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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. 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. Conversely, it appeared that a significant
number of candidates did not seem to have an understanding of how some basic organic
apparatus was used nor a good grasp of using simple qualitative tests for identification.
However, the calculation questions were done with impressive accuracy by the majority of
candidates and there was no evidence of candidates running out of time.
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Question 1 (a)

QO01(a)(i) was answered well by the majority of candidates and most were able to correctly
identify barium from the flame test. However, a number of candidates gave Ba with no

charge so did not score, as the cation (Ba%*) was asked for in the question. Very occasionally,

wrong ions such Cu?* or Ba* were seen too, which did not score but allowed access to
QO1(a)(iii) via transferred error.

In QO1(a)(ii), many candidates recognised the yellow precipitate being due to the iodide ion,
but as in Q01(a)(i) a number of candidates did not give the charge of the anion and there was
clearly some confusion between iodine and iodide. If wrong ions were given, they were
usually other halides.

QO1(a)(iii) was answered particularly well and even those candidates who made a mistake in
QO1(a)(i) or Q01(a)(ii) were able to score a transfer error mark here. However, a few
candidates just wrote the name instead of the formula and so did not score.

Of those candidates who answered Q01(a)(iv) successfully, the large majority used
concentrated sulfuric acid as the reagent and went on to give a correct observation.
Unfortunately, a number of candidates did not state that the acid was concentrated so did
not score the test mark but they were able to score the result mark. However, it appeared
that most candidates were unable to recall the reactions of halides with concentrated sulfuric
acid. The majority of candidates did not give a different test but suggested using ammonia
solution, which is just an extension of the silver nitrate test.
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Identify, by name or formula, the cation present in A.

(1)
Q:* ] L
m[fwww L

(i) Aqueous silver nitrate, acidified with dilute nitric acid, was added to
a sample of solid A dissolved in distilled water,

A yellow precipitate formed.

Identify, by name or formula, the anion present in A.

I7 U sedide

(iii) Give the formula of A.

(1)

(1)

..........

(iv) The anion present in A can be shown by a different test on solid A.

Give a suitable different test with the expected result to show
the identity of this anion.

(2)

Addition ol cwcehkm‘! H, 4 ‘Pth [

'Results%

Examiner Comments

This is an excellent answer. Although either would do, the candidate
gives both the correct name and formulae of the ions. They also use

concentrated sulfuric acid and give a positive result of the test so full
marks are scored.
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Identify, by name or formula, the cation presentin A,
(1)

 Rmarem.  Bot

(i} Aqueous silver nitrate, acidified with dilute nitric acid, was added to
a sample of solid A dissolved in distilled water.

A yellow precipitate formed.

Identify, by name or formula, the anion present in A.

(iii) Give the formula of A.

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

Ba L

ﬂf ResultsPlus

/---. Examiner Comments

Here the candidate appreciated that the ion was barium but gave the

incorrect charge so they could not score the mark in Q01(a)(i).

However, they did get a transfer error mark by giving Bal as the
formula in QO1(a)(iii).

‘ ResultsPlus

| Examiner Tip
Make use of the periodic table to ensure ions have correct charges.
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(iv) The anion present in A can be shown by a different test on solid A.

Give a suitable different test with the expected result to show
the identity of this anion.

| (2)
Add  nuntrakd ammonia | The d(,uow Pm{ipﬁ%

to P solid A that was formed pﬁ:vfauﬂg
will nob dissalve-

ResultsPlus

Examiner Comments

Despite the question asking for a different test, many candidates opted
to test the solubility of the precipitate formed in the first test by adding
ammonia. This use of ammonia was frequently seen and did not score.

"
Ay

| Examiner Tip
Candidates should read the question carefully, paying particular

attention to the words in bold as they are there to guide the response
required.
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Question 1 (b)(i)

The test for the ammonium ion by the formation of ammonia gas was well known, but many
candidates did not warm the mixture or explain it was the vapours that had to be tested with

indicator paper. The use of HCl instead of NaOH as the test reagent was a common wrong
answer.

(b) Solid B is ammonium sulfate.

() Give a test, with the expected result, to confirm the presence of the
ammonium ion in B.

(2)

h _ Amonta  gAs |
pfo\(l Su&\d’\n \'\:{i VX 'J-L pmJNPJ\; Mhith Favns
and dpply

n'l Juw\? ‘H\B -‘ﬁ—m*li'\mﬂ‘ﬁ
Pu.l'}n L]v\-fl

-
" { ResultsPlus

Examiner Comments

This is an excellent answer. The candidate has explained clearly how to

carry out the test and confirm the identity of ammonia gas so both
marks were scored.
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(b) Solid B is ammonium sulfate.

(i) Give a test, with the expected result, to confirm the presence of the
ammonium ion in B,

(2)
WR £ e i;‘h B ;me ra
Nn O Lt wavs Pq'ac./ Live

ResultsPlus

Examiner Comments

The test answer is correct. However, the result should have mentioned
that it was the evolved ammonia gas that was tested with damp red
litmus.

\.

e N\

P
A0 A8
6\ ResultsPlus
\_/ Examiner Tip
Although this response was awarded both marks as an allow on the
mark scheme, candidates should be encouraged to include full details
when describing the observations from practical work.

\. J
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In QO1(b)(ii) the test for the sulfate ion had been learned by the majority of candidates and
most were able to identify a suitable barium compound, suitable acid and give the correct
result of the test. However, despite the question being worth 3 marks a number of
candidates only gave two pieces of information. Many candidates missed out the acid or
simply said that the solution was acidified, so lost a mark.

In QO1(b)(iii) the ionic equation was often well done but surprisingly some candidates missed
out state symbols despite it being asked for in the question. Others wrote a full equation
instead of an ionic one and some responses gave the wrong state symbols.

(i) Give a test, with the expected result, to confirm the presence of the

sulfate ion in B.

(3)

Add. nitrte acld and barium nitrate
ko B.

A twhite precipiiobe formedh [f
sulfate fon present,

(iii) Write the ionic equation for the reaction taking place in (b)(ii).

include state symbols.

(1)

Ba’'(ra) + S04 (a3) — BRaS0, (38D,

-

N

<0< ResultsPlus
Examiner Comments

This is an excellent answer that scored full marks.
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(i) Give a test, with the expected result, to confirm the presence of the
sulfate ion in B.

(3)

M Hol. follwed by white  sobd  opper
e

ResultsPlus

Examiner Comments

In this example the candidate has given the wrong formula for barium
chloride so a mark is lost. This is unfortunate as if they had simply
written barium chloride instead of giving BaCl, they would have scored
full marks.

T4 ResultsPlus
\_} Examiner Tip

Candidates should use the Periodic Table to help them when writing
formulae.
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(i) Give a test, with the expected result, to confirm the presence of the
sulfate ion in B.
(3)

pdd  Bace, white  precipitare  €orms .

__‘Resultsiahs

Examiner Comments

The candidate has omitted the acid so only scored two marks.
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Question 2 (a)

The result of this simple test to identify an OH group was known by almost all candidates.
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Question 2 (b)

The identification of carbon dioxide from the limewater test was known by almost all
candidates.
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Question 2 (c)

The Benedict’s or Fehling's tests were well understood by most candidates, however a lack of
precision often cost marks. AlImost all candidates appreciated the solution was blue to start
and most knew it was brick red at the end but many candidates omitted the word precipitate
or solid and so lost a mark. Occasionally, candidates got confused with Tollen’s reagent and
gave the wrong result of a silver mirror, which also did not score.

(c) 2cm’ of Benedict's or Fehling’s solution is added to separate 2cm® samples of
each compound. The test tubes are placed in a warm water bath.

No change Positive result

Give the expected observation for the positive result produced by Ilﬁuid D..
Include the inftial and final appearance of the contents of the test tube.
(2)

Brck red precipitate . -
Tniteally 1t was o bBlue Soluboo which then

urn ¢ yn4o sl vad mreciel bate |

-

ResultsPlus

Examiner Comments

This is an excellent answer and scored both marks.
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(c) 2em’ of Benedict's or Fehling’s solution is added to separate 2cm’ samples of
each compound. The test tubes are placed in a warm water bath.

No change Positive result

Give the expected observation for the positive result produced by liquid D.
Include the initial and final appearance of the contents of the test tube.

(2)
dhe  blae . fehling's. . Solution  tums  ved forming

.......... o precipitotl . OFf (U0, this 15 the. yed . precipiate fumed

ResultsPlus

Examiner Comments

The candidate has got both scoring points, the blue starting solution
forming the red precipitate. Unfortunately, although not required, they

have given the incorrect formula of the red precipitate so the mark is
lost.

, ResultsPlus

Examiner Tip

Any additional information given in an answer is usually just ignored.
However, if it is incorrect a mark is often lost.
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(c) 2cm® of Benedict's or Fehling’s solution is added to separate 2 cm’ samples of
each compound. The test tubes are placed in a warm water bath.

No change Positive result

Give the expected observation for the positive result produced by liquid D.
Include the initial and final appearance of the contents of the test tube.

(2)
o fue 0 G (obour chany o Bl o fru ref.

__‘RESURSPEIS

Examiner Comments

This illustrates a common error where the candidate has not
mentioned the solid (precipitate) forming during the reaction.

—\.\

—\.

n'

—:-I’I,;_\
S, \ ResultsPlus

Examiner Tip

Learn all the tests and expected results from the specification.

17 International Advanced Level Chemistry WCH13 01



Question 2 (d)

There were many good answers to this question with lots of candidates getting full marks or
only missing out on Q02(d)(ii), which surprisingly, was the most challenging item.

In Q02(d)(i) the majority of candidates were able to draw the correct structure for C, but the
two aldehydes in D proved to be more problematic. Common errors included ketones,
alkenes and structures that had atoms with the wrong number of bonds.

In Q02(d)(ii) very few candidates managed to correctly identify the wavenumber and peak
that would be present in the infrared spectrums of both C and D. Most did not seem to
understand that C=0 peaks of aldehydes and carboxylic acids were different and so the only
similarity had to be the C-H stretching in alkanes. Unfortunately, a few candidates who got
this bond forgot to give the wavenumber.

In Q02(d)(iii) a large majority of candidates were able to identify the peak being due to CH3"

but either did not mention which of their structures would give this peak or had two
structures which both contained a CHs.

(d) Both € and D have the molecular formula C;H0,.

(i) Deduce the structure of € and the two possible structures of D.
Use the molecular formula and the results from (a), (b) and (c).
(3)

Hoooy

| \
H—-C—C —C~-0-H

1

A

\ "
e H 0 H ) O
\ | I\ i \ \ H
H_(E‘__C‘FC#,—H H—-C""C-'”C"'
\ \ \
Ho M W H
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(i} Some infrared data are given in the table.

O—H stretching in alcohols 3750-3200
O—H stretching in carboxylic acids 3300-2500
C==0 stretching in aldehydes 1740-1720
C==0 stretching in ketones 1720-1700
(=0 stretching in carboxylic acids 1725-1700
C—H stretching in aldehydes 2900-2820, 2775-2700
C-—H stretching in alkanes 2962-2853

State the wavenumber range for one peak that would be present in the
infrared spectra of both C and D, identifying the bond responsible for
this peak.

(1)

.............................. T e RIS R Hiar CETTE pren rrpeLe e

(iii) A student suggested that the structure of D could be identified using mass
spectrometry because only one of the possible structures of D would have a
peak at m/z=15.

Identify which of the possible structures of D would be expected to give this
peak. Justify your answer. H

__‘Resultsﬁls

Examiner Comments

This is an excellent fully correct answer.

(. /
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(d) Both € and D have the molecular formula C;H;0,.

(i) Deduce the structure of C and the two possible structures of D.
Use the molecular formula and the results from (a), (b) and (c).

L)

B o &

¥ 4
{ |
W - c' — L -
| 1
H |4

(3)

H o
T

(o1
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(i) Some infrared data are given in the table.

O—H stretching in alcohols 3750-3200
O—H stretching in carboxylic acids 3300-2500
C==20 stretching in aldehydes 1740-1720
C==0 stretching in ketones 1720-1700
C==0 stretching in carboxylic acids 1725-1700
C—H stretching in aldehydes 2900-2820, 2775-2700
C—H stretching in alkanes 2962-2853

State the wavenumber range for one peak that would be present in the
infrared spectra of both C and D, identifying the bond responsible for
this peak.

(1)

L= Tl 0 W . ¥ Y0 B N

b,

ResultsPlus

Examiner Comments

The wrong peak and wavenumber has been identified and this was a
common error.

P

|

D\
T ResultsPlus
\_') Examiner Tip

Become familiar with Infrared data tables, particularly the different
environments of C=0 and O-H groups.
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(d) Both € and D have the molecular formula C;H.0,.

(i) Deduce the structure of € and the two possible structures of D.
Use the molecular formula and the results from (a), (b) and (c).

(3)

L W O H
1 \ \ \ 4! \
\ \ \ |
M | n 149
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o (iii) A student suggested that the structure of D could be identified using mass
spectrometry because only one of the possible structures of D would have a
peakatm/z=15.

Identify which of the possible structures of D would be expected to give this
peak. Justify your answer.

{2)
e cond.ONe. = vk NN o NS

o tewsy

H ”b]”mccmoﬂ&wws

it [ (Total for Question 2 = 10 marks)

ﬂ ResultsPlus
Examiner Comments

Here only one of the structures in Q02(d)(i) is correct, the aldehyde in
D. However, in Q02(d)(iii) they correctly identify the CH3™ and despite

the fact that one of their structures of D is incorrect, they successfully
explain why it would give this peak and so both marks are scored.
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(d) Both C and D have the molecular formula C;HO, .

(i) Deduce the structure of € and the two possible structures of D.
Use the molecular formula and the results from (a), (b) and (c).

(3)

O WA
v & 3
Y 1
nWt oo

ResultsPlus

Examiner Comments

Unfortunately, this type of response was seen quite regularly. Although
there was no test for unsaturation in this question, a number of
candidates inserted a carbon double bond into one or more of their
structures. Of greater concern was that some candidates seemed
unaware of simple rules of bonding and here the oxygen forms either
one or two bonds and the carbon two or four bonds.

e N\

S5
ATy

(T4 ResultsPlus

\_/ Examiner Tip

Candidates should learn the basic tests to identify functional groups in
organic compounds. They should also practise drawing displayed
structures, ensuring that simple bonding rules are applied in terms of
the number of bonds each element will form.
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Question 3 (a)(i-ii)

In Q03(a)(i) the need to heat under reflux to ensure the complete oxidation of butan-1-ol to
butanoic acid was well known by most of the candidates. However, many did not specify that
the apparatus was distillation.

In Q03(a)(ii) the open apparatus and why it would not be suitable was well understood with
the majority of candidates correctly recognising that the gases would evaporate and escape.
However, many candidates just commented on the lack of a condenser and a number of
candidates were concerned about the position of the thermometer.
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(a) A group of students was required to oxidise butan-1-ol to butanoic acid.
The students suggested three different types of apparatus for this reaction.

T /\

heat T heat
heat
Apparatus E Apparatus F Apparatus G

Their teacher told them they should use apparatus F.

(i) Explain why apparatus E is not suitable for the oxidation of

butan-1-ol to butanoic aid
(2)
& iseh uyto o

IResuItsPhs

_ Examiner Comments
This is a good answer as the candidate understands the apparatus is

for distillation and reflux is required to produce butanoic acid. Both
marks are scored.
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(a) A group of students was required to oxidise butan-1-ol to butanoic acid.
The students suggested three different types of apparatus for this reaction.

I A i

heat T heat
heat
Apparatus E Apparatus F Apparatus G

Their teacher told them they should use apparatus F.

(i) Explain why apparatus E is not suitable for the oxidation of
butan-1-ol to butanoic acid.

(2)

LApmavs. E ks vsed . et separate two.. figuids. -

b
" ( ResultsPlus

Examiner Comments

Here the candidate understands the apparatus can be used to
separate liquids with different boiling points but they have not

explained why it is not suitable for complete oxidation so no mark is
scored.
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(i) Give a different reason why apparatus G is also not suitable for the oxidation
of butan-1-ol to butanoic acid.
(1)

Nabeséruijp{dOaﬂMfaﬁm-l—pfmu
M@PomE/lmlo&L

ﬂ ResultsPlus
Examiner Comments

The candidate correctly explains that a lack of condenser means
reactants would evaporate and be lost so scores the mark.

(i) Give a different reason why apparatus G is also not suitable for the oxidation
of butan-1-ol to butanoic acid.
(1)

S . W o V1N 90 0 Y .10 WAV ¢ W G ' \UY N XS O

ﬂ ResultsPlus
Examiner Comments

Many candidates noted the importance of the condenser but did not
appreciate how it prevented the loss of reactants and products. Simply
saying the condenser was missing was a common answer that did not
score.
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Question 3 (a)(iii)

This question was found to be very challenging. Although most candidates clearly knew that
the water has to flow in from the bottom of the condenser, very few were able to explain
concisely why. Many candidates simply described how a condenser worked or said that the
cold water needs to flow against gravity.

(iii) Explain why, in apparatus F, the water should flow in from the bottom of
the condenser.
(2)

- Ao in_ ordes 4o

Urgeni .
. fmﬂfﬂ“} ond. eletiely...conl.. At [ VORI

\,{ / ResultsPlus
< Examiner Comments

This is a very good answer. The candidate states why the water should
flow in from the bottom of the condenser and then explains how this
improves the efficiency of the cooling process. Both marks scored.

(iii) Explain why, in apparatus F, the water should flow in from the bottom of
the condenser.

(2)
?ﬂ\' eF{muam cwhﬂj I-t will convert -I‘m hot vq[mur +o ;3-.41;1

lf wa‘nr -ﬂ'awc, in {‘Wm ﬂﬂ ‘I"ﬁ{: Inefﬂcwm* woilmj wm‘

11’,@[ Jr'ﬁ' qelm-{'pte - 5\ib$+ﬁﬂc€? Efﬂﬂf ﬂ’f;l FQ!' eKﬂMIDI'E rl wa’ﬁm .‘;’-(‘

~epplenged - s yeladfi|e.

- { TR AR se & CFADa~ Felonee sy ve i ol ‘J

.:\"\.-. .
\,{ / ResultsPlus
< Examiner Comments

The candidate understands the importance of efficient cooling but
does not mention that water flowing from the bottom of the
condenser would ensure the condenser was full. One mark scored.
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(i) Explain why, in apparatus F, the water should flow in from the bottom of

the condenser.
(2)

B Alak N0 0N %l A5 Condesg. e Caad

N

V ResultsPlus
/'--.. Examiner Comments

This was a very common wrong response where the candidate has not
answered the question but simply explained the purpose of the
condenser. No marks scored.

(M4 ResultsPlus
\_/' Examiner Tip

As well as learning the names of the apparatus used for organic
reactions, it is important to be able to explain why they are used.
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Question 3 (a)(iv)

The large majority of candidates knew that potassium dichromate was the oxidising agent
but fewer candidates mentioned the need for acidification with a suitable acid. Although the
oxidation number of the chromium was not required, if it was given it had to be correct and a
small number of candidates lost the mark by giving potassium dichromate (VIl), instead of (VI)
as their answer.

(iv) State the reaction mixture that can be used to oxidise the
butan-1-ol to butanoic acid.

(1)

\( / ResultsPlus
/ﬁ-.\. Examiner Comments

This is an excellent answer where the candidate has given the correct
formula of potassium dichromate and mentioned sulfuric acid so the
mark is scored.

v &, et ol T . PN, = T Va4 -Una Wil J
(iv) State the reaction mixture that can be used to oxidise the  awemcver  aret «

butan-1-ol to butanoic acid. anclpauey .
(1)
R A S s PORASBIN. NN ENIA INN
.'-‘\'\_ .
\( / ResultsPlus
/r--.\. Examiner Comments

The candidate has correctly identified the oxidising agent, but the
question asks for the reaction mixture which includes sulfuric acid.
Both are required and so no mark is scored. This was a common
response.

74\ ResultsPlus
\_, Examiner Tip

Only a single compound was given as the answer here, despite the
word mixture being in bold in the question. Emboldened words are to

help candidates inform their answer, so look out for them.
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(iv) State the reaction mixture that can be used fo oxi&isé th; AN 1y s s

(Hhsd) (D

butan-1-ol to butanoic acid.

™\

9 ResultsPlus
/'--.. Examiner Comments

The candidate has correctly identified the oxidising agent and the acid
required. However, they have included the wrong oxidation number of
the chromium and so the mark is negated. Nothing scored.

" ResultsPlus
\

—_ Examiner Tip
Read the question carefully and do not include unnecessary details,
such as oxidation numbers, unless requested.
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Question 3 (a)(v)

The majority of candidates knew this colour change.
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Question 3 (b)(i)

This question was quite poorly answered by candidates. Mistakes included failing to state the
sulfuric was concentrated and wrong reagents such as PCls were also noted. However, the

most common incorrect answer was ‘ethanolic potassium hydroxide’ which indicated
candidates had confused this elimination reaction with the elimination of halogenoalkanes.

(b) Butan-1-ol can also form the alkene but-1-ene in an elimination reaction.

() Name a suitable chemical reagent to carry out this elimination reaction.

CuncznTr e& Fhas?lﬂon‘ C act

N

Y

Y / ResultsPlus
/ﬁ-.\. Examiner Comments

Concentrated phosphoric acid or concentrated sulfuric are suitable
reagents for this reaction and both were seen in similar numbers. Here
the candidate has given the name but the formula would have scored
too.

(b) Butan-1-ol can also form the alkene but-1-ene in an elimination reaction,

(i) Name a suitable chemical reagent to carry out this elimination reaction.
(1)

............................................................................. M Wk’-’-uﬁ_&fﬁ}g

N

Fic,

Y /m{ ResultsPlus

< Examiner Comments

Although the candidate has given the correct reagent, they have
omitted that the acid must be concentrated so no mark is scored.
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(b) Butan-1-ol can also form the alkene but-1-ene in an elimination reaction.

(i) Name a suitable chemical reagent to carry out this elimination reaction.
(1)

oninbake phos hoe awd

X Qlde\L....‘\}dQSS\\}m weosadye
y { ResultsPlus
._/""" Examiner Comments

Although the candidate has given the correct reagent, concentrated
phosphoric acid, they have also written alcoholic potassium hydroxide.

Unfortunately, this second reagent is incorrect so they have negated
their correct answer, so no mark is scored.

-

/

Resultsplus
\\

Examiner Tip

Remember that if more than one answer is given, they will all be
marked and incorrect ones may negate correct answers.

\.
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(b) Butan-1-ol can also form the alkene but-1-ene in an elimination reaction.

() Name a suitable chemical reagent to carry out this elimination reaction.
(1)

-

N

Q{ { ResultsPlus

/--J. Examiner Comments

This was an extremely common incorrect answer. This candidate has
focussed on the word elimination and given the reagents to produce
an alkene from a halogenoalkane, not from the alcohol as was asked in
the question.

(T4 ResultsPlus

\\ Examiner Tip

Read the question carefully and ensure that you answer it, rather than
a question that you may be more familiar with.
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Question 3 (b)(ii)

The majority of candidates identified a suitable reagent and gave the correct observations so
scored both marks. Almost all the answers used bromine water as the test reagent, but
bromine and acidified potassium permanganate were also occasionally seen.

(i) Give a chemical test, including the expected result, to confirm the presence of

the C==C double bond in but-1-ene.
(2)

N

\.

\{ ( ResultsPlus
/--‘- Examiner Comments

e

The candidate has given the correct reagent and noted the colour
change so both marks are scored.

(i) Give a chemical test, including the expected result, to confirm the presence of
the C==C double bond in but-1-ene.
(2)

2)
Use  bromoe Liouels™ oot 3 i, due s T S bowt Yiged

\}’ ( ResultsPlus

_‘/F--‘\. Examiner Comments

Although seen less frequently, the use of bromine is an alternative
answer so the candidate scores both marks as they have the correct
colour change too.
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(i) Give a chemical test, including the expected result, to confirm the presence of
the C=C double bond in but-1-ene.

."ﬂn qu broming MJ(QV e bulnun Yoy

O\c}\(x bq‘c-—l—ene N Brn MtV‘Q ' L‘)CtJ? Cr’

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

(2)

ﬂ ResultsPlus
Examiner Comments

The candidate has given the correct reagent and although they have
not stated the starting colour of the bromine water, just 'decolourises’
is sufficient, so both marks are scored.

......................
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Question 4 (a)(i)

Almost all candidates scored at least one mark here, but many responses highlighted a
weakness in understanding of what an observation is. A number of candidates thought that
effervescence, bubbling and fizzing were different observations. Others tried to use the
chemical equation to answer the question but gave inadequate or confused responses - for
instance, many candidates appreciated that the calcium hydroxide solution formed is
limewater but then wrote about limewater going cloudy with CO,. Others, seeing H, in the

equation just stated that hydrogen gas was evolved, which is not an observation and
therefore not creditworthy. A very small minority of candidates understood that calcium
hydroxide is not very soluble and correctly stated a white solid would be observed.

(a) (i) State two observations when this reaction takes place.

(2)
................................. BN e B S I e O T
.‘\\
\/ / ResultsPlus
/'--.': Examiner Comments
This is a very good answer that makes two observations and each one
scores a mark.
(a) (i) State two observations when this reaction takes place.
(2)
b Gﬁum ................. - ™ S ta lm:tmgﬂam
TN Y SN . P o 10 P Y P seea g 808 Toe
i s lid ..........d.l'.a.\nlm ................... aod......... d"“ﬁnpptm’.&x .....................................................................................

.

Y | / ResultsPlus

/‘--*. Examiner Comments

The candidate has made three observations. Fortunately, the second
observation about the colourless solution is ignored and so they score
a mark for noting the effervescence and the solid disappearing. Two
marks scored.
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(a) (i) State two observations when this reaction takes place.
(2)

ﬁz‘z.ug ‘QMWE;
. FHeclestence..... kﬂ Lolonrless. Crsu ...... Serems......

|-\\'

S{ ( ResultsPlus
/“--‘*- Examiner Comments

The candidate has made the same observation twice by mentioning
fizzing and effervescence. Only one mark is scored.

- ResultsPIus
\

Examiner Tip
Candidates need to understand what constitutes an observation. A
colourless gas such as hydrogen being formed is not an observation
but bubbles being produced in the solution is.
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Question 4 (a)(ii)

This calculation was well understood and large numbers of totally correct, well-presented

answers were seen. However, a number of candidates used the molar volume of 24 dm3 in
their calculation which restricted their score. Likewise, some candidates got confused and
divided the moles by the volume which gave a nonsensical answer. Despite all the data
having three significant figures, a number of candidates gave their final answer to four
significant figures and so lost a mark. However, overall, this calculation was particularly well

done and most candidates scored well.

(i) Calculate the value for the molar volume of hydrogen under these conditions,

using the student’s results.

Give your answer to an appropriate number of significant figures and

include units.
f”ﬁbﬂf calotwte = v 282 ~[. 687
= @-v:;gﬁ
No ofmolas of aaleun = ©:128
Lo-i
= 3. ux0°

Cad ’-?
3. lux10 72 3yri0

Mo ¢ Solom ol = 0.0%2
3 . juxio™?

=1
= 22.9dm md

™,

| [

Y / ResultsPlus
/--.\_ Examiner Comments

marks scored.

This is a very good answer. The calculation is set out clearly, the
answer is to 3 significant figures and the units are correct. All four
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(i) Calculate the value for the molar volume of hydrogen under these cnndttions,

using the student’s results.

Mol
Give your answer to a approprlat number of significant figures and
include units. =

(4)
o= 783 ~(-65 (= 01349
Wl of G2 02€3 . 545 1Asxio R

yolwre  T)> > om
Nlor vokebe of F£ = ok, T ?/4214%)«:5’»0! AEE

£ 2?f90 Ohsf'wl‘f

I\

ﬂ ResultsPlus
Examiner Comments

This is another very good answer. The calculation is set out clearly and

the candidate has used cm? instead of dm?3 and given their final
answer to 3 significant figures. All four marks scored.
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(i) Calculate the value for the molar volume of hydrogen under these conditions,
using the student’s results, —————

Give your answer to an appropriate number of significant figures and

include units,

nla — o.\>b _ 3442 '-}(L{)‘g v\
Yoo 7
B 30 g 3 el

-1
3.1 Yy Yo 3

B

% ResultsPlus
Examiner Comments

The calculation and units are fully correct but unfortunately the final
answer has 4 significant figures so a mark is lost. Three marks scored.

= 2284, 2 Eimol !

)
A

Ql ResultsPlus

| Examiner Tip
Candidates should be aware of the importance of using the correct
number of significant figures in their final answer.
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(ii) Calculate the value for the molar volume of hydrogen under these conditions,
using the student’s results.

Give your answer to an appropriate number of significant figures and
include units.

(4)

Mass of ce
= \.3%3-~].66%
= 0.l26 a

Mo\g = 0.126
40\

= 0.00 314 mel

F2em —S F2o000dw

i
32000 X 0.003)4 = 226.03 = 226 dam ™ol

N

\.

y ( ResultsPlus
/---..\_ Examiner Comments

The candidate makes a good start by calculating the mass and number
of moles of calcium, but they are then confused with what to do with
these numbers. Instead of dividing the volume by the moles to
calculate the molar volume, they multiply them together. Two marks
scored.

|
e
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Question 4 (b)(i)

This straightforward percentage error calculation scored quite well. The most common
mistakes were using the wrong denominator or incorrectly rounding the final answer.

(b) A second student using this method obtained a value of 21.8dm’mol™ for the
molar volume of hydrogen.

() Calculate the percentage error in this student’s value.
The data q Eiﬁfar the molar volume of hydrogen under these
conditions is 23.9dm’mol™.

pEseRgE  WERS A 817/

1%-7

(1)

8

V ResultsPlus
/'--.. Examiner Comments

This is the correct calculation and the answer has been rounded
properly. The mark is scored.

(b) A second student using this method obtained a value of 21.8dm’ mol™ for the
molar volume of hydrogen. .

(i) Calculate the percentage error in this student’s value,
The data book value for the molar volume of hydrogen under these
conditions is 23.9dm’mol ™.

(1)
mrfenliaﬁe efl= @-3"%-—5‘.‘-%} xl00 |
23.9

— 8.78“/;

28

V ResultsPlus
/'--.. Examiner Comments

This is a correct calculation but the candidate has rounded the answer
wrongly and so the mark is not scored. This was quite a common
mistake.
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(b) A second student using this method obtained a value of 21.8dm*mol™ for the
molar volume of hydrogen.

(i} Calculate the percentage error in this student’s value.
The data book value for the molar volume of hydrogen under these
conditions is 23.9dm’ mol™.

- 23-9-1-%
- A1+9

(1)

x\o ©

9637

N\

ﬂ ResultsPlus
Examiner Comments

The calculation is incorrect as the denominator is wrong and this was
another common error. No mark scored.

N

| Examiner Tip
Practise percentage error calculations and pay attention to how the
final answer is rounded.
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Question 4 (b)(ii)

This question proved to be very challenging for the majority of candidates. Despite the
wording of the question many candidates suggested the difference was due to apparatus or
operator errors or non-standard conditions. Likewise, a significant number of responses
were too vague to score marks with answers such as gas escapes or reaction was incomplete.
On the other hand, there were some excellent explanations of gas loss before the bung was
placed on the flask and a few candidates understood that as calcium is a reactive metal, it
may have already slightly reacted before being used. Other candidates suggested that not all
the calcium had reacted which also scored a mark.

(ii) Give two possible reasons why this student obtained a value below the
data book value.
Assume the method was followed correctly and there were no
measurement errors,

Celciom Kgtzmsd, ) @dein Sepuke oo Wy

......... ﬁianr;mavcm]ummmafndbeﬂ)l\tom{*e

.
|

/ ResultsPlus

< Examiner Comments

This candidate scored the same scoring point twice by observing that
the calcium may be impure and it may not all react. One mark scored.
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(i) Give two possible reasons why this student obtained a value below the
data book value.

Assume the method was followed correctly and there were no
measurement errors.

(2)

i SOTC HDH 0., A A.... CEOCECHOG, A0, OSSP

%eacmfmmwﬂmwmmi.}ﬁxndhmcm ...............

I

ﬂ ResultsPlus
Examiner Comments

A mark is scored for the comment about the calcium not reacting with

the water completely and a second mark for noting the delay when

connecting the gas syringe. The point about the bung not fitting
properly was ignored. Two marks scored.
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(i) Give two possible reasons why this student obtained a value below the
- data ook value.
Assume the methiod was followed correctly and there were no

measummenkﬂ'—“ Ll e -

ag\o@%)m\« )~ Te. ¢ u,ft, et

ﬂ ResultsPlus
Examiner Comments

This illustrates a common error where, despite the information in the
question, the candidate has mentioned non-standard conditions and
equipment errors. No marks scored.

& 4 ResultsPlus

| Examiner Tip
When commenting on why an experiment does not give expected
results avoid generic statements. Instead read the question carefully
and make suggestions specific to the practical being carried out.
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Question 4 (c)(i)

The colour change was correctly known by the majority of candidates. However, a few
reversed the colours and some candidates did not understand the end point colour was
orange, not red.
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Calculation errors were extremely rare in Q04(c)(ii) and most candidates were able to
correctly identify the concordant results and so scored both marks. However, it was quite
common to see a third or occasionally all four titrations used to calculate the mean, resulting
in only one mark being awarded.

The standard titration question in Q04(c)(iii) was very well done and the majority of
candidates demonstrated clear working for each step of the calculation with many scoring
full marks. However, a number of candidates failed to score the last mark as they left their

answer in mol dm3 instead of g dm™3. Rather surprisingly, a small minority of candidates did
not appreciate they had to use the mean titration from Q04(c)(ii) and used 25 cm3 instead.
Fortunately, this mistake allowed access to the rest of the calculation marks.
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(c) Athird student carried out an experiment to determine the concentration of a
saturated solution of calcium hydroxide, Ca(OH),, in water at room temperature.

25.0cm’ of a saturated solution of calcium hydroxide was pipetted into a
conical flask. Three drops of methyl orange indicator were added and the solution
was titrated with 0.0400 moldm™ hydrochloric acid.

The procedure was repeated until concordant titres were obtained.

The results are shown in the table.

Final burette reading / cm’ 26.85 31.25 34,55 27.15

Initial burette reading / cm® 0.00 5.00 8.00 1.00

Titre / cm® Qé%( QGQg R‘ *g; /Zé‘ K
Concordant results (v) {/ // t/ /

(i) State the colour change observed in the conical flask at the end-point of

the titration.
(2)

From Gfﬂ'\a{’, to BE’HUH

(i) Complete the table and use the concordant results to calculate the mean titre.
(2)

74,95 + 2025 4 2655 ¥ 615 [ 4,4 S
— Y

_MRESUNSPﬁ.IS

Examiner Comments
The candidate has filled in the titre results correctly, but wrongly
chosen all 4 as being concordant. Their mean titre calculation is correct
so one mark is scored.
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(¢) A third student carried out an experiment to determine the concentration of a
saturated solution of calcium hydroxide, Ca(OH),, in water at room temperature.

25.0cm’ of a saturated solution of calcium hydroxide was pipetted into a
conical flask. Three drops of methyl orange indicator were added and the solution

was titrated with 0.0400 mol dm™ hydrochloric acid.
The procedure was repeated until concordant titres were obtained.

The results are shown in the table.

Final burette reading / cm’ 26.85 31.25 34,55 27.15
Initial burette reading / cm’ 0.00 5.00 8.00 1.00
Titre / cm® 26 .86 26.25 26.56 . 26.15
Concordant results (v’) N4 v

(i) State the colour change observed in the conical flask at the end-point of
the titration.

From e SBANE i

(i) Complete the table and use the concordant results to calculate the mean titre.
(2)

2e.55% 26405 = 00.T0
’______,__---'—---_.--"""'"

=
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(iii) The reaction taking place in this titration is
Ca(OH),(ag) + 2HCl(aq) — CaCl(ag) + 2H,0(1)

Calculate the concentration of the calcium hydroxide solution in gdm™,
{4)

Mokes o) HUl = ©0.0262 x 6:9% = 0.00 1045 m!
Moley ob (o (OM), = _©0-90(0%3 _ (.000 § 2} me)

I i

A

Moz 2 (a6 (OM). = p.obosaw x 714

Concrabradion, b (a(oR), = 00398 . [.55 4/in’

6.025

1]

N,

ig ResultsPlus
Examiner Comments

This is a very good answer. The correct concordant results are
identified and the mean calculated in Q04 (c)(ii) so both marks are
scored. In Q04 (c)(iii) the calculation is clearly set out and correct so
four marks are awarded.

International Advanced Level Chemistry WCH13 01 54



(iii) The reaction taking place in this titration is

Ca(OH),(aq) + 2HCl(ag) — CaCl(aq) + 2H,0(l)

Calculate the concentration of the calcium hydroxide solution in gdm™.

N =
= P 5 3
C V CGMHC' - DsHOO ma"o[""
n
& =T Viatou), =2 %

hr\f..l-lu) -
\ \ z
'% o.pl‘.DHg
-3
= 24 ¥ to
X E s
R i pvZod 6

n = - - =
v ¢ - 2 5%l6” 3 ~ 2 to moldm

: -3 e '0""5'"_" _oIp‘f
= Cc?'l{ao) Czé-&ﬂo) = © a

V ResultsPlus
/'--. Examiner Comments

The candidate has correctly calculated the moles of hydrochloric acid,
the moles of sodium hydroxide and the concentration of sodium

hydroxide in mol dm™.

However, they have omitted the last step and not converted the

concentration to g dm3. This was quite a common error and so three
marks are scored.
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Question 4 (d)

Rather fittingly, this last question was the most challenging on the paper and proved to be a
good discriminator. Many candidates clearly understood the effect of temperature on
equilibrium but often failed to gain any marks by not relating this to the precipitation of
calcium hydroxide. Common wrong ideas included the formation of calcium oxide by thermal
decomposition and references to water evaporating as the temperature increased. Despite
being told dissolving was an exothermic reaction, a number of candidates also thought that
solubility would increase with increasing temperature.

(d) Dissolving calcium hydroxide in water is an exothermic progess.

Describe what you would see if the saturated solution of calcium hydroxide was
heated from room temperature to 50°C.
Justify your answer.

Thert A NIC e g mpp, b (75
*.[ormrfl fuths & g fotuml, as'fwm
ht]}:/[ k2 ezqwf e, St ﬁﬁ §o_rae, MoK,
Pfo m(c

|‘\-\
\T! { ResultsPlus

/r--.\_ Examiner Comments
In this excellent answer the candidate explains why the equilibrium
shifts to the left-hand side resulting in more white calcium hydroxide
coming out of solution. Both marks awarded.
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(d) Dissolving calcium hydroxide in water is an exothermic process.

Describe what you would see)if the saturated solution of calcium hydroxide was
heated from room temperature to 50°C.
Justify your answer. o

(2)
Sopee OF et Bl voold Ceaporall aed el

PRPO
: © emal| am owny of &

whire  Solid will bccy“ﬂ to fory atb twe botroon. Thic

P s e

ResultsPlus

Examiner Comments

Despite the temperature only being raised to 50° C, this candidate
thought the water would evaporate resulting in a white solid being
formed. There was no reference to the movement of the equilibrium
so no marks were scored. This was a common wrong answer.
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Paper Summary

Based on their performance on this paper, candidates should:

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

Make sure they learn and understand the procedures in the core practicals.
Understand the reason for choosing and using a particular piece of apparatus and

understand how it works.

Not give a generic response to practical questions.
Learn the qualitative tests to identify organic groups and inorganic ions.
Show working when carrying out calculations and think carefully about units, significant

figures and rounding.

International Advanced Level Chemistry WCH13 01

58



