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Introduction

The WCHO04 paper assesses entropy and equilibria to show how chemists predict quantitatively the
direction of chemical change, how kinetics can quantitatively measure reaction rate and takes
further the study of organic chemistry. This paper proved to both provide challenge to candidates
and the opportunity to demonstrate their chemical knowledge and ability. This meant that it was an
effective discriminator of candidate ability. There was little evidence of candidates running out of
time to complete the paper as all questions were attempted to a satisfactory extent.

The mean on the multiple choice was quite high at 15, with questions 4d to 4f being the most
challenging to candidates. The questions on the rest of the paper were from a wide range of topic
areas, some in a familiar style while other more novel. Those candidates who had revised using
past paper questions performed particularly well on the more familiar questions. The good
candidates were able to also apply their knowledge and ability to the more novel questions and
score highly.

There were numerous instances, as will be evident from the examples that follow, of candidates not
addressing the requirements of the question and so not scoring as well as hoped. This was true in
all types of question, from data analysis to calculations to descriptive accounts. Candidates
desirous of achieving their maximum must apply themselves carefully to the task set and not to
what might be perceived to be the case. In addition, chemistry employs a wide range of specialist
terms that have particular meaning depending on the context and so attention to detail is required
if an otherwise correct answer is not to be ruined by the use of an incorrect term. For example,
ionically bonded compounds such as sodium chloride should not be referred to as molecules since
this is a term used for covalently bonded molecules.
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Question 11 (a)

The responses seen to this question revealed a lack of understanding of the difference between
significant figures and decimal places because it was not unusual to see the answer 3.1 despite the
question specifically requesting a value to two decimal places. Some candidates wrote "2sf" after
their answer. Hence a clear reminder to candidates to read the question carefully and to make sure
that the answer given matches the demands of the question.

11 This is a question about weak acids.

(a) Calculate the pH of a 0.0500moldm™ solution of propanoic acid given that
K, = 1.34 x 10~°moldm™ at 25°C.

Give your answer to two decimal places.

CH,;CH,COOH = CH,CH,CO0™ + H'
(2)

P T
] - 139 205 x 0.0%

o B PH=73.|

ResultsPlus

Examiner Comments

This response scored one mark out of two because
the answer is not to two decimal places.

ResultsPlus

Examiner Tip

Make sure that you know the difference between
significant figures and decimal places.
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Question 11 (b) (i) - (iv)

The parts in this question proved an effective test of a number of skills. The pH calculation was well
done with the majority of candidates scoring the mark for part (i).

The sketch required in part (ii) proved much more discriminating as a vertical part of the curve
extending to pH = 10-11 and a plateau between 12-12.6 were required.

In part (iii) some candidates gave an accuracy of 4.95 for the pH at half-equivalence point which is
not actually achievable from the graph but in this instance was not penalised. It is worth reminding
candidates that the value determined should be commensurate with the degree of accuracy of the
measurement system. Most candidates who could determine the pK, value from the graph were
then able to determine the K, value for both marks. Occasionally an answer was given to only 1SF
or the answer given had incorrect units and these were penalised.

(b) A 0.0400moldm™ solution of pentanoic acid with pH = 3.13 was used In a
titration experiment at 25°C.

A 25.0 cm® sample of the pentaneic-acid solution was placed in a conical flask and
the burette filled with a 0.0400 moldm’ solution of potassium hydroxide.

(i) Calculate the pH of the potassium hydroxide solution.
(K, = 1.00 x 107" moldm™]

EOH‘:] - Oq_Ma(”n..’;‘ {”

S, POH z rh}j (0.0+J
o P
W~ PO‘H ‘:Fl{w (?Kw:—loﬂﬂ[xyg* );|4_)
P

= fH*"q'o:ld-
> pH=12-6 [hwswrer]

IAL Chemistry 4 WCHO4 01 5



(i) A total of 50cm’ of the potassium hydroxide solution was added. Complete the
sketch to show how the pH changed as the potassium hydroxide solution was added.

(1)
14

10

pH

0 10 20 30 40 50
Volume of KOH(aq) / cm®

(ifi) From the sketch in part (b)(ii), read off the value of pk, of pentanoic acid and
hence calculate its K, value at 25°C.

Give your answer to two significant figures.
Fka =8

= -IOjKA-:S

= Ivd‘jlﬂn='g i
D Wp = |XIO

z1.0 'K"OIE [:W]

(2)
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(iv) Some indicators are

Bromophenol blue 28-46

Methyl red 42-63
Thymolphthalein 8.3-106
Alizarin yellow R 10.1-13.0

From these indicators, choose the best indicator for a titration of
potassium hydroxide with pentanoic acid. Justify your choice.

(2)

) "ﬂ‘:jméfph*kdﬂﬂ hecouse: xkamnﬂ—o«W{»m ..... T

rrrrrrrrrrrrrr
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S ( ResultsPlus

~< Examiner Comments

Part (i) scored one mark for the correct pH
calculation. Significant figures were not penalised.

There was no credit given for the sketch in part (ii)
because the vertical part of the sketch does not
extend to a pH value between 10 and 11.

In part (iii) the pK,value is determined from the pH
at half-equivalence point. The vertical part of the
curve which includes the equivalence point is at
25cm?and so the pH of the sketch at 12.3 cm? is
required. This gives a value of 4.9 - 5.0. This
response does not have a value in this range and
so does not score. There was no transferred error
from an incorrect value.

Part (iv) scored one mark for a correct choice of
indicator but the justification is not suitable.

. ResuitsP

\ Examiner Tip

us

Drawing acid-base titration curves is a useful
revision exercise.

Answers to 1SF are rarely acceptable and hence
generally to be avoided.




Question 11 (c)

This question proved to be an effective discriminator as all possible scores from 0 to 4 were
achieved by at least 15% of the candidates.

The initial number of moles of acid and salt was the 'easiest' mark and most frequently seen. The
deduction to determine the equilibrium number of moles of acid was a very common omission. The
pH of the buffer could be calculated using the Henderson-Hasselbach equation or not but either
method was given full credit. Since the volumes cancel in the expression it was acceptable to use
number of moles instead of concentration.

Transferred error was allowed throughout the calculation with the exception that for marking point
4 the pH of the acid buffer given had to be less than 7.

(c) To 25.0cm’ of a 0.0600 moldm™ solution of butanoic acid, 15.0cm’ of
0.0800 moldm™ potassium hydroxide solution was added to make a buffer solution.
urrer s,

Calculate the pH of this buffer solution.

[K, = 1.50 x 10™* moldm™ for butanoic acid at 25°C]

l =RV
N, biettngic aid)= 0.025 x0-0f < 1-57xJo™3 me

ko mﬂm"”‘“’m:”zl pottossiym Wia[e) Z005x0-08< |- 2x[0mo)
EHSCHM;QXCM} n,(buimm‘c,au};{)-_— I 503 Pm0) =124 3rmo
= 0:3x[073mo]

C(CHsCalhLoy)=De - Laxp> i
(mﬂi;cm@ - -—VL = ﬂékm

(O-f254p0m) = 7:5%10™ molobn ™3
ky [H1] Lo, CHaCha 0]
LOMsGituty, Cppn]

[H j = MMM
=4, -6 ~3
PH=~(Bp[H*]=5-43 (354) (Mt gy = > 100 0| g

(4)
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ResultsPlus

Examiner Comments

This is an example of a response which lays out
clearly the working of the calculation. The correct
answer is determined and so full marks awarded.

ResultsPlus
Examiner Tip

Always clearly show your working so that if any
mistakes are made then credit can be given for any
transferred errors.

(c) To 25.0cm’ of a 0.0600 moldm™ solution of butanoic acid, 15.0cm® of
0.0800 mol dm™ potassium hydroxide solution was added to make a buffer solution.

Calculate the pH of this buffer solution.

[K, = 1.50 x 10”* moldm™ for butanoic acid at 25°C]

(4
aolS ok \ov”\qncf,f; tGd - 3@7\::;25\300 -\ S e W
G \ .
mﬂ\(s‘ (' %U’H \gm — ‘\'Dpc,af (\--'D]S

(Do g

‘bl Volune - 25 116 = Lola

: : 3:"‘-\ S . ! Qzagﬁm\.\t]
Qun(tqlf“l\vn ,:,Q c(ha = . Sxlo YO - ©

e |t o |-t
Qohq,.’)\'ﬁl“"-“'ﬁ “L‘ &%ﬂ t\\’?_xlgflﬁh'gﬁ:’ - Q,ngb{ ~
ek Ho
T.H __C[MK S o ..51 fr i EQ 0?1
oy 0 RIS
E'H Z %:"'SKIQFS
UL 4,03,
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\ / ResultsPlus
//\ Examiner Comments

A buffer pH of 4.7 was commonly seen and scored
3 marks. There is one error in the calculation; the
omission of the calculation of the equilibrium
number of moles of butanoic acid in the buffer.
Transferred error was applied to the candidate's
values and methodology of calculation.

///

\ ResultsPlus
) Examiner Tip

In any calculation it advisable to make an attempt
because credit can often be given for steps carried

out correctly despite errors made at certain stages.

A blank response will never gain any credit.

IAL Chemistry 4 WCHO04 01
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Question 11 (d)

A description of buffer activity continues to be a challenging task and results in a polarising
outcome. Approximately 30% of candidates either scored full marks or zero. Hence candidate
performance on this question was a good indicator of ability.

*(d) A buffer solution was made from ethanoic acid and sodium ethanoate.

Explain why there is no significant change in the pH of the buffer solution
when a small quantity of sodium hydroxide is added.

(3)
Bufter. solubion. vegists. . . change..... P H ............................................................................
The..... .ammeunt. . of . _Q.nal.i.um .............. h a;fclwxlcjc ............... S na?..,‘?.i...b..lg .....
omoq ......... Y ;2(2.91.5 _______________ lo...foxy... S_gl:{; _____________________________________________________________________________________________________________________________________
ResultsPlus

Examiner Comments

A definition of a buffer did not gain any credit, nor
a vague answer as given here.

ResultsPlus
Examiner Tip

The workings of a buffer solution are challenging
to grasp fully but well worth the effort.
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*(d) A buffer solution was made from ethanoic acid and sodium ethanoate,

Explain why there is no significant change in the pH of the buffer solution
when a small quantity of sodium hydroxide is added.

(3)

Yo EF&M;”....MJ b olissociale. mere. PmﬂmrfgL
i - ek mack ccith. oM tans., This.. seducen.....

ResultsPlus

Examiner Comments

This response scores one mark for the description
of the effect of the addition of the sodium
hydroxide in terms of the reaction with ethanoic
acid and the shift in the position of equilibrium.
However, there is no mention of the large reservoir
of both ethanoic acid and ethanoate ions, nor of
the lack of significant change to their concentration
ratio.
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Question 12 (a) (i)

Skeletal formulae are another effective discriminator for higher ability candidates. Over 60% of
candidates did not score any marks on this question. The errors ranged from drawing formulae
with the wrong number of carbon atoms to not drawing ester isomers to drawing the esters given

in the question.

The mantra with the drawing of skeletal formulae is "Practise, Practise, Practise".

12 This is a question about esters,

(a) The esters ethyl ethanoate, CH;COOC;H;, and methyl propanoate, CzHSCOOCI-_l,,

are structural isomers, with the molecular formula C,HgO,.

(i) Draw the skeletal formulae for the two other ester isomers with this
molecular formula.

(2)

O
1\

O
1)

NN N B

ResultsPlus

Examiner Comments

Neither of these skeletal formulae are correct. The
one on the left is actually ethyl ethanoate which is
given in the question. The formula on the right has
five carbon atoms and so is not an isomer of the
esters in the question.

ResultsPlus

Examiner Tip

When drawing skeletal formulae, it can be useful
to make a small dot at each apex so that the
number of carbon atoms in the formula can be
easily counted.
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Question 12 (a) (ii)

A straight-forward question but roughly 25% of candidates did not score the mark. This is a
significant number and suggests that more revision by these candidates would be beneficial.

(i) Calculate the percentage by mass of carbon in these isomers.
(1)
(2 x 100

fomes = B uaaE

— (@ (4 /e

ResultsPlus

Examiner Comments

Correct method except that there are four carbon
atoms in the isomers and not just one.
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Question 12 (b)

A high-scoring question with over 70% being awarded both marks.

(b) Give the name of the reagent that could be used to react with propanoic acid
to produce methyl propanoate, and complete the balanced equation.
State symbols are not required.
(2)

ResultsPlus

Examiner Comments

Another example where the candidate has not
read or understood the question. The 'name’' of
the reagent is clearly required but a formula has
been written. Interestingly the formula given is of
the catalyst for the reaction and is not of the
reagent which may indicate a lack of
understanding of the term 'reagent'.

ResultsPlus

Examiner Tip

The questions are very carefully worded and go
through numerous checks to ensure that they are
targeting certain requirements. Make sure that you
pay close attention to these requirements and
meet them.
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Question 12 (c) (i)

This question proved an effective discriminator of ability at the middle-top end. A sizeable number
of candidates wrote the ionic equation for the alkaline hydrolysis and consequently gave the name
of one of the organic products as 'ethanoate' which was perfectly acceptable. Some candidates
struggled and gave the equation for the acidic hydrolysis of an ester which did not score. There was
no transferred error on the names of incorrect products.

(c) Ethyl ethanoate can be hydrolysed using alkali.

(i) Write the equation for the hydrolysis of ethyl ethanoate using sodium hydroxide
and name the organic products.

State symbols are not required.
(2)

e L0 Y, (OO0 C Hy + NaOH —> CH, O Na' + (, ue0h

Names of organic products . @hawel Sodium ethaunoare

ResultsPlus

Examiner Comments

It was expected that the names of the organic
products would be written beneath their formula
but as can be seen in this example, this was not
always the case. In this instance it was not
penalised.
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Question 12 (c) (ii)

There is a reduction in the amount of 'scaffolding' or structure in A2 exam papers because it is felt
that candidates at this level should be able to layout their responses in a lucid manner. The
responses to this question revealed that this is still something that candidates need to work on. The
question clearly asked for justification why NaOH can be viewed as a catalyst and why it isn't. Hence
answers should have constructed in such a way to make it clear which argument was being justified
but frequently this was not the case as can be seen in the example to follow.

This likely explains the overall poor performance on this relatively straight-forward question as less
than 20% scored both marks and just under 50% scored zero.

(i) One student says that the hydrolysis reaction is w_th&alkali.
Another student says that the alkali is not a catalyst.

Suggest one piece of evidence in each case that supports the students’ statements,
ond qoes 2

............................................................ U %Ju'?
& P Nt
£ —C.\ ) 4 L ’(;-C\. ]
| O e ! {) - ('I[: -
{1 ‘
-~ ]
) .
; ‘l|__ 3
' 2 1 2 H
&/ 'l \"_ l’;'I_Ir‘h f‘}
A
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< Examiner Comments

This response is one example of many where the
answer does not clearly address the question set.
The first sentence does not state that this is the
justification for the statement that NaOH is a
catalyst. It can be inferred from the following
sentence, but great care must be taken by
examiners in inferring what a candidate might
mean. The situation is somewhat alleviated by the
fact that the opening sentence is an incorrect
statement about a catalyst and so does not score
anyway. It was not uncommon to see responses
stating that catalysts ensure reactions go to
completion, but this is not true. Catalysts speed up
reaction rate but do not affect equilibrium.

The second sentence of this response is written in
a rather cryptic way in that a correct statement is
made about a catalyst being unused at the end but
then stating that NaOH is used up. This
presumably means that this is an argument for
NaOH not being a catalyst. It would have been
helpful to the examiner if the candidate had
explicitly made this statement.

QA F Plus
\ Examiner Tip

Make sure that the answer given clearly matches
the question asked.

IAL Chemistry 4 WCHO04 01
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Question 12 (d)

This was a challenging question to answer and to mark. The most common score was 0, followed by
3 marks but all marks within the 0-5 range were scored by an appreciable number of candidates.

A'compare and contrast' style of question requires two things to be related to each other. It was
not uncommon for some candidates to write about the NMR spectrum of one of the compounds in
the question but then not to provide any contrast with the other compound. This meant that the
only credit available was for the (n+1) rule explanation. Centres would do well to provide repeated
practise sessions for their candidates with this type of question. Generally, those candidates who
drew annotated diagrams scored higher marks because these helped the response to follow a
logical pattern through the comparison.

Candidates often scored both marks for the similarities but marks for the differences were less
often awarded.

*(d) Compare the high resolution proton nmr spectrum of ethyl ethanoate, CH,COOC,H;,
with that of methyl propanoate, C;. sCOOCH;. You should include é ~ é

+ two similarities and two dlffereprnces
+ information from the Data Booklet, quoting chemical shift ranges for all the peaks

« an explanation for one splitting pattern of your choice.

_______________________ . G 3\mC‘rm\*\c==*\\"\&\

-n-e_c; Ms‘h\wm'ﬁs Cm\'baq~
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< / ResultsPlus

| /< Examiner Comments

This response scored one mark for the reference
to both substances having three proton
environments.

The splitting pattern of ethyl ethanoate is incorrect
and the comment on the (n+1) does not explain
what the splitting pattern is from having an
adjacent carbon with three hydrogen atoms.

A\
/

z \

ResultsPlus
\

-~ Examiner Tip

It is not sufficient to just state that there are three
different environments; these must be identified
as either 'proton' or 'hydrogen' environments.

IAL Chemistry 4 WCHO04 01
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*(d) Compare the high resolution proton nmr spectrum of ethyl ethanoate, CH;COOC;H;,
with that of methyl propanoate, C;H;COOCH,. You should include

« two similarities and two differences
« information from the Data Booklet, quoting chemical shift ranges for all the peaks

« an explanation for one splitting pattern of your choice.
(5)

Botn  CHCOOCHg  and  CaHgCoOCHay will

ove 2 peaks. a5 theve ave 2 proton

environrents Bo-\-h ~ CHaCO OC:;_H';') amd
- CoHeCooCHy Wil howe, o Sinalet, a

tripet and o qu. aw\v.ﬁ:
P otons  of CH'b n..

"jjjjjj ChaCootts wil give o singlet %1

i Ci“*‘i)CMHz; will_give

_sin \e:\- + £ 23.0-41 ppm.
e st S0

e o 62041 ppm but
_Yoe M\ avtet  in )
_ C2H5coocH5 w:H loe. a;\- ‘5 ’13 30
ppm . T e; vl et in both il
b& o;\- o 4—1 9 P -W'v& protons
3Ne 51ﬂ3\¢'\— !
no Pwo'\'oﬂ& oY h\ddwugen& ccH-qched

4o 4he adjacent cavbon atowmn,
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ResultsPlus

Examiner Comments

This response scored all 5 marks and is an
example of one that was clearly laid-out.

Question 12 (e) (i)

Polymerisation and drawing of monomers remains a worthwhile topic of revision for candidates.
Some candidates clearly knew this topic very well and were able to apply their understanding while
other struggled. Likewise, the use of skeletal formulae is a beneficial area to practise.

(e) Polyesters are condensation polymers.

(i) The polyester, polyethylene terephthalate, PET, has the following repeat unit.

o}
o]
o/

PET is made from the condensation of two monomers. From the repeat unit
shown, draw the structures of these monomers.
(2)

0H
0 o
O~ g
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24

\’—’ =
<7 ResultsPlus

Examiner Comments

Note that the bond from the carbon clearly goes to
the hydrogen of the OH group. This is often
penalised when shown so obviously in a horizontal
attachment. It was only penalised once and so this
response scored one mark out of two.

N\
y \

Q ResultsPlus
) Examiner Tip

Make sure that the point of bond attachment is to
the correct atom.
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(e) Polyesters are condensation polymers.

(i) The polyester, polyethylene terephthalate, PET, has the following repeat unit,

0 0

S °

PET is made from the condensation of two monomers. From the repeat unit
shown, draw the structures of these monomers.

(2)

(o F° A
H

ResultsPlus

Examiner Comments

The structure of the diol on the right is correct for
one mark. The structure on the left has two
aldehyde groups instead of two carboxylic acid
groups and so did not score.

a ResultsPlus
Examiner Tip

Condensation involves the loss of water and so the
reverse must mean the addition of water or H,0.
Make sure that if a H is placed on one 'end' of a
monomer then the other 'end' must have an OH
added to make up the H,0.

IAL Chemistry 4 WCHO04 01 25



Question 12 (e) (ii)

This was the more challenging of the polymer questions and just under half of the candidates failed
to score. It was disappointing to see the many errors in the 'main body' of the repeat unit.
Nonetheless it enabled the more able to score and be differentiated from other candidates.

(ii) A biodegradable polymer can be made using 3-hydroxypentanoic acid as the
only monomer. Draw two repeat units of this polymer.
-
RS A
b= —C —2¢-cC— <& —ow
I } ! }
er H v =

(2)

o —C —
N [ o
\ ] ]
) —< - & <ol
S t T
l-"’—-d-—H- H —C—
—~d - 1 s w—d-n o
L ~d W-oH)- ¢ -2 -O
. - - ! M
H Ft R4S r
7 .
\ R
ResultsPlus

Examiner Comments

Use of space for working is fine and to be
encouraged. This candidate has written out the
monomer in order to deduce the repeat unit and
done well. The placement of both oxygens at one
end of the polyester was allowed although it is not
technically correct as one oxygen comes from the
'alcohol' end and one oxygen from the 'carboxylic
acid' end.

Unfortunately, one of the repeat units has a
missing CH2 group and so the second mark was
not awarded.

/\\ .
Q ResultsPlus
Examiner Tip

Always double-check the drawing of formulae in
order to eliminate 'simple' errors.
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Question 13 (a)

The requirement for structural formulae proved taxing for many candidates. About 40% scored

both marks, roughly 40% scored one mark and 20% scored zero.

Hence the drawing of structural formula would seem to be a useful revision exercise for many

candidates.

13 Kinetic data obtained from the hydrolysis of halogenoalkanes gives insight into the

mechanisms of the reactions.

(a) Draw the structural formulae of a primary, a secondary and a tertiary iodoalkane,

each with four carbon atoms and one iodine atom.

! ! |
Primary iodoalkane W 1
(- ¢ - -
H H W H
H H 'I*'
Secondary iodoalkane H- z:_ Z-1 (HyCHa CH(CHOL
|
M M b o
i
Ho M
H
Tertiary iodoalkane Wl (L 1 (CH3)5C].
oo
Hk &M
ResultsPlus

Examiner Comments

The displayed formulae given here would only
have scored one mark out of two, but these were
viewed as 'working' since there are structural

formulae given alongside which score both marks.

ResultsPlus

Examiner Tip

Make sure that the correct type of formulae given

in the answer match that required in the question.

IAL Chemistry 4 WCHO04 01
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13 Kinetic data obtained from the hydrolysis of halogenoalkanes gives insight into the
mechanisms of the reactions.

(a) Draw the structural formulae of a primary, a secondary and a tertiary iodoalkane,

each with four carbon atoms and one iodine atom.
(2)

I
Primary iodoalkane /\/

Secondary iodoalkane /\/
Tertiary iodoalkane /\\

;
f
/(\ /L,-/?c
( (
1
Ll«‘ / 4
l ) i
(. ¢ ¢c-C—¢ 0V :,'"
I? {_.C, (
Wo— ( —C ¢ -€¥ ¢’ 1
' .
{ 7
I
t /{\/
ResultsPlus

Examiner Comments

Three correct skeletal formulae given but only one
mark scored because the question requires
structural formulae.
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Question 13 (b) (i)

This familiar style of analytical question led to the majority of candidates scoring all four marks.
However there remain a significant number of candidates who still forget to link their conclusions
with the data/experiments given and so do not score full marks. Hence another useful reminder for
centres to give to their candidates.

(b) The halogenoalkane, 1-bromopropane, was hydrolysed at 20°C with
aqueous sodium hydroxide, The results were:

1 0.010 0.005 0.16
2 0.010 0.020 0.66
3 0.020 0.020 1.34

() Deduce the order with respect to 1-bromopropane and the order with respect
to hydroxide ions in this reaction. _

Fully justify your answers.
(4)

d,,{—ayg,(ars = }”-‘Fﬂﬁf‘ﬁﬁ’fﬁffﬁaffﬁfﬂd@

Aoublc s The. orderat(3H 0r 75 tivsteralecr. .
The vrds r witr @ yzc ot €. CH [s ads e Lt
LOYIEY bl cordlod. \hE L. APEb re 2t LD [

fhrs i, el +M [7 H;75/ condripetion..
f +¢)f . ror $Hrd o XL v"ﬁé’ 2. mmm-@a‘ﬁrﬁzﬂ’”‘ﬁ
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,@««"g/\(*ﬁ -
N / ResultsPlus

‘v| < Examiner Comments

This is an example of a response which did not
score maximum marks because there was no
justification linked to the table of data. The
conclusions drawn were both correct, but the
question does require the answer to be fully
justified.

4\

<O\ ResultsPlus
\ Examiner Tip

Scientific conclusions should always be based on
evidence and thus when a full justification is
required the data given must be referred to.




Question 13 (b) (ii)

A one-mark question can be difficult to answer sometimes because it can be a challenge to discern
the depth of answer required. An indicator can be the number of lines provided. In this instance
there needed to be some statement about the sodium/potassium ions being 'spectator ions' or that
'they do not take part in the reaction'. Only just over half of all candidates gave a suitable answer.

(i) The replacement of sodium hydroxide with potassium hydroxide has no effect
on the results obtained.
What does this indicate about the sodium and potassium ions in the steps of

the reaction mechanism?

ResultsPlus

Examiner Comments

Unfortunately this type of response did not score
because it does not go far enough in stating what it
is about the sodium/potassium ions that means
that they are 'zero order' or 'have no effect on
rate'. The lack of effect on the rate is pretty much
given in the question. Why do these ions have no
effect on the rate?
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Question 13 (¢c)

It was disappointing to see the large number of candidates that drew the wrong nucleophilic
reaction mechanism in part (i). It was possible for these candidates to score 2 marks out of the 4
available for parts (i) and (ii). An alternative mark scheme was created to allow for these candidates
to obtain credit in part (iii) as they followed through on their mechanism, so it was further
frustrating to see a sizeable number of these candidates to make comments on a mechanism that
they had not drawn. This confused response was further penalised.

Hence this question provided an opportunity for the more able candidates to demonstrate their
true understanding of the subject matter and score highly.
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(c) The halogenoalkane, 2-bromopentane, was hydrolysed at 20°C with sodium hydroxide
of similar concentration and the results gave the rate equation

| ¥ | ! %
: f f c-C - ¢ - rate = k[CH,CH,CH,CHBrCH,)
(i) Write the mechanism for the hydrolysis of 2-bromopentane. Include curly
arrows, and any relevant dipoles and lone pairs of electrons.

You may use R to represent the CH;CH,CH, group.

. - P (3)
% iou W o

| .~
e o M, ) @35;—;/(::. C3Hyg
Cgl"a.— 67/

AN
4
23
' <
O

(ii) State how your mechanism is consistent with the rate equation.

(1}

order wagy,

(iii) A single optical isomer of 2-bromopentane is hydrolysed by this mechanism.
Explain fully whether or not the product of this hydrolysis is optically active.

3)
LTt 2o Oedean A racem®C  Mixture,  4nQ

LMne dngnenal  Planer  Shape  enalges e

Len- 4D odteck e eThvner. Sfcle. T
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N/ (ResultsPlus
ﬁ/\e Examiner Comments

In part (i) an Sy2 mechanism is given instead of
Sy1. However, two of the three marks were
awarded for the curly arrow from the C-Br bond
which has the correct dipole, and for the curly
arrow from the lone pair of electrons on the
hydroxide ion to the carbon atom with the delta
positive charge.

No mark was possible in part (ii) because of the
incorrect mechanism in part (i).

The comments made in part (iii) were suitable for a
Sn1 mechanism but since the candidate has given
a Sy2 mechanism only one mark was awarded for
the racemic mixture reference.

d

ResultsPlus
\

- Examiner Tip

Transferred error can be awarded if the
argument/reasoning is followed through.
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Question 13 (d)

The wording of any question is important, and it certainly proved so in this instance. The question
required "signs and units in your answers", i.e. plural or at least two answers needed signs and
units. The question stated that candidates needed to determine the gradient of the line (answer
one) and then to use this to calculate the activation energy (answer two).

This somewhat subtle demand of the question proved to be discriminating as generally only the

more able candidates discerned the need for sign and units for both values or answers and scored
full marks.
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(d) The rate constant for the hydrolysis of a halogenoalkane with sodium hydroxide was
measured at several different temperatures and the results plotted in the graph shown

YT/ K'

00029  0.0030  0.0031 0.0032

9. 0.0033  0.0034
-4.0

_—

-4.5

-5.0

Ink

-6.0

-6.5

=7.0

L
I

From the graph, determine the gradient of the line and hence calculate the
activation energy for this reaction. Include signs and units in your answers

Ink—--- X = + constant R =831J K 'mol™ )
gt - -w ~6050 K
0,003 -0.0084 6%
‘?‘ Ea = —ﬂ x g@d\Mt
= 93« ~650

509%,5 J od™
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ResultsPlus

Examiner Comments

The gradient value has both sign and unit so
scores one mark. The activation energy is correctly
calculated for a second mark, but it only has units
and no sign. Thus there is no third mark awarded.

Q ResultsPlus
Examiner Tip

RTQ? = Read The Question Twice
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Question 14 (a) (i)

It remains a source of frustration that many candidates do not adhere to the rubric or the demand
of the question. The emboldening of the word 'two' should have emphasized to candidates that
they should limit themselves to just two observations. However, a significant number of candidates
took a "scatter gun" approach and likely wrote all of the possible observations imaginable. Any
incorrect observations were penalised.

In the future all candidates should stick closely to the requirements of the question to maximise
their potential.

14 Endothermic changes can be thermodynamically feasible.

(a) One example of an endothermic reaction is between the solids hydrated barium hydroxide
and ammonium chloride. An equation for the reaction is

Ba(OH),.8H,0(s) + 2NH,Cl(s) — BaCly(s) + 10H,0(l) + 2NH,(g)

(i) Suggest two experimental observations that you would expect to make when
carrying out this reaction without additional chemical tests,

IAL Chemistry 4 WCHO04 01
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\ / ResultsPlus
//\ Examiner Comments

Despite the question only asking for two
observations, the candidate of this response has
given four. Two observations are correct, one is of
an additional test and ignored, while one
observation (precipitation) is incorrect. The two
correct observations would have scored two marks
but one of these is negated by the incorrect
observation and so this response scored 1 mark.

&4\ ResultsPlus
\ Examiner Tip

Never give more answers/observations than are
required in the question as this can results in
marks gained being negated.
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Question 14 (a) (ii)

This was a familiar question testing the candidates understanding of entropy and done reasonably
well. However, a significant number of candidates appeared to miss the fact that the example
tested in this question was of ionically bonded salts and not covalently bonded molecules. Hence
the use of incorrect terms was penalised and served to differentiate between those candidates who
truly appreciated what was being tested and those who didn't.

(i) Predict the sign of the standard entropy change of the system (ASSem)
for this reaction and give two reasons to justify your prediction.

(2)

__________________ Wrﬂac/‘an}s.&.'{uo%\;dmﬂmn\ﬁre,a.ol'
............ Yo {)mduc@Gs%o\sci,pnqmdﬁmdchmpna " S

ResultsPlus

Examiner Comments

This response only scored one mark out of two
because although there are more moles of
products than reactants, these are not 'molecules'.

ResultsPlus
Examiner Tip

Make sure that any chemical terminology used
does match the substance(s) referred to.
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Question 14 (b)

The series of questions in part (b) were usually well-answered as they were in a similar format to
such questions in previous years. However, the errors seen were also similar to those in previous
years, namely errors in signs and units. It was fortunate for many candidates that transferred error

was applied throughout the parts of this question.

(b) Another example of a reaction between two solids involves anhydrous barium hydroxide
and ammonium nitrate. An equation for this reaction is

Ba(OH),(s) + 2NH,NO4(s) — Ba(NO;),(s) + 2H,0(l) + 2NH,(g)
— —
(i) Use the standard molar entropies from your Data Booklet to calculate the
standard entropy change of the system (AS.) for this reaction at 298K.
Give a sign and units with your answer.

(3)
7 b
_ £S5k — 2 ST navm |
Dl ; (1,;f3,.g 4 1679 IRI(TTH)) =9 r Ay J))
g~ e
— '?)3{"3 ?mar, k—l

(i) Use the standard enthalpy changes of formation given in Table 1 to calculate
the standard enthalpy change of this reaction at 298K. Include a sign and

units in your answer.
(2}

Table 1
| compnd [ aAimor
Ba(OH),(s) -944.7
NH,NO;(s) -365.6
Ba(NO;),(s) -992.1
H,O(l) —-285.8
NH;(g) ~46.1

—37 (443
Qlﬂfﬁﬂ” . t—“l"UCU)’ L( WSy 1

x$
—1455-1 ~(- v )

— W

[
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(i) Using your answer to (b)(ii), calculate the standard entropy change of the
surroundings (ASgoundings) fOr this reaction at 298K. Include a sign and units in

your answer.
RS O Rl e P
DS;f"““"“ :,.) - _______T_....- b lC‘IE

(iv) Using your answers to (b)(i) and (b)(iii), calculate the total entropy change
(ASe). Include a sign and units in your answer.

WER L, o
Dgv ~y63 ¢+ (631)

P (1)
+ kamb} -y -
—r64-19 Tad ke

—_—
—

ResultsPlus

Examiner Comments

The decision in this instance was to only penalise
sign and units once in the question parts of (b).
This candidate clearly benefits from this because in
part (i) there is a missing sign and so one mark is
lost but in part (i) no mark was lost for the missing
sign (and units). Likewise, the mark was also
awarded in part (iv) despite the missing sign again.

4 ResultsP
Examiner Tip

Missing signs and units will be penalised. The
extent of this will depend on the situation and the
exam series so the best advice is to always
remember sign and units.
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Question 14 (c) (i)

This question required a relatively simple demonstration of the principle of entropy and
approximately half of all candidates wrote confidently and correctly to score both marks. However,
a small but significant number of candidates demonstrated a rather alarming misunderstanding of
the situation by referring to the chlorine gas reacting with the air or that chlorine molecules would
gain energy from their mixing with air.

(c) The feasibility of chemical changes can be related to entropy in terms of the
dispersal of molecules and of energy quanta between molecules.

/gas jar
cover R\\air
chlorine
\gas jar

() Describe what happens to the chlorine gas when the cover between the
gas jars is removed. Explain the change in terms of entropy.

]} spmads and__ diﬁi‘aegw%%eaﬁ
dhec. Jaf‘ A s s becavse

ﬂe sumwodwgg vdome. s ineq J .
.................... th epéﬂ?des Start cohd:@ wth each dhec
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\ / ResultsPlus
/\ Examiner Comments

This response addresses the first part of the
question, namely a description of what happens to
the chlorine gas for one mark. However, the
question specifically asked for reference to the
change in terms of entropy and this is lacking in
this response. Hence only one mark out of two is
scored.

4R\

&H\ ResultsPlus
\ Examiner Tip

Re-read your answer and the question to ensure
that the answer addresses all aspects required by
the question.

,//
y
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Question 14 (c) (ii)

This question tested an introductory aspect of entropy that is often covered in the very first lesson
on entropy or in the first few pages of a textbook on entropy. It was perhaps surprising that only
60% of candidates could answer it correctly. It suggests that perhaps more emphasis is needed on
the basic understanding of such topics.

(i) Complete the table to show the five different ways that four energy quanta
can be shared between two molecules, compared with just a single way for
one molecule.

(1)

2 2
3 1
| 3
ResultsPlus

Examiner Comments

There was no real evidence of candidates running
out of time in the exam, but the response seen
here does raise a doubt in this regard. The
candidate has correctly filled in the first empty row
in the table but gains no credit because the mark
available is for the whole table to be completed.
Surely it wouldn't have taken a few seconds to
have guessed some numbers for the remaining
rows. It is possible that this candidate intended to
go back to this question and complete the table
but never got round to it. This is a habit that is easy
to do but should be avoided.

IAL Chemistry 4 WCHO04 01
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¢  ResultsPlus
\\_} Examiner Tip

Do not leave a question blank with the intention to
come back later to fill it in because oftentimes the
'‘coming back' never happens. Always attempt the
question and if you do come back then you can
change or amend any answer.
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Question 14 (d)

This proved to be a very challenging question which only the top 10% of candidates scored full
marks on. As stated on previous questions candidates frequently let themselves down by not
addressing all of the requirements of the question. Labels for the significant entropy changes were
clearly asked for but commonly missing. The candidates with a poor understanding of entropy
revealed themselves with a wide array of graphical shapes for the entropy sketch.

One particular error which is worth noting in the interests of greater understanding is the drawing
of horizontal sections. If temperature is increased then the entropy of any substance will always
increase and never remain the same. The vibration of the particles and thus their entropy will
increase.

(d) Complete the sketch of entropy against temperature for sodium chloride to
illustrate the entropy changes as temperature increases, and the sodium chloride
changes state. .

Use your Data Booklet to find any temperatures where significant entropy
changes occur. Label these changes. The vertical axis does not have to be to scale.
(3)

Entropy

[ |
0 500 1000 1500 2000

Temperature / K
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<N / ResultsPlus
?/\ Examiner Comments

This candidate has demonstrated a good level of
understanding of the changes in entropy with
increasing temperature by including two vertical
sections and an overall gradual increase. However,
one mark has been lost in this response because
of a failure to meet one of the requirements of the
qguestion, namely to label the significant energy
changes. The question referred the candidates to
the Data Booklet and so the labels 'melting' and
'boiling' temperatures should have been
accompanied by their respective values, 1074K and
1686K.

94\ ResultsPlus

\ Examiner Tip

Again, the familiar tip is to consider the question
on more than one occasion to ensure that the
answer meets all of its requirements.




Question 14 (e)

This question was very poorly answered with about 75% of candidates scoring zero. It is impossible
to discern if this is due to it being the last question in the exam paper or whether it was due to it
being particularly difficult. The responses seen often referred to chemical impossibilities, for
example sodium chloride reacting with water to give sodium hydroxide and hydrochloric acid.
Other responses referred incorrectly to the dissolving of sodium chloride as being exothermic.
These responses reflected a worryingly misunderstanding of chemistry and fundamental concepts.
It was felt by examiners that this was more likely due to the pressure experienced in exams and if
these candidates were questioned personally then these answers would quickly be corrected. If this
is the case, then there is a real need by many candidates to try answering questions under 'exam
pressure' in order to get used to working in these situations.

*(e) Explain why the entropy of the system increases when sodium chloride dissolves
in water.

( ResultsPlus

Examiner Comments

An example of a response where sodium chloride
'molecules' are referred to which was penalised. In
addition, the lack of understanding is highlighted
in the response by the statement that sodium
chloride 'changes to ions' whereas sodium chloride
is always ions in all of the states/forms it exists.

/\
\
\

\ ResuitsPlus

Examiner Tip

Make sure that the chemical terminology used is
correct for the substance referred to.
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Paper Summary

Based on their performance on this paper candidates are offered the following advice:

RTQ? or 'Read The Question Twice' and make sure that the answer written matches the demands
of the question

RYA? or 'Read Your Answer Twice' to double-check that your answer does meet all of the
requirements of the question

Use specialist chemical terms carefully and in the correct context to ensure that they are
appropriate to the topic area being discussed

Review the basic understanding or tenets of key concepts such as entropy so that all answers
given are in harmony with them

In extended calculations make sure that the 'workings' are clearly shown so that if necessary
credit can be given

Practise writing different types of chemical formulae such as skeletal and structural repeatedly so
that it becomes error-free
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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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