they
understand that the volume used was 100 cm3 and so multiplied their
concentration by 0.1. As with many other candidates, the fourth

marking point is lost because of the ammonium ion molar mass being
used instead of the ammonium chloride.

4\ ResultsPlus
\ Examiner Tip
Never leave an answer blank because, even if one or two steps are

incorrect, it is possible that transferred error can be applied and credit
gained.
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Question 7 (b)(iii)

This was one of the more easier questions on the paper and almost all realised that a fume
cupboard/hood was required. The few answers referencing a well-ventilated room did not
gain the mark.

(iii) State a necessary laboratory precaution, other than wearing a laboratory coat,
gloves and goggles, that must be taken when using concentrated ammonia.
(1)

N { ResultsPlus

/---. Examiner Comments
A rare response which did not appreciate the need to avoid inhaling
ammonia vapour. Care does need to be taken when working on a
bench, but these general comments are unlikely to score at A level

standard.

\. J

(iii) State a necessary laboratory precaution, other than wearing a laboratory coat,
gloves and goggles, that must be taken when using concentrated ammonia.
(1)

L.
i
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\( ( ResultsPlus

/'--. Examiner Comments
The hazard has been identified, but the question asks for the
precaution that is required to mitigate the risk. Hence no mark was

awarded.

-

" ResultsPlus
\\

| Examiner Tip
'Repetition is the Mother of Retention' is a common maxim and so is
'Read The Question Twice' - RTQ?
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Question 7 (c)(i)

Novel complex ions are not a new topic for exam questions and about half of the candidates
could apply their knowledge to this example. The question did ask for three dative covalent
or coordinate bonds to be drawn which some candidates appeared to miss from their own
drawing, drawing two bonds.

(€) The Eriochrome Black T indicator used in this titration forms an
octahedral complex with the calcium ions in the water sample.
The structure of Eriochrome Black T is shown with a calcium ion.

(i) Complete the diagram to show how Eriochrome Black T forms three
dative covalent or coordinlate bonds with the calcium ion.
o (1)

NO,
0
\ _O'Na’
S
\
0
N%N
O
0& 7\ ™~ H
}L Cab

e 3\

N
\( { ResultsPlus

Examiner Comments

Only two arrows are given instead of three. In a coordinate bond an
arrow is an appropriate symbol, but the arrow should go from the
atom donating the lone pair of electrons. In this example, the arrows
are going in the wrong direction.

T\ ResultsPlus

\ Examiner Tip

Just as in organic reaction mechanisms the curly arrow originates from
the pair of electrons, it is the same principle with using 'linear' arrows
to represent coordinate bonds, they originate from the pair of
electrons.
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(¢) The Eriochrome Black T indicator used in this titration forms an
octahedral complex with the calcium ions in the water sample.
The structure of Eriochrome Black T is shown with a calcium ion.

(i) Complete the diagram to show how Eriochrome Black T forms three
dative covalent or coordinate bonds with the calcium ion.

- (1)
NO, '
Q& O™Na’
e
\
0
N
SN
Lo
o2
' c‘ H
Ca2+
H

a\ - )
ResultsPlus

Examiner Comments

There are three arrows given to represent three coordinate bonds, but
the question is clear in requesting these with the calcium ion drawn.

Hence no additional calcium ions are needed which means that this
response did not score.
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Question 7 (c)(ii)

This is another example where understanding the question rubric can help or guide a
candidate in answering the question. This part (ii) follows on from part (i) and so since the
previous part (i) was about the drawing of three dative covalent bonds, then in an
octahedral complex there must be three more to give a total of six. This was deduced by just
over half of the candidates.

(ii) State the number of water molecules needed to complete this complex.

5

Y )
N { ResultsPlus
/--.‘. Examiner Comments
The question clearly states the number and so only one number is
correct. In this instance, neither number is correct but if one had been
then it would have been negated by the second.

ResultsPlus
<

Examiner Tip
Do not give more than one answer to a question which only requires
one answer.
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Question 7 (d)(i)

If there is a question which illustrates that candidates need to read the information given
better, then this is it. Aimost every chemical technique that a candidate would have
experienced was suggested. However, it is not difficult to see in the stem information that a
precipitate forms which obviously would be removed by filtering. This should have been an
'easy’ question, but in fact was one of the eight questions on the paper which statistics
classified as 'hard'.

(d) There are two types of water hardness:

temporary hardness which is removed by boiling as a precipitate forms,
permanent hardness which is unaffected by boiling.

Levels of water hardness are expressed as the concentration of calcium ions
in mgdm™,

A student carried out a series of experiments to determine the hardness of a
sample of water, 50.0cm’ samples of the water were titrated with EDTA,
Further 50.0cm’ samples of water were taken after boiling and then titrated
with EDTA.

(i) Name the process needed before titrating the sample of boiled water.

N { ResultsPlus
/--.. Examiner Comments

An example of one of the inappropriate techniques suggested.

U\ ResultsPlus
\ Examiner Tip
Read the information carefully in the stem of the question since there

will be vital guidance included to answer the following questions.
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(d) There are two types of water hardness:

temporary hardness which is removed by boiling as a precipitate forms,
permanent hardness which is unaffected by boiling.

Levels of u:ater hardness are expressed as the concentration of calcium ions
inmgdm™,

A student carried out a series of experiments to determine the hardness of a
sample of water. 50.0cm’ samples of the water were titrated with EDTA.
Further 50.0cm’ samples of water were taken after boiling and then titrated
with EDTA.

() Name the process needed before titrating the sample of boiled water.
(1)

a\___

i( ResultsPlus
Examiner Comments

This is an example of a vague response which did not score. It is
possible that this candidate is thinking of water treatment, but this
involves chlorine which is not part of this question.
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Question 7 (d)(ii)

This was the second of several longer calculations and again it is worth reminding candidates
of the advantages of well-organised and clearly laid out answers. Well marks are much more
likely and errors more easily avoided.

There was further evidence of candidates not reading the information given in the stem
properly because there were many responses where candidates calculated the total water
hardness and thought that it was the temporary water hardness. Looking up on the page to
the text in bold font would have quickly and easily corrected this matter, but it seems that
this wasn't done.

Another common error, which was rather surprising, was the incorrect conversion from
grams to milligrams. Oftentimes, the multiplication by 10 or by 100 instead of by 1000. There
was also the error of dividing by 1000 instead of multiplying.

(i) The mean titre of 0.0100 moldm_" EDTA™ with ﬁSD Ocméyater sample
before boiling was 12.80cm’. e '
After boiling the mean titre was 5.15cm’. ma s
There is a 1:1 ratio in the reaction between EDTA* ions and Ca®* ions. AMr = N

Calculate, in this water, the levels of permanent and temporary hardness in
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" { ResultsPlus
/--.‘: Examiner Comments
There are two errors in this response and so four marks were
awarded.

Firstly, the conversion from grams to milligrams has been done by
multiplying by 10 instead of 1000. Secondly, there has been no
subtraction to give the temporary water hardness from the total water
hardness.
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Question 8 (a)(i)

This was another of the questions categorised as 'hard' by the statistics which was rather
surprising and could have been relatively simply corrected by candidates. Many, many
candidates referred to titration in their answer which is ok up to a point, but when
determining data for reaction rate then the mixture needs to be quenched to prevent further
reaction which would change the results. This reference to quenching was rarely seen. In
addition, the 'bald' reference to titration without stating what with is also insufficient.

It may be helpful for centres and their candidates to reflect on the point that pH is a
logarithmic scale and so, in this context, it is not an appropriate technique for measuring
changes in the rate of reaction.

A sizeable number of candidates appreciated that there would be a colour change due to the
production of iodine, but the question asked for experimental techniques that could be used
to monitor this. Hence reference to colour change alone did not score. There had to be a
mention of use of a colorimeter and this was seen occasionally. There was even mention of a
spectrophotometer which was, of course, fine.
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8 This question is about reaction kinetics and the Arrhenius equation. ,
(a) Different iodine clock reactions are often used to investigate reaction kinetics.

(i)’ The iodine clock reaction with hydrogen peroxide involves the,
- reaction shown.. - . e

H0, + 2I" + 2H" - L, + 2H20

Deduce two possible experimental techniques which could be used to
monitor the progress of this reaction.
(2)

o Pk G 088 o G kL. p ikl Lo LK. . et ..
hm&wuﬂwbﬁﬁﬂhmm&&ac)/m NS

-

( N

a\

i( ResultsPlus
Examiner Comments

This is an example of a response where the candidate has given the
experimental techniques that they have either seen or used but,
unfortunately, are not suitable for the example given in this question.

4\ ResultsPlus
\_/' Examiner Tip

Make sure that the techniques suggested match the situation. If there
is no gas present, then a gas syringe is of no use.
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Question 8 (a)(ii)
Just over half of the candidates realised that because both ions are negatively charged that
there would be repulsion between them and so this would be the reason for this being the
slowest step in the reaction mechanism.

(i) The iodate(V) reaction has the rate determining step

[0; + 3HSO; —» I + 3HSO;

Give a possible reason why this is the slowest step.

______________________ T IO A BYSOT ne tola regabies,

(1)

N
\( { ResultsPlus
/--.‘: Examiner Comments

An example of a response which identifies only part of the issue. The
question asks for why this is the slowest step and simply stating that
both ions are negatively charged is not enough. There needed to be
reference to the repulsion between ions of the same charge.
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Question 8 (a)(iii)

Occasionally some Kc expressions were seen but most candidates did give some type of rate

equation. Common errors were to omit the H* or its power of 2 or to write [2H*]. There were
also rare responses where the charges on the ions were missing due to careless
transposition.

(ii) The chlorate(V) reaction has the rate determining step
Clo; + 2H" + I' —» HIO + HCIO,

Deduce the rate equation for this iodine clock reaction.

otz = [005 \2 HT [ Ij

™
\-\.

(1)

N / ResultsPlus
/---t Examiner Comments

An unfortunate possible lapse in concentration here. The candidate
clearly understands that the reaction order is derived from the number
of moles in the rate determining step. However, the formulae of all the
species should be given without their molar ratio.
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(iii) The chlorate(V) reaction has the rate determining step
ClO; + 2H" + I" - HIO + HCIO,

Deduce the rate equation for this iodine clock reaction.

k=& Laog) [wT* [17]

(1)

N ﬁ{ ResultsPlus

/'--. Examiner Comments
This response possibly highlights the need for more practise because
this candidate does understand how to derive the reaction orders and
knows that the rate constant should be part of the expression. Further

practise at this type of exercise may have reinforced the correct way
that rate equations are written.

-

'/ \ ResultsPlus
<

) Examiner Tip

Practise, practise and more practise!
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Question 8 (b)

The poor overall standard of curves drawn in part (i) was commonly commented on by
examiners. Even ones which did score were far from ideal. Frequent errors were: the curve
added in such a way that it crossed the first curve twice, the curve started to go up at the end
on the right, the curve plateaued at some considerable height from the x axis or went too far
down and crossed the x axis.

Centres and their candidates would benefit from further practise at drawing such curves to
ensure that these errors are eliminated.

In part (ii) the mark for more particles having or exceeding the activation energy was very
often awarded. The second mark proved much more elusive. The candidates who labelled
their diagram with a possible activation energy had much more chance of success.
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(b) The diagram shows a sketch of the Maxwell-Boltzmann curve for the distribution
of molecular energies of a reaction mixture at temperature 298K.

A
Number of

molecules with
energy E

]
i

W

i
Energy E Actrucdton
en é@9
(i) Add a curve to show the distribution at a temperature of 308 K.
(1)

(i) Explain why a temperature rise from 298K to 308K results in a large increase
in the rate of reaction.
Refer to the Maxwell-Boltzmann distribution in your answer.

(2)
ouchiar. TN Nl ecckar RaLemare...
WAV id Mﬁgxg/fa ... LANGLLs puiRa 7200 H 2.
E.2 fa reguused sar fte reactian. Ar it i,

O (ages deta.. wn bl 1. CLULE.. LALLILN Q(llatizn
YUALBE. LG mmr/fr‘gam%mrmﬁ Lld..calldil e

/!"a(%?m?/

¢ ResultsPlus

Examiner Comments

An example of a response which scored all available marks.

In part (i), the peak of the curve has been suitably shifted to the right
and lower.

In part (ii), there is clear reference to how the diagram shows that more
particles have or exceed the activation energy.
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Question 8 (c)(i)

The calculation of activation energy has been asked many times before and candidates are
becoming quite familiar with the process. There remains the issue of giving the activation
energy a negative sign which a candidate would quickly check if the definition of activation
energy was recalled.

There was also a sizeable number of candidates who calculated a gradient significantly
outside the acceptable range and so further practise at determining gradients is
recommended.
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(c) The Arrhenius equation may be written in a logarithmic or an exponential form.

lm't:=-i + InA k=Ae '
RT
A is a constant.
(i) The rate constant, k, for the isomerisation of cyclopropane to propene was

measured at various temperatures.
The data obtained were used to draw the graph shown.

LPE
g 7'

11x107 )5 AR x 107 1.3x10° 14x10°

Ink

-10
Determine the activation energy, E,, from the gradient of the graph.
Include units in your answer.
(3)
-3 . .33383.3
Qx>
-33333.3x -§.3) = 7272000 3
| 272 W3
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) &{ ResultsPlus
/--.. Examiner Comments

A rather careless slip at the end results in a loss of a mark. The units
should, of course, be k] mol™

-

CT\ ResultsPlus

\ Examiner Tip

Make precious time to check for errors which can simply and quickly
be fixed.
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‘(c) The Arrhenius equation may be written in a logarithmic or an exponential form.,

E. : o ool .
=——-‘- — RT 1 .
Ink + th | k=Ae .‘(r >

AIsaMnt. o _ _}_

(i) ﬂnrmmhbrmmmdcydommemmmwas
measured at various temperatures.
The.data obtained were used to draw the graph shown.

-;,-/Kj' -
11x10°  12x70° 13x10° 14x10°

S

Determine the activation energy, E,, from the gradient of the graph.
Include units in your answer.

e _
Aw g og ™= % 9 i
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N / ResultsPlus
/--.‘: Examiner Comments

This is an example of a response where it appears that the candidate
thinks that the gradient is the activation energy. The candidate knows
the units of activation energy and so simply adds them to the value of
the gradient.

- .'::"' . ResultsPlus
\

Examiner Tip
When calculating the gradient from a graph do include the units in the
working since this will help in determining the final units.
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Question 8 (c)(ii)

A large number of candidates could successfully use the mathematical expression given and
calculate the fraction of molecules for the two given activation energies. Hence two marks
were frequently awarded. However, the question asked for a comment as to why this lead to
such a large increase in reaction rate. Hence it was not enough to simply that one fraction
was larger than the other. There needed some appreciation expressed of how different these
fractions were. Some candidates did this by showing that the fraction at the lower activation
energy was over 20,000 times larger, while other candidates expressed it qualitatively.
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(i) Atatemperature T, the fraction of molecules with energy equal to or greater
than the activation energy is given by the expression

E,
st
fraction of molecules =e #"

When a catalyst is added, the activation energy for a reaction is lowered.

Explain, using calculations, why lowering the activation energy from
50000J mol™' to 25000 mol™ at 298K results in a large increase in the

rate of reaction.
(3)
s 000
= gmxEaE B
e = 1+ 30319 .10
zﬁﬂﬂe g
" sexaty - U.1269 x o
[
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G.t269 >0 S (L0389 %0
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m&nafpﬂﬂaﬁwﬁ;uh‘. ....... B T L Voo SR 2 -

........ wmmﬁhmmMWmmtmﬁMQmMamU1BMW
% Ha achuebon, Qrargen i Mud

iTatal far Nuactinn & = 12 markel

.'\ o
ResultsPlus

Examiner Comments

This is an example of a response which was only given two marks. The
calculations are fine, but it was not enough to simply state that one
number was more than or greater than the other.

\. J

~ V - ResultsPlus
\_/

| Examiner Tip
At times an awareness or appreciation of what the numbers calculated
actually means is required. Practise this in different contexts such as K
because more can sometimes be required than simply stating an
equilibrium is more to the products or reactants but how much more.

J
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Question 9 (a)(i)

This question has been asked in a variety of different forms over recent times and it was
evident that the understanding of the need for acidification has much improved. Only a few
incorrect responses were seen which simply mentioned the neutralisation of the alkali, which

was good.

9 This is a question about isomers of CgH;0, . \O/’ f@,\f
(a) One of these isomers, methyl benzoate, is hydrolysed by alkali or by acid.
r

(i) Hydrolysis with aqueous sodium hydroxide is followed by acidification to form
benzoic acid.

Give a reason why acidification is required after hydrolysis.
(1)

________ @ccmmorgfnd@f#wﬂ;qmrbmy[ﬁkﬁ%f
_________ ... allkaline..condlitrons. b . Hom . oete wk So.....

.-'III\ —
\(/K ResultsPlus
Examiner Comments

An example of a good answer which clearly explains why acidification
is required.
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Question 9 (a)(ii)

It was disappointing that this question was one of the eight questions classified by the
statistics as hard because this shouldn't have been the case. It is possible that because the
equation for the acidic hydrolysis was asked immediately after the alkaline hydrolysis was
considered that candidates got confused. However, there were only a few responses which
gave the wrong equation. More frequent errors were in the structural formulae and the
balancing of the equations.

(iiy Write an equation, using structural formulae, for the acid hydrolysis of
methyl benzoate.
(1)

Cj’Hb (csoufa + Hyo = (¢ Ug CoOH = CH!'OH

™
I\"\.

< / ResultsPlus
/'-—-.‘: Examiner Comments

A somewhat unusual example where the numbers of carbon and
hydrogen atoms in the benzene ring have been muddled up and so
the mark is lost.

Examiner Tip

< ResultsPlus
<)

At times, a quick glance to check can mean a simple error is spotted
which can then be corrected.
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Question 9 (b)

This question proved to be an effective discriminator and provided the vast majority of
candidates with the opportunity to gain some credit. The structure of Y was the one that was
most often correct, then Z and then W, with finally X being the least likely structure to be
correct. The reasoning for Y being a carboxylic acid from the test with a carbonate proved to
be the most accessible, possibly because there was the least information to process. It was

pleasing to see many candidates understood that six peaks in a '3C NMR spectrum for Z
meant six different carbon environments for Z and that this led onto a 1,4 or para-
substituted benzene ring. In the consideration of the structures of W and X, it was apparent
that some candidates missed the significant statement that W and X had the same
functional group because methyl benzoate was suggested instead of phenyl ethanoate.
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(b) Four other CgH4O, isomers were investigated.

« W and X are mono-substituted aromatic compounds with the same functional
group as methyl benzoate but only W is made from methanoic acid

+ Yis a mono-substituted aromatic compound which reacts with

sodium ﬁarbonate to give carbon dioxide eat,,xi. acil
(L
- Zis adisubstituted aromatic compound with six peaks in its *C NMR

spectrum and forms a sweet-smelling compound on reaction v:i;ch ethanol
' o L Flaud

Deduce the structures of isomers W, X, Y and Z. Justify your answers.
e (7)

¥
ol

0‘2 HH

Hy
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Examiner Comments

The first structure Y is correct and the comment on the second page
scores the justification mark.

Unfortunately, the structure of Z has a CH, instead of a CH3 so loses

that mark and the comment on the second page does not add
anything significantly more than that given in the question, so does not
score.

Neither structures W nor X are correct. There is clearly some confusion
with the number of bonds that oxygen and carbon atoms have.

e 3\

L’ \ ResultsPlus
\

Examiner Tip
At times, it can be helpful to draw out a displayed formula for a
benzene ring as this can highlight where the hydrogen atoms should
and shouldn't be, plus how other substituents join.
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Question 9 (c)(i)

Centres and their candidates are to be commended for the vast improvement in the drawing
of electrophilic substitution reaction mechanisms. There were many completely correct
mechanisms and a reduction in the careless placement of arrows and such.

(c) Piceol is found in the needles of Norway spruce trees. Its structure is shown.

OH

C

(i) Piceol can be produced from the reaction of ethanoyl chloride and phenol.
Assume the mechanism for the reaction with phenol is similar to that with
benzene and involves the use of an aluminium chloride catalyst, which
produces the electrophile [CH,C==0]".

Complete the diagram, including curly arrows, to show the mechanism for this
reaction to produce piceol.
Include the regeneration of the catalyst.

S -9 - @

HC—C

(4)

O

I\

\( &{ ResultsPlus
/--.. Examiner Comments

A rare example of some errors. Note that the initial curly arrow doesn't
originate from the delocalised ring and so loses the mark. The
subsequent marks for the intermediate and the deprotonation are
awarded but the question specifically states to include the
regeneration of the catalyst which is missing.
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Examiner Tip

'Read The Question Twice' - RTQ?
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Question 9 (c)(ii)

The majority of candidates did not score on this question. The request for a reagent resulted
in all manner of different chemical reagents being suggested. The most common of these
reagents was Brady's reagent but this cannot be used to distinguish piceol from the
compared aldehyde. The iodoform test was needed and generally if this was identified then
the positive result was also given. Occasionally just iodine was given without the necessary
alkaline conditions and this was viewed as a 'near miss' and the second mark, though not the
first, could be awarded.

(i) Piceol can be distinguished from HOCH,CH,CHO using simple chemical tests.

Give the reagents for a chemical test, and the observation that would only be
. positive for piceol.

{ ResultsPlus

Examiner Comments

The reference to "lodaform test" (sic) was viewed as enough of a 'near-
miss' for the pale yellow precipitate to score one mark for the positive
result.
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(ii) Piceol can be distinguished fron@ﬁ&H,Cl-@using sin:-ple chemical tests.

Give the reagents for a chemical test, and the observation that would only be
positive for piceol.

(2}

QCHECHO .............. l.Pl“ ............................................................................

N

) &{ ResultsPlus
/--.. Examiner Comments

The point that this candidate is making in this response has merit
because piceol will not produce a silver mirror, but the other
substance would. However, this is not the question. The requirement is
for a test which is positive only for piceol and so this response does
not score.

It is worth noting that the silver mirror test involves more than just
silver nitrate since it has to be in an ammonia solution.

” '/ \ ResultsPlus
<

) Examiner Tip

Make sure that the answer given matches the demand of the question.
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Question 10 (a)

Approximately half of the candidates could correctly give the electronic configuration of the
nickel(ll) ion.

10 The Mond Process is an industrial method of purifying nickel.

(a) The first step involves the reaction of nickel oxide with hydrogen gas at 473K,

NiO(s) + H;(@) — Ni(s) + H,O(g)

— TS—

The nickel is not pure because the impurities also react with the hydrogen gas.

Complete the electrqnit': configuration of the Ni** ion,
o (1)

N
\/ { ResultsPlus
/--._ Examiner Comments

An example of the problem when an electronic configuration is written
in the order that the orbitals are 'filled up'. The number of electrons in
the 3d subshell is then written after the 4s electrons and so when
there is a loss of electrons it seems obvious to remove them from the
last orbital. However, this is incorrect since electrons are lost from the
4s orbital before losing those from the 3d subshell.

-

T4\ ResultsPlus
\ Examiner Tip
Write all the orbitals in the same energy level together, so couple

together the 3s with the 3p and also with the 3d.
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Question 10 (b)(i)

Many, many candidates scored full marks on this calculation and were not hampered
significantly by a poor layout. These entropy calculations have clearly been well practised by
centres and their candidates, and this has paid off.

The frustrating error seen relatively frequently was the omission of the sign and units
required in the question.

(b) The second step involves passing carbon monoxide over impure nickel at 323K.
The impurities do not react. The nickel reaction is

Ni(s) + 4CO(g) — Ni(CO)(g) AHE=-191kimol”

(i) Calculate the total entropy change, ASg... for this reaction.
Include a sign and units in your answer.

Ni(s) +29.9
CO(g) +197.6
Ni(CO).(g) +3134

S {(5)
Q9% ks (9.6 233 4 # 4S

A5 = ~506.2 Jipt K
N

ﬂ/ < ResultsPlus
/--. Examiner Comments

This is an example of a response which scores two marks for the
calculation of the entropy change of the system. The total entropy
change was the requirement of the question. The large number of
marks and the extra data provided suggest more is required than has
just been done. However, this candidate has calculated what they
know and is given credit for that, which is much better than leaving the
area blank.
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(T ResultsPlus
\ Examiner Tip
Be guided by the number of marks available, and by the data provided,

as to how much is required by the question.
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(b) The second step involves passing carbon monoxide over impure nickel at 323K.
The impurities do not react. The nickel reaction is

Ni(s) + 4CO(g) — Ni(CO)(g) AH® ==-191kImol™

(i) Calculate the total entropy change, ASi.., for this reaction.
Include a sign and units in your answer.

Ni(s) +29.9
CO(g) +197.6
NI(CO)(g) +3134

(5)

BSs@-_- 3\%.4 T 20.9 + 4(147.¢)
2.4 - 24.4 + 790.4

34 - 205
= = 506 .9

B
DR g = — 10100040t P
] 229 = 591.3
AStstay = -506.9 +591.3
>+ %% 4

N\

ig ResultsPlus
Examiner Comments

An example of a response which is nicely laid out and clearly the
candidate understands what is required. All the more disappointing to
see that the units are missing and so four marks are awarded rather
than five.

-

@) ResultsPlus

Examiner Tip
Check and double check and triple check that the answer given
includes all the features required by the question.
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Question 10 (b)(ii)

This was one of the easier questions at the end of the paper. It was hoped that candidates
would appreciate that the reaction was feasible because it was carried out in industry so the
sign for Gibbs Free Energy Change had to be negative. However, this was rarely seen. The
majority of candidates reasoned on the fact that the total entropy value was positive and so
the reaction must be feasible, but this was fine for the mark. A small number of candidates
did try to reason on the magnitude of the TAS value compared to the enthalpy change, which
was acceptable but harder to express correctly.

(i) Predict the sign of the Gibbs Free Energy change, AG, for this reaction and
justify your choice. No calculation is required.

)
e RN B QO 8 N COROACN ...

[ ™, .
\/ / ResultsPlus
/--.‘: Examiner Comments

Unfortunately, a contradiction is given. If Gibbs Free Energy Change is
negative, then the reaction is feasible.

=D . ResultsPlus
<)

Examiner Tip
Remember that the reaction is feasible if the total entropy change is
positive and if the Gibbs Free Energy Change is negative.
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Question 10 (b)(iii)

It was pleasing to see that this far into the paper that candidates still had the stamina for a
long calculation. The criticisms of the poor layout remain, but there was no evidence of
candidates having run out of time.

Occasionally, there were intermediate errors such as confusing mole fractions with partial
pressures. There were also a few candidates who included solid nickel in their K, expressions

which meant that they could only score a maximum of three.

105 GCE Chemistry 9CHO 03



(i) 50.0mol of carbon monoxide is mixed with excess impure solid nickel at 323K
in an industrial reactor.
At equilibrium, 0.750 mol of carbon monoxide remains. The pressure is
maintained at 1.5 atm throughout.

Calculate the value of K, at 323 K. Include units with your answer.

Ni v+ LQOp = N{CO%) N

Ny | WCO N\(CO)L*
Wmlhm r?‘\s-;uc 50 O
copdlioiven /| 5.3 23129
l
reo.cxeoh 423 0SS +12.3\23
sure 2. &THN
W'& (;(_ :. - G.?S Co - O-OS:}
'S OEELD
(L SRS -poQauwb
\ frocnem — = 0O
RO & (2 .061S

a0 X CAM
PONMOA Presuse < Mo\ ooy ¥

cO 20 B6N
N;(cg)q: y il 3
Yoo © (%"Q('Sq) .‘-_\C.Q'-'"Z‘S?@ s &
ot (0BE))" oV e
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N / ResultsPlus
/--.‘: Examiner Comments

This response has made two errors and so scores four and not six
marks.

The calculation is all fine until the partial pressure for the carbon
monoxide is written. Unfortunately, there is a missing zero since the
partial pressure should be 0.0861 and not 0.861.

The second error is that the units are not concentration units but those
of pressure, so should be atm™3.

.':.’" ResultsPlus
ey

Examiner Tip
Make time to check calculations. It is very likely that this missing zero
would have been spotted and corrected.
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Question 10 (¢)

Centres and their candidates are reminded that the rigor or demand of the paper is designed
to increase progressively through the paper. Hence this question, which seems relatively
straightforward and similar to previous entropy qualitative questions, has greater demand
than might usually be expected. The mark scheme was kept strict and so this was a low-
scoring question. It was not sufficient to simply refer to an increase in moles as a reason for
the positive entropy change of the system. The crucial point is that there is an increase in the
number of gaseous moles. The second mark was only given to the most astute candidates.
The formation of a solid in the reaction serves to decrease the entropy of the system but is
more than offset by the increase in moles of gas from one to four.

(c) The final stage of the Mond Process is the thermal decomposition of the
nickel carbonyl gas, Ni(CO),, to give pure nickel and carbon monoxide.
The reaction mixture is heated to 523 K.

Explain, in qualitative terms, why the entropy change of the system, ASJ,em, for
this decomposition reaction is positive.
(2)

e T e 0. B L CERER....A1..... oncles.. Smon... s bete. Ciusk......
......................... R.w Mﬂ%) wln ?md?ma"b ‘Ff eles..al  CO..nad....00%.. k...
o Ouhehe This...... Anenge... Mh-p.a i ST laG...

oo dide.

N
\( / ResultsPlus

< Examiner Comments

This is an example of a response which did not score because there is
no reference to an increase in gaseous moles. It was not sufficient to
simply refer to more moles of carbon monoxide since it had to be
explicitly stated that this is a gas.

“ "::'" . ResultsPlus
KL

Examiner Tip
Remember that the demand of the paper increases progressively and
so questions at the end of the paper require more.
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(c) The final stage of the Mond Process is the thermal decomposition of the
nickel carbonyl gas, Ni(CO),, to give pure nickel and carbon monoxide.
The reaction mixture is heated to 523 K.

Explain, in qualitative terms, why the entropy change of the system, AS sm, for
this decomposition reaction is positive,

e ceackOn  StartS witn L osmol 9 93 aAA
_bhe  poducks  have % anoles o 9a5. fns

LaganS  Peote 202 enof  waolrd  ef g in e oo

_prohwch  g.  disordrr har  inccadde® Dk

Jreans  Ehor  tne  Valne  for | eabmpy  will. 8%

f’fn'"M" (Total for Ouestion 10 = 15 marks)

N\

ig ResultsPlus
Examiner Comments

This response does score one mark for the reference to the increase in
moles but there is no comparison to the solid for the second mark.
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Paper Summary
On the basis of their performance on this paper, candidates are offered the following advice:

e RTQ? - Read The Question Twice to make sure that your answer matches all the
requirements of the question.

e Check, double check and triple check your answer to make sure that it is error free and
matches the demands of the question.

e Manage your time carefully by making time to read the question carefully and to check
your answer.

e Practise, practise, practise to ensure that you know how to do key things like titration
calculations.

e Review your practical work, including, but not limited to, the Core Practicals.

e Really appreciate the value of practical work and take part in as much as you are able.

e Make sure that you understand why a particular practical procedure is carried out and
what would happen if the apparatus or method was changed.

e Take care to layout calculations in a clearly labelled and methodical manner.

e Do study the whole of the specification and not just the parts which you may feel are
important.

e Pay attention to the rubric or format of the question because a part which follows on such
as (i) then (ii) and so on, may provide necessary guidance in an earlier part which helps in
answering a subsequent question effectively.
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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

111 GCE Chemistry 9CHO 03


https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-boundaries.html

Pearson Education Limited. Registered company number 872828
with its registered office at 80 Strand, London WC2R ORL.



