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Introduction

The paper proved accessible to most candidates and provided them with the opportunity to
demonstrate their knowledge and understanding of the key concepts in Unit 4. There was
very little evidence of candidates having insufficient time to complete the paper. The mean
score for the multiple-choice questions in Section A was 16/20. Questions 3, 10(c), 11(c)
and 12(a) were found to be the most straightforward, whilst questions 4, 6(a), 6(b) and
12(b) were found to be the most demanding of the multiple-choice questions. Candidates
attempted the calculation questions with confidence and the questions on kinetics and
spectroscopy were well-answered by the majority of candidates. The questions requiring
good quality of written communication (i.e. question 13(a)(i), 13(a)(ii) and question 16(b))
were found to be the most discriminating.
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Question 13 (a) (i)

14-

v

Vol of KOH / ¢cm?

(a)*() Describe and explain the behaviour of the solution formed in the region
circled on the sketch graph.
oy otk aich add o selt (3

A L _<olution %yrmﬂ; wk‘:ﬁJlﬂog‘k ..... Ha

........ CFLMQ Hu;@nGSMGﬂ }QM
....... fjﬂ-d.alﬂ.af N !’Wl/cow'ts :JS _
........................................... CQDHc:-C,H C,H ¢00+H*>Dba m‘}c&,

:%‘
............... MCHECHQ_CD@%M%‘JLSQMM

MC*Q‘]”? ) 3 PU)‘-% He posi f.9n / Eg ue (Ar cormy
}'F So CH_;CH‘L‘-OQ'L{ ‘5 me

'le,\ f—wML H™ 5 odded H"SM new}ml-w(
Lla H* o b (QH—*H*")) ‘HLO) 71,.) Pa‘-wlﬂ"f AN JALpRl

" pH.

& 2
ResultsPlus OO

Examiner Tip

Examiner Comments

This response scored 2 out of 3 available marks.Mark 1 was
awarded for the mention of 'buffer'.Mark 2 was awarded for
identification of both CH,CH,COOH and CH,CH,COO" being

Understand how a buffer solution
works, in particular on addition of
a small quantity of alkali (OHions).

present.Mark 3 (via the 2nd route) was not awarded. In
discussion of the mode of action of the buffer solution on
addition of OH-ions, the candidate did not mention that the weak
acid equilibrium shifts to the right on removal of the H* ions.
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(a)*(i) Describe and explain the behaviour of the solution formed in the region
circled on the sketch graph.

ﬁ ResultsPlus

Examiner Comments
This response scored all 3 marks.

Scored mark 1 for the mention of 'buffer'. Scored
mark 2 for the mention of both propanoic acid

and propanoate ions being present. Scored mark
3 (via 1st route) as has mentioned that propanoic
acid reacted with the potassium hydroxide and the
word 'some' clearly implies that excess propanoic
acid will be left over (in the buffer mixture).

Examiner Tip

Be aware that there is a reservoir of both
weak acid molecules and conjugate base
ions present in the buffering mixture.
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Question 13 (a) (ii)

@ Explain why the pH at the equivalence point of this titration is greater than 7.
(3)
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Examiner Comments

This response gets only a 'rescue' mark for
realising that the titration involves a weak acid
and a strong alkali (or strong base). The initial
concentrations (0.032 mol dm-3 for KOH and
0.024 mol dmfor CH,CH,COOH) are irrelevant.

A
@ ResultsP

Be aware that the solution of a salt, such

as potassium propanoate - formed from the
neutralisation of a weak acid by a strong alkali -
has a pH above 7. The salt undergoes hydrolysis
as the propanoate ions accept protons from
water molecules, forming hydroxide ions:

CH,CH,COO(aq) + H,O(l)
CH,CH,COOH(aq) + OH(aq)

us
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Question 13 (a) (iii)

(iii) By considering the amount of excess alkali remaining, calculate the pH of the
solution formed when 40 cm? of 0.032 mol dm~? potassium hydroxide solution
has been added to 25.0 cm? of 0.024 mol dm™* propanoic acid.

K,=1.0x 10" mol* dm= at 298 K
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Examiner Tip

ResultsPlus
Examiner Comments

This response was clearly set out
and was awarded all 5 marks.

Show every step in your calculation,
as this candidate has done.
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(i) By considering the amount of excess alkali remaining, calculate the pH of the
(0.8 solution formed when 40 cm® of 0,032 mol dm-?! potassium hydroxide solution
has been added to 25.0 cm® of 0.024 mol dm~* propanoic acid.

K,=1.0x10"mol*dm™ at 298 K
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ﬁ ResultsPlus

Examiner Comments

This response scored 4 out of 5 marks. By getting
to 6.8 x 10 mol of excess KOH, marks 1 and

OO ResultsP
Examiner Tip

Get plenty of practice of calculations
involving buffer solutions and their formation.

2 were secured. No mark 3 was awarded, however,
as there had been no division by 0.065 dm?3 (i.e.
the total volume of 65 cm?3, converted into dm?3).
Mark 4 was awarded as a TE for the value of
[H*(aq)], based on what the candidate thought
was [OH(aq)] and had correctly used the value

of K, (1.0 x 10"**moldm=, which must be used for
the award of mark 4). Mark 5 was awarded, for a
TE value of pH, correctly calculated, when based
on the candidate's stated [H*(aq)].
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Question 13 (b)

(b) The student made the following statement:
The pH of pure water is always 7.0
Is the student correct? Use the following information to justify your answer.
e H,O(l) = H*(aq) + OH-(aq)
e K,=1.0x10"mol*dm=*at 298 K

e AH s positive for the forward reaction in the equilibrium.
(3)

_______________________________ Y abe(mc tdlf"nfacf‘n&wja/wqtle/
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ﬁ ResultsPlus

Examiner Comments

This scored the maximum of 1 mark (out of 3) for
a 'yes' answer (i.e. an answer that agreed with the
candidate’s incorrect statement that 'the pH of pure
water is always 7.0"). The mark was awarded for
giving the correct direction of equilibrium shift (i.e.
to the right) when the temperature is increased.

A
Q ResultsPlus
Examiner Tip

Be aware that the criterion of pure water to be
'neutral' is that [H(aq)] = [OH-(aq)], not necessarily
that the pH = 7.0. At temperatures above 298

K, the pH falls below pH = 7.0, but the water does
not become 'acidic'. As

K increases, [H(aq)] also increases. So the pH
value decreases. The water remains neutral,
however, as [H(aq)] = [OH(aq)] still applies.

GCE Chemistry 6CHO04 01 9



(b) The student made the following statement:
‘The pH of pure water is always 7.0’
Is the student correct? Use the following information to justify your answer.
e HO() = H'(aq) + OH(@aq) *+v¢ ¢ de
e K,=10x10"mol>dm*at 298K

e AH s positive for the forward reaction in the equilibrium.
(3)
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ﬁ ResultsPlus

Examiner Comments

This response scored 1 mark for the correct direction
in the shift of equilibrium position on increasing
temperature. Mark 2 was awarded for stating that
there would be a greater concentration of H*(aq)
(and OH-(aq)). No mark 3 was awarded, however, as
this candidate had incorrectly stated that there was
an increase in pH value. The candidate should have
stated that pH decreases for the award of mark 3.

Examiner Tip

Remember that as [H(aq)] increases,
the pH decreases as pH = -log

[H(aq)].
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Question 14 (a)

(@) Outline a titrimetric method that could be used to measure the change in
concentrafion of compound A with time. Compound A is an alkali, whereas
compounds B, C and D are neutral.

ab w{c&\;&\r :w@vm\ S e axt su

\re‘*‘—%‘t’bm%&.b\ﬁ-‘w(_ L"j
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ﬁ / ResultsPlus

Examiner Comments

This response scored all 3 available marks (the
last 2 are via the 'EITHER' route in the Mark
Scheme). Note, for the award of mark 3 here the
term 'standard' equates to 'known concentration'.

us

A
J@ ResultsP

Examiner Comments Examiner Tip
This response scored 2 out of the available 3 marks. When answering questions on
Mark 1 was awarded for mention of sampling at (regular) practical techniques, remember to
time intervals. Marking from the 'EITHER' route: Mark include all essential details so that
2 was awarded for the mention of 'quenching' alone. a feasible method is suggested.

Mark 3 was not awarded, however, as there was no
mention of "acid of known concentration"/"standard
solution of acid" (being used for the titration analysis).

GCE Chemistry 6CHO04 01
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Question 14 (b) (i)

(i) Explain how the graph confirms that the reaction is first order with respect
to A.

A
ﬁ ResultsPlus Q ResultsPlus
Examiner Comments Examiner Tip

This response scored the available mark. The answer Zero order graphs of rate against
mentioned the concept of proportionality between concentration also produce

rate and [A] - see Mark Scheme. NOTE: JUST the a straight line, albeit it a horizontal
statement: "The graph is a straight line, so the one. Good, simple communication
gradient is constant"”, alone, would not have scored is required to explain why this is a
the mark - again, please refer to the Mark Scheme. first order relationship.

(i) Explain how the graph confirms that the reaction is first order with respect
to A.

Examiner Comments

This response did not score the mark. There is
insufficient detail - please see the Mark Scheme.
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Question 14 (b) (ii)

(ii) Suggest an explanation, other than human error, for the two anomalous
results circled on the graph.

(3)

........... W“)*W(mﬁﬁhoﬂfﬁmum,mjmc—ﬁumlrvﬁnen,
........ MfQL+10h‘=5€1Qdmrm'tL49ad\0nQaﬂijlﬁamw,hwm
NN e @ oene s and. cause. e wnagese wn afe Thende

OO ResultsP

Examiner Comments Examiner Tip

This response scored 2 marks out of 3. Mark 1 was
awarded for the mention of '...increase in rate'. Mark 2 was
awarded for mention of an 'exothermic reaction'. There

When considering practical
situations, try to think of possible
reasons for any systematic errors.

was insufficient detail for mark 3 to have been awarded.

(i) )Suggest an explanation, other than human error, for the two anomalous
results circled on the graph.

...... oxcess ik oy hose doegeard

50 Ao cAnnmld  bdion Aond ML
dlygt invenked ¥ otz increased.

A
ﬁ ResultsPlus 4

Examiner Comments

The first mark, being a stand-alone mark,
was awarded for the "rate increased"
statement. This mark was awarded, despite

Examiner Tip

Many reactions are exothermic and so
systematic error will be significant, particularly
at higher concentrations of reagents.

the rate increase being for the wrong reason.
Mark 2 and mark 3 were not awarded.

GCE Chemistry 6CHO04 01
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(i) Suggest an explanation, other than human error, for the two anomalous
results circled on the graph.

3)
........ AaHfte_mcholeSM%o&wmmcm a:rl’: resges. it

wa\ s e rmcmf- Mafam[@ have on awera}('
a ht%w (/b %1{12 MR Means a jrpw

poportion 4 collisians e Successful | and SO tue ak
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% ResultsPlus

Examiner Comments

An excellent response, scoring all 3 available marks.

Mark 1 was awarded for the idea that the anomalous points
are due to the rate being faster than expected.Mark 2 was
awarded due to the mention of an exothermic reaction.Mark
3 was awarded via both the 'EITHER' and 'OR' routes in the
Mark Scheme - this candidate has offered an explanation of
increase in rate using collision theory in appropriate detail.
The candidate has also (but was not required to do so) added
a comment that the effect of the release of heat energy in the
reaction is greater at higher concentrations of substance A.

GCE Chemistry 6CHO04 01
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Question 14 (c)

Initial concentration / mol dm™3 Initial rate
Experiment A 8 X / mol dm- s~
1 0020 0.005 _ 0.500 2.1x10° N
iR ) ‘
2 [ﬂf 0.040 0.005 \ﬂ 0.500 4.2 x10° X3
3 L \0.060 0010 / 0500 . | 63x10°
' #

4 0,080 0.010 0250 U | 42x10°

(i) Give one reason why obtaining these further data may be considered useful.
CﬂﬂQ&J\-\‘ﬂ}j\"““ GQ& W

AL T o ¥ Jo XD
(i) Deduce the rate equation for this reaction, explaining how you arrived at your
answer.
(5)

rods = le [ﬂ] EXj

U oM Moganks.
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(iii) Use your answer from (c)(ii), and appropriate data from Experiment 4, to
calculate the value of the rate constant, k. Include units in your answer.

(2)

g = klo02)(0500)

-3
) 2.1 X\Q — k— -
(0-0DY ([0S

& T

Examiner Comments

Trait (c)(i) is correct. In (c)(ii), mark 1, mark 2,
mark 3 and mark 4 were awarded. Mark 5 was not
awarded as the candidate is comparing the data
from experiments 1 and 4 and incorrectly stated that
[B] remains constant (it doubles from experiment 1
to 4). For (c)(iii), the response was correct.

Examiner Tip

Always check that kinetic data has been correctly
compared from one experiment to another.

) Initial concentration / mol dm-* Initial rate
Experiment A B X / mol dm= s~

1 0.020 \ \ 0.005 \ 0.500 \ 2.1 %107 W 3
2 0040 ¥ |{3 0005 |4 0500 | | p42x10* | w
3 |\ ooso {| o000 & 0500 |"[ 63x10°¢ "t
4 "l’ 0.080 0.010 0.250 Jv 42 x10°

(i) Give one reason why obtaining these further data may be considered useful.

(1)
......... T0. Jee the overald 0rder of readion by fLhoung che
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(i) Deduce the rate equation for this reaction, explaining how you arrived at your
answer.

srdor of A

(5)

= |
g.0 rueRHADJEBI
x= |

_be du.e o xA rafe cmo aoc@uo, araef mz w;rh mpeorrv
A Eﬁﬂwcmﬁnxl and 3. A nmmm ra:re mmmwr

Jo ord@rof B wn 0. Expertmw /ana‘f A v mutipled
Ibg ¢ and 6 wdotwwd JO rare muwit Mwmp!ng ¢.

X halream Concennarion and the rate v ha:vewo

fhe Ordes n PapetFto XuL 4.
(iii) Use your answer from (c)(ii), and appropriate data from Experiment 4, to
calculate the value of the rate constant, k. Include units in your answer.

rarek [A %] ?
¢ - rare
[A)X]
- 4. 2x/077 moratrr > g
0.0 x 0.250 moldm™
ooy 0-21 mot “cm 3/ !
A
ﬁ ResultsPlus OO

Examiner Tip

Examiner Comments
All traits, (c)(i), (c)(ii) and (c)(iii), were
correct for this response - so the maximum
marks of 1, 5 and 2 (respectively) were
awarded for this candidate's response.

This is a well set-out answer, with
appropriate working shown to ensure that
the units of the rate constant are correct.
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Question 14 (d)

(d) A student carried out a similar investigation into the kinetics of the reaction

between 2-bromomethylpropane and hydroxide ions. A summary of the
student’s findings is shown below.

Kinetics | igation - $ f Key Findi
Reaction is first order with respect to 2-bromomethylpropane

Suggested Mechanism

Sn2 - as two steps in process

CH, CH,
H,C Br H
J \\l/‘f steel \\c| +Br
| Fast |
CH, CH,

Use your knowledge of the mechanism of nucleophilic substitution reactions to
suggest one feature of the summary, including the student’s mechanism, that you
agree with and two features you think are incorrect.

(3)
One feature you agree with.

. an... sWNe... reQCH ... LCAULE.. A TR .......

ubobicn.... .. od:rnua’

Two features you think are incorrect.

.. maazfammm/emmgwep
lF Shusudd]. e ST XL hD.+. L ... 2 ongmoambd o ot goany
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A
ﬁ ResultsPlus ResultsPlus
Examiner Comments

This response scored 0 out of 3 marks. 'Correct
feature' mark was not awarded for the statement
made. No 'incorrect features' marks were awarded.
The rate equation would not have OH- ions in it,
for what should be an S 1 mechanism. Certainly,
too, the reaction was not second order with
respect to the reactant 2-bromomethylpropane.

Examiner Tip

Make sure that you know the difference
between S1 and S2 mechanisms.

One feature you agree with.

.............. T JLb Ll C

______ B [ T

Two features you think are incorrect.

ﬁ ResultsPlus

Examiner Comments

This answer did not score the 'correct feature'
mark, as it only mentioned about the way the
mechanism was drawn.Both of the 'incorrect
features' marks, however, were awarded as follows:

correctly re-classifying the mechanism to S 1

noting the fact that the first step should be
the slow step.

GCE Chemistry 6CHO04 01 19
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One feature you agree with.

Two features you think are incorrect.
Mmechanism  SwoEm

________________ 2. 2.5%phpreewh 2 SN NOE SN

Examiner Comments

This scored the first mark as the candidate
realised that the partial order with respect

to 2-bromomethylpropane was first order. A
further mark was awarded for realising that the
mechanism drawn is, in fact, S 1 and another
mark for stating that 'the first step is the slow
step'. So all 3 available marks were awarded.

OO ResultsPlus

Examiner Tip

Thorough knowledge of reaction kinetics makes it
easier to spot any errors in a suggested mechanism.

GCE Chemistry 6CHO04 01



Question 15 (a)

(a) Explain one effect of an increase in pressure on the reaction in Step 1.

......... TAL.... .k G Ak o L lre

________________________ oo L s

Examiner Comments

Marking this response by the 'EITHER' or the 'OR'
route (please refer to the Mark Scheme) scores only

1 mark. Ideas of kinetics and equilibria have been
mixed up here. Mark 1 [by the 'EITHER' route] was
awarded for the rate of reaction increase. Mark 2 was
not awarded, as there was no reference to an increase
in collision frequency on increasing the pressure.

Examiner Tip

Try not to mix up kinetic ("how
fast?') arguments with those
relating to equilibria (‘how far?').

(a) Explain one effect of an increase in pressure on the reaction in Step 1.

'ﬂ\_l melgest  in il

Cloger

(eaclanh afe

(2)

ﬁ ResultsPlus

Examiner Comments

This response was marked via the 'EITHER'
route (please refer to the Mark Scheme):

scored mark 1 for mention of a rate increase

mark 2 was not awarded as there was no
reference to an increase in collision frequency or
other acceptable alternative answer. 'Likelihood'
of collisions was not sufficient as an alternative
to mention of the 'frequency' of collisions.

A

Examiner Tip

with collision theory.

Make sure that you are fully conversant

GCE Chemistry 6CHO04 01
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Question 15 (b)

(b) The overall yield for this process is 79%.

Calculate the mass, in tonnes, of aspirin that would be formed from 2.5 tonnes of
sodium phenoxide. Give your answer to two significant figures.

[Molar masses / g mol™": sodium phenoxide = 116; aspirin = 180]
(3)

moles = 23 . S

—= 7 = masq = 79

"é 232 QHOX (80U
_5.30-7?:__7__ - 3.06 fonwg.
232 ¢€eo

OO ResultsPlus

Examiner Tip

ﬁ 5
Results¥lus
Examiner Comments
This response scored 2 marks via the

For calculation questions, always
'OR' route in the Mark Scheme:

check whether a specified degree of
accuracy is required for your final answer.

mark 1 and mark 2 were awarded

mark 3 was not awarded, however, as
the final answer is given to three (instead
of the required two) significant figures.

(b) The overall yield for this proces@%%ﬂ /../

Calculate the@ass} onngs) of aspirin that would be formed from 2.5 tonnes of
sodium phenoxide. Give your answer to@gnlﬂcant figures.

[Molar masses / g mol™": sodium phenoxide = 116; aspirin = 180)

s 3
-{‘V\J'Qﬁ.éh' So diam Fln.-..m-ﬂ-&o-(_j. gnMngLyL (3)
= E_[‘__;-ﬂ.*- - 25000004 2(8S/.7 =& 749 =¥ Woss
| 1
= 215517 ] aspret N
(708 e x (80 = 50(ab5S./7¢
= 3.1 ¢

<d\ A
ResultsPlus 4 ResultsPlus
Examiner Comments

This answer scored 3 marks out of 3 (by

the 'OR' route, see Mark Scheme). The

final answer, if not read carefully, could be
misinterpreted as being given as 3.2 tonnes.
However, this candidate wrote the digit '1' in an
unclear way, so had the benefit of the doubt.

Examiner Tip

Write all digits legibly to avoid
losing marks unnecessarily.

GCE Chemistry 6CHO04 01




Question 15 (c)

(c) Classify the reaction type in Step 3 and suggest a suitable reagent.
(2)

ﬁ ResultsPlus Q

Examiner Comments

This response scored both the available marks.
Mark 1 was awarded for 'esterification'. Note
that we ignore the reference to a 'condensation
reaction'. Mark 2 was awarded for CH,COOH
being identified as a correct reagent.

Learn to classify appropriately all the
organic reactions that you encounter.

© renney
(c) Classify the reaction type in Step 3 and suggest a suitable reagent.

Examiner Comments

This answer scored both marks.Mark 1

was awarded for 'esterification'.Mark 2 was
awarded for identification of CH,COOH.
Reference to the catalyst of conc H,SO, was
not essential for the award of this mark.

A

Examiner Tip

Learn all reagents and
conditions for organic reactions.

GCE Chemistry 6CHO04 01 23



Question 16 (a) (i)

(a) (i) A solvent is added to the solid coffee grounds to dissolve the oil. Suggest
how the oil is then obtained from this mixture.

<EP ResultsPlus

Examiner Comments

This response scored mark 1 for 'filtered'. It

was also awarded mark 2 for 'heated'/'fractional
distillation' (either one would do). Also, importantly,
these two steps were given in the right order.

Examiner T|p

Always try to suggest feasible practical techniques
by careful consideration of the physical states of
the substances involved in the reaction process.

24 GCE Chemistry 6CHO04 01



Question 16 (a) (ii)

(i) Complete the equation below for the formation of a bio-diesel from the
reaction of an oil with methanol.

b - 0-C R (2)
M
THzoocw Cl M, O -
R
ICHOH + THOOCR” . cHod ¢ 3C HBO ac
CH,00CR"” |

(, MOH

A
us Q ResultsP

ﬁ ResultsP

us
Examiner Comments Examiner Tip
This response scored 1 out of 2 marks. Mark 1 Be aware that trans-esterification is mentioned
was not awarded for the ester structure given, as in the Unit 4 specification, in Topic 4.8
there were R groups designated as R', R" and R™ (Further organic chemistry), under heading
in this particular question. Mark 2 was awarded 4(c)(iii) - carboxylic acid derivatives.

for the correct structure of propane-1,2,3-triol.

(i) Complete the equation below for the formation of @from the
reaction of ith @ ol e Sk wptonnsd

(2)

] .
H;OOCRI C_ il 20 | + R,_ < 0 O& '-"qs
| .
3CH,OH + CHOOCR” — e o wh + R coo ey
CH,O0CR" i-f"i:.ow f R coocvig

ﬁ ResultsPlus

Examiner Comments

This response scored both available marks.
Mark 1 was awarded for all three ester
structures being correct. They are all given as
per the Mark Scheme. Mark 2 was awarded for
the correct structure of propane-1,2,3-triol.

GCE Chemistry 6CHO04 01 25



Question 16 (a) (iii)

(iii) Suggest a suitable catalyst for the reaction in (a)(ii).
(1)

______________ v 2 WAV L2/ oy A

= 4o CH
CHy COOCHs + CH2CHp =2 CHECOOECHs

+ CHsg O#

ResultsPlus

Examiner Comments

This response scored the mark
for 'NaOH' as a suitable catalyst.
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Question 16 (b)

*(b) Another source of oil for bio-diesel production is palm oil, obtained from the fruit
of palm trees grown on large plantations across many tropical regions.

Consider one advantage and one disadvantage of each source to decide which
oil may provide a potentially greener and more sustainable supply of bio-diesel.

OO

Examiner Tip

ﬁ ResultsPlus

Examiner Comments

This answer scored all 4 marks as follows: Try to structure your answers to more 'open-

ended' questions in a clear and logical form.

Scored mark 1 - advantage of coffee grounds
(uses waste material) Scored mark 2 -
disadvantage of coffee grounds (expensive

to use solvents) Scored mark 3 - advantage
of palm oil (from sustainable resource,

plants can be re-grown) Scored mark 4 -
disadvantage of palm oil (cost of transporting
it from tropical areas and this 'transport’ mark
has not already been credited for mark 2)
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*(b) Another source of oil for bio-diesel production is palm oil, obtained from the fruit

of palm trees grown on large plantations across many tropical regions.

Consider one advantage and one disadvantage of each source to decide which
oil may provide a potentially greener and more sustainable supply of bio-diesel.

(4)

cousA éé’ e For jfeod a.-aa' @lro Fht & S maly

T aBg MW T BE FIOWN 7 fﬁﬂfé‘ﬂ
amomunt MNay only L€ Ob6finosy Frons fecs

amd Ao eI N0 re @ letr€ I7op/Cs mmm Condersen,

............................................................................................................................... Lt
/f dvnadvarniage v ?‘/E s flrﬁmm z»,v re@icertd (T Pxrres

ﬁ ResultsPlus

Examiner Comments

This response scored 3 out of the 4 available marks
as follows:- Scored mark 3 - advantage of palm

oil (mentions both 'renewable' and 'sustainable’
resource, plants can be re-grown) Scored mark

4 - disadvantage of palm oil (use of land) Did

not score mark 1 - advantage of coffee grounds
(the answers given are in the IGNORE section of
the Mark Scheme) Scored mark 2 - disadvantage
of coffee grounds (energy costs incurred)

Q ResultsPlus
Examiner Tip

It is always worth taking a few minutes to
plan your answer to questions such as these,
so that the advantages and disadvantages
are clearly thought through beforehand.
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Question 17 (a)

SECTIONC

Answer ALL the questions. Write your answers in the spaces provided.

17 Adipic acid, HOOC(CH,),COOH, is a dicarboxylic acid used in the production of
polymers. It can be made by the reaction of buta-1,3-diene with carbon monoxide
and water.

CH,CHCHCH,(g) + 2C0(g) + 2H,0(l) — HOOC(CH,),COOH(s)
(a) (i) Use the Data Booklet to complete the table below.

(2)
CH,CHCHCH,(g) CO(g) H,0(l) HOOC(CH.).COOH(s)
/ kJan,-'!l?ol“ +109.9 -110.5 -285.8 -994.3
/) mfia K-t 278.7 1936 €q.9 2500

(i) Use data from the table to calculate the standard enthalpy change, in kJ mol',
when adipic acid is formed from buta-1,3-diene, carbon monoxide and water.

. (2)
xtha

Q_qqt.‘, 3 )_ (109.9+@x-10 5) +(1x-1858)
= —qq4.3—(-682.%F)

—

— —211.6 I Mo

(ili) Use data from the table to calculate the standard entropy change of the

system, in J mol' K™', when adipic acid is formed from buta-1,3-diene,
carbon monoxide and water,

A Sggﬁ = SPrchLC.t ~Sreacra~—ty

—

= 950 -1723%.3Ft20ate)+2(6a.0)]
= 1LSO- §\3.%F

= -563.F J ol K

(2)
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(iv) Use your answers to (a)(ii) and (a)(iii) to calculate AS,,oundings aNd AS,oy for the

reaction at 298 K.
(3)

—(=3(].6 N
ASsuxe T ",__4’-6—— = _____E_._}_(_.r——-—) -+ ,045¢6.
2A8 - .05 kTeol™

NS¢oot = ASswe + A Ssys.
= 104%5.6 T (-563.%)
T U'LY T mos KT

(v) It was suggested that decreasing the temperature of the reaction to less than
298 K would produce a greater yield of adipic acid.

Explain, in terms of the effect on AS,jem ASsurroundings@and hence AS,..,, whether

this would be the case.
(3)

STOce. LS. 15.00. L xoThemic. fRAan., dedeasing..

A Ssuar. matﬂ.mg;l:mcrcpo&twﬂ ...... AN nence. iren. ..

A Stotad.. WL be. mMOre pasitive. . ol o~

Examiner Comments

A well set-out response which was awarded full
marks for parts 17(a)(i), (a)(ii), (a)(iii) and (a)
(iv).2 marks out of 3, however, were awarded for
(a)(v) as the fact that the entropy change of the
system would remain unchanged on altering the
temperature was not mentioned. The effect on the
entropy change of the surroundings, and on the total
entropy change of reaction, was correctly explained.

OO ResultsPlus

Examiner Tip

Set out all calculations in a
logical form, showing each step.
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(a) (i) Use the Data Booklet to complete the table below.

(2)
CH,CHCHCH;(g) CO(q) H,0(l) HOOC(CH,),COOH(s)
) Hﬁrﬁl_, +109.9 -110.) -285.§ -994.3
§¢
L ol K 278.7 193 -6 69.9 250.0
(i) Use data from the table to calculate the standard enthalpy change, in kJ mol™,
when adipic acid is formed from buta-1,3-diene, carbon monoxide and water.
. (2)
_ 682-]‘ tAHE =-9aY¢ 3
=)
AH = =316 £Jmol
(iii) Use data from the table to calculate the standard entropy change of the
system, in J mol~' K', when adipic acid is formed from buta-1,3-diene,
carbon monoxide and water.
(2)

4 pen produth - £ reauand
- 250 - 2(69-9) - 3 (19%.6)-278 7

s - 5639 )mor~'L”

(iv) Use your answers to (a)(ii) and (a)(iii) to calculate AS,,oungings 3N ASy for the

reaction at 298 K.
_ANH - ~(-3/.6€)x1000 )
7 9L

D = TIO¥5:6 Jmol“f 7

A toras = -565.7 t/1097 €6
= 4 481.9 Jmor' L’
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(v) It was suggested that decreasing the temperature of the reaction to less than
298 K would produce a greater yield of adipic acid.

Explain, in terms of the effect on AS, ,m ASsuroundings@Nd hence AS,,, whether
this would be the case.

Examiner Comments

17(a)(i) scored both marks - all four values from
the Data Booklet are correct. Q17(a)(ii) scored 2
marks for the correct standard enthalpy change
value. Q17(a)(iii) scored (2) both marks for the
correct standard entropy change for the system.
Q17(a)(iv) scored all 3 available marks: 2 marks
for the correct working and value for the entropy
change of the surroundings; then, 1 further
mark for the subsequently correct total entropy
change value. Q17(a)(v) scored 2 marks out of
the 3 available: the larger entropy change of
surroundings was implied - so scored mark 2 in
the Mark Scheme. The reference to a larger total
entropy change scored mark 3, the third scoring
point. As the fact that the entropy change of the
system remains unchanged, when the temperature
is decreased, has not been mentioned, the

first scoring point, mark 1, was not awarded.

A

Examiner Tip

Careful consideration of the units for
enthalpy and entropy changes helps to
secure full marks to questions such as these.
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Question 17 (b)

(b) Infrared spectroscopy can be used to follow the progress of reactions. During

the reaction to produce adipic acid, suggest one peak which diminishes and one
peak which appears.

Use information from the Data Booklet to identify two such possible peaks, giving
their wave numbers and the bonds involved,

(2)

........ TAR.. AGEF—H (669 - 1645 penk Aiminihes  whilh..

ﬁ ResultsPlus

Examiner Comments

This response scored the 2 available marks.Mark
1 was awarded for the absorption in the region
1669 - 1645 (cm?); this is the first peak option
in the Mark Scheme.Mark 2 - for 3300 - 2500
(cm™) - was awarded the mark for a peak that
would appear (see ALLOW in the Mark Scheme).

A
@ ResultS‘

Examiner Tip

us

Drawing out the structures of the reactants
and products enables you to keep track on
which bonds are present in the reactants and
products of the reaction under consideration.

GCE Chemistry 6CHO04 01
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Question 17 (c)

(c) Adipic acid is used as an additive in some fruit jellies. Suggest what effect the
adipic acid will have on the flavour of the jelly.

Examiner Comments
This response scored the mark for the word 'sour".

(c) Adipic acid is used as an additive in some fruit jellies. Suggest what effect the
adipic acid will have on the flavour of the jelly.

ResultsPlus

Examiner Comments

The mark was awarded here, for the word 'sour'. Any
references to just 'more acidity' did not gain credit.
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Question 17 (d) (i)

(d) An organic compound, Q, is found to contain 49.3% carbon and 6.8% hydrogen
by mass.
(i) Use these data to confirm its empirical formula is C;H;0,.
4q.37 C 6.§ . ¥3.90
=12 o ~ 16
mows =
T 4¢.8 a.74
D

LY

100-Ud3-6F =439 O

————

(3)

C,-‘Q, Hﬂi OH
26

ﬁ ResultsPlus
Examiner Comments

This response scored 2 out of 3 marks. Mark 1
was awarded for the number 43.9(%). Mark 2 was
awarded for the correct calculation of the mole
ratio C:H:O (here given as 4.1 : 6.8 : 2.74). Mark
3 was not awarded, however, as the ratio 1.5 :

2.5 : 1 (for C:H:0O respectively) was NOT stated.

A

ResultsP

Examiner Tip

us

Show all steps in calculation questions such as these.

GCE Chemistry 6CHO04 01
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(d) An organic compound, Q, is found to contain 49.3% carbon and 6.8% hydrogen

by mass.

(i) Use these data to confirm its empirical formula is C;Hs0,.

C H o
49.3 68 4389
@ 439
9.3 €= e
{2
2. 74375
41083 s
Q'&; 2{7437—;’
M.E_j’. 2-74375 274378
274378
25 l
/-5

2
3 S

CSMSOZ

ﬁ ResultsPlus

Examiner Comments

This response scored 3 out of 3 marks.

Mark 1 was awarded for deduction of the
percentage by mass of oxygen as 43.9(%).
Mark 2 was awarded for the correct calculation
of the mole ratio C:H:0. Mark 3 was awarded
for 1.5 : 2.5 : 1 (for C:H:0 respectively).

A
2/ OO ResultsP

Examiner Tip

us

See how easy a well set-out calculation,
such as this one, is to follow.

GCE Chemistry 6CHO04 01
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Question 17 (d) (ii)

(i} The structure of Q is shown below.

OH

H, ﬁ H e

H,C C C O0—C—C
S
CH,4

The table below summarises some information about parts of the nmr spectrum
of compound Q.

Use the Data Booklet, and your knowledge of splitting patterns, to complete
the table with respect to the features of compound Q shown in bold.

(4)
Feature of cempo_ujl-nd Q [ | ??f?;;a;&;hiﬁ - Splitting pattern
, CH, 0.1-19 | Doveolet
| CH, o —1-9 Trp et
COOH 10 0 —120 singlet

<EF ResultsPlus

Examiner Comments

This response was awarded 1 out of the 4
available marks.

Mark 1 (for CH,) was NOT awarded for 'doublet'.

Mark 2 (for CH,) was NOT awarded. The chemical
shift range of 0.1 - 1.9 given was not completely
within the required range of 1.7 - 3(.0).

Mark 3 (for CH,) was NOT awarded for 'triplet'.
Mark 4 (for OH) was awarded for the chemical
shift range given as 10.0 - 12.0.
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(ii) The structure of Q is shown below.

(0]
H, || H
H,(—C —C—0—C—C

CH,

OH

0

The table below summarises some information about parts of the(impspectrum

of compou

Use th@ and your knowledge of splitting patterns, to complete
the table With respect to the features of compound Q shown in bold.

(4)

Splitting pattern

‘ Feature of compound Q Chemical shift
/ ppm

!—___. — . I

| CH; 0.1-19

| CH, e

! S

| (0. 0 — (2

singlet

Examiner Comments

This response was awarded 3 marks, out of a maximum
of 4, as follows:

Mark 1 (for CH,) was awarded for 'triplet'. Mark 2 (for
CH,) was NOT awarded. The chemical shift range of 0.1 -
1.9 is not within the required 1.7 - 3(.0) range.

Mark 3 (for CH,) was awarded for 'quartet'. Mark 4 (for
OH) was awarded for the chemical shift range 10.0 - 12.0.

Always check chemical shift ranges carefully.

Examiner Tip
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Paper Summary

On the basis of their performance on this paper, candidates are offered the following advice:

e read the question carefully

e try to frame your answer to a question whilst bearing in mind the number of marks
available

e make sure you can write accurate balanced equations, one of the basic
skills required by any advanced level candidate

e take care with units in calculations

e remember that this paper has a greater emphasis on applying knowledge and
understanding in unfamiliar contexts than those at AS level.
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