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Introduction

This was the fourth session of the International Advanced Level Chemistry Unit 4 paper.
The specification and style of examination paper are exactly the same as the 6CH04 paper,
so the candidates had plenty of opportunity to work through past papers to develop their
examination technique.

Successful candidates:

read the questions carefully and addressed all parts of the question in their answer;
used scientific terminology correctly;

completed calculations correctly;

gave concise but detailed explanations where required;

understood the mechanism for the reaction between 1-bromopropane and hydroxide
ions;

used the information given in the question and thought about the chemistry involved;
wrote balanced equations;
selected correct data from the Data Booklet;

checked their work, particularly in calculations, to avoid careless errors such as missing
or incorrect signs or units.

Less successful candidates:

did not read the questions carefully and assumed the answer required was the same as
in a past paper;

made careless errors in calculations and did not think about the chemistry involved to
realise that their answer could not be correct;

did not express their understanding clearly when explaining concepts;
did not use all the information given in the questions to help them in their answers;
did not write balanced equations;

did not understand the use of curly arrows and a transition state in an organic
mechanism;

were unable to select correct data from the Data Booklet.

The majority of candidates were proficient in carrying out calculations and just made an
occasional careless slip. In future, candidates need to concentrate on expressing their ideas
clearly and concisely when explaining chemical concepts.
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Question 13 (a) (i)

Many candidates realised that a buffer solution was present in the ringed region on the
titration curve. However, many just wrote a generic definition of a buffer solution and did
not explain that the added H* ions were reacting with ammonia in the particular solution in
the question. A few candidates assumed that the buffer solution was formed from the more
usual weak acid and conjugate base that they have studied. Although ionic equations were
not required, they would have helped some candidates to score an extra mark or two.

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

13 A student carried out a titration by adding 0.0 2 hydrochloric acid to
mol dm~ ammonia solution. A sketch graph of pH against volume
of hydrochloric acid a s shown below.

14 -

pH

Vol of HCl / cm?

(a)*()) Name the type of solution formed in the region ringed on the sketch graph
and explain its chemical behaviour.

(3)

s e el e sk ony.. sk change
.05 st s o AR, A/ e

,,,,,,,,,,,,,,,,,, P 40~ bare ke r*-‘p((.m_sl\ Ve log b H+ ony

Examiner Comments
This response scored 1 mark for identifying a buffer solution.

The candidate wrote the general definition of a buffer solution but this did not score
any marks here as they should have applied it to this particular buffer solution involving
ammonia and ammonium ions.

Examiner Tip

When you are given a specific example of a reaction, always write about that in your
answer rather than giving a general description of the type of reaction.
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.
¢Skgrg aoe
13 A student carried out a titration by adding 0.0540 mol dm-* hydrochloric acid to

25.0 cm? of 0.0240 mol dm* ammonia soliition. A sketch graph of pH against volume
of hydrochloric acid added is shown below.

14 -

it

pH

v

Vol of HCI / cm?

(a)*(i) Name the type of solution formed in the region ringed on the sketch graph
and explain its chemical behaviour.
(3)

The  solohon  formod 5 Wolffer solehion.
The offer solotien  formed s alkali woffer  which

Gmmonig  H resichs changes of pR__of solohon  when  small  ameunt
of acid s Gdded ihdo s . As 1 con cenck  wilh aa‘d; fe concenteaban
‘umains wchangza_. od sl change in pH.

ﬁ ResultsPlus

Examiner Comments

This answer scored 2 marks. The candidate has
identified that a buffer solution is present and that
it consists of a weak alkali with its conjugate acid.
However, they have not explained why the addition
of more acid causes little change in the pH.
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

13 A student carried out a titration by adding 0.0540 mol dm~* hydrochloric acid to
25.0 cm’ of 0.0240 mol dm~? ammonia solution. A sketch graph of pH against volume
of hydrochloric acid added is shown below.

14

pH

Vol of HCl / cm?

(a)*(i) Name the type of solution formed in the region ringed on the sketch graph
and explain its chemical behaviour.

(3)
A‘NM?S’E‘“ 15 forwed: When  NW3 (wed bege) peoets
__________ w}_._ﬁch U (strong acid) ., N W3 flan fooms ey ganju‘&ou*‘h
%Qw&mmhﬁrhui w.m-““’*l' L M“u L
&f\},*ﬂbe—*'«wémdsimﬂ(”“;)

i PH

\—

ResultsPlus

Examiner Comments

This is a good answer that scored all 3 marks.

Examiner Tip

Always write about the particular reaction in the
question, as in this example.
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Question 13 (a) (ii)

The majority of candidates scored 1 mark for identifying that ammonium ions are present at
the equivalence point or for stating that this is a reaction between a strong acid and a weak
alkali. Far fewer candidates realised that the ammonium ions react with water to produce H*
ions that make the solution acidic. Full marks were awarded for the correct ionic equation. A
few candidates were unable to write the correct formulae for ammonia or ammonium ions.

*(ii) Explain why the pH at the equivalence point of this titration is less than 7.
Include an ionic equation in your answer.

ResultsPlus

Examiner Comments

This candidate scored 1 mark for identifying that
ammonium ions are present at the equivalence point.

Examiner Tip

Ammonium reacts with water to form H,0* ions and
these make the solution acidic. This could be shown
in an ionic equation.
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*(ii) Explain why the pH at the equivalence point of this titration is less than 7.
Include an ionic equation in your answer,

(3)
A//o:’gfﬂﬁzdmmadq(frmwrmf‘rv:r.rmjgﬁmz’ _______ e, Mlec(

T ot poatns,. fenc. ceqearisg. plt.af. the. dolaTion. (eu e D

ﬁ ResultsPlus

Examiner Comments

This response scored 2 marks as the ammonium ions
have been identified and an ionic equation showing
the formation of H* ions has been given. To score
the third mark, the candidate would need to mention
that the ammonium ions react with water.

*(ii) Explain why the pH at the equivalence point of this titration is less than 7.
Include an ionic equation in your answer.
(3)
................................. HEld MU — N 4 B0
...................................................... N \'L\'LE-%H-LD_%NH-}*H}Q*
______________________________________ Cinte._meve.. of ffgg 005 DY et U
.................................... hoa ph. 05 less.. A

ﬁ ResultsPlus
Examiner Comments

The first equation shows that ammonium chloride is
formed at the equivalence point. It is not balanced,
but that does not matter in this response as this
candidate scored 3 marks for the ionic equation
between ammonium ions and water.

A

OO ResultsPlus

Examiner Tip

Learn why some salt solutions are not neutral.
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Question 13 (a) (iii)

Many candidates completed this calculation correctly and scored 4 marks. Most students
received some credit for some correct work. A few candidates worked out the volume of acid
used and then the moles of excess acid. Common incorrect answers included not converting
the moles of excess acid into a concentration, just calculating the moles of acid used and
converting that to pH and just calculating the pH of the original acid. All of these methods
received some credit.

(i) By considering the amount of excess acid remaining, calculate the pH of the
solution formed when 40.0 cm? of 0.0540 mol dm™ hydrochloric acid has been
added to 25.0 cm? of 0.0240 mol dm™* ammonia solution.

o= (cOJ[MRC)

(4)

CHJEN
_,_,i""‘——‘:

refon f{lf HCQ ol D-OYL‘[‘OKE
auo

2 1.\6 Kl@dt

LT g 24
IVM'-"/(-D/J dlf MHLL&‘.‘,} 2 loo__c} ')(-1
_ ex\e

Ko o——F ) AtA(l]

%
Results+lus
Examiner Comments
This candidate was awarded 1 mark for calculating

the initial concentrations of ammonia and
hydrochloric acid.

oO ResultsP!

Examiner Tip

Even if you cannot complete a calculation, at least
start it using the information given in the question
and you will receive some credit.

IAL Chemistry WCHO04 01
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(iii) By considering the amount of excess acid remaining, calculate the pH of the
solution formed when 40.0 cm? of 0.0540 mol dm~* hydrochloric acid has been
added to 25.0 cm® of 0.0240 mol dm~* ammonia solution.

(4)
. S

- £

ol of MO ¢ 000 x 0:0SMO - B rilxiS ened

\000O
oo\ o%, AWy - 2G 0 » 0 OTYO cﬂlo-qm
WO oV

Y b %10 o (o1 0

- ‘,g(a ;clo-i V'Y\ek
I\ .
t\‘\ ] = l'qc:,):‘\?:-g 2 '\ ,nOﬂmg\/Jw}
LS -0
Pu - — \.Q% [_’L'\J"I\D—YJ
= LG

ﬁ ResultsPlus

Examiner Comments

wnswo\@%w=

This response scored 3 marks.

The candidate has calculated the initial moles of
ammonia and hydrochloric acid for the first mark.
The second mark was awarded for calculating the
moles of excess hydrochloric acid. The candidate has
tried to calculate the new concentration of H* ions
but has forgotten to multiply their fraction by 1000,
so they have lost the third mark. However, they have
been given the fourth mark for calculating pH from
their concentration of H* ions.
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(i) By considering the amount of excess acid remaining, calculate the pH of the
solution formed when 40.0 cm? of 0.0540 mol dm~* hydrochloric acid has been
added to 25.0 cm? of 0.0240 mol dm? ammonia solution.

(4)

Mol Of e [ wdde) = @Yo X000SY =2lbxio"3 gl
looo

mol 0 My = & 25 x0.024 = bxlo™ mol

leoo
eXess 01,(,:.“{1 = (2- (b 3((0'?_ Cé (Lo'v)

= 1eS6407° o)
Fotul (onleatration = 65 dm>
(060
. 0.0 moldm™?

<@Z ResultsPlus

Examiner Comments

This is a good example of a response that scored 4
marks. The candidate has explained their working
clearly, so if they had made a slip, they could still
have been awarded some marks.

A

OO ResultsPlus

Examiner Tip

Always show your working in calculations.

IAL Chemistry WCHO04 01
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Question 13 (b)

The majority of candidates scored 2 marks for showing that the pH of water is 6.13 at

373 K, with just a small number who omitted the second step. The second part of the
question proved to be much more challenging for many students as they just looked at the
pH value, saw that it was less than 7 so deduced that water is acidic. If they had looked
carefully at their calculation in (b)(i), they would have seen that they had assumed that
the concentrations of H* and OH- ions are equal, so the solution is still neutral. It was very
surprising to see that a small number of students thought that water was alkaline.

(b) (i) Show, using the data below, that the pH of water at 373 K is 6.13.
¢ H,0(l) = H*(aq) + OH-(aq)
* K,=550x10"molPdm at373K

W, - [H*][@H'] (4] [on’)

- (W)

EHFI * 4‘(5‘ X\DF‘Z + & C\224

(2)

(iiy At 373K, is water neutral, acidic or alkaline? Explain your answer.
(2)

0
Flus 2/ M\ Resultstlus
Examiner Comments Examiner Tip

This answer scored 1 mark for (b)(i). In questions that involve proving an
calculation for the pH of water, but has your working.
omitted to show that it is necessary to use Water is always neutral as [H*] = [OH].
pH = -log[H*], so the second mark was not
awarded. However, the value of the pH of water does

_ o change as the temperature changes as K,
Water is not acidic so no marks were changes and the concentrations of the ions
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(b) (i) Show, using the data below, that the pH of water at 373 Kis 6.13.
*  H,0(l) = H*(aq) + OH(aq)

* K,=550x10"mol*dm=*at373K
(2)

s = T_HFS \ OH'_—L
5-50 x‘ﬁe :T,Hiltoﬂj

Fu2 :u“o1

"

(,0““‘“*“ Aow et (S)\"-]

-\3

EER O
q_u')l\ﬁ
{Hﬂ' .1.._0"51«0
pw= - kogt""q =

(i) At 373K, is water neutral, acidic or alkaline? Explain your answer.

~F
_lO%L?'\{tiktD 3 = bi

e

(2)

CpMevtad, gt e ww aekete o wep b congtent b

PR end g0 ot pereese G

"‘“Wmf“““t09’°5°w'f‘*'"fmm"5m“{’“'ﬁ+

ﬁ ResultsPlus

Examiner Comments

This candidate scored 2 marks for (b)(i) as they
have shown both steps in the calculation of the pH of
water.

In (b)(ii), they scored 1 mark for recognising
that the water is neutral, but there is not enough
explanation for the second mark.
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(b) () Show, using the data below, that the pH of water at 373 Kis 6.13.
* H,0() = H*(aq) + OH-(aq)
®* K,=550x10"molPdm®at373K

(2)
ko? (4] [08°] P g (7.92X107)

5:50x107" - ¥ Pl 6.3
2= 742 xlf”’

Xz [H]=[on7]
pH: -/50[47

(i) At 373 K, is water neutral, acidic or alkaline? Explain your answer.
(2)

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

Zéf;—ngWJé’&fz’(meﬁm

% ResultsPlus

Examiner Comments

This is a good answer that scored 2 marks for (b)
(i) and 2 marks for (b)(ii). The candidate has used

the information from (b)(i) to deduce that water is
neutral.
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Question 14 (a)

The majority of candidates were able to describe a suitable method to determine the rate of
reaction. Most of them collected the gas in a gas syringe or an upturned measuring cylinder
over water, but a few did describe measuring mass loss. A few candidates tried to collect the
gas at the same time as measuring the mass. There were a few poor diagrams of apparatus
that would not work and these did lose a mark, for example, delivery tubes not ending
under the upturned measuring cyliner or no bung on the flask.

14 The kinetics of the reaction below was investigated in a series of experiments.

catalyst X
e

A+B C + D AHis positive

(a) Compound C is a gas, whereas compounds A, B and D are in solution. Outline a
method that could be used to investigate the rate of the reaction. You may wish to
draw a diagram.

(3)

convca\

Qo

OO ResultsPlus

Examiner Comments Examiner Tip
This response scored 1 mark for the gas syringe. This
apparatus would not work as there is no bung on the
flask so the gas would escape. The delivery tube is also
in the solution in the flask so the gas would not get
through it, even if there was a bung. The candidate has

mentioned measuring the volume of gas but not time.

Check that the apparatus in
your diagrams would work.

IAL Chemistry WCHO04 01
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14 The kinetics of the reaction below was investigated in a series of experiments,

_catalystX

A+B C + D AHis positive

(a) Compound C is a gas, whereas compounds A, B and D are in solution. Outline a
method that could be used to investigate the rate of the reaction. You may wish to
draw a diagram,

(3)

§ ' Colkqu.ﬁ \H}lumf, gb ‘7[@
) %a,. Fbe

.............. .b‘sawvb—mw Y Q.LAM

ﬁ / ResultsPlus

Examiner Comments

This candidate has drawn an acceptable diagram
and scored 2 marks. They have mentioned that
they will measure the volume of gas but this is not
sufficient. The question is about rate of reaction so
the time must be measured as well.

OO ResultsPlus

Examiner Tip

When describing an experiment, check to make sure
that you have mentioned all the measurements that
need to be taken.
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14 The kinetics of the reaction below was investigated in a series of experiments.

A+B catalyst X ?
tagy cag aqsy
(a) Compound C is a gas, whereas compounds ﬁ B and D are in solution. Qutline a
method that could be used to investigate the rate of the reaction. You may wish to
draw a diagram.

AH is positive  erdo

(3)

qas
LR

' HUHG“ Trixkave esa Ay

Compeond A and @ e plced n o flosk The flosk

shovld be  connecked) to a acm'b s’.&*ﬁn&r_ CG& M) The

_volurne & qas. ~eleager] eheuld e ~Necotded aX 'Yeaubar

¥ime  bkevvals . After q&&amma  auficdent values .

"fhl.". \ro\m*nc:. bﬁ Gqs c:s\ke.ci:e_d O&' 'T!ﬂuld‘l -‘é‘ﬁ'\c Qr\'\;ﬁv:\ﬁ

awfa\bh o) Volume Oh aote c a_at(\ns\ -hmc Sncold

ob’cdmec!**m“m*ew\*wm\d*c“&%abm*he

~ ake o\ ~Neac¥en .

ﬁ Resultslus

Examiner Comments

This is a good answer that scored 3 marks. The
diagram shows apparatus that will work and both
measurements have been stated.

IAL Chemistry WCHO04 01
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14 The kinetics of the reaction below was investigated in a series of experiments.

catalyst X
e

A+B C + D AHis positive

(a) Compound C is a gas, whereas compounds A, B and D are in solution. Outline a
method that could be used to investigate the rate of the reaction. You may wish to
draw a diagram.

(3)

Qotwdawm E—1" Soluhe €T =

y:"J '

ResultsPlus

Examiner Comments

This is an alternative method for determining the rate
of this reaction. This response also scored 3 marks.
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Question 14 (b) (i)

This item was poorly answered as many candidates wrote general answers about
experimental error which they were told not to include, rather than writing specifically
about this reaction. Most candidates failed to recognise that the lower results were at higher
concentrations of A. They could have written about the reaction being endothermic, the

catalyst active sites being blocked or the greater loss of gas before the bung was placed in
the flask at higher concentrations.

(b) The rate of the reaction was measured at several different initial concentrations
of A in the presence of a large excess of compound B and a constant amount of
catalyst X, to find the order of reaction with respect to A. The results are shown
on the graph below.

x
b

A

Rate %

/ mol dm3s™!
anomalous results

v

Concentration of A
/ mol dm-?

(i) Suggest an explanation, other than experimental error, for the two anomalous
results ringed.

ﬁ ResultsP

Examiner Comments

This is an example of a vague answer that did not
score any marks. These are results of the same
method carried out but with different concentrations
of A so you can assume the same measuring
instruments are used in each experiment.

A
@ ResultsP

Examiner Tip

us

Try to give answers that are specifically related to
the question. In this question, the anomalous results
occur when there is a high concentration of A so try
to think what effect this high concentration might
have on the method.
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(b) The rate of the reaction was measured at several different initial concentrations
of A in the presence of a large excess-of compound B and a constant amount of

catalyst X, to find the order of reaction with respect to A. The results are shown
on the graph below.

Rate 5 X e

/ mol dm3s™’
anomalous results

v

Concentration of A
/ mol dm™

i (i) }Suggest an explanation, other than experimental error, for the two anomalous
results ringed.

(2)
The. Loncntration of A ks Aigh that AL room Tomperature i ot high ..

Gnﬂ(@ﬁmMCf!MMﬁﬂdo ..............

ﬁ ResultsPlus

Examiner Comments

This candidate has scored a mark for realising that the
reaction is endothermic is an important factor here. You were
told that the reaction is endothermic at the start of question
14. To score the second mark, you would need to state the
effct of this on the rate of reaction.

1 e

A

OO ResultsPlus

Examiner Tip

Use all of the information given in the question.
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(b) The rate of the reaction was measured at several different initial concentrations
of A in the presence of a large excess of compound B and a constant amount of

catalyst X, to find the order of reaction with respect to A. The results are shown
on the graph below.

Rate -

/ mol dm-3s™!
anomalous results

X
i

S

Concentration of A
/ moldm?

() Suggest an explanation, other than experimental error, for the two anomalous
results ringed.

(2)
/,}},[ P A AV tu 1] »{ )( A §atueatr) co Tl bealtin

{1 Jer L alalysrl del [ ¥ Jetege . 74,,,_‘ e

ﬁ ResultsPlus

Examiner Comments

This is a good answer that scored 2 marks. This candidate
has realised that if there is a high concentration of A it

is possible that all of the active sites on the catalyst are
blocked so this will decrease the rate.
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Question 14 (b) (ii)

Nearly all candidates scored at least one mark for this question for recognising that the
reaction is zero order. A few candidates did not explain their answer clearly enough to score
the second mark.

(i) What is the order of reaction with respect to A? Justify your answer.
(2)

o dXO OO

Examiner Comments

This candidate has scored 1 mark for identifying zero order. The
'graph is a straight line' is not sufficient for the second mark,
as a first order reaction would also have a straight line. If the
candidate had included 'horizontal line', they would have scored
the second mark.

OO ResultsPlus

Examiner Tip

Think carefully about the use of 'straight line'. It
could be horizontal, vertical or at any angle.

ResultsPlus

Examiner Comments

This is a good answer that scored 2 marks as the
order is correct and so is the reason.
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Question

Many candidates scored full marks for all parts of (c). A few candidates did not give precise
answers to (i) so lost a mark. Generally the orders of reaction with respect to B and X were
correct and explained clearly. A few thought that when the concentration of B triples and
the rate increases by a factor of 9, it is third order with respect to B. A few gave inaccurate
reasons such as stating when the concentration of B is double, the rate increases by a
factor of 4, even though there were no experiments that showed this. A few assumed that
as X is a catalyst, it must be zero order. A few candidates tried to use experiments 3 and 4
to deduce the order with respect to X but as its concentration was not changing, the order
could not be deduced. The rate equation and calculation of the rate constant were nearly

14 (c)

always correct, although some candidates were unable to work out the correct units.

(ii) What is the order of reaction with respect to A? Justify your answer.

Zevyo order - Came yate At .-;}nﬁaren‘t

concen Yiafions .

(c) In a second series of experiments, further data were collected using a different
method. These results are summarised in the table below.

_ Initial concentration / mol dm? Rate
EXPEI’IITIEI"It S A —— B_ S x S f mol dm_] 5_1
1 0.010 0.025 0.100 0.0025
2 0.010 0.075 %13 0.100 0.0225. /.3
3 0.010 0.100 0.200 0.0800
4 0.020 0.100 0.200 0.0800
(i) Give one reason why obtaining these further data may be considered useful.
(1)
QPQE 2l \JG\\U('; ot ) r((‘orooﬂc& r @p\c(ﬂ
................................................................................................................................................ !
___________ 2 A

(ii) State the order with respect to B and hence deduce the order with respect to X.
Explain how you arrived at your answers. Include appropriate experiment numbers
in your explanation.

(4)

IAL Chemistry WCHO04 01
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(ili) Use your answers to (b)(ii) and (c)(ii) to give the rate equation for the reaction.

=k CAT Ce] LxT° .

e-kCe]"

(iv) Use your answer from (c)(iii) and appropriate data from Experiment 3 in the
table, to calculate the value of the rate constant, k.
Include units in your answer.

2 (2)
-~ C8J
e
2
0.0025 = K< C 0025 ]
50006 25 ¥
o r002S -

L6
mol gc-jm

k 4

il

ﬁ ResultsPlus

Examiner Comments

(i) This answer is too vague so no mark awarded.

(ii) The order with respect to B is correct and there is an
explanation but the order with respect to X is incorrect, so 2
marks awarded.

(iii) The rate equation is correct for the orders stated by the
candidate so scored 1 mark.

(iv) The candidate has used the result of experiment 1 instead of
experiment 3 to calculate the rate constant and this was allowed
on this occasion. However, the units are incorrect so 1 mark
awarded.
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(i) What is the order of reaction with respect to A? Justify your answer.
(2)

e .oraer.of b meation Wrn respeck 1o A is Zero e
BecquseﬁmrmfgtnmggaanCmcamrm\unmﬁ
lSchnch.L"ﬂarqﬁﬂmsm&%m&remm&ﬂ& .......... .

() In asecond series of experiments, further data were collected using a different
method. These results are summarised in the table below.

Initial concentration / mol dm-? Rate
A B X / mol dm= s

Experiment

1 0.010 0.025 0.100 0.0025
2 0.010 0.075 0.100 0.0225
3 0.010 0.100 0.200 0.0800
4 0.020 0.100, 0.200 0.0800

(i) Give one reason why obtaining these further data may be considered useful,
(1)

oy wseful hecause . ik makes Ale . eamenmem  reliave tnal

(ii) State the order with respect to B and hence deduce the order with respect to X.
Explain how you arrived at your answers. Include appropriate experiment numbers
in your explanation.
' )
Eoc B: . Consiclering..experiment. 4. anch 2. Concemestinns
OF A ancl X Wwere kept | tmnstent - Contentraninn. 06 B \was . .
imﬁgd%u%\hmke\ﬁcrmﬁdbgal’hom&xe
“Blis.a.Semnd ofder ceaction Mt respeck do B
Foe X X 1o 2@ ocer M YOSPeck ko X becamse.
X A6 L COR MUY anel COCemiTetion of alataiysheg ...
e DRGSR, OF O SOty Woh, an Gtk on Mo feoeck
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(iil) Use your answers to (b)(ii) and (c)(ii} to give the rate equation for the reaction.

(1)
Rae = ¢ Cal T xT

(iv) Use your answer from (c)(iii) and appropriate data from Experiment 3 in the
table, to calculate the value of the rate constant, k.
Include units in your answer.
(2)

[ ~ Q
g O O%0 = ¥ Lo-t)\"i') X (o*\m)x((oduo')
00800 — 00\ \¢
= Qo9

(S REGA A -\
—— = \ ¢
= £ F wolam’s

<Eﬂ ResultsPlus

Examiner Comments
(i) Correct for 1 mark.
(ii) Correct for 4 marks.
(iii) Correct for 1 mark.

(iv) The value is correct and scored 1 mark, but the
unit is incorrect.

OO ResultsP!

Examiner Tip

Always checks units carefully for rate constants and
equilibrium constants.
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Question 14 (d)

This question tested the ability of candidates to apply their knowledge of a mechanism.
There were more than two acceptable correct features and incorrect features but a minority
of candidates scored 4 marks. Some candidates did not understand the meaning of the curly
arrows and others were not familiar with the transition state in this mechanism.

(d) A student carried out an investigation into the kinetics of the reaction between
1-bromopropane and hydroxide ions. A summary of the student’s findings is
shown below.

Kinetics Investigation - Summary of Key Findings

Reaction is second order overall and is known as Sy2.
Both 1-bromopropane and the hydroxide ions are involved in the slow step of
this two-part reaction.

Suggested Mechanism

The hydroxide ions react with the 1-bromopropane as below.

" T of 15t H\\ /H d /H
\c/{j st Step HO—>cZ_Br 2nd Step HO—CZH +Br-
| | an

. GHs CaHs
~OH

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

(4)

Two features you think are correct.

ﬁ ResultsPlus

Examiner Comments

OO ResultsPlus

Examiner Tip

This candidate has not scored any marks. Learn the mechanisms in the specification

carefully and make sure you understand

'The curly arrows have been drawn correctly'
what they represent.

would have scored a mark if it had referred to
the curly arrow from the C-Br bond towards
the Br or, which is correct. The other curly
arrow from C to OH is incorrect.
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(d) A student carried out an investigation into the kinetics of the reaction between
1-bromopropane and hydroxide ions. A summary of the student’s findings is
shown below.

Reaction is second order overall and is known as 5,2.

Both 1-bromopropane and the hydroxide ions are involved in the slow step of
this two-part reaction.

Suggested Mechanism

The hydroxide ions react with the 1-bromopropane as below.

H
1 ~. .
\CX; st Step HO—C‘—Br 2nd Step HO——CéH +Br-
I CH
. GHs CH; o
~OH
Use your knowledge of the mechanism of nucleophilic substitution reactions to
suggest two features of the summary, including the student’s mechanism, that
you think are correct and two features you think are incorrect,
(4)

Two features you think are correct.

........... TLE............,N«'HDK s, Se m..j n'r!gt A akoo o Kueww . as o SaR
__________ Both 1 -byowo propare and  the by Doxtde ioniare twwleed i

H‘e S‘W s‘:ﬁr ;f a‘!n correet.

’-.—_-‘" LL )
_________ ﬂ*ea‘mw Fow  C o TOM. 05 in—correet
________ TZ\e grvow Fww R (1. dweorrect,

Plus

Examiner Comments

OO ResultsPlus

Examiner Tip

This response scored 1 mark for the
correct S, 2 reaction. The candidate has
realised that the arrow from the C to the
OH is incorrect but needed to state that

When you identify an incorrect
feature, also state what is
needed to correct it.

it should be in the opposite direction to
score a mark.
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(d) A student carried out an investigation into the kinetics of the reaction between
1-bromopropane and hydroxide ions. A summary of the student’s findings is
shown below.

Kinetics | iqation - S f Key Findi
Reaction is second order overall and is known as S,2.

Both 1-bromopropane and the hydroxide ions are involved in the slow step of
this two-part reaction.

suggested Mechanism

The hydroxide ions react with the 1-bromopropane as below.

H
\\‘/B _ IstStep HO\_\T£B 2nd Step HO—-—-—Cf—/H -
CH
.. (LH: CoH;s o
—OH

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

(4)

Two features you think are correct.

..... e 2eafor ooves cewoskililin 4 os
...... Ao e A W kel nvponnd | wade %

Two features you think are incorrect.

ResultsPlus

Examiner Comments

This candidate has scored 2 marks for the charge
being correct and that carbon cannot form 5 bonds.
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(d) A student carried out an investigation into the kinetics of the reaction between
1-bromopropane and hydroxide ions. A summary of the student’s findings is

shown below.

Kinetics Investigation - Summary of Key Findings
Reaction is second order overall and is known as 5,2.
Both 1-bromopropane and the hydroxide ions are involved in the slow step of

this two-part reaction.

The hydroxide ions react with the 1-bromopropane as below.

H
\\ | ) 1st Step H 0\\ C/ 2nd Step HO——C{ H +Br
CH CHs

Use your knowledge of the mechanism of nucleaphilic substitution reactions to
suggest two features of the summary, including the student’s mechanism, that

you think are correct and two features you think are incorrect.
(4)

Two features you think are correct.

:zmomot A ~rhl- --10.1# atcrenn?m‘*r?

Two features you think are incorrect.

Py kA ove Mep eacitm o poC 2

ResultsPlus

Examiner Comments

This candidate has explained two correct features
and two incorrect features so has scored 4 marks.

IAL Chemistry WCHO04 01
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Question 15 (a)

There were many correct answers for the name of the ester but a significant number of
candidates did not use the information given in the question or were careless.

15 Aldehydes can be synthesised in the laboratory by the reaction of esters with the
reagent diisobutylaluminiumhydride (DIBAH), which acts as a source of hydride ions.
An example is shown below.

CH 0 cH. DIBAH CH H HO CH,
H._,'C/( z}m\\c/ \\c/ P ogec Hc/( 2)10\\(:/ . \\C/
» 3
I H, Yield = 88% [ H,
0O 0
ester Y dodecanal

(a) Give the systematic name of ester Y,

ﬁ ResultsPlus

Examiner Comments

This is an example of one of many different incorrect
answers. This candidate has missed out the do- in
front of decanoate so has not scored a mark.

J@ ResultsPlus

Examiner Tip

Use the information given in the question. The ester
forms ethanol, so the name must start with ethyl.
Dodecanal is also formed so the second part of the
name is dodecanoate.

IAL Chemistry WCHO04 01
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Question 15 (b)

The majority of candidates could apply their knowledge to this question and deduce that
DIBAH is a reducing agent. Some incorrect answers included: oxidising agent, catalyst and
hydrating agent.

(b) DIBAH acts as a source of hydride ions. What type of reagent is DIBAH?

(1)
________________________________________ Mﬂ’ﬂ"’idw”‘\ﬂ)ﬂgh&
Examiner Comments
There were many correct answers scoring 1 mark.
(b) DIBAH acts as a source of hydride ions. What type of reagent is DIBAH?
(1)

OO ResultsPlus

Examiner Tip

This was another acceptable answer.
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Question 15 (c)
Very few candidates could apply their knowledge of aldehydes to this reaction and many

vague answers were seen here. Common incorrect answers included references to rate and

yield.

(c) Suggest why the reaction is kept at-78°C.

o .
........................ \Dct\/omé.hﬁdvblvcsf»fﬁo‘f@%zsw
D)
Results¥lus
Examiner Comments
There were many incorrect answers to this question,
such as this one here.

(c) Suggest why the reaction is kept at -78°C.

Examiner Comments

This is another common incorrect answer.

Examiner Tip

Aldehydes are often volatile, but not when there are
twelve carbon atoms in the molecules.

IAL Chemistry WCHO04 01
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@ggest why the reaction is kept at -78°C.
] (1)

et i P ot
___________ H"e GMI[WM reduce

Examiner Comments

This is a rare example of a correct answer.

0
J/O
Although you have not come across this particular reaction, you can apply your
knowledge of aldehydes here. You know that carefully controlled conditions are
needed to oxidise a primary alcohol to an aldehyde. The same applies for the

reduction process. If the temperature is not kept low enough, the aldehyde will
undergo further reduction to produce a primary alcohol.

Plus

Examiner Tip
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Question 15 (d)

The majority of candidates could calculate the correct mass of dodecanal. The most
common error was hot using the 88% vyield. A few candidates rounded the moles of ester
from 0.02307 to 0.02 and lost a mark. Candidates should keep all significant figues in their
calculator for each stage and give their final answer to at least 2 significant figures.

(d) The overall yield for this process is 88%.

Calculate the mass, in g, of dodecanal that would be formed from 5.26 g of the ester Y.

[Molar masses / g mol™': ester Y = 228; dodecanal = 184]

(3)
o ey ot eyley Y:_E.__}——-é o 023
228
A hea co
S S S TR SO
i

Yloo = &§

S b
Y= L{' . élgg j//

ﬁ ResultsPlus

Examiner Comments

(Total for Question 15 = 6 marks)

This response scored 1 mark for calculating the
moles of ester Y.

In the second step shown, they have calculated 88%
of the mass of ester, but this is not worthy of credit
as it is just the first step of an alternative method.
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(d) The overall yield for this process is 88%.

Calculate the mass, in g, of dodecanal that would be formed from 5.26 g of the ester Y.

[Molar masses / g mol™': ester Y = 228; dodecanal = 184]

?V\OLV.) OS ()]If \r-; g 1’6
-
228

a_ heas T

(& s L SN
i
S 6

e Ly, b2rg8 9 s/

*loo = 8§

- ©.o23%!

ﬁ ResultsPlus

Examiner Comments

This response scored 2 marks.

The candidate worked out the moles of ester Y
that were used and then the theoretical mass of
dodecanal produced. However, they omitted to use
the overall yield of 88%.

Examiner Tip

Check to make sure that you have used all the data
given in the question.
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(d) The overall yield for this process is 88%.
Calculate the mass, in g, of dodecanal that would be formed from 5.26 g of the ester Y.

[Molar masses / g mol™: ester Y = 228; dodecanal = 184]

(3)
n = §2¢
C(&Qr“‘f) = OIOQ.%I'Y\@\
AR
002hmul = ™ me b2y
18y
fogierd = ¢ ™M - 8¢,
by

m= Loy ¢ 8§
. —

= .70
109 3

ﬁ / ResultsPlus

Examiner Comments

This is a good example of the calculation, with the
working clearly explained. This response scored 3
marks.

A
@ ResultsP!

Examiner Tip

us

Always show your working, as in this example.

IAL Chemistry WCHO04 01
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Question 16 (a) (i)

The majority of candidates were able to suggest a method for purifying an oil, with
recrystallisation being the most common incorrect answer.

16 Chemists in Asia have been investigating the use of a range of non-edible seeds
to produce oil for bio-diesel production, instead of using edible oils. The oils are
obtained by pressing the seeds to release the oil. The relatively impure oil is filtered,
and then purified using an industrial version of a standard laboratory technique. The
oil can then be converted to bio-diesel by the reaction with methanol in the presence
of a suitable catalyst.

(a) (i) Suggest a'‘standard laboratory technique’ that could be used to purify the oil.
(M

ResultsPlus

Examiner Comments

This was a common incorrect answer that did not
score a mark.

OO ResultsPlus

Examiner Tip

Recrystallisation is used to purify solids. Qils are
liquids.

16 Chemists in Asia have been investigating the use of a range of non-edible seeds
to produce oil for bio-diesel production, instead of using edible oils. The oils are
obtained by pressing the seeds to release the oil. The relatively impure oil is filtered,
and then purified using an industrial version of a standard laboratory technique. The
oil can then be converted to bio-diesel by the reaction with methanol in the presence
of a suitable catalyst.

(a) (i) Suggest a‘standard laboratory technique’ that could be used to purify the oil.
(1)

............................................................................ Ralonal . ASRLABON .. oo

ﬁ ResultsPlus

Examiner Comments

Distillation, fractional distillation, steam distillation
and solvent extraction are all acceptable methods for
purifying a liquid so this response scored 1 mark.

IAL Chemistry WCHO04 01




Question 16 (a) (ii)

This question was poorly answered by the majority of candidates. Many of them seemed
unfamiliar with trans-esterification as they did not realise that propane-1,2,3-triol is one of

the products so they were unable to work out the formula for the bio-diesel.

CH,00CC,5H;,

THzcrcucc1 Hy, (M2 00 Hs,

l
3CH,0H + THOOCCmHm —  tHooHs

:H-zﬂo CH.}

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

+ ! Cn;“ﬂ 01-{

This is an example of one of the many incorrect
answers that did not score a mark.

ResultsP

Examiner Comments

us

esterification.

Examiner Tip

Learn how to write the equation for trans-

reaction of an oil with methanol.

TH;OOCC,SHM
3CH,OH + THOOCC,5H31 — "

CH,00CC sH3,

ResultsPlus

Examiner Comments

A correct equation that scored 2
marks.

(i) Complete the equation below for the formation of a bio-diesel from the

N
M- —oH
3 H3zonClisHy, 4+ K -c'l.-oﬂ
H‘? =04

H

(2)

(2)

Examiner Tip

@ ResultsPlus

example.

A few candidates lost a mark by
writing CH,OH on the centre carbon
atom in propane-1,2,3-triol. You will
avoid making this type of slip if you
draw the structure like the one in this

IAL Chemistry WCHO04 01
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Question 16 (a) (iii)

There was a large number of different acid and bases catalysts acceptable here so the
majority of candidates scored a mark. Common incorrect answers included catalysts that
students have met in other reactions, such as nickel, iron and platinum.

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

ResultsPlus

Examiner Comments

The majority of candidates gave a correct catalyst
and scored 1 mark.

Question 16 (b)

The majority of candidates scored low marks for this question. They tended to repeat

the information given rather than develop it into arguments showing whether it was an
advantage or disadvantage. For example, many candidates wrote that samphire can be
grown in marshy areas close to the coast. They did not receive any credit for this as that is
given in the question. However, if they had extended this to say that this is an advantage
as this land is unlikely to be used for growing other crops, they would have scored a mark.
Many candidates wrote about processing the plants or seeds into bio-diesel and did not
receive credit for this as the question asked about growing the plants. The most common
points worthy of credit included: renewable, reduction in land available for growing crops,
using samphire reduces availability as a food source.

*(b) Another source of oil currently being investigated for bio-diesel production is the
edible plant known as samphire. It can be grown in marshy areas close to coastlines
and is tolerant of salt.

Consider the advantages and disadvantages of growing both samphire and
non-edible seeds as sources of vegetable oil.

Suggest, giving your reasons, which of the two sources would provide a
potentially greener, more sustainable supply of bio-diesel.

IAL Chemistry WCHO04 01



Examiner Comments

This candidate has written several points about
samphire, but they are just repeating information
that has been given in the question, so this response
did not score any marks.

A
J/ OO ResultsPlus

Examiner Tip

In this style of question, use the information you are
given, but you need to develop arguments from it
and not just repeat it.

and is tolerant of salt.

carbor ofoxrde

and tn the procesc of exfactnrg orl

ﬁ ResultsPlus

Examiner Comments

This response scored 1 mark for realising
that samphire and non-edible seeds are
renewable. There is nothing else worthy of
credit.

*(b) Another source of oil currently being investigated for bio-diesel production is the
edible plant known as samphire. It can be grown in marshy areas close to coastlines

Consider the advantages and disadvantages of growing both samphire and
non-edible seeds as sources of vegetable oil.

Suggest, giving your reasons, which of the two sources would provide a
potentially greener, more sustainable supply of bio-diesel.

clso
,.mackinery SRS Uled produeny |

A
@ ResultsP!

us

Examiner Tip

The question asks for advantages and
disadvantages of growing samphire and
non-edible seeds so there were no marks
awarded for processing them to produce
bio-diesel.

IAL Chemistry WCHO04 01
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*(b) Another source of il currently being investigated for bio-diesel production is the

edible plant known as samphire. It can be grown in marshy areas close to coastlines
and is tolerant of salt,

Consider the advantages and disadvantages of growing both samphire and
non-edible seeds as sources of vegetable oil.

Suggest, giving your reasons, which of the two sources would provide a
potentially greener, more sustainable supply of bio-diesel.

(4)

OG- O IO SNPRS00 O I

o POERIRR ACRA . SR PEAMAN. L. DOL PSS, OO, TR0 by SRS EnANg

odang. However. Since. . b k. edusle.,. humans. . Sat- W ond

diesel
eSanphie L Ol e Oee. Shecl. for. b feet | e i o ped¢oHBA. N

........ foacl.... for. Pumans  conick is @ clivadventeye. . Non. —.sclible.... s€ecl. . bove
oAb Setantage.... Dt hamwanr. . do. b sonSdme.. k. and. . thereforg
O redeacnon, N her  fmuorian.... ds e to. . Bofsel.  Aoduens. . oo
mramecr"mmgHmcye?:&[cvdvsmewemmsummmidm

M B LR D PO LD K UNO....... an seLenehQn... herefore.

:thw@mdpvouaeaqveme,wmﬁurdmucmwy%

Biz—ei.  bis ~ diesef. (Total for Question 16 = 8 marks)

ﬁ ResultsPlus

Examiner Comments
This response scored 2 marks for:

e samphire can grow in areas where other crops
do not grow

e use of samphire could cause a reduction in food
supply

e the points made about non-edible seeds are the
direct opposite of these for samphire so do not
receive additional credit.
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*(b) Another source of oil currently being investigated for bio-diesel production is the
edible plant known as samphire. It can be grown in marshy areas close to coastlines
and is tolerant of salt.

Consider the advantages and disadvangges of growing both samphire and
non-edible seeds as sources of vegetable oil.

Suggest, giving your reasons, which of the two sources would provide a
potentially greener, more sustainaBle supply of bio-diesel.

ﬂ@mpéff-p cen <oerl J" 3/6@ _adrhodl

m@y 05( 4*%,94';@ AP b Yo Yhe ..
ng  ShotTese of Sod Npply e
.....Non =ot 8¢ - per ol h%dﬂefdmd
LIS o eCITE procliucy.  Them | eetbie
S‘o%waﬁp@/ ﬂad-eaﬁééé’ LS ols fectudo

gl Sustelhclrfr S 4{,0,{{9* 07’ (Total for Question 16 = 8 marks)

bio- oltero !l TOTAL FOR SECTION B = 47 MARKS

ﬁ ResultsPlus

Examiner Comments

This response scored 3 marks.

The points worthy of credit were:

e growing samphire does not require deforestation
e using samphire will lead to a food shortage

e non-edible seeds are a waste product if not used to make bio-
diesel.

IAL Chemistry WCHO04 01
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Question 17 (a)

It was surprising to see a significant number of candidates who could not select the correct
data from the Data Booklet. Some copied the numbers incorrectly, some read the data from
the wrong substance and it was difficult to see where some of the data had come from. The
majority of candidates were able to complete the calculations in (ii) and (iii) with the data
they selected, although some omitted to use the stoichiometry of the reaction and some got
the cycles the wrong way around. Many candidates were able to calculate the total entropy
but some omitted to convert the two values to the same energy unit before adding them
together. Many candidates did not mention the effect of increasing temperature on the
standard entropy change of the system in (v).

17 Ethanoic acid, CH;COOH, is a carboxylic acid with many uses, including as a food
additive. It can be made by the reaction of butane with oxygen.
2CH,CH,CH,CH,(g) + 50,(g) = 4CH,COOH(l) + 2H,0(l)
(a) (i) Use the Data Booklet to complete the table below.
(3}
CH;CH,CH,CHs(q) 0(g) CH;COOH(I) H,0(l)
AHY
kJ mol- 0
/ k) mo -2816-5 -81U.1 -aurl
Se-! -1 205
/) mol' K 310-\ \sa-8 \88-1
(i) Use data from your table to calculate the standard enthalpy change, in kJ mol™',
for this reaction.
2CH;CH,CH,CH;(g) + 50,(g) — 4CH,COOH(l) + 2H,0(l)
(2)
=214
Ch twidlpy = [(2¥ ~2UI-B) 4-(%&4-&)) - [tax-2816:¢) + L5%e))
ehanqe
= — 3430 + §13%3
= 1M3kTmal
(iii) Use data from your table to calculate the standard entropy change of the
system, in J mol™' K~', for the same reaction.
2CH;CH,CH,CH;(g) + 50,(g) — 4CH,COOH() + 2H,0(1)
— (2)
Standosd enwopy &b system= producr - Yeadaws
o 155-6—teus.)
A
- s - ™
= Ty 1881+ Luﬂsq-a)} -]’_(gﬁ@;‘) +( 2 3\o-t)]
T 3R 6T e
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(iv) Use your answer to (a)(ii) to calculate ASyrundings@nd use this and your answer
to (a)(iii) to calculate AS,,, for the reaction at 298 K.

(3)
Af&moﬁ.ﬂﬁ = "_5“* - - (=22§L -(,) X\DoO

2938
— ’*:]CS\_]?_'Q Jh.‘..ﬂm“

AS‘L\& S 15505.55 ¥ &SQSM

"

—866:24+71S7)2.©
- =y -
= 706 _\u_ol'_“g__q

—_—
(v) It was suggested that increasing the temperature of the reaction to more
than 298 K would produce a greater yield of ethanoic acid.

Explain, in terms of the effect on AS,em: ASsroundings @aNd hence AS,,,, whether
this would be the case.

zeoackos A E’MM(, Ag 54

we Al il dscers an m

1:5 amo"' ’ _____;§au4

................................... mkmhﬁm&w«oamw ke,

ﬁ ResultsPlus

Examiner Comments
(i) Only 2 correct data values have been given, so 1 mark awarded.
(ii) Consequentially correct from incorrect data, so 2 marks awarded.
(iii) Consequentially correct from incorrect data, so 2 marks awarded.

(iv) 1 mark awarded. The candidate has not converted the enthalpy change into J mol*
before calculating AS and adding it to the AS value.

surroundings system

(v) No marks awarded as the answer is not correct from the negative value of AS_ . .-

Examiner Tip

Practise using the Data Booklet so that you can look
up the required data.

IAL Chemistry WCHO04 01
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17 Ethanoic acid, CH;COOH, is a carboxylic acid with many uses, including as a food
additive. It can be made by the reaction of butane with oxygen.

(a) (i) Use the Data Booklet to complete the table below.
(3)

AHT 0
/K mol”! -2816-5 -R1U.1 -aur®
s®
. 205
/Jmol"' K 3o\ \so-8 \g8-1

(ii) Use data from your table to calculate the standard enthalpy change, in kJ mol™',
for this reaction.

2CH;CH,CH,CH;(g) + 50,(g) — 4CH,;COOH(I) + ZHZO(IJ
(2)

CedEniapy « (DY ~>U1-8) + (uxtEa8) ) - [Lax-2816-6) + LEx6))
change

= ~— 34830 + §13%23
= (M3kTma

(iii) Use data from your table to calculate the standard entropy change of the
system, in J mol™ K™, for the same reaction.

2CH;CH,CH,CH;(g) + 50,(g) — 4CH;COOH(I) + 2H,0(1)

— (2)
Standosd enwopy of sustems= product - Yeadawr

A
= [La}t 138-1) & mms‘q-s)] -—]'_(g*aos:‘) +( 2 3\&-0]
4
T e8I Wma”
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(iv) Use your answer to (a)(ii) to calculate AS,oundingsand use this and your answer
to (a)(iii) to calculate AS,., for the reaction at 298 K.
(3)

BSgyesoundings= = 8% - _ 1113k, . cas

- ag
2% L _saua.eesmat
e Bys\ifm + susEouNdings:

T 3UEE
BSiotods — €286 - SAUA66

* ~6€183Tma !

(v) It was suggested that increasing the temperature of the reaction to more
than 298 K would produce a greater yield of ethanoic acid.

Explain, in terms of the effect on ASem ASsuroundings@nd hence AS,,, whether
this would be the case.
(3)
..................................... Imeneasing... the. sempedcuve. Wil decuease Hoe. Nadue..of ...

................................................... 1. smeandHneﬁslme«nﬁapqwﬂlmco

ﬁ ResultsPlus

Examiner Comments

(i) The enthalpy of formation of water is incorrect. The candidate has misread the
Data Booklet and written down the value for HIO,, which is on the line above water. 2
marks awarded.

(ii) Consequentially correct so 2 marks awarded.
(iii) Correct, so 2 marks awarded.
(iv) Consequentially correct, so 3 marks awarded.

(v) The effects of a higher temperature on AS and AS,_  are correct so 2

surroundings total

marks awarded. There is no mention of AS in the answer.

us

A
@ ResultsP!

Examiner Tip

Check the values that you use from the Data
Booklet. Some candidates used the enthalpy of
formation for gaseous water instead of liquid water.
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17 Ethanoic acid, CH;COOH, is a carboxylic acid with many uses, including as a food
additive. It can be made by the reaction of butane with oxygen.

2CH,CH,CH,CH,(g) + 50;(g) = 4CH,COOH(l) + 2H,0())

(a) (i) Use the Data Booklet to complete the table below,

(3)
CH;CH,CH,CH,(g) 0:(g) CH;COOH(I) H,0()
=
IUN,-:;!-t -IQ-G'S 0 —4%4 -5 —2230.]
Umi:-*x-' 310! 205 '59-% 6q-9

(i) Use data from your table to calculate the standard enthalpy change, in kJ mol’,
for this reaction.

2CH;CH,CH;CH,(g) + 50,(g) — 4CH,;COOH(l) + 2H,0(l)
(2)

(@""’494'5) + (@x-2m0 D) — ((2)(—!26«5') 4 (‘_Sxo_)

— 2398 -2 -+ 283

—
L=

p

(iii) Use data from your table to calculate the standard entropy change of the
system, in J mol™' K-, for the same reaction.

2CH;CH,CH,CH;(g) + 50,(g) — 4CH;COOH(I) + 2H,0(l)
(2)

AS-@ - (47(!‘8‘{;3 ~+ gxcq.q) — (-QxBIO-l + Sx203)

779 — |695-&
= — 8662 Fm W T ')

4

"\
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(iv) Use your answer to (a)(ii) to calculate AS,,oundings @aNd use this and your answer
to (a)(iii) to calculate AS,..,, for the reaction at 298 K.

Assu.rf = _ﬁ%i -

(3)

AS - —~%66.2 + 2195-2 X000
Total 2q9g

- ) e
=3 5GFweot 4+ 6332-5 Jmo /

v

(v) It was suggested that increasing the temperature of the reaction to more
than 298 K would produce a greater yield of ethanoic acid.

Explain, in terms of the effect on AS,yem ASsuncundings @aNd hence AS,,,, whether

y this would be the case.
(3)

Increasing ¥he bLempeveture woutd  decrease ASsurmunding -
Lord a8 AH s p negat
it vodd esdt w4 deweased value of AS gl -
rmmwﬂ.aawamhmmdwwum
.Quggeston s Incorrect: n s cafe . .

oIS

Examiner Comments

This is a good response that scored full marks for
each part.
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Question 17 (b)

The vast majority of candidates scored a mark for this item. The preferred answer was

the peak between 1725-1700 cm for C=0. The O-H peak between 3300-2500 cm™ was
allowed, even though this would be due to the O-H bonds in water as well as in ethanoic
acid. A few candidates quoted an incorrect range for the peaks and a small humber did not
guote a peak range, even though they were told to use the Data Booklet.

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

Using information from the Data Booklet, suggest one way this technique could
be used to follow the progress of the reaction in (a) to produce ethanoic acid.

Examiner Comments

Some candidates did not give a wavenumber range
for the peak so did not score a mark.

OO ResultsPlus

Examiner Tip

When you are asked to use the Data Booklet, you
should quote the appropriate numbers from it.

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

Using information from the Data Booklet, suggest one way this technique could
be used to follow the progress of the reaction in (a) to produce ethanoic acid.
(1)

______ . (avld...palow.. Hhe...qpearante. Of. . L Z0. yondu

broac)

Lusmapea[catJ7’15~{70Daaﬂpeat ........ Ao
RE500-2500 for O-H

ﬁ ResultsPlus

Examiner Comments

There were many correct answers for this item, such
as this one that scored 1 mark. Only 1 of the peak
ranges was needed to score the mark.
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Question 17 (c)

Tha vast majority of candidates scored a mark for this item. There were a few answers that
were not acceptable, such as, forms an ester and smells nice.

(c) Ethanoic acid is the food additive E260. Suggest the role it may have when
added to foodstuffs.

ResultsPlus

Examiner Comments

There were many correct answers to this item, such
as this one which scored 1 mark.

Question 17 (d) (i)

The vast majority of candidates were able to confirm the empirical formula for compound Q.
A small number omitted the oxygen or rounded the moles too early, for example, 1.75 was
rounded to 2 to give C,H.O.

() Use these data to confirm its empirical formula is C;H,,0,.
(3)
- H
52-5 1:<
19 !
L-37s =75
G-37¢ L37¢
| : 2.

us

A
Plus @ ResultsP

. ) Examiner Ti
Examiner Comments P

This candidate has omitted the Read the question carefully. The empirical formula
oxygen, so has not scored any is given and shows oxygen as well as carbon and
marks. hydrogen. The percentage of oxygen was not

given but it can be worked out by subtracting the
percentages of carbon and hydrogen from 100.
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e

C H
5"2-.!", 3 = Yo
{ oD (60 | 60

<

0:§2¢, 0O-6% 0'Y

—_—

. ¥ [ § -

Examiner Comments

This candidate has scored 1 mark for working
out the percentage of oxygen. However, they
have forgotten to calculate the moles of each
element by dividing the percentages by the
relative atomic masses before dividing by the
smallest to work out the simplest ratio.

(i) Use these data to confirm its empirical formula is C;H,,0,.

(3)

T onpe

—_—# —
00X p-e¥ o oH

1US P OO ResultsPlus

Examiner Tip

When you are asked to confirm
something and your answer is not as
expected, go back and check your
working as you will have made an
error somewhere.

o (3)

40

—

—

16
2.%
2.5

(i) Use these data to confirm its empirical formula is C;H,,0,.
¢ H
12 !
40 315' T 4]
2.5 A.B
Z 3
4
7 12
C? Hi204

Examiner Comments

scored 3 marks, such as this one.

There were many clear examples of working that
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Question 17 (d) (ii)

A large number of candidates scored the mark for this item. A few candidates thought that
the base or highest peak would confirm the relative molecular mass, but the molecular ion
peak is at the highest m/e value and is not necessarily the most abundant. Some candidates

just stated that there would be a peak at m/e 160 but did not say that it was the highest
m/e value or furthest to the right on the mass spectrum.

(

(i) Explain how the mass spectrum of Q could be used to confirm that its relative
molecular mass is 160.

(1)
________ e Gt Ve, Q. M. PRAK. A N8k
ﬁ ResultsPlus
Examiner Comments
This was a common response that did not score a
mark. The response needed to indicate that this
is the highest m/e value or corresponds to the
molecular ion.
- - . - J (A Ve
Explain how the mass spectrum of Q could be used to confirm that its relative
molecular mass is 160.
(1)

15 e (he furlin o ﬂer?l\m;f/

ResultsPlus

Examiner Comments

There were many correct answers to this item, such
as this one which scored 1 mark.
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Question 17 (d) (iii)

It was surprising that a higher proprtion of candidates did not score full marks for this

fairly straightforward question on an nmr spectrum. Almost all candidates could find the
chemical shift for the COOH proton in the Data Booklet but only a small proportion looked
up the correct value for the CH proton as they did not notice the adjacent C=0 group. Some
candidates did not understand that the relative area below the peak is related to the number

of protons in the group and some did not understand the splitting pattern.

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

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

(4)
CH, O
‘ ! | H /OH
HC—C—C—0—C—C
H | S
CH,
Feature of Chemical shift Splitting pattern Relative area below
compound Q / ppm for TMS P 9P peak
CH, 01-19 doublet §
CH L.5-6-S dowblt 1
COOH o=\ singlet 1

ﬁ ResultsPlus

Examiner Comments

This response scored 1 mark for the correct chemical
shift for the proton in COOH.

A
2/ OO ResultsPlus

Examiner Tip

The CH and COOH protons have a relative area
below the peak of 1, so the protons in CH, will have
a relative peak area of 3.

The CH proton has six protons on neighbouring
carbon atoms so the peak will be split into 6+1 = 7.

The CH proton is adjacent to C=0 and the Data
Booklet shows the chemical shift is 1.8-3.0 ppm.
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(ili) The table below summarises some information about parts of the nmr spectrum
of compound Q.

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

(4)
Hy O
I ] o
H /
H | S
CH,§
Feature of Chemical shift Relative area below
compound Q /ppmforTMs | >Plitting pattern peak
CH, 01-19 doublet 3
_ na p\e =
CH o.\-1.9 -y 7 peeKs 1
COOH o - \2 singlet 1

ﬁ ResultsPlus

Examiner Comments

This was a common answer that scored 3 marks. The
chemical shift for the CH proton is incorrect as they
have not noticed that it is adjacent to C=0.
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Paper Summary

In order to improve their performance, candidates should:

read the questions carefully and use all the information given;

develop an argument from information given rather than just repeat it;
check their answers to calculations to avoid careless errors;

explain their answers clearly and concisely;

write balanced equations;

understand the different stages in a mechanism;

select the correct data from the Data Booklet.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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