edexcel

Examiners’ Report
June 2012

GCE Chemistry 6CH04 01

‘hapé diromepdpe i/ " © PEARSON



P

Edexcel and BTEC Qualifications

Edexcel and BTEC qualifications come from Pearson, the world’s leading learning company.
We provide a wide range of qualifications including academic, vocational, occupational and
specific programmes for employers. For further information visit our qualifications websites
at www.edexcel.com or www.btec.co.uk for our BTEC qualifications.

Alternatively, you can get in touch with us using the details on our contact us page at
www.edexcel.com/contactus.

If you have any subject specific questions about this specification that require the help of a
subject specialist, you can speak directly to the subject team at Pearson.
Their contact details can be found on this link: www.edexcel.com/teachingservices.

You can also use our online Ask the Expert service at www.edexcel.com/ask. You will need
an Edexcel username and password to access this service. See the ResultsPlus section
below on how to get these details if you don’t have them already.

- (T pl
| Fa T ond r"'-.'.—_-' &

foof =l M, -

I\l LD

Get more from your exam results

...and now your mock results too!

ResultsPlus is Edexcel’s free online service giving instant and detailed analysis of your
students’ exam and mock performance, helping you to help them more effectively.

® See your students’ scores for every exam question
® Spot topics, skills and types of question where they need to improve their learning
® Understand how your students’ performance compares with Edexcel national averages

® Track progress against target grades and focus revision more effectively with NEW
Mock Analysis

For more information on ResultsPlus, or to log in, visit www.edexcel.com/resultsplus.
To set up your ResultsPlus account, call us using the details on our contact us page at
www.edexcel.com/contactus.

Pearson: helping people progress, everywhere

Our aim is to help everyone progress in their lives through education. We believe in every kind
of learning, for all kinds of people, wherever they are in the world. We've been involved in
education for over 150 years, and by working across 70 countries, in 100 languages, we have
built an international reputation for raising achievement through innovation in education. Find
out more about how we can help you and your students at: www.pearson.com/uk .

June 2012
Publications Code UA031861

All the material in this publication is copyright
© Pearson Education Ltd 2012

GCE Chemistry 6CHO04 01



Introduction

The paper was accessible to all candidates, with section C proving to be the most
challenging. There was no evidence that candidates were unable to complete the paper
because of time constraints. It was pleasing that the graph drawing skills had measurably
improved since the January sitting of this unit. However, the layout of many candidates'
work in calculations was very untidy and made it very challenging to mark. A humber of
questions were testing concepts in a novel way and this presented a real challenge to large
numbers of candidates as they failed to answer these questions. This was particularly the
case with Q18(c)(i) and Q18(d).
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Question 14(a)(i-ii)
Both parts (i) and (ii) were high-scoring with many candidates scoring maximum marks.

There were three main errors. The first was produced by a sizeable minority which was
determining the pK, rather than the pH because the candidate simply carried out a -log of
K, calculation. This was not acceptable and lost both marks. The second was to omit the
square root in the determination of the hydrogen ion concentration. The second mark could
still be awarded for a transferred error. The third error was a rounding error giving the pH
as 2.53 from a calculated value of 2.535. This did require careful marking because if the
hydrogen ion concentration had been earlier rounded up to 2.92 x 103 then a pH =2.53
could be awarded both marks. Only if the candidate had clearly shown that this was their
process could both marks be awarded.

SECTION B

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

| 14 In a pH titration, 30 em’ of sodium hydroxide solution was added, in 1 cm? portions, to
20 em® of ethanoic acid solution, CH;COOH(aq). The concentration of both solutions
was 0.50 mol dm ™. After the addition of each 1 cm’, the pH was recorded using a pH

meter,
(a) (1) Write the K, expression for ethanoic acid,

(enacoo)

Ke (€200 )

(i) Using your answer to (i), calculate the pH of the 0.50 mol dm™ ethanoic acid
solution before the titration starts. Refer to page 18 of the data booklet.
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<< { ResultsPlus S ResultsPlus
Examiner Comments Examiner Tip
Candidates should always be This is a fine example of the lay-out which
reminded to clearly set-out their demonstrates to the examiner how the final
working when doing calculations and answer is calculated and thus means that there
then the marks can be easily awarded. is no hesitation in awarding maximum marks.
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Question 14(a)(iii)

A very straight-forward question with the majority giving the correct answer, although a
sizeable minority did give answers such as 15 cm3 and 30 cm?.

Any units given were ignored unless a candidate had converted the volume into decimetres,
which then meant that the units were essential. This was rarely seen however.

Question 14(a)(iv)

The answer to part (iii) was seen with the answer to part (iv) to allow candidates who had
used their own value from part (iii), although incorrect, to arrive a pH value in part (iv)

and to still score full marks. This was rarely seen but still an important principle to uphold.
Consequently this did mean, on occasions, that despite a correct answer in part (iv), full
marks were not awarded because it was not the correct 'follow-on' from the candidate's own
answer to part (iii). However there were some candidates who very clearly demonstrated
that they understood the situation, laid-out their answer and workings in full and who
scored full marks in part (iv) from an answer that was not correct from their answer to part
(iii) but was the true answer from the mark scheme. It showed that the candidate did grasp
the question and had the ability to deduce the correct answer but that they really should
have gone back and checked their answers to make them consistent.

(iii) Deduce the volume of sodium hydroxide solution required to reach the end
point,

(iv) Calculate the pH of the solution after all of the sodium hydroxide is added.

\ ) AT - ‘AN } = p U

i us
Examiner Comments

Two marks out of four were awarded for this response and

it illustrates the advantage of clearly showing how the final
answer is arrived at. The hydrogen ion concentration, although
incorrect, is determined in the right way from K and then

the pH value from the hydrogen ion concentration. These two
steps were given credit and 2 marks were the outcome.

/
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(iii) Deduce the volume of sodium hydroxide solution required to reach the en&!'?b‘r)
pdinL
(1)

o By 20 on®

(iv) Calculate the pH of the solution after all of the sodium hydroxide is added.

mmn-‘l\m:cm»_.gls (m‘tc_.—. o0.01S 4)

b3 N\ \ —
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ﬁ ResultsP

Examiner Comments

In this example, the number of moles of NaOH is
incorrectly determined as 0.015 at the beginning. Thereafter
the calculation is carried out correctly and so only 1 mark
lost, resulting in this response scoring 3 out of 4.

Within calculations marks are normally

awarded after a mistake as a transferred error
and so not all marks are lost. Thus a candidate
should always show all of their working clearly.
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Question 14(a)(v)

This question was generally answered well with the vast majority scoring at least one mark.
The initial and final pH values were important for the first mark and this was the most
common scoring point. Generally an 's-shaped' curve was drawn but the vertical section
should only be between 3 and 5 units in length, otherwise a strong acid-strong base curve
is suggested. This was the marking point most often lost. The vertical section needed to be
seen at 20 cm?® and this was often awarded.

(v) On the axes below sketch a graph to show how the pH changes during the
titration.

10 (

pH . |

6

b

T I |
0 5 10 15 20 25 30 35

Volume of sodium hydroxide / cm’

. Plus S Sults

/\ Examiner Comments \ Examiner Tip

One mark is lost for an incorrect vertical section Care obviously does need to be taken when
at 15 cm3. However marks were awarded for drawing a sketch, especially under the stress
the start and beginning points being within of an examination. One mark is nearly lost
the suitable ranges expected and the vertical here because at the start of the curve on
section was within 3-5 units in length. the left hand side it almost decreases in pH.

A decrease would have been penalised but
this was given the benefit of the doubt.
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Question 14(b)

In part (i) there were two possible approaches to answering the question, one using the
K, equation and the other using the pK, equation. Both were seen although the K, route
was much more common. Full marks were scored using either method and this question
generated the full range of marks depending on the ability of the candidate to answer this
type of calculation.

In part (ii) the marking point for the reaction of hydroxide ions with the ethanoic acid to
make ethanoate ions and water was by far the most common scored. A sizeable minority
appreciated that there was a need to state that the buffer contains a reservoir of ethanoic
acid molecules but it was rare to see a statement that the concentrations of ethanoic acid
and ethanoate remain (almost) constant. This has been examined before on a number of
occasions and so should not have been a surprise to candidates.

” A {
T A - N f r \
Dt ¢ _-.}_..! l 4= L¢

(b) An acidic buffer solution can be made by mixing together a solution of ethanoic acid
and solid sodium ethanoate.
(i) Calculate the mass of solid sodium ethanoate (molar mass = 82 g mol 1y that
would be added to 500 em® of ethanoic acid, concentration 1.0 mol dm™, in

order to make a buffer solution of pH = 4.70.

*(11) Explain how this buffer solution resists a change in pH when a few drops of

sodium hydroxide are added.

, (e L

Plus

Examiner Comments

One mark was gained in both parts of the question. In part
(ii) the mark is gained for a description of the combination
of the hydroxide ions with hydrogen ions to make water and
then the further dissociation of the ethanoic acid. This could
have been more easily gained from the equation.

N

LK

\ Examiner Tip

If a candidate is very unsure how to proceed with a calculation then,
rather than leave the space blank, they are always best advised to 'do
what they can'. This is an example of that approach in (b) because

the candidate clearly doesn't know how to calculate the mass of

the salt required for the buffer but can determine the hydrogen ion
concentration from the pH. This is worthy of credit and scored one mark.

us
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(b) An acidic buffer solution can be made by mixing together a solution of ethanoic acid
and solid sodium ethanoate.

(i) Calculate the mass of so!id sodium ethanoate (molar mass = 82 g mol™') that

|
would be added to 500 em?® of ethanoic acid, concentration 1.0 mol dm™, in
order to make a buffer solution of pH = 4.70.
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*(ii) Explain how this buffer solution resists a change in pH when a few drops of
sodium hydroxide are added.

(3)
o o ‘
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(Total for Question 14 = 18 marks)

ﬁ Results#

Plus

Examiner Comments

A high-scoring response with 4 marks for (i) and 2 marks for (ii).
In part (ii) no reference is made to the ratios of ethanoic acid
and ethanoate concentrations remaining (almost) unchanged but
instead that the pH is constant which is in stem of the question

GCE Chemistry 6CHO04 01
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(b) An acidic buffer solution can be made by mixing together a solution of ethanoic acid
and solid sodium ethanoate.

|/_\
@ Calculate the mass of solid sodium ethanoate (molar mass = 82 g mol™') that
would be added to 500 em? of ethanoic acid, concentration 1.0 mol dm™, in

order to make a buffer solution of pH = 4. ?0

pH=G: 0 [H)

Sluton  hag

sodium hydroxide are added.

\AJN’A o} ” ,( H’{’i rﬁ W[Hg Hd/{‘f‘

./’r/ f f' ( .‘-.;v-wa.; (A o, HL”I )
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500 x| = 0 Smoles.
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*(i1) Explain how this buffer solution resists a change in pH when a few drops of
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(Total for Question 14 =

Cowses (_/H

18 marks)

ResultsPlus

Examiner Comments

Marks are always awarded wherever possible
and one mark was given for arriving at a final
mass of salt by multiplying by the given molar
mass of 82 g molt. One mark was also given for
determining the hydrogen ion concentration from

the pH value although sadly no use was made of it.

0
J/O
In part (ii) reference is made to the shifting
of an equilibrium but there is none shown

in the answer. It is true that there is an
equilibrium equation in part (i) but candidates

are well advised to make sure in their answer
exactly to what they are referring.

ResultsPlus

Examiner Tip
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Question 15(a)

A challenging task and a good grade discriminator. Many candidates were able to correctly
give the first part of the name relating to the two methyl groups but the designation of the

carbon-carbon double bond was less well done.

smells similar to watermelon.

(a) Give the systematic name for melonal.

L7 o

2) o5 doimmstiad) lapt = 2T Rnal

T
-C - -
1 i } i ' [}
-G =0—G -6 -6
] i

0 ' g B 6

. e -, o . n i

15 The molecule .~ Ny T N is sometimes known as melonal as it

(2)

ResultsPlus
Examiner Comments

Here is an example of the start of the name being given
correctly "2,6-dimethyl" but the designation of "2-ene" is

incorrect since the numbering starts from the aldehyde group.

GCE Chemistry 6CHO04 01
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Question 15(b)(i)

Those candidates who used the skeletal formula from above were less likely to make errors
in the structure than those who tried to write out the full displayed formula. Most realised

that an alcohol was required but there were
that the question was misread.

some carboxylic acids drawn which suggests

The reagents were generally well-known although some 'short-cuts' were seen (see below)
and occasionally HCl and KMnO, which were not allowed.

(b) ()

Reagents needed for oxidation

Cone _*hk;'* “—.6‘"& H. 50

Melonal can be prepared by the oxidation of a compound, X. Suggest the
formula of compound X and the names or formulae of the reagents needed to

oxidize X,
(3)
Compound X hl cty it ‘.T T l: ;.f
W -¢C=C-C=-C-C-C=-0H
' I . o
W W W W W H

y ! i 4]
_l’.l?rLé\.SS'iuz!"ﬂ ch"I'l(;,L’\tfﬂﬂa__,ti (\'_“) _AJ’;_ g

W

T
Results¥lus
Examiner Comments
If the oxidation number is given then it has to
be correct. In this case the number is correct
and both reagent marks were awarded.

Candidates should double-check carefully any
structure that they draw for such things as
pentavalent carbons which will be penalised.
This is the case here as one of the carbons in the

(b) (i)

oxidize X.

/
ronol

Compound X ’ﬁr.f;.wr-.y ¢
'

ep fane-{

Reagents needed for oxidation

Melonal can be prepared by the oxidation of a compound, X. Suggest the
formula of compound X and the names or formulae of the reagents needed to

CHaCH, CHy Ol C (,r-ﬁ('.kic H

arcidifled  dichromak. (vi)

double bond has too many hydrogens attached.

12

ResultsPlus

Examiner Comments
'Acidified dichromate' is a term often used as a short-cut but
is insufficient on an examination paper to be given two marks.
However, if the chemical symbols had been used namely: H*/
Cr,0.* then both reagent marks would have been awarded
because a greater depth of understanding would have been shown.
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Question 15(b)(ii)

The first marking point was frequently awarded, normally for 'distil' but the reason for its
use was much less often seen. This is required by the question asking for a justification and
candidates should be reminded to answer all aspects of the question set.

(ii) Briefly suggest a practical measure to maximise the yield of melonal in (b)(i).
Justify your answer,
4 i ra
AL . CAR.. 4, TEMA
A 4 {
vy L
“ A X
£ o I[

[
N / ResultsPlus

Examiner Comments

Marking points can be ‘stand alone’ and so candidates should
always be advised to attempt both parts of the question since at
least one of them may be awarded. In this example the reference
to a wrong practical technique loses the first mark but the reason
for use is appropriate and is awarded the second mark.

|

(W Ko ‘ordetioaln . . . . .
(i1) Briefly suggesta prdttical 'meéasure to maximise the yield of melonal in (b)(i).
Justify your answer.

e Diskillokion — mebthod  woech
s ExcesS ook oF (KCP?_O?\ anck

[
< ¢ ResultsP us
Examiner Comments

vWhere contradictory statements are made for the same marking
point then that point is lost. This student has correctly identified
the practical technique of distillation but then referred to use of an
excess of oxidising agent which negates the earlier correct point.

GCE Chemistry 6CHO04 01
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Question 15(c)

Candidates continue to be able to make effective use of the data booklet which reflects
well on their learning. However, there are a significant minority that then undermine their
answer by not completing the table correctly. For example the functional group column
required the name of the bond type identified in the earlier columns of the table, but
some candidates simply re-wrote the same answer in both the bond and functional group
columns. This is unlikely to gain additional credit, especially on an A2 exam paper. In
addition some identified the wrong bond for the stated wavenumber range for the alkene,
e.g. giving 3095-3010 but then stating the bond responsible was C=C instead of C-C.

(¢) Infrared spectra can be used to confirm the presence of functional groups in a
molecule. Use page 5 of the data booklet to suggest the position of two absorptions
and the identity of the bonds responsible which can confirm the presence of the two
functional groups in melonal.
(2)

Functional group present
in melonal

1Fye = (T C>2o mﬁ‘k&

N

Wavenumber range / cm™' Bond

1669~ 164S c=C fallcene

+IUS

Examiner Comments

Note that the functional group
identified is simply 'carbonyl' and this is
not specific enough for this question.
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Question 15(d)

Since molecular rearrangement is common in a mass spectrometer any order of atoms
within the fragment was allowed. In addition any type of formula used was acceptable.

-

(d) The mass spectrum of melonal shows small peaks at m/e = 57 and m/e = 83.

Give the formula of each of the fragments most likely to have caused these peaks.
(2)

mle = 57 CHEUCHO

m/fe = 83 C-thCCPD cH CHZC“:

ResultsPlus
Examiner Comments

The positive charge could be written anywhere on the fragment to
be awarded the mark. Although technically it should be on the CH of
the m/e = 57 fragment, it is fine and quite common for the positive
charge to be written at the end of the fragment formula as here.

(d) The mass spectrum of melonal shows small peaks at m/e = 57 and m/e = 83.

Give the formula of each of the fragments most likely to have caused these peaks.
. %0 [:)
mie =57 CM3CNC

mle = 83(CH3)r C=QUCHCH

ResultsPlus
Examiner Comments

The lack of a positive charge was only penalised once and
so this response scored 1 out of the 2 marks available.

Q Examiner Tip

Candidates could be reminded of the stages in
a mass spectrometer and that only positive ions
are detected. In this way the formulae of any
fragments will always be positively charged.

GCE Chemistry 6CHO04 01
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Question 15(e)(i)

Although a simple task in itself this was a more challenging question and a range of atoms
were selected.

(e) (i) On the displayed formula below, circle the hydrogen atom that has a triplet peak
in the proton nmr spectrum of melonal.
(1)

ﬁ ResultsPlus

Examiner Comments

Candidates should always double-check and even triple-check
their answers if at all possible. This question asks for the
"hydrogen atom" to be circled but this candidate has circled

a carbon atom. It would be hoped that even a quick check-
through would have spotted this and allowed it to be rectified.

Question 15(e)(ii)

A high-scoring question with the vast majority of candidates appreciating the correct part
of the molecule to circle. However, as below, a sizeable minority of candidates were rather
sloppy in their placement of the circle.

(ii) On the displayed formula below, circle the atom that gives rise to a peak at a
chemical shift of & = 9.65 ppm in the proton nmr spectrum of melonal. Refer to
page 7 of the data booklet.

(nH

H T/H H T H
Ne T P
WA L)
10 A1 L
Ne” eI e
| | H | H
H H H

Examiner Comments

The question clearly asks for the 'atom’, singular, to be
circled but it was not uncommon for the whole aldehyde
group to be circled as here. This was not awarded the mark.
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Question 15(f)(i)

It is not uncommon for the cyanide ion to have the negative charge written by the nitrogen
as in, CN-. Hence the origin of the arrow coming from the cyanide ion in the first step was
not viewed as crucial. However, the ending point of this arrow was important as evidenced
below. The bond from the carbon to the CN group in the intermediate should be to the
carbon and not the nitrogen. This was only penalised when a horizontal bond was drawn, for
example, as CN-C. Occasionally the negative charge was missing from either the cyanide ion
or the reaction intermediate.

r )
(f) Aldehydes react with HCN in the presence of CN™ ions.
(i) Give the mechanism for this reaction, using the simplified displayed formula
below.
(3)
| A PR OH
H\ A H /,O H \ %
Cx0 h b\ —> 0'\
v
R / i Fi/ (N & CN
H + .C EN
N

Examiner Comments

Although the placement of the arrows, in terms of where
they go from, was not critical it is important to correctly
identify the area that they are going to. In this example the
cyanide ion arrow is clearly going to the carbonyl bond and
this was penalised. The remainder of the mechanism is fine.

GCE Chemistry 6CHO04 01
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Question 15(f)(ii)

It was expected that candidates would begin with a 'Yes' or 'No' answer to the opening
question and then give a suitable explanation. Some responses were confused because
the answer 'Yes' was given but then the explanation was why there would be no rotation
of plane-polarised light! All the marking points were 'stand alone' and full marks could be
achieved from either a 'Yes' or 'No' answer. It was much more common to see a No answer
with a good explanation. There were a small number of candidates who referred to the
intermediate being planar rather than the carbonyl and so this did not score.

(ii) The product of this reaction has a chiral centre. Would you expect the reaction
to produce a solution that rotates the plane of plane-polarized light? Explain
your answer.

(3)

[ Wowld wob epect the solutioq ti ntale the Ylane f/
yloue- polar ised !cjlf!t becaule the N wH (oK qo..1y.
Cither above or below the (arbou, 7noduuu7 egual
amounts of  Soth  euaubionsers: Therefore the lyht will
he rotaled qually 1w kot divecaons. 5o Lhe  solubion.
Will ot yotate the plane. ’f ./,d(:.ne-yowrmd l.t/}hl"

ﬁ ResultsPlus

Examiner Comments

A reminder that three marks are available for this
question and so three points need to be made.
This answer clearly makes two such points but
misses the planar nature of the carbonyl group.
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Question 16(a)(i)

The majority of candidates got this correct but if the chemical formula is given then it has
to be correct. There was some confusion evidenced with a small number of answers simply
given as starch.

(a) (i) Suggest a suitable reagent with which you could titrate the iodine.

QMTI hJJ/}/éU

+1US
Examiner Comments

Of course either spelling with an
'f' or a 'ph' as here was credited.

GCE Chemistry 6CHO04 01 19



Question 16(a)(ii)

As previously mentioned, candidates need to answer all aspects of the question set. The
answer must 'state and explain'. A reasonable number of candidates stated the use of
sodium hydrogencarbonate (or sodium carbonate as a commonly acceptable alternative) but
then failed to explain how it worked to quench the reaction.

Others did explain how quenching would be achieved but gave an incorrect base. If a
reagent suggested was a "near-miss" then the second mark could be awarded.

(1) State and explain how you would quench the reaction.
(2)

| Clace.. . . e ewixewe s~ . @ bath
s it peen slows (e awdn  looewing.
P cads s les ik e Gy -

ﬁ ResultsPlus

Examiner Comments

This reaction is normally carried out at room
temperature and so use of an ice bath would really
have a negligible effect but one mark out of the two
was awarded for the generally acceptable principle.

(it) State and explain how you would quench the reaction.

_/‘i/n;za Aase st as sodiern %of%amé

rerove Ahe acid
Thas mw&,M At W&n._ﬁd%w

%
Results¥lus
Examiner Comments
The second mark was awarded for the

neutralisation of the acid catalyst even though
the use of sodium hydroxide is incorrect.
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Question 16(b)(i)

The graph drawing seen in this summer session was vastly improved in comparison to that
seen in the January session. Hopefully centres had stressed to their students the need for
an appropriate scale that resulted in more than half of the graph paper being used. The vast
majority of points were correctly plotted, a tolerance of one small square being applied. It

is expected that the points would be joined by means of a straight line, made with the use
of a ruler. This was not always evident. Also it was odd to see the wrong reaction order from
a correct graph almost as if the expected answer was used rather than the one the graph
suggested.

e =
XY

d[--

XY

¢ 4

Xl

7 - I

Ko™
[1:(aq)] /
mol dm™

\ T y i | T
C lo 1§ ke iy

Time / minutes

| Order with respect to iodine

o
<!

Plus
Examiner Comments
A quick glance at this graph should suggest that something

is wrong since only a very small part of the graph paper is
used. One mark is lost for poor choice of scale as here.

The order stated is also incorrect.

GCE Chemistry 6CHO04 01
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Question 16(b)(ii)

The question requires reference to the graph and an explanation. It was not unusual to see
a response that did one or the other but not always both. The more able candidates did tend
to cover both points and so it was a useful grade discriminator.

(i) Explain how you determined the order using your graph.

By lookng at tre gradient: al e gradient i conjtant  thevg nowf

4o ceahon, it 15 A 2en order £ readin

<

N

“IUS
Examiner Comments
Two marks are available for the answer to this question
and it's unlikely that a mark is to be given for something
which has already been given credit. Hence in this example
there is one mark for the reference to constant gradient but
nothing for the order stated since that is awarded in (b)(i).

A comment that explains what a constant gradient means,
namely that concentration has no effect on the rate, was
required for the second mark.

Question 16(c)

Most candidates were awarded this mark. Although there were a number of responses which
gave 'iodine clock " as their answer or referred to the simple use of starch, neither was given
credit.

(c) State an alternative practical procedure that could be used to monitor the
concentration of iodine.

Qo Mnmtffj

\I: 4 Plus
Examiner Comments

Candidates must be very careful if their writing is not
the neatest or clearest in order to not be penalised
due to confusion with terms. This example is OK for
colorimetry but in others the first vowel looked very
much like an 'a' and 'calorimetry' is completely wrong.
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Question 17(a)(i)

Methy/methly were both allowed for methyl but the stem of the nhame had to be correct and
normally was but care is needed (see below).

17 The ester CH;CH,COOCH; can be formed from the reaction between propanoic acid
and methanol with an acid catalyst,

CH;CH,COOH + CH;,0H = CH;CH,COOCH; + H,O
(a) (1) Name the ester.

(1)

ResultsPlus
Examiner Comments

The inclusion or omission of an 'o' can
make all the difference and so names
should always be carefully checked.

This answer was not awarded the mark.

17 The ester CH;CH,COOCH; can be formed from the reaction between propanoic acid
] and methanol with an acid catalyst.

CH;CH,COOH + CH;0H = CH;CH,COOCH; + H,0

(a) (i) Name the ester.

wudl ebhanogle

ResultsPlus

Examiner Comments

The most common ester that students come
across but clearly incorrect in this instance.
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Question 17(a)(ii)

The hazard associated with HCI(g) was commonly identified but more is required since it
needs to be stated just why it is such a hazard, namely that it is toxic/corrosive etc. The
second mark for the precaution was only awarded for a correct hazard or a 'near-miss' so
that a simple reference to gloves/fume cupboard without a suitable hazard did not score.

(ii) The same product can be made using propanoyl chloride instead of propanoic
acid. Suggest an additional hazard that could occur using this reagent and
describe how you would minimise this risk.

e -'.’.E'.—ﬂ-..fz.:.m ol pn&rl.-.«-f.e, CHA A bots, Gun
(oo Sume .C-u—,D boecel s .HCL:%} [P W&.(

ResultsPlus

Examiner Comments

This type of response was very common where the
HCl was identified as the hazard but not why so, and
then the precaution of use of fume cupboard correctly
given. Hence one mark out of the two awarded.

(i) The same product can be made using propanoyl chloride instead of propanoic
acid, Suggest an additional hazard that could occur using this reagent and
describe how you would minimise this risk.

?mgm m&\ Ohonds u bt . Rodun  Cradd Doaden Pl W
Quurred O Q’W_W\}um&. _

D
Results+lus
Examiner Comments
Although most answers referred to the HCI

it was possible to gain both marks from
statements on propanoyl chloride, as seen here.
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Question 17(b)

A full range of scores were seen for this question, with the majority scoring at least one
mark. The equilibrium amount of water was the most common error. The K_ calculation

was generally well-done but there were some transposition errors which resulted in a loss
of marks, e.g. 1.14 used instead of 1.41 for the equilibrium amount of water. However,
rounding errors were rarely seen. Strangely some candidates, even including the more able,
only completed the table and did not attempt the K_ calculation. Presumably these were
rushing through the paper and failed to read the requirements of the question since it was

not a difficult calculation.

! reachon

CH;CH:COOH CH3y0OH
Initial
amounts 0.52 0.37
mol
| Equilibrium
| amounts el 8.\

mol

! (h) Complete the wble below to show the amounts of each subsiance present at
equilibrium. Use vour values to calculate the equilibrium constant, K., for the

CH;CH:COOCH;

H:0

L4

2l

[ _
¥ ¢ ResultsPlus

Examiner Comments

Candidates need to always check that they have answered

all parts of the question set and if there is a sizeable gap or
space in the question, as shown here, then it is likely that
something over-and-above completion of the table is required.

i{b) Complete the table below to show the amounts of each substance present at
equilibrium. Use your values to calculate the equilibrium constant, K, for the

reaction,
CH+CH;CO0H CH;OH CHyCH-.COOCH, H.O
Initial
amounts 0.52 0.37 0 1.2
mol
Equilibrium -
amounts " 72| 0.1 L 0.21 0 Q
e |
mol
| LR0 | TCHCH. (00 Adad 0 .2)
ke » Bt ) LMl WO, ) e e -
| | Lk O ;'..I|JII|"_1:::__|:_:.'1.-[ | 51
|
- _1- | i re ._';U_IS)

us

Examiner Comments

'Error-carried-forward' was applied here. The
equilibrium amount of water is incorrect so only one
mark out of two is gained for the table. However, the

K. calculation is correctly carried out for the candidate's
values and so the mark for the calculation was awarded.
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Question 18(a)

Definitions should be well-known and really ought to be relatively 'easy' marks to score.
However, enthalpy of hydration proved to be more challenging. The second marking point
which refers either to an infinitely dilute solution or that further dilution cause no further
heat change, was the point seen least . Centres could practice further this definition with
their students.

SECTION C

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

18 This question is about the solubility of some Group 1 halides.
(a) Potassium fluoride is a soluble, white, crystalline solid used in etching glass, A
Hess cycle can be used to calculate its enthalpy of solution, using data including
enthalpies of hydration of ions.

Define the term enthalpy of hydration of an ion.

(2)
Toothe . encgy.... 0eeded | ko 90
Amole oof WETRRST ko o geme sebsbane

oo el oosecss T lens.
X* gy, . MO 72 Niagn

ResultsPlus
Examiner Comments

Enthalpy of hydration is exothermic and reference
to energy required or needed loses the first mark.

2//\
Enthalpy changes are usually with reference
to one mole of a compound or ion but with

hydration there is more than one mole of water
molecules around each mole of aqueous ions.
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Question 18(b)(i)

A weird and wonderful array of chemical formulae were seen on occasion which did make
the examiners wonder where on earth they came from! However, the majority did gain the
mark and correct use of state symbols was not a problem.

(b) Consider the Hess cycle below.

K'(g) + F(g)

AH, AH, = —805 kJ mol™!

KF(s) e > KF(“})

(i) Complete the cycle by filling in the empty box.

ResultsPlus
Examiner Comments

The aqueous ions needed to be clearly
separated as they would be in solution.

(b) Consider the Hess cycle below.
K'(g) + F'(g)
AH, AH, = —805 kJ mol '
He v | Ko £ (o)
sol
(i) Complete the cycle by filling in the empty box.

ResultsPlus
Examiner Comments

A clearly written answer which is
an example to many!
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Question 18(b)(ii)

Despite clear instructions to answer in terms of AH, and AH, some candidates used other
terms. This was disappointing. There was no evidence of working-out on the previous page.

(ii) Apply Hess’s Law to obtain an expression for AH,, in terms of AH, and A,

A= AW, = AN,

{ ResuitsPlus
Examiner Comments

The expression was acceptable either 'way-round'.
Here the expression begins in terms of delta AH,.

(i) Apply Hess'’s Law to obtain an expression for AH,, in terms of AH, and AH,.

AH, bH\* bHQ

This expression is clearly incorrect but can
still be used to gain full credit in part (iv)
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Question 18(b)(iii)

A straight-forward question which was generally answered well. There was some confusion
with formation, as evidenced below, and some tried to 'hedge-their-bets' by stating both.

Neither was given credit.

(iii) Give the name of the energy change AH .

A/{ Aﬁ} }’])r_’(."‘ 1ar)

[ )
/ }} ,' us
/\ Examiner Comments

An example of an incorrect answer.
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Question 18(b)(iv)

Most scored one mark for the use of the correct value of the lattice enthalpy. However, there
was considerable confusion over the use of negative charges and when they 'cancel each
other to make a plus'. Hence it was rare to award the second mark for a correct calculation.
Since part (ii) could be seen credit was given to students for the correct use of their own
expression in the calculation of part (iv).

(b) Consider the Hess cycle below,

K'(g) + F(g)

AH, AH> = ~805 kJ mol™!
KF(s) e (: exs '
S AHy K« )
(i) Complete the cycle by filling in the empty box.

(i) Apply Hess’s Law to obtain an expression for AH,, in terms of AH, and AH;.
AHy= — B, -+ Dz
(111) Give the name of the energy change AH,.

e ﬁ"m'k'\(lgxb‘c QAR (alhce enelgy

(iv) Referring to page 12 of the data booklet and your answer to (i1), calculate the
standard enthalpy of solution of potassium fluoride.

Avlaain = ( %;‘\’7) + SQS = + |47 G

(T ot
ﬁ ResultsPlus

Examiner Comments

One mark for the use of 817. The value of AH,

is correctly given two negative signs as per their
expression in part (ii). However, AH, should be a
negative value and so an incorrect final answer is given.
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(b) Consider the Hess cycle below.

K*(g) + F(g)

AH, AH, = =805 kJ mol !

KF(s) » - -
AHyq K cagq) * F (ag)

(i) Complete the cycle by filling in the empty box.

(ii) Apply Hess’s Law to obtain an expression for AH,, in terms of AH, and AH, .
(1)

AH = dH.l. - bH‘\

(iii) Give the name of the energy change AH,.
()

LATT\CE £ WTHAPY

(iv) Referring to page 12 of the data booklet and your answer to (ii), calculate the
standard enthalpy of solution of potassium fluoride. 807

Lotrice. enhairy ofF ¥ ¢ F_'?m
Traoneti cod cadue-

“Esxp=vertTe
shsel = - Y05 —skie={£07)

(2)

+lus
Examiner Comments
An incorrect value for the lattice enthalpy is

used here but the calculation is otherwise
correct and so the second mark can be awarded.
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Question 18(c)(i)

Generally the very small value for the enthalpy of solution was not noticed nor the small
mass of salt in the relatively large volume of water. In practice it is unlikely that there would
have been any decrease in temperature observed but any statement of a temperature
decrease was given credit because at least that part of the statement had been noted.
Some candidates seemed to have no real concept of what was happening and suggested

that the temperature would go down and then go up or vice versa.

It might be good for centres to get students to actually carry out this stated experiment in
order for them to experience what does happen and to have some concept of the actual

quantities involved.

: . : ‘ . \ r = - WY
(¢) The standard enthalpy of solution of sodium chloride is + 3 kJ mol™', = *®{

(i) 1 g of sodium chloride was added to 250 cm? of water in a beaker and stirred
‘with a thermometergraduated in intervals of 1 °C. Describe and explain
what would happen to the reading on the thermometer as the sodium chloride
dissolves. No calculation is required.

AS 4k S00un. ChlOr 8 001V A, l--fc.fl-"f rqturk

aA

i L\ "‘_ s '1_5“ t\_w{ CQ \.'L k L W . J;‘_ vi 0 O AN0r M \ ( i G (O

tQMOS N WOOE  and cools. dowN (e  §Uligunc j*

Plus

Examiner Comments

An example of the common response that the temperature
would decrease and which was awarded one mark.
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(¢) The standard enthalpy of solution of sodium chloride is + 3 kJ mol .

(i) 1 gof sodium chloride was added to 250 ¢m’ of water in a beaker and stirred
with a thermometer graduated in intervals of | °C. Describe and explain
what would happen to the reading on the thermometer as the sodium chloride
dissolves. No calculation is required.

As Ahe . soduum Chloride  clissohwes, €he
.(Qadm on )rm‘wgher“ aometer  woudd dQUea.oO_
Qs. Cl SMOUA ACN .3 o sela solubon .

INUQA kLo . tre—Rpe. ok energy.. IS {adien

n Qrom the surioundings ard Lith dre
bonds, huv £~ bl an Q/\d;oém:-m

wg% I\Q)\Q(PCVQ CJLQU\QQOQ A

, [\dg "'r‘_) Q.f\w,m’f Wi
bwkainy b)f)uww et

wExammer Comments

Any reference to a small positive
enthalpy change was given a mark

and with the decrease in temperature
suggested this response scores 2 marks.

(c) The standard enthalpy of solution of sodium chloride is + 3 kJ mol ™',

(i) 1 g of sodium chloride was added to 250 cm? of water in a beaker and stirred
with a thermometer graduated in intervals of 1 °C. Describe and explain
what would happen to the reading on the thermometer as the sodium chloride
dissolves. No calculation is required.

(3)

At dodim Plorde diwolrsr  f Tohe o Ww/a)
w&wmmiat}.ww- wealion. fmﬂmwfhw
o) rtadisy on O Barmoridl? ool Y. Howtrr i anl) 2 @ 9 M

M%m.amw bio 30ch Logt gurudd®0 it wil b hut).
o mtinre Ba ey Tt chuge oo™ seads vl a) chigt %

Examiner Comments

This is one of the very rare responses to be given all 3 marks. There
is reference to the temperature reading going down, the fact that only
1g of NaCl was used and that the thermometer had large graduations
which would make the temperature change difficult to see.
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Question 18(c)(ii)

This was a good question as a grade discriminator. The more able frequently scored
maximum marks while the less able struggled to express entropy changes clearly and
seemed to be confused between enthalpy and entropy. One point that centres could stress
to their students is that they make abundantly clear even what might seem obvious to
them. For example some candidates often stated that the increase in entropy of the system
was greater than the entropy change of the surroundings but without necessarily stating
that either the entropy change of the system was positive or that the entropy change of the
surroundings was negative.

*(il) Explain, in terms of entropy changes, why sodium chloride dissolves in water
under standard conditions. No calculation is required.
a fec)-e o bay
I 1 ! ¢
[\ » Seladner W, el Ty 'i_f Hag Lo o RN I:/Y"')s .r\__._,l
DH . hydadaen AS selo m;m,d + Atlagyd
T A3 3eludbhon...w ( Stdusun.andondl W2 PO subae i ;_-_',-\_J__,-._,i
b wa L danantarn . Sohadidao . aa. Hs nhie -J.J'\-Qfdka!
maenn. . AE L ko g .0 (zl_l.n'---n'\’.‘- AR and Hw naga R
VI INA, ry(f"’ A s ,)-t*.'KL.vu_. S [ DI /o " Y N L= o Hea b khes
MoR L 'r-"\.'\}-“:)\a‘]
- g a < { ) ' # ¢ y -~ i AD ~
€ fr.é “A e /\\ v t AL T o K= N4 D L YN [‘ SIDYe oN
= SO (P LV -Y 'l~ RN VDALY N f-;'u Y. 4 by (_,l_ );J ML ST t'("?\' -’-A\J
30 e 2k VO ,\L,) .;:{' e, "«-.j_ﬁl‘fi-»-w VILRONGD cun. e v rmmare | sy o~
MlATAAY R Codin chuonda s Buwo calle To dvnvacioe .
BIAYT sthivimn sadida in mnsmmenlle: cacinbl cacnces caledbaln fo el e laie e ale o PIaB

[
< {ResultsPlus
/\ Examiner Comments

Many answers were similar to this one in that the
majority of the response was not actually answering the
question. Here the first mark is awarded for the total
entropy change being positive in the 7th dotted line and
then the second marking point in the last dotted line.
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Question 18(d)

Candidates were expected to compare the theoretical lattice energy with the Born-Haber
lattice energy for the same compound. However, the overwhelming majority compared the
same 'type' of lattice energy between two different compounds. The differences between
these two lattice energies for each individual compound reflects the degree of covalency due
to the polarisation of the anion.

Candidates also seemed to ignore the statement that the solubility referred to organic
solvents and attempted to answer their own question about solubility in water. This was not
given credit.

*(d) Lithium iodide is generally much more soluble in organic solvents than lithium !

chloride. Explain this observation using values of lattice energies from your data
booklet and your knowledge of the trend in ionic radii down Group 7.

N(;,bx
Mar L odaiwmn Jodade WS CLALQ}-\S M,(j&h\j{’_

\OLH";QL ooy Hactn kit cudorid e oams
because Yo fodide (on & Kcuojt‘r Hacoun +Har
Mhonde ton and  Huas ks ALl hoS o ueeakor
pull on oordtnd elecbrons. making s 4T
ond egsier v brea ¥ h=(f - TS also nnokes
AL AHCowen of- A Todide b@ué}?
nedpteme  aoun Lo chtotide so it S
mesR  Sollole Hacun WAt we Clleride

(4)

ResultsPlus

Examiner Comments

This is an example of the type of response that only
scored the 'increase in ionic radii down the group' mark.
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L S

[ Se— UL : : — J
*(d) Lithium iodide is generally much more soluble in organic solvents than lithium
chloride. Explain this observation using values of lattice energies from your data

booklet and your knowledge of the trend in ionic radii down Group 7.
(4)

T (athice w“’t‘.’f’J- Jor Lo jodide (6 43S etomens

Lathee e o e Wi culenele 3 +86%  tfoancefame (affyos

m.fw.{gj £ Lichl s ..j-".“ﬁrf B LT Tlags s, besws.. Chlmeds

‘;-«Ni. .ml.l't.l-"- .l'c-\}q-:. L < {'L\,Q T chJ-}/g LI-—‘{V K Y I—_n.c{a'c(i{. i oy Lt

. Gredber ienic. G as. ke & graBo auweedtete. . tle e, oo

Slells cliiek nepel ecebn s vowrre 00 A P dijhe e Lahese
So Ues glechs gebe [,cﬂe.

a2 elecren. oo nutdens 5. e Thaoere Todice oy ey lonee clompt ooy by

dlectrr

omid Ma  electrom  cla . 15, waers. i “0_17 fo be dighited. ?) frw L2 cabimm.

Tl pretias e gloctmn st aneve. o5 ‘”A-n'u)f-\_ _f_?fu-j_c.r.r-:_)lm_rveqf_,wl-_{«_ s g st
covalent . So fue pem LT s e (Chely o remed o iggolva i (4 goloaty

“‘L-“'}‘-" o whiel beve covalewmt Lond s (Total for Question 18 = 18 marks)

ResultsPlus

Examiner Comments

Here is an example of one of the rare responses
which scored more than one mark. There is
reference to the polarisation of the larger iodide ion
and as a consequence the increase in covalency.
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Paper Summary

Questions such as Q15b)(ii), Q16(a)(ii) and others required not just a 'bald' answer but
some justification or explanation. This was clearly asked for in the question and candidates
should always endeavour to answer each question fully and to do that they need to read the
question very carefully. In addition there was evidence that a simple double-check or read-
through would have enabled some candidates to have remedied relatively simple errors
such as in Q15(e)(i) and Q15(e)(ii).

Reminders to candidates to lay-out their workings in calculations in a neat and orderly
fashion would be much appreciated. It is clearly not in the candidates best interest if an
examiner has to struggle to find the marking points.

Examiners are always endeavouring to find new ways to ask the same type of question but
the chemistry remains the same. As long as candidates fully understand the concepts then
this should not present a problem. Centres should continue to stress the chemical grasp of
topic areas rather than the learning by rote of some exam-style type of question.
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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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