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Introduction

The paper had an emphasis on experimental techniques and there were good opportunities
for all candidates to demonstrate their chemical understanding and the mean mark was
31.9. Many candidates had clearly prepared well for this paper and were able to apply their
knowledge of practical work successfully to familiar and novel situations. However, it
appeared that a significant number did not have a good understanding of how to use a
separating funnel or reflux apparatus, nor a good grasp of how to minimise uncertainty in
volumetric analysis. But the calculation and graph questions were done extremely well by the
majority and there was no evidence of candidates running out of time.
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Question 1 (a)

The two tests were clearly well known by the majority of candidates with nearly half getting
full marks. However, a number did not link the presence of the OH group to the observation
and so lost a mark and a few suggested other functional groups including aldehydes and
alkenes.

1 An organic compound A is a liquid. It contains two functional groups.

Tests are carried out to identify A. _
ot of Coot

(a) Test 1 A small amount of phosphorus(V) chloride, PCLs, is added to 2cm’ of A.

misty fumes given off

coot
Test 2 Aqueous sodium hydrogencarbonate, NaHCO,(aq), is added to 2cm’ of A.

no visible reaction
Identify, by name or formula, the functional group identified by these tests.
Justify your answer.
(2)
w9

..... 5, S bawg?u asd.

Xod 20 Mo \ehe do&twmgmn T.‘ffrf’rf&w “&Cﬂ{b@‘a?c;amf;

Wmﬁc%ﬁuwa‘em@m&mnbewc&cmi

__IResuItsPhs

Examiner Comments

This is a fully correct answer where the candidate has referred to the
test results and identified the functional group present.
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1 An organic compound A is a liquid. It contains two functional groups.
Tests are carried out to identify A.

(a) Test 1 A small amount of phosphorus(V) chloride, PCl;, is added to 2cm’ of A.

misty fumes given off

Test 2 Aqueous sodium hydrogencarbonate, NaHCOs(aq), is added to 2cm’ of A.

no visible reaction

Identify, by name or formula, the functional group identified by these tests.
l'__.__—-i--—|--¢

Justify your answer.
(2)

o a ey comgound coMaining O , it felestes

__IResuItsPhs

Examiner Comments

The candidate has correctly related the production of HCl to the
presence of an OH group. However, they have not referred to the
second test result that shows that the compound does not contain a
COOH group, so only 1 mark is scored.

25
AT

- Ay
(T4 ResultsPlus
\_') Examiner Tip
When you are asked to justify your answer, make sure you make use of
all the information given to you.
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Question 1 (b)

The Tollens’ test used to identify an aldehyde was understood by almost most candidates.
However, the most common error was where the candidate correctly stated the test
identified an aldehyde but then gave the wrong formula of COH instead of CHO.

(b) Test 3 A few drops of A are added to 2cm’ of Tollens’ reagent
(ammoniacal silver nitrate solution). )

The mixture is placed in a warm water bath.

silver mirror

Identify, by name or formula, the functional group identified by this test.
(n

con ddthde occow

B

ﬂ ResultsPlus
Examiner Comments

The question asks for the identity of the functional group by either
name or formula. Here, the candidate has correctly identified the
functional group by name, but they also given the wrong formula and
so the mark is lost.

(A ResultsPlus
\_} Examiner Tip
If you are asked to identify something by either name or formula, only

give the one answer you are most confident about.
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Question 1 (c)

The majority of candidates were able to draw the correct displayed formula of the two
structural isomers. However, common errors included the incorrect conductivity of the OH
group, the same structure drawn twice and the wrong number of carbon atoms. Part (ii) was
not as successfully done as many candidates did not respond to the question which asked
for identification of the protons giving the described spectrum. Many circled just one proton
attached to the carbon or just drew the structure, which was usually correctly identified but
did not score.
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(c) Compound A is non-cyclic and its mass spectrum has a molecular ion peak with
m/z value of 74,

(i) Draw the displayed formula of the two structural isomers of A, using this
information and your answers from (a) and (b).

(2)

" H
2]
¥
A
) ) n
P-¢ -¢c- ¢ —-H
b
Py

(ii) A low resolution proton NMR spectrum of A shows four peaks with relative
areas of 1:2:2:1.

Deduce which of the structures in (c)(i) is correct, by identifying the relative
peak areas on your formula.

(1

] H
0
W
C

‘ |
l-l-o-c,-c,- -
)
b
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/‘-.‘\. Examiner Comments

The candidate has correctly identified the two structural isomers in
part (i) and, in part (ii) has chosen the one that produces the described
NMR spectrum. But they have not identified the hydrogen atoms that
produce the spectrum, so no mark is awarded. This was a common
mistake.

(T4 ResultsPlus

\ Examiner Tip

Read the question carefully and make sure all the points are covered in
your answer.
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7~ chHo
() Compound ATsT'ﬁE??-cyclic and its mass spectrum has a molecular ion peak with
m/z value of 74. Me =34
() Draw the displayed formula of the two structural isomers of A, using this
information and your answers from (a) and (b).

#+  OoH & 2)
| \ A
) |
H H
Ao
\ ) ,..::'.-G
HO—(C —C—C
\ i #
H H
(i) A Eaﬂ_rgg_nl_qﬂgn_nmmn NMR spectrum of A shows four peaks with relative
areas of 1:2:2:1.

4 proven env) rommendts

Deduce which of the structures in (c)(i) is correct, by identifying the relative
peak areas on your formula.

_ /_’/0
! A
9 -

(1)
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4 Examiner Comments
This is a fully correct answer. The candidate has correctly identified the
two structural isomers in part (i). In part (ii), they have chosen the one
that produces the described NMR spectrum and identified the
hydrogen atoms that produce the spectrum.
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Question 2 (a)(i)

Most candidates knew the reaction of chromium (lll) ions with sodium hydroxide and there
were many correct answers. But occasionally the second mark was lost as the candidate
simply referred to the green precipitate dissolving but did not state its colour.

2 A series of experiments is carried out on an aqueous solution of a
chromium(ill) salt, B.

(a) Experiment 1
To a sample of solution B, aqueous sodium hydroxide is added drop by drop until
in excess.

(i) Complete the table giving the observations you would see.
(2)

Prevpute  divsdues 4o
61:)[!‘"\& 3.'53;] E,o[w’ﬁdﬂ

laceen P(ELipi!rfAlfﬁ

ResultsPlus

_ Examiner Comments
Here the candidate scores both marks for two correct observations.
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2 A series of experiments is carried out on an aqueous solution of a
chromium(lll) salt, B.
SIRORVIY

(a) Experiment 1

To a sample of solution B, aqueous sodium hydroxide is added drop by drop until
in excess.

() Complete the table giving the observations you would see.
(2)

(rrean  preciphale d,\gmz:

IRESURSPNS

Examiner Comments

This was quite a common mistake where the candidate clearly knows
the chemistry of chromium (lll) compounds but has not stated the
colour of the solution formed.

Wi

pap.
T4\ ResultsPlus
\_} Examiner Tip

When asked to give observations, always mention the colour even if
there has been no change.
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Question 2 (a)(ii)

This question was poorly answered and only a minority of candidates scored the mark.
Rather than deducing the answer from the results in part (i) candidates often discussed
solubility, ligand exchange, redox and deprotonation.

State what you can deduce about the nature of chromium(lli) hydroxide from
the results of Experiment 1.
(1)

............................................................... 5 J(ﬁm‘a\'\e’ihﬁr_C{e_ uﬂhbaﬁh@%%mﬁi)

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

This candidate was in a minority with this correct answer. Either saying
it is amphoteric or it reacts with an acid or base would score and here
they have given both answers.

(ii) State what you can deduce about the nature of chromium(lll) hydroxide from

the results of Experiment 1,
(1)

WS o Complr 8ok o Yretikion metol and leyends.

'J\“-.__ S
Q{ { ResultsPlus
/--.1 Examiner Comments

This was a common wrong answer where the candidate has just
mentioned some properties of transition metals.

IAL Chemistry WCH16 01 14



Question 2 (b)

Candidates answered this question particularly well as most were able to identify hydrogen
peroxide as an oxidising agent with very few getting confused between oxidation and
reduction. The justification, by stating the correct oxidation numbers of chromium, also
scored well.

(b) Experiment 2 hj&romé.c,
5cm’ of hydrogen peroxide solution is added to the final mixture formed in (a) (i)

and heated gently.
A yellow solution containing chromate(Vl) ions, CrO3", is produced.

Explain the role of the hydrogen peroxide in this reaction.

Justify your answer.
(2)

Hg&roc&w ................... e X0 XANE NS acking o q.'.\......,Q}S:J.AIAS.‘.I.A.?&.,.,........
Us.,%g,«\k __________ o< S YLL, .................. : : Ux.ulﬁ,\'ww\ ........... n ;.LM\DH .......... BKL' ...........................

C\NFMxmmmnﬁxnumsm ........... (o +3 Yo.. Ybooooo

S,«‘ / ResultsPlus
:/"“-‘*- Examiner Comments

This is a fully correct answer where the candidate states that the
hydrogen peroxide is an oxidising agent and justifies their answer with
the correct oxidation numbers of chromium.
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(b) Experiment 2 U0

— 5cm’ of hydrogen peroxide solution is added to the final mixture formed in (a) (i)
and heated gently.
A yellow solution containing chromate(VI) ions, CrO;", is produced.

Explain the role of the hydrogen peroxide in this reaction.

Justify your answer. (Ce tOH }ET' o Gl
kb 3y +6 (2)
...... a,mmumwkmngﬂ.amf*

0a . L6 M), gos Romlerd o *6

b
" ( ResultsPlus

Examiner Comments

The candidate has got confused between oxidation and reduction, but
has scored the mark for the correct oxidation states of chromium.
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Question 2 (c)
This equation proved to be more challenging than expected with many candidates putting

OH ~ions as a product, rather than water.

(c) Experiment 3
Dilute sulfuric acid is added to the yellow solution formed in Experiment 2.

The solution turns orange.

Complete and balance the equation for this reaction.

State symbols are not required.
(1)

2.Cro% + LAH = (0274 H,0

B

ﬂ ResultsPlus
Examiner Comments

An example of a fully correct equation.

(c) Experiment 3
Dilute sulfuric acid is added to the yellow solution formed in Experiment 2.

The solution turns orange.
Complete and balance the equation for this reaction.

State symbols are not required.
(1)

2.c0r + 2H = Cr, o_:'+ Hgp 2ov

B

ﬂ ResultsPlus
Examiner Comments

This was a common wrong equation with OH ~ instead of water on the
right hand side.
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Question 3 (a)(i)

M any candidates understood that manganate(VIl) ions reacted with iodide ions and some
gave detailed explanations of why this reaction took place based on entropy and the charges
on the ions. However, few went on to explain that because the iodide was in excess all the
manganate(VIl) ions would be used up. A significant number simply talked about quenching
without any reference to the reaction taking place and others got the reactions confused with
some suggesting that the iodide ions reacted with the sulfuric acid.

IAL Chemistry WCH16 01
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3 A group of students carried out an experiment to investigate the reaction between
potassium manganate(Vll) and ethanedioate ions in acid conditions.

The equation for the reaction is shown.
2MnOi(aq) + 16H'(aq) + 5C,0i(aq) — 2Mn*'(ag) + 10C0O,(g) + 8H,O(l)

Procedure

Step 1 Measure 10.0cm’ of potassium iodide solution into each of
eight conical flasks.

Step 2 Measure 100.0cm’ of ethanedioic acid solution into a 250 cm’ beaker,
Add 25.0cm’ of potassium manganate(VIl) solution and 5.0 cm’ sulfuric acid to
the beaker. Mix the contents of the beaker and start a timer.

Step 3 Immediately withdraw 10.0 cm’ of reaction mixture and add it to the first
conical flask containing (excess) potassium iodide solution.

Step 4 Continue removing 10.0cm’ of reaction mixture every minute for seven
minutes. Each time, add the reaction mixture to a new conical flask containing
the potassium iodide solution.

Step 5 Using starch as an indicator, titrate the iodine formed in the conical flasks with
sodium thiosulfate solution.

The equation for the reaction in Step 3 is shown.
2MnO;j(aq) + 16H'(ag) + 10I(ag) — 2Mn*(aq) + 5l (aq) + 8H,O(l)
The equation for the titration in Step 5 is shown.
25,0i7(aq) + L(ag) — S0i(aq) + 2I(aq)

(a) (i) Explain why Step 3 effectively stops the reaction between
potassium manganate(Vll) and ethanedioate ions.
(2)

ek Rion T quenihied awd potRirivm o didt el wth
atauvedjotr fong 1'a de folwtion,
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The reaction is stopped because the Kl reacts with manganate(VIl) ions.
This candidate has chosen the wrong reaction, so no marks are
awarded.
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3 A group of students carried out an experiment to investigate the reaction between
potassium manganate(VIl) and ethanedioate ions in acid conditions.

The equation for the reaction is shown.
2MnOj(aq) + 16H'(aq) + 5C,0i(ag) — 2Mn**(ag) + 10CO,(g) + 8H,O(l)

Procedure

Step 1 Measure 10.0ecm’ of potassium iodide solution into each of
eight conical flasks.

Step 2 Measure 100.0cm’ of ethanedioic acid solution into a 250 cm® beaker.
Add 25.0cm’ of potassium manganate(VIl) solution and 5.0cm’ sulfuric acid to
the beaker. Mix the contents of the beaker and start a timer.

Step 3 Immediately withdraw 10.0 cm’ of reaction mixture and add it to the first
conical flask containing (excess) potassium iodide solution.

Step 4 Continue removing 10.0cm’ of reaction mixture every minute for seven
minutes. Each time, add the reaction mixture to a new conical flask containing
the potassium iodide solution.

Step 5 Using starch as an indicator, titrate the iodine formed in the conical flasks with
sodium thiosulfate solution.

The equation for the reaction in Step 3 is shown.
2MnO4(aq) + 16H'(aq) + 10I'(agq) — 2Mn*'(aq) + 5l(aq) + 8H,O()
The equation for the titration in Step 5 is shown.
25,05 (aq) + I(aq) — S.0i(aq) + 2I(aq)

(@) (i) Explain why Step 3 effectively stops the reaction between
potassium manganate(VIl) and ethanedioate ions.

(2)
IQM&\OnSre,%s}w‘*{&ﬂ‘lnﬂg“;on.tmmmpfﬂ %MCQ,O:

“jens

and, , due
ﬁomﬁ\wa#n L encess s all e Moy iens ere
RCG{MLLA}"MﬂhLQQEIQCa.OJ'IDMCﬁﬂﬂa"-’fﬂd"hn% ........ UnDy.
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/‘-.‘\. Examiner Comments

This is an excellent answer. The candidate explains that the Kl reacts
with the manganate(VIl) ions and as the Kl is in excess, all the
manganate(VIl) ions are used up.
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3 A group of students carried out an experiment to investigate the reaction between
potassium manganate(VIl) and ethanedioate ions in acid conditions.

The equation for the reaction is shown.
2MnO;(aq) + 16H'(aq) + 5C,0i(aq) — 2Mn*(aq) + 10CO,(g) + 8H,O(l)

Procedure

Step 1 Measure 10.0cm’ of potassium iodide solution into each of
eight conical flasks.

Step 2 Measure 100.0cm’ of ethanedioic acid solution into a 250 cm? beaker.
Add 25.0cm’ of potassium manganate(VIl) solution and 5.0 cm® sulfuric acid to
the beaker. Mix the contents of the beaker and start a timer.

Step 3 Immediately withdraw 10.0 cm® of reaction mixture and add it to the first
conical flask containing (excess) potassium iodide solution.

Step 4 Continue removing 10.0cm’ of reaction mixture every minute for seven
minutes. Each time, add the reaction mixture to a new conical flask containing
the potassium iodide solution.

Step 5 Using starch as an indicator, titrate the iodine formed in the conical flasks with
sodium thiosulfate solution.

The equation for the reaction in Step 3 is shown.
2MnO;(aq) + 16H'(ag) + 10I(aq) — 2Mn*(aq) + 5L(aq) + 8H,0O()
The equation for the titration in Step 5 is shown.
25,05 (aq) + Lfaq) — S.0i(aq) + 2I(aq)
(@) (i) Explain why Step 3 effectively stops the reaction between

potassium manganate(VIl) and ethanedioate ions. o)
______ LawPﬂﬁ&ﬁbmﬂt)ﬁ{ﬁ%&*wlfhfﬂh&mw
qurmi-f,”lﬂ(prmmﬁw'&} ......... qu,a.nblﬂ*l-'hg
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/‘-.‘\. Examiner Comments

The candidate scores the mark for saying the Kl reacts with

manganate(VIl), but the second mark is not awarded as they do not say

all the manganate(VIl) is used up.
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Question 3 (a)(ii)

Although most candidates knew that the starch should be added just before the end point,
many failed to state how that point could be recognised. A number gave explanations for the
delay in the addition of the indicator, which was not required and a few candidates clearly
misunderstood the question and stated the colour change at the end of the titration.

L INANE ApATE TONS, B rany movy Teq WiTH 1™ INST
(ii) State when the starch indicator should d during the titrations in
Step 5.

(1)

Sf‘ / ResultsPlus
/""--‘- Examiner Comments

Straw coloured is an alternative to pale yellow and both are acceptable
answers.

(ii) State when the starch indicator should be added during the titrations in
Step 5.

whn%w/\%wtspmw%w”

S,«‘ / ResultsPlus
/“-—“- Examiner Comments

Pale yellow is an alternative to straw coloured and both are acceptable
answers.
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(ii) State when the starch indicator should be added during the titrations in
Step 5.
(1)

..................... Starch... Indicato  shawl _be acdlecd  just .

B

% ResultsPlus
Examiner Comments

Here the candidate knows that the starch should be added near the
end point, but has not explained how that end point is detected.
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Question 3 (b)(i)

This graph question scored well with over half the candidates gaining full marks. Although
the choice of scales was generally good, there were some awkward divisions seen that made
plotting the points tricky and a number of non-linear scales were noted too. The lines of best-
fit were well drawn, but a surprising number of candidates lost the mark because they used
point-to-point plotting to join the points.
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(b) A student’s results are shown.

0 1 2 3 4 5 6 7

30.00 | 29.80 | 2860 | 27.50 | 19.00 | 7.50 | 2.50 | 1.50

(i) Plot a graph of volume of sodium thiosulfate against time.

(3)
Volume of sodium thiosulfate [/ em?

G
S)

--,.--*----i-.---

40
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Here the candidate has chosen sensible scales and plotted the points
correctly but has not drawn a curve of best-fit, so a mark is lost.
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(b) A student’s results are shown.

30.00 | 29.80 | 2860 | 27.50 | 19.00 | 7.50 | 2.50 1.50

(i) Plota graph of volume of sodium thiosulfate against time.
(3)
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Here the candidate has chosen sensible scales and plotted the points
correctly. However, they have connected the points up dot-to-dot with
a ruler instead of a curve of best-fit, so a mark is lost.
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Question 3 (b)(ii)

The interpretation of the graph proved difficult for many candidates. A number missed out
mentioning the slow start to the reaction and others talked about changes in gradient or
volume instead of the rate.

(i) Describe how the rate of reaction changes during the reaction.
(1)

o&?\rah+hesa¥e1%%\m+he.n1‘:mc;reasﬁaa¥3mm%4°
LB deeo. b avacks  S\ouana. d mmnr:%alﬂ

V ResultsPlus
I/'--._ Examiner Comments

Here the candidate correctly explains how the rate changes during the
course of the reaction.

scribe how the rate of reaction changes during the reaction.

<( ResultsPlus
I/'--._ Examiner Comments

Here the candidate explains how the gradient is related to the rate of
reaction but does not state how the rate changes with time, so no
mark was scored.

This was quite a common error.
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(ii) Describe how the rate of reaction changes during the reaction.
of veackion 1S ezt foch ef Bote start epdfle (1)

4h195ulfaitd£

If\ —

ﬂ ResultsPlus
Examiner Comments

Here the candidate has not mentioned the rate being slow at the start
and so no mark is scored. This was a common error.
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Question 3 (b)(iii)

Whilst there were many excellent answers to this question, it proved to be quite challenging
to many candidates with over half of them scoring no marks. Those who were familiar with

autocatalysis reactions usually identified the Mn2* ions as the catalyst and then went on to
explain why the reaction slowed at the end. But generally, there was a lot of confusion as

many did not appreciate that the reaction being investigated was between manganate and
ethanedioate ions and the thiosulfate titration was simply used to follow this reaction. This

led to a number incorrectly stating it was the iodine or S,0¢? ~ions acting as a catalyst and
the reaction slowed down because the thiosulphate was being used up.

LT | VL r(-;.nu P LA VI 7, W d ] R L VY W (L I Y S ]
gltﬁ Explain why rate of reaction changa in this way.

“unhikel

oy and. Cocltt ane. hajﬂilwl ..... c,!m.,«ﬁw I/ a(m DLLOrS,,
henee ad Tvation. Wﬁy ........ B.aigh..a nd. Fhe vale s f ....... ke abﬁahw.?/w
Bates. Elnmpwm& ........... bt 1o e [Lh.f..{.J ......... omd_0elo. ad_om.
antectalust and ke thf—u ﬂw— ...... Lk ‘."711 ....... PR o Hm?c..
__ft (v, Dﬂ?ﬂﬁfeb (. Pm..iltl_wﬁ,j ______ bimv {c( _____ f_‘.e:m:..&,_tﬁa ..................... thrgatit:;«: .......

.Sr%dJ s and. 't{m.xf, WA jxf-tfhm"'\fff ......... bt e 2nd ag
Hu a‘-f mnd L:v"’-f ore WNJE J wp, (Total for Question 3 = 10 marks)
‘ijL 'mTﬂ Jlawd down Kao i .

(3)
waujs‘h“—w"f'i Reaction T slow "‘t ﬁ sl {3)12 %)H?'Wt”

.-.-\\

S}' { ResultsPlus

/--.‘\_ Examiner Comments
This is an excellent answer. The candidate has covered all three
marking points and in addition, although not required, explained why
the reaction between two negatively charged ions is slow at the start.
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Question 4 (a)

Calculation errors were extremely rare in this question. Answers were usually logically laid
out with a clear link to the molar ratio from the balanced equation. A small number of
candidates worked out the excess volume of methanol used by using the density data and
this novel solution also scored full marks.
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4 This question is about the laboratory preparation of the ester methyl salicylate
(oil of wintergreen).

The equation for this reaction is shown.

0 o}
OH | chon = O—CH 4 o
OH oH  CgWg Oy
salicylic acid methanol methyl salicylate water

Procedure

Step 1 20.0¢ of salicylic acid and 100em’ of methanul are pia_ce::l into a
round-bottomed flask.

Step 2 15.0cm’ of concentrated sulfuric acid is added slowly, whilst swirling the flask.
Step 3 The mixture is heated gently under reflux for 45 minutes.

Step 4 After cooling, the mixture is poured into a separating funnel and about
50cm’ of iced water is added. The funnel is stoppered, shaken and allowed to
settle. The aqueous layer Is discarded.

Step 5 The organic layer is returned to the separating funnel and washed with
50cm’ of sodium carbonate solution.

Step 6 The aqueous layer is discarded leaving the crude methyl salicylate.

Step 7 The crude methyl salicylate is distilled and the fraction with the
boiling temperature range 220-224°C is collected.

Step 8 The pure methyl salicylate is transferred to a bottle and weighed.

(a) Show, by calculation, that the methanol is in excess in this preparation.

[M, values: salicylic acid = 138.0 methanol =32.0,
Density of methanol = 0.791gcm™]

n0.0F W0y 0f JaToYie 600 = 200 . () 14g N
n0. 0f Mm0® 0F wetnluno( = OOX\IOS'I% |

LWLy 0.4y 3.0

MO0l U M eXCE)) ) A wa0le VTl
WA A0k QMO meAAOuO| VRO weocteol

[YaR R O

= 2 YlL

wro o
JOULA bl
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This is an excellent fully correct answer. The candidate has calculated
the number of moles of methanol and salicylic acid and noted the 1:1
reacting ratio between them.
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4 This question is about the laboratory preparation of the ester methyl salicylate
(oil of wintergreen).

The equation for this reaction is shown.

+ CH;OH =

5 OH

salicylic acid methanol methyl salicylate water

Procedure

Step 1 20.0g of salicylic acid and 100cm’ of methanol are pldced into a
round-bottomed flask.

Step 2 15.0cm’ of concentrated sulfuric acid is added slovdy, \;.rhllét swirling the flask.
Step 3 The mixture is heated gently under reflux for 45 rqlnutés; |

Step 4 After cooling, the mixture is poured into a separating funnel and about
50cm’ of iced water is added. The funnel is stoppered, shaken and allowed to
settle. The aqueous layer is discarded.

Step 5 The organic layer is returned to the separating funnel and washed with
50cm’ of sodium carbonate solution.

Step 6 The aqueous layer is discarded leaving the crude methy! salicylate.

Step 7 The crude methyl salicylate is distilled and the fraction with the
boiling temperature range 220-224°C is collected.

Step 8 The pure methyl salicylate is transferred to a bottle and weighed.

(a) Show, by calculation, that the methanol is in excess in this preparation.

[M, values: salicylic acid = 138.0 methanol = 32.0,
Density of methanol = 0.791 gcm™]

Mass of methanol = 100cm? x O- 701 e @

1o ol of methome) = 7419 methanol  Safigyfic ocid
32 .
29. 47mol 7

n.cfmolel fcylicodd: 3555 . meHionoliszg 15 in exces
=0 46mal oy

B
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The candidate has calculated the number of moles of methanol and
salicylic acid and shown that the methanol is in excess by calculating
the ratio of 17:1. This is a fully correct answer.
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4 This question is about the laboratory preparation of the ester methyl salicylate
(oll of wintergreen).

The equation for this reaction is shown.

0 0
OH | cHoH = @H\O—{H; + H,0
OH OH

salicylic acid methanol methyl salicylate water

Procedure

Step 1 20.09 of salicylic acid and 100cm’ of methanol are placed into a
round-bottomed flask.

Step 2 15.0¢m’ of concentrated sulfuric acid is added slowly, whilst swirling the flask.
Step 3 The mixture is heated gently under reflux for 45 minutes.

Step 4 After cooling, the mixture is poured into a separating funnel and about
50cm’ of iced water is added. The funnel is stoppered, shaken and allowed to
settle. The aqueous layer is discarded.

Step 5 The organic layer is returned to the separating funnel and washed with
50cm’ of sodium carbonate solution.

Step 6 The aqueous layer is discarded leaving the crude methyl salicylate.

Step 7 The crude methyl salicylate is distilled and the fraction with the
boiling temperature range 220-224°C is collected.

Step 8 The pure methyl salicylate is transferred to a bottle and weighed.

(a) Show, by calculation, that the methanol is in excess in this preparation.

[M, values: salicylic acid = 138.0 methanol = 32.0,
Density of methanol = 0.791gcm™]

(3)
ke - 8 = ﬂ'CS'J "C-th'r. c.cq':n) = R ( miﬂ“""/

R /

17 s Cazq_z)
R 16 _ 320 /.: -—-—-Ju = ol v
masSS . &5 X %2 = 5‘\' Vo lure L %
(bq )"’0‘ 74 25,96 em M&M
Eﬂﬁ‘
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Here the candidate has come up with a very novel solution. They have
calculated the mass of methanol required to react with the salicylic
acid and then using the density of methanol calculated the volume

required, 5.86 cm3. The volume of methanol used is 100 cm3, therefore
the methanol has to be in excess and so all three marks are scored.

41 IAL Chemistry WCH16 01




Question 4 (b)

The majority of candidates knew the sulfuric acid was a catalyst for this reaction, but a few
did not score as they simply said it increased the rate.

(b) State the purpose of the sulfuric acid.
(1)

Lacks. on o @og .

AN

<{ ( ResultsPlus

/--J. Examiner Comments

This correct answer was seen from the majority of the candidates.

(b) State the purpose of the sulfuric acid.
(1)

e o Yo  cealfiha ..

'J\“-.__ S
Q{ { ResultsPlus
/--.1 Examiner Comments

The sulfuric acid does increase the rate of reaction, but by not
mentioning the role of the sulfuric acid as a catalyst the candidate has
not scored the mark. This was a common error.

(b) State the purpose of the sulfuric acid.
(1

........... fo_pwude U rons 14 e arperigon 4 -

':‘\“‘-.__ J—
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The sulfuric acid does provide H* ions, but this is insufficient for the
mark to be scored and was another common wrong answer.
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Question 4 (c)

The quality of diagrams was generally very poor as it was often hard to identify what
apparatus the candidate had drawn. A few candidates just drew a flask with no condenser.
Where the condenser was shown, the water flow was usually correct but often the top of the
condenser was sealed. Many candidates drew a single piece of apparatus and a lack of heat
or distillation apparatus were also noted.

(c) Draw a diagram of the apparatus used in Step 3 when the mixture is heated
under reflux.
B

(3)
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Here the candidate has scored all 3 marks. The thicker lines between
the condenser and pear shaped flask make it clear that there are two
pieces of apparatus.

(c). Draw a diagram of the apparatus used in Step 3 when the mixture is heated
under reflux.
(3)
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The quality of the diagram is good as it is clear what the apparatus is

and it is fully labelled. However, there is no liquid in the flask, and it
appears that the condenser is sealed at the top. So the candidate has
only scored one mark for the condenser with the correct water flow.

o ‘” ResultsPlus

| Examiner Tip
Always put some liquid in the flask when drawing refluxing or
distillation apparatus.

(c) Draw a diagram of the apparatus used in Step 3 when the mixture is heated
under reflux.

(3)
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Here the candidate only scores 2 marks as the water flow in the
condenser is the wrong way round.

o=
-

= V ResultsPlus

| Examiner Tip
Remember the water will always go in at the bottom of the condenser
to prevent air bubbles forming.

(c) Draw a diagram of the apparatus used in Step 3 when the mixture is heated

under reflux.
(3)

conclensec
Waler <
=V o '\
<+ unke C AN
— ounol \oottom
£\as'\¢

heat
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This diagram shows the flask and condenser as one piece of
apparatus, which was a common error.

T4 ResultsPlus

\_,' Examiner Tip

When drawing reflux apparatus make sure it is clear that the flask and
condenser are two separate pieces of apparatus.
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Question 4 (d)

Those candidates who had used a separating funnel for this purpose and were able to
explain how the washing took place, were in a minority. The majority simply described how
the sodium carbonate solution was added and the aqueous layer removed.

(d) Describe how to wash the organic layer with sodium carbonate solution in Step 5.

(2)
. ok

ADY oM caben hﬁwthmsm ...................... P T L S
........... B S 1
’ 9-'-4"‘?"3

......... Trver hft.-:.,l..prm—-hnj J00AN .k ek (tjmqmll’br‘fm Mo D200 Yo Falia,...
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This is an excellent answer where the candidate explains how the
separating funnel is used and how the pressure is released.

(d) Describe how to wash the organic layer with sodium carbonate solution in Step 5.

........... A Jd. e So C&.}ﬁmtf‘?’({ﬂts f€f4—47 j}uﬂﬂb&%

AR, ‘544_& ........... ﬂLk‘rfw d(f(afﬁm 69' Mﬂw ..... qz' ....................... AL
2wl crgéamu‘t; .......... S"Z”‘U ef _____ Jﬂ,%faw(*e. ..................
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The candidate has scored the first mark for adding the sodium
carbonate solution to the separating funnel and shaking. However,
they have made no reference to how the carbon dioxide or pressure is

released.
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Question 4 (e)

Although the majority of candidates scored full marks on this calculation, occasionally too
many significant figures in the final answer meant the last mark was not awarded. For those
who made a mistake with the formula mass of methyl salicylate, most still scored some
marks through transfer error.

(e) The mass of pure methyl salicylate obtained was 14.1g.

—Calculate the percentage yield, giving your answer to an appropriate number of

significant figures.
el 0 syl = WML 3)
1\ O %tm\ f'«-l()(.} k\ﬁ.&\ﬁu\

Cretesial yeld - 139
POuo AL ua sedityiic sexd - ey SehiGgede
2%%0 =ﬁ“%|i\§h.h(_ﬂlw
SN s = XN
ey :oWs O s
S A SR o \TD

oSS o wu\hj\ Lot = Ay .OM Q

\\’\
S\RAA = e mg OO = &R 4.0

|.1\\‘

\}’ / ResultsPlus

| <+ Examiner Comments
The candidate has calculated the molar mass of methyl salicylate and

used it correctly to calculate the percentage yield. Their final answer is
to 3 significant figures, so full marks are scored.
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(e) The mass of pure methyl salicylate obtained was 14.1g.

i —

Calculate the percentage yield, giving your answer to an appropriate number of
significant figures.

20
‘-———!:. - ﬂl
vy O-144am

Y|
V52

{3)

20001167

G Y.02/

'.1\“-.__ —
S{ { ResultsPlus
/“--1 Examiner Comments

The candidate has calculated the molar mass of methyl salicylate and
used it correctly to calculate the percentage yield. However, their final
answer is to 4 significant figures so one mark is lost.

-

A ,E;“' ResultsPlus

| Examiner Tip
When doing calculations, think carefully about the final number of
significant figures. Look for the minimum number of significant figures
in the data given and use this number of significant figures in your final
answer.
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(e) The mass of pure methyl salicylate obtained was 14.1g.

Calculate the percentage yield, giving your answer to an appropriate number of

significant figures.
(3)

M, me’fﬁm‘jl sqiffjfcﬁe = 40

Nz=m m:Mﬂ

W = \gO X0 144 = 2p.986
14 |
X100 = £9.57.
o306 /
S{ {Results?lus
/--.. Examiner Comments

The candidate has made a mistake with molar mass of methyl
salicylate, it should be 152 and they have calculated it as 140. However,
they have used the mass correctly and their final answer is to 2 or 3
significant figures, so only one mark is lost.
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Question 5 (a)(i)

The ammonia test had been learned by the majority of candidates and there were some
excellent answers from candidates who explained how they would keep repeating the test
until the red litmus papers stopped turning blue. A number described the alternative test
using hydrochloric acid solution, but many omitted the fact that acid had to be concentrated
for the test to work. Occasionally, candidates suggested heating until the pungent odour
could no longer be detected or just heating to constant mass, neither of which gained any
credit.

5 The label has come off a bottle known to contain an ammonium salt, NH,X, where X
is known to be a halide ion.
A student carried out an experiment to determine the identity of the halide, X.
Procedure
Step 1 2.27 g of NHX was placed in a conical flask.

Step 2 50.0cm? of 1.00 moldm™ aqueous sodium hydroxide was added to the
conical flask.

Step 3 The solution in the conical flask was boiled gently.

The equation for the reaction in Step 3 is shown.
NaOH(aq) + NH/X(aq) — NaX(aq) + H,O(l) + NHs(g)

Step 4 The gas coming from the tonical flask was tested regularly until all the
ammonia had been evolved.

Step 5 The flask was removed from the heat and allpwed to cool.

Step 6 The entire contents of the flask, containing the excess sodium hydroxide
solution, were titrated with a solution of 1.00 moldm™ hydrochloric acid.

(a) (i) Describe how to carry out Step 4.

You should identify both how to perform the test and how you would know
all the ammonia had been evolved.
(2)

LUse = dame red litmes papern, Amnenrs
pill tenn tre denp red Wt~y &2 blxe.

Anmonia hayg ber (Ml7 evoly s

IAL Chemistry WCH16 01 52



IResuItsPhs

Examiner Comments

This is an excellent answer as both the test for ammonia and an
explanation of how you know when all the ammonia has been evolved
are clear.

5 The label has come off a bottle known to contain an ammonium salt, NH,X, where X
is known to be a halide ion.

A student carried out an experiment to determine the identity of the halide, X.
Procedure
Step 1 2.27 g of NH,X was placed in a conical flask.

Step 2 50.0cm’ of 1.00 mol dm™ aqueous sodium hydroxide was added to the
conical flask.

Step 3 The solution in the conical flask was boiled gently.
The equation for the reaction in Step 3 is shown.

NaOH(aq) + NH,X(aq) — NaX(aq) + H,O() + NHs(g)

Step 4 The gas coming from the conical flask was tested regularly until all the
ammonia had been evolved.

Step 5 The flask was removed from the heat and allowed to cool.

Step 6 The entire contents of the flask, containing the excess sodium hydroxide
solution, were titrated with a solution of 1.00 moldm™ hydrochloric acid.

(a) (i) Describe how to carry out Step 4.

You should identify both how to perform the test and how you would know
all the ammonia had been evolved.
(2

)
44&sa;l?wmé,dmx‘?ol&salui?onﬁM@S&#MJ ........ check....
for_cold domp  smell. ot . smmonSe:. go _Sure..
‘Lnfﬁrfarmm;f?nﬁmgcuﬂ&*r ,L)Aenbﬂ? ...... % Aél ..... 30«5 .........
Y _evol J,a»?ﬁv;&vaf@fMurs,#a}m//w?/!wmwaﬁ
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Although the candidate knows ammonia has a pungent smell, this is
not a safe way of testing and no marks are scored.

5 The label has come off a bottle known to contain an ammonium salt, NH X, where X
is known to be a halide ion.

A student carried out an experiment to determine the identity of the halide, X.
Procedure
Step 1 2.27 g of NH,X was placed in a conical flask.

Step 2 50.0cm’ of 1.00moldm™ aqueous sodium hydroxide was added to the
conical flask.

Step 3 The solution in the conical flask was boiled gently.

The equation for the reaction in Step 3 |

NaOH(aq) + NH.X(aq) . + HO(l) + NHi(g)
Step 4 The gas coming from the conical flask was testec
ammonia had been evolved. o.ol’RY

sgularly until all the

Step 5 The flask was removed from the heat and allowed to cool.

Step 6 The entire contents of the flask, containing the excess sodium hydroxide
solution, were titrated with a solution of 1.00 moldm™ hydrochloric acid.

(a) (i) Describe how to carry out Step 4.

You should identify both how to perform the test and how you would know
all the ammonia had been evolved.
(2)

J MO (%10 B ool o T AN
Q0. o). Towsd s e
OAS ORS00 s R FOC e NI 2.
MHuuCatﬂ_ckm&QSregm’rm‘sh@
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The candidate has used the alternative test for ammonia using
hydrochloric acid. Unfortunately, they have not said that the acid has
to be concentrated, so a mark is lost.
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Question 5 (b)

The majority of candidates scored full marks for the calculation in part (i). Where mistakes
were made, the most common was dividing by the wrong number of moles, usually 0.05
which gave the wrong molar mass, but allowed access to transfer error marks. With a correct
calculation in (i), most candidate were able to identify Br as the halide in part (ii). The
chemical test for the halide in part (iii) was also very well known, although occasionally a
mark was lost as the candidates did not include nitric acid with the silver nitrate solution.

(b) The titre in Step 6 is 26.80cm’ of 1.00moldm™ hydrochloric acid.
() Calculate the molar mass of NH,X.
Use the data from Steps 1 and 2.

n= %‘%_ X1 = 0.016e% wrol HCL
\00 9@

(4)

n
[
<>

az= SO 4,1 = NaOY wmol 20.05

VOO0
TatH

OH

0.05 - 0.0268 = 003 W

n=m = 224 =93 .94
e 2 N7 oo
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(ii) Identify the halide X, present in NH,X, using your answer to (b)(i).

(2)
73 8¢ - 18 = 39.84 hec |
(i) Give a chemical test, with the expected result, to confirm the identity of the
halide ion in a sample of NH X.
(2)

LSLMEC. TR L anch  YMATIC _ acich. AS. OchoACoh
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This is an excellent answer. The molar mass is correct in part (i), 18 has
been subtracted and Br identified in part (ii) and the test for the
bromide ion has the correct reagents in part (iii).

(b) The titre in Step 6 is 26.80cm’ of 1.00moldm™ hydrochloric acid.

() Calculate the molar mass of NH,X. - ) x SO _
Oro.OH = _= 2.08r
Use the data from Steps 1 and 2. P
(4)
oSO ©. 0T
N = #
AN NGO
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This was quite a common error where the candidate has used the
wrong number of moles to calculate the molar mass. However, only
one mark was lost in part (i).

(i) Identify the halide X, present in NH X, using your answer to (b)(i).

P fd-dk-tng 2 TE @
o WWW\M
Hibde X ™ Be
(ili) Give a chemical test, with the expected result, to confirm the identity of the
halide ion in a sample of NH,X.
(2)

MéimXﬁBr,ﬂdemmM&M
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In part(iii), the candidate has used the wrong acid so only one mark is
scored. Many candidates lost a mark here by using no acid or just
saying acidified instead of nitric acid which is the only acid that will
score.

o ‘*’ ResultsPlus
\HHQHHHJ

~_ Examiner Tip
When testing for halides with silver nitrate solution, you cannot use
hydrochloric acid as it contains a halide so will always give a positive
test.
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Question 5 (c)

This last question was the most challenging on the paper and proved to be a very good
discriminator. Some responses showed an excellent appreciation of the advantage of
obtaining concordant results through repeated titrations and the disadvantage of a greater
percentage uncertainty with a smaller titre. However, these were very much in the minority
and there was a wide range of wrong answers. Incorrect advantages included the increased
safety and lower cost of using a less hydrochloric acid solution and the shorter time for the
titrations. Disadvantages included more time and many talked about transfer losses when
making up the solution in a volumetric flask.

(c) Another student carried out the experiment but did not titrate all the contents of
the conical flask in Step 6.
Instead they transferred the contents of the conical flask to a 100.0cm’
volumetric flask. The solution was made up to the mark with distilled water and
mixed thoroughly.

25.0cm’ portions of this solution were placed in a conical flask and titrated with
1.00 moldm™ hydrochloric acid.

Identify one advantage and one disadvantage of this alternative to Step 6.

Justify your answers,
(4)
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This is an excellent answer with all 4 scoring points made.

(c) Another student carried out the experiment but did not titrate all the contents of
the conical flask in Step 6.
Instead they transferred the contents of the conical flask to a 100.0cm’
volumetric flask. The solution was made up to the mark with distilled water and
mixed thoroughly.

25.0cm’ portions of this solution were placed in a conical flask and titrated with
1.00 moldm™ hydrochloric acid.

Identify one advantage and one disadvantage of this alternative to Step 6.

Justify your answers.
(4)
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Here the candidate has incorrectly suggested that having a smaller
titre is an advantage. Their disadvantage of transfer loss is ignored, but
they do manage to score a mark for the smaller titre.
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Paper Summary

In order to improve their performance, candidates should:

e Always read the information in the question carefully, noting any instructions in bold type.

e Make sure they learn and understand the procedures in the core practicals.

e Understand how organic apparatuses work and practise drawing them.

e Learn the qualitative tests to identify organic groups and inorganic ions.

e Show working when carrying out calculations and think carefully about units, significant
figures and rounding.

e Understand how to minimise the sources of measurement uncertainty when carrying out
titrations.

e When drawing graphs ensure that half of the grid is used, the axes are labelled and the
appropriate line of best-fit is drawn.
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