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Introduction

Candidates performed particularly well on those questions involving calculations and/or data
analysis. The questions found most challenging were those relating to the reasons behind specific
steps in a practical procedure, or an understanding of the apparatus used. Candidates found it
challenging to write equations to account for qualitative observations.
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Question 1(a)i

This was an unfamiliar test for many candidates. Many gave the colour change of the cobalt
chloride in reverse or thought this would be observed in solution rather than on the paper.
Relatively few candidates understood that there would be evidence of the production of steam
and there was much reference to familiar but irrelevant terms such as misty fumes.

(a) Salt A contains one type of cation and one type of anion.

Complete the table for the tests on a sample of the solid salt A,

(i) | Heat a small amount Aisa {2}
of solid A i a test 1. slm._ Jams. . | hydrated sait.
mﬁ@gldlng some
cobaftChloride paper atthe | o, cecrene$.. .
mouth of the test tube.

... becames... pink...

AN
ResultsPlus

Examiner Comments

This response received 2 marks. The candidate has provided three observations so risked an
incorrect observation negating a correct observation. Formation of steam and mass
decreasing were both allowed, even though neither of these would actually be observed.
The paper turning pink was an expected observation.

/\B ResultsPlus

Examiner Tip

Use any prompts provided in the question, as well as the number of marks available, to
guide your response. Two observations were expected in this question.

Int Advanced Level Chemistry WCH16 01 3



(a) Salt A contains one type of cation and one type of anion,
Complete the table for the tests on a sample of the solid salt A.

(i) | Heat a small amount fl Aisa (2)
of solid Ain a test . pawpe¥ MINI | hydrated salt.
tube, holding some
cobalt chloride paperatthe |  PIU€ fﬁd
mouth of the test tube.

ResultsPlus

Examiner Comments

This response did not receive any credit. The paper was blue at the start, and misty fumes is
confused with the qualitative test for the presence of the OH group in an alcohol.
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Question 1(a)ii

The most common incorrect response was Fe*, however, the pale brown reference should have
directed candidates to manganese(ll).

(i) | Add excess aqueous A pale brown precipitate The formula | (1)
sodium hydroxide to a forms, which darkens of the cation
solution of A and leave to on standing, inAis
stand in air. Ft”

N

N { ResultsPlus
/--.. Examiner Comments

This was a common incorrect response. Transferred error marks were still available in (a)(iv),
however.

” V \ ResultsPlus
\

| Examiner Tip

Make sure you learn the colours of the ions and compounds formed by the transition metals
stated in the specification.
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Question 1(a)iii

Most candidates scored well on this familiar test; however, some forget to include nitric acid or
gave an unsuitable acid (eg hydrochloric acid) that would give a false result. Other candidates
incorrectly chose barium chloride, showing confusion with the test for a sulfate ion.

(iii) A white precipitate forms The formula (2)

) AﬂL‘Lm-mcp_pwl,a.n.gL on adding a mixture of two | of the anion in
solutions to a solution of A. | Ais Cl.
silver nitrote,

P\“.mes&oquﬁm The white precipitate
dissolves on adding an

_ammohi, | excess of another solution.

% ResultsPlus

Examiner Comments

An excellent response scoring both marks.

(iii) A white precipitate forms Theformula | (2)

Adol _Aa(s) s and.. | on adding a mixture of two | of the anion in
Aj ) aM{ solutions to a solution of A. | AisCl",

.....H.:SQ.!&.LMF The white precipitate
dissolves on adding an R

................. | @XC@8S Of another solution.
R R I LR

_ ResultsPlus

Examiner Comments

This response was awarded 0 marks. This candidate would have scored the first mark had
they stated silver nitrate (and HNOs) in words. The incorrect formula for silver nitrate
negated the mark.
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| Examiner Tip

Incorrect chemical formulae will usually be penalised.
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Question 1(a)iv

Most candidates were able to deduce a correct formula for the hydrated salt, even if awarded for
transferred error from an incorrect ion in (a)(ii). Some candidates failed to associate colour with a
transition metal ion and received no credit for answers based on eg Mg*".

(iv)| Give the formula of salt A, which has a molar mass of 197.9gmol™. (2)

MnCla.4H,0

ResultsPlus

Examiner Comments

The correct formula of the hydrated salt was sufficient for both marks. The command was
"give", which does not require any working.

/(ivf| Give the formula of salt A, which has a molar mass of 197.99 mol". (2)

Fecly Feor

| N

ResultsPlus

Examiner Comments

This response received no credit. The transferred error answer would have been FeCl, 4H,0
for the incorrect answer to (a)(ii).
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) Examiner Tip

Transferred error marks are often available so always try to complete all questions.
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Question 1(b)

Many candidates struggled to produce acceptable ionic equations in part (i) with many
unbalanced attempts, or equations involving uncancelled spectator ions seen even when a
reasonable understanding of the chemistry was apparent. Similarly, many candidates did not give
the formula of a complex ion in part (ii) or a neutral salt in part (iii). It was evident that many
candidates found it difficult to link the observations given in the question stem to the correct
chemical species.
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(b) Salt B contains twg!ms_o_fgl_lo_n_and one type of anion.

Tests were carried out on separate samples of a solution of salt B.

Test 1

rae W _
Excess dilute aqueous sodium hydroxide was added and the solution warmed.
A green precipitate was observed. The precipitate turned brown on standing

in air,

A piece of damp red litmus paper was held at the mouth of the test tube. The

litmus paper turned blue. N w,? Lol Nég < O
Test2

Acidified barium chloride solution was added.
A white precipitate was observed.

(i) Write ionic equations to account for the following observations.
State symbols are not required.

(3)

Fe™ + a0W ——  Fe(0H)2

NH1,+ + 0oH — NH; + Hy0

(i) The brown precipitate from Test 1 was dissolved in sulfuric acid.
A yellow-brown solution formed.

Give the formula of the complex ion present in the yellow-brown solution.

[T

(iii) State the formula of salt B.

(1)

(1}
TN

- feNHy (Soy),

(Total for Question 1 = 12 marks)

Int Advanced Level Chemistry WCH16 01 1



N { ResultsPlus
/'--.. Examiner Comments

An excellent response to all but part (b)(iii). When deducing the formula of salt B, this

candidate looks to have based their answer on Fe*, failing to appreciate this was formed by
oxidation of Fe*" coming from the salt.

Examiner Tip

lf \ ResultsPlus
\

There is little point in including state symbols if the question says they are not required.
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(b) Salt B contains two types of cation and one type of anion.
Tests were carried out on separate samples of a solution of salt B.
Test 1

Excess dilute aqueous sodium hydroxide was added and the solution warmed.
A green precipitate was observed. The precipitate turned brown on standing F¢

in air.
A piece of damp red litmus paper was held at the mouth of the test tube. The
litmus paper turned blue, MA )
Test2
Acidified barium chloride solution was added.
A white precipitate was observed. qu
(i) Write ionic equations to account for the following observations.
State symbols are not required.

(3)

(Fe™HO) V"' + 10H - (FelOH) (M), ) +2H,0

NH:"[WO'[‘\- e W3 +H»O

Ball, + SO - Ba SO, nidN

ﬁl} The brown precipitate from Test 1 was dissolved in sulfuric acid.
A yellow-brown solution formed.

Give the formula of the complex ion present in the yellow-brown solution.

[&' ...(50*) y (H'O}ST

(i) State the formula of salt B.

1)

(1)

FﬁN’imSOq. ...................

(Total for Question 1 = 12 marks)
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Y / ResultsPlus
/'--.t Examiner Comments

This response scored 1 mark in total, for the ionic equation showing the formation of
ammonia in Test 1. The ionic equation for the formation of the green precipitate would have
scored had the charge been included on the hydroxide. The barium chloride in Test 2 is an
aqueous solution so the barium ions must be separated from the chloride ions. The latter
are spectator ions so must be omitted from the ionic equation.

ResultsPlus
<\

Examiner Tip

Charge, as well as atoms, must balance in a chemical equation.
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Question 2(a)

The most common incorrect responses related to time being needed for all the calcium
hydroxide to dissolve or for the reaction to go to completion. These did not receive credit as they
missed the point that equilibrium needed to be reached, where the solution was saturated and

the concentration of calcium hydroxide no longer changed.

(a) Give the reason why the conical flask is left for one day at the end of Step 2.

(1)
N '{ ResultsPlus
/--._ Examiner Comments
This is all that was required for the mark. The clue was in the question stem.
(a) Give the reason why the conical flask is left for one day at the en%of Step 2.
(1)
[+

mm‘nmw amun el b

dissolve 4 oM f«lmw __ lf\égfbm&g

AN
y { ResultsPlus
/'--.. Examiner Comments

This candidate has realised their mistake and salvaged the mark. Had all the calcium
hydroxide dissolved the solution would not be saturated.
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Question 2(b)

Methyl orange was the most suitable indicator for this titration between a strong acid and
calcium hydroxide, which is only slightly soluble in water. Phenolphthalein, however, was a much
more popular choice. Curiously, many other indicators were seen, even though the Data booklet
is not provided to candidates in this examination. Many candidates incorrectly gave the colour
change in reverse or gave the final colour in acid rather than at the end-point.

(b) Give the name of a suitable indicator to use in Step 4, including the expected
colour change at the end-point.

N { ResultsPlus
/'--.. Examiner Comments

This response scored both marks. Methyl orange is the expected indicator but, as calcium
hydroxide can be considered a strong base, phenolphthalein is also suitable.

V \ ResultsPlus
\

| Examiner Tip

It is a good idea to learn the spelling of key words such as phenolphthalein.

(b) Give the name of a suitable indicator to use in Step 4, including the expected
colour change at the end-point.

Name of indicator ......2...0.00 2!

W
Colour change from .......... b lug_, ....................................................................... to ... :?“O ...........................................................................

N '{ ResultsPlus
/‘--.. Examiner Comments

This response scored 1 mark. As the Data booklet is not provided in WCH16, it was
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surprising to see a significant number of candidates give indicators other than methyl
orange or phenolphthalein. This candidate is correct that bromophenol blue is blue in alkali
and yellow in acid, but the colour would be green at the end-point.

Int Advanced Level Chemistry WCH16 01
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Question 2(c)

Many candidates scored well on this question involving an unfamiliar titration calculation. It was
disappointing, however, to see so many fail to consider the concordant results when calculating
the mean titre in part (i), or starting with 2 g of calcium hydroxide in part (ii) or their mean titre
from part (i) even though this is what they should have been trying to calculate. Many correct
responses were seen in part (iii) although a significant number gave spurious reasons failing to
consider the information provided in the question stem.

18 Int Advanced Level Chemistry WCH16 01



(c) Results from the titrations are shown.

(i) Complete the table and calculate the mean titre in cm’.

065+ 045 , .50,3 )
2 A~
(i) The equation for the titration is shown.
i bl
Ca(OH),(aq) + 2HCllaq) — CaCly(aq) + 2H,0()
1-5€qdn
A data book value for the concentration of a saturated solution of
sy calcium hydroxide at 20°C is1.56gdm™ .,
Calculate the expected titre, using this information and that given in Step 4.
)]
M=1].56x 25x07 = 0.03 -1 3
§ V=LOLX07 g gloszde xo?
M=ot +(texg) ¥ (v2) = 74 2. 100 —
h=808 g gxiomel ¥ 10-52u0°
TQ-I
O(DH); Ho
12

sum“' . 05210 /o\

(ii) The solubility of calclum hydroxide decreases with increasing temperature. .

ol 11
Suggest why the mean titre from mestxp;‘rlment in (c)(i) does not agree with
the expected titre from (c)(ii).
(1)

T b Bhcobim was omdudd & o, {ﬂ!Mhu 5\-“'[» Jan, 200¢ 5 I‘nd h ﬁo‘huh

»»»»»»» 4 Cq[ﬁ“) b lew. g |mgﬂ[~£ﬂ!‘} boms od fe R, uulumqqf roimol

uuw»u-mw.mum,,m/lu) ...................
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N { ResultsPlus
/'--.. Examiner Comments

An excellent response scoring full marks in each part. Note how clearly the unstructured
calculation in part (c)(ii) has been presented.

o \-
e

&74\ ResultsPlus
\

| Examiner Tip

Careful presentation of your working to calculations helps the examiner to apply the mark
scheme.

20
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(c) Results from the titrations are shown.,

(i) Complete the table and calculate the mean titre in cm’.

.58 +A-us
2
= 9.50

-

(ii) The equation for the titration is shown.

(2)

Ca(OH),(aq) + 2HCl(aq) — CaCly(aq) + 2H,0()

A data book value for the concentration of a saturated solution of
calcium hydroxide at 20°C is 1.56 gdm™.

Calculate the expected titre, using this information and that given in Step 4.
c =™ (4)
V

A= A4S o
W00 L 4. .5%0

(ili) The solubility of calcium hydroxide decreases with increasing temperature.
Suggest why the mean titre from the experiment in (c)(i) does not agree with

the expected titre from (c)(ii).
A lowser demperatuve o 20°C 5 sty o8 Concium. ysvesie.
Inoreanes - Thudove. Kaone. wodd. Soe.a. Savger . 3 conantration ot ..

CaCOM), in A\e so\ubion i A\, coniead ooy, whaieh... locdel req uine
a Wignu dive .
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%
,

" / ResultsPlus
/'--.'. Examiner Comments

This response scored 2 marks in part (c)(i) and 1 mark in each of (c)(ii) and (c)(iii). This
candidate has gone down the wrong path in (c)(ii), starting with a volume of hydrochloric
acid and calculating a volume of calcium hydroxide solution. This incorrect approach could
score a maximum of 1 mark. The candidate was given the benefit of doubt in (c)(iii) that the
"lower" temperature refers to the calculation in (c)(ii) and not the titration in (c)(i). Always try
to make your answers as clear as possible.

4\ ResultsPlus
\ Examiner Tip

Read questions carefully to make sure you are answering the question that has been asked.

22

Int Advanced Level Chemistry WCH16 01



Question 2(d)

In general, the candidates found it much more straightforward to evaluate the units in

comparison to the numerical result of the calculation.

(d) From the results of the experiment, the student determined the concentration of
the saturated solution of calcium hydroxide to be 0.0190 moldm™.

Calculate the value of K, including units, from the student’s result.

K. = [Ca™(aq)] [OH (aq))’
(2)

Ke = [ o.01&7L 0.014x2 ) "«

e
Ke = 2.T4xw Mol dm

-~

<{ < ResultsPlus
/---. Examiner Comments

An excellent response scoring both marks.

il
s

W4\ ResultsPlus

\_; Examiner Tip

With calculations, provide your answer to the same number of significant figures as the

(least accurate) data provided in the question.

23
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(d) From the results of the experiment, the student determined the concentration of
the saturated solution of calcium hydroxide to be 0,0190 moldm™,

e

Calculate the value of K, including units, from the student’s result.

K. = [Ca*(aq)] [OH (aq))’

fgpﬂfi‘du’, @
A EetF—foe £C= ()

CoH7aq]?

L CWTEW]‘ - 0-0190 mldn

X 00190 (mo) du'3)*
-olap =00t _
—-&35‘{){/5“6 mol3dm"’

Zb-86 s b mel 3
= 68CKA YnTaort

(2)

AN
ResultsPlus

Examiner Comments

This response scored 1 mark. A common incorrect numerical answer where the candidate
has failed to multiply the hydroxide ion concentration by two. The unit mark was awarded
despite the unusual order in the final answer.
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Question 3(a)

Most candidates appreciated that the thiosulfate ions react with the iodine produced but far
fewer could explain that this is to delay the colour change. Confusion with iodine-thiosulfate
titrations was commonplace, for example with candidates frequently saying the starch should be
added after the iodine had reacted, or that thiosulfate was needed to slow the reaction or see the
end-point more clearly. It was evident that many candidates did not understand the concept of a

clock reaction.

(a) Explain why thiosulfate ions, 5,03 (aq), are added to the reaction mixture.
(2)

-TL‘M“'bh"?ﬁ'm?‘ﬁﬁs“‘lvﬁ‘}m\t‘«&'w’twﬂhh"“““'hmbvedmmdse“fﬁ

G\“QQHﬁnsmwm?th%%edMP-M Ldoding wvolecugey  Eoum o e
“5*%'clnrnmnkmnw?ﬂn%hvc.h,h-"mu‘mff«m%ﬂﬂarﬂhmﬁhdﬂwﬁtm(ﬁlw{m
Lobe blve ol

Tbi-wcwll-’mh%na“mb‘elw%l‘ww\nwt%w&?

N

) { ResultsPlus
/---. Examiner Comments

The last two lines alone were sufficient for both marks.
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Question 3(b)

This was a very poorly answered question with few candidates understanding that the
concentration of the reactants was a control variable, and that this is affected by the volume of
each solution added and hence the total volume. Most candidates did not go beyond a simple
comparison of the accuracy of the apparatus, which was at least of some relevance. Again, much
confusion with iodine-thiosulfate titrations was apparent with many candidates saying that the
starch solution had to be added drop-by-drop. Some candidates thought that measuring
cylinders cannot measure small volumes, even though they will have frequently used 10 ml
measuring cylinders in the school laboratory.

(b) Explain why a burette, and not a measuring cylinder, is used to add the starch
solution in Step 3, even though the concentration of starch indicator does not
need to be exactly the same at each temperature.
(2)

AR S e censrder. that . contentration. 08 Aty ...
,Pra/pnh\ma&h-zvammc,:fr.sunm:mcmnm:m}
e NN L I AL FON . LXK JULC ST et Q. censtnt
o Yoral VAUME.. 6 RS et bniette. . Can. M SUIe

e PO (L5 5 VOLUMES.  ANPVC .. BLLH A Ly DL EHC . NS USCE

N
\( { ResultsPlus

Examiner Comments

This candidate has not explained their answer with great clarity, however both marks were
awarded. They have the right idea that the total volume needs to remain constant in order
to keep the concentrations of peroxydisulfate (VI) and iodide ions the same in each
experiment. Concentration is inversely, and not directly, proportional to volume but this
inaccuracy was overlooked.
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(b) Explain why a burette, and not a measuring cylinder, is used to add the starch
solution in Step 3, even though the concentration of starch indicator does not
need to be exactly the same at each temperature,

(2)

DO KD SR B B S AN

a\ -
ResultsPlus

Examiner Comments

Because most candidates did not appreciate the significance of needing to keep the total
volume the same, 1 mark was awarded to responses like this, simply for recognising that a
burette is a more accurate piece of volumetric apparatus than a measuring cylinder.

Int Advanced Level Chemistry WCH16 01



Question 3(c)

Most candidates knew the colours but more confusion with iodine-thiosulfate titrations was
apparent, with many giving the colour change in reverse or giving yellow instead of colourless,
mistakenly thinking the starch was not already present.

(c) State the colour change in Step 5.
(2)

Colour change from P**{A«-é,d}.w ............................................................ to.....bbw - blagh. o

%
I\"\.

¥ / ResultsPlus
/'--.‘: Examiner Comments

This response was awarded 1 mark for (colour changes to) blue-black. This candidate seems
confused with an iodine-thiosulfate titration when the starch is added after the solution
turns pale yellow. In this experiment, starch is present from the beginning and the solution
turns blue-black as soon as any iodine is produced.

(c) State the colour change in Step 5.

Colour change from ... Ve -black 10 Colowress

%
I\"\.

N / ResultsPlus
/'--.‘: Examiner Comments

Again, this candidate seems confused with an iodine-thiosulfate titration when the solution
turns colourless after all the iodine has reacted. Responses giving the reverse colour change,
as here, were awarded 1 mark.
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Question 3(d)i

This was a high-scoring question. When marks were not awarded this was usually due to answers

being given to an inconsistent number of significant figures with the data provided in the
question.

(d) Some results from the experiment are shown.

q

L\ 322 0.00311 33 0.0303 -3.50
43 3\6 0.003\6 47 0.0213 -3.85
36 309 0.00324 72 0.0139 -4.28
31 304 0.00329 a9 o.olo\ -4.60
25 298 0.00336 147 0.00680 | -4.49

(i) Complete the table,
(3}

ResultsPlus

Examiner Comments

This candidate has successfully calculated all values and completed the table consistently
with the precision of the data shown. Full marks were awarded.
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(d) Some results from the experiment are shown.

ua 32 0.00311 33 0.0303 ~3.50
43 206 0.0036 47 0.0213 -3.85
36 309 0.00324 72 0.0139 428
3 304 000329 | aq% 0.01065 | 460
25 298 0.00336 147 000680 | -§&.°

() Complete the table.
(3)

ResultsPlus

Examiner Comments

This candidate has correctly calculated all values but has given the Time, t, the (1/t), and the
In(1/t) values to an inconsistent number of significant figures in relation to the data
provided. This error was penalised only once and 2 marks were awarded.

ResultsPlus

Examiner Tip

Always be consistent with the precision of the data provided.

30
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Question 3(d)ii

Many candidates gave a correct answer, however, much carelessness with units was observed.
Other candidates unsuccessfully attempted to use the expression provided, instead of simply
multiplying the gradient value by the gas constant.

(i) The experimental data was plotted on a graph of In(1/t) against 1/T, giving a
straight line with gradient, m = ~6045K.

Calculate the activation energy, E,, for this reaction, in kimol™, using
this result.

ln(1 /t}=—%— X -;: + constant R=8.31Jmol'K"’

—

m = -*t—:i'- = —bo'tY

S Tes - (-6o%¥) -83) =1.00x00" il ™
= T0 ke Jmd ™

~ { ResultsPlus
/--.. Examiner Comments

An excellent response. This candidate has shown their working and clearly given thought to
the sign of their answer, the number of significant figures, and the units.

V \ ResultsPlus
\

| Examiner Tip

"SUS" is a useful acronym to remember in calculations: Sign, Units, Significant figures.
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(i) The experimental data was plotted on a graph of In(1/t) against 1/7, giving a
straight line with gradient, m = -6045K.

Calculate the activation energy, E,, for this reaction, in kimol™, using
this result.

In(1/8) = -%’ X % + constant R=8.31Jmol K"
(1)
=3.5- (~2.35)= 045
B 0.001]—al62-3 xi0™

_Ee 035

R~ tre

~CX°
_Ea
22— 0w
35 7

e = cgTo Jrnal? 2 88Tkl

N

<{ < ResultsPlus
/---. Examiner Comments

This candidate understands how to calculate activation energy from an Arrhenius plot but
did not score the mark despite doing a lot of work. They have ignored the instructions and
calculated their answer using data from the table rather than the more straightforward use
of the gradient value provided in the question.

.-"'. \-

"' 4\ ResultsPlus
\

| Examiner Tip

Always read questions and follow instructions carefully: do not write your own question.
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Question 4(a)

The majority of candidates correctly stated the use of gloves; however, many did not read the
question carefully and gave multiple precautions.

(a) State the main safety precaution, other than wearing safety spectacles and a
laboratory coat, that should be taken when weighing the phenol in Step 1.
(1)

\Ugw.nggloves. _____________________________________________________________________________________________________________________________________________________________________________________

N { ResultsPlus
/--.. Examiner Comments

A concise response that scored the mark. The command was "state" so no reason or
explanation was required.
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Question 4(b)

A lack of specificity meant that a significant number of candidates did not score the mark, for
example by simply referring to the production of toxic gases. Other candidates made up hazards,
such as benzoyl chloride being carcinogenic, even though the relevant information was provided

in the table on the preceding page. As with the previous question, numerous candidates gave
several reasons instead of just one as instructed.

(b) Give one reason why Step 2 must be performed in a fume cupboard.

(1)
e TR gav. i lxo.wiu.dﬂ“iﬂ*ﬂ-_jﬂuf""ﬂs‘mnni*fﬁkc%
..................... Whaldan © doa i e cappoqed,

,--":;\

N { ResultsPlus
/--.. Examiner Comments

Reference to the production of a toxic gas alone was not sufficient for the mark. Several
substances are involved in the preparation, not all of which are toxic.

V ResultsPlus
\

| Examiner Tip

Hazards are specific to chemicals.

(b) Give one reason why Step 2 must be performed in a fume cupboard.

(1)

¥ { ResultsPlus
/--.. Examiner Comments
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A concise response that scored the mark. Benzoyl chloride and hydrogen chloride were the
two toxic chemicals involved in the preparation.

Int Advanced Level Chemistry WCH16 01
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Question 4(c)

This question was answered very well. Some candidates did not make a comparison, which was
necessary to show why the volume of benzoyl chloride did not need to be exact, and so were not

awarded full marks.

(c) Deduce why the volume of benzoyl chloride added in Step 2 does not need to
be exact.
Include a calculation in your answer.

[Density of benzoyl chloride = 1.21gcm™)
(4)

- - 5 M‘{
"-?A.np{ —_— 2 00532
(2x6+5 tl6+)

g oo

([ d- - 1.2 % q

needed = 0.0532 Mot

- 0.07%5 mol

nc;ngwoc added 7 n'C‘"‘,—C.DbL ,—giw,n:,d .

o Botroyl... Modde..... 5. .. CHEBS. .. S0 Al MLattr k... A0S0 ..
SV S 7N Y 7 TS S O R

a\ o
ResultsPlus

Examiner Comments

A concise and clearly presented response scoring full marks.
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(¢) Deduce why the volume of benzoyl chloride added in Step 2 does not need to

be exact. A
Include a calculation in your answer. av
[Density of benzoyl chloride = 1.21 gcm™)
(4)
. mos numbuﬂﬁm%gﬁ
iy %5"51“
_Mmats ~ 7%234 Nim bea\ oPustes
e= — = — = ~ Sam-e
Volum dens,l.a [.2) n Denzaichiende
= [ Mo ™58y
P chefide ~ = m: 5 me
= 065314 % HOS]

feamse e melbg dempatite 18 Yeolen s NGt agna

ergﬁt% \9\3‘*‘\\ Seo. 0. Mather %tm\umbm% ...... osed . Ve \Dﬁnz@lﬁjhrk

toon'y dliscolve N He wixtu® b e\ ts messiple:

.'\ o
ResultsPlus

Examiner Comments

This candidate has not presented their work in the most logical order; however, they have
correctly calculated the volume of benzoyl chloride required and were awarded 3 marks.
Note that their answer should have been rounded to 6.18 cm? but this was ignored on this
occasion as the precision was of little significance in the context of the question.

—
W

=
2y
- Y

M4\ ResultsPlus
\_/

| Examiner Tip

Incorrect rounding will almost always be penalised in calculation questions. It is best
practice to carry through calculator values in intermediate steps before making sure your
final answer is correctly rounded and given to an appropriate number of significant figures.
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Question 4(d)

Most candidates approached this question too generally and did not appear to give any thought
to the specific chemicals involved. The removal of excess benzoyl chloride, following on from the
previous question, was a key idea that was missed by the large majority of candidates. Many
vague responses of just removing impurities, or worse insoluble impurities, were seen.

(d) Give two reasons why the crude product is washed with water in Step 3.
(2)

270 YewovR,  exCeRS  benizayl .. chlox e o
2B eeder—e  Phongl. bengoote 35 ineoblelr, dh. woktx

LSo..no.. product. ls Mssowed % omd lost. oo

N { ResultsPlus
/---. Examiner Comments

A good response scoring both marks. Only a small proportion of candidates recognised that
water would help to remove any unreacted benzoyl chloride. Reference to phenyl benzoate
having a low solubility in water was allowed in the second marking point.

(d) Give two reasons why the crude product is washed with water in Step 3.
—=

Solubhe 'rmf-wi'ﬁl‘s and

N { ResultsPlus
/---. Examiner Comments

This response scored 1 mark. Sodium hydroxide is one of the soluble impurities removed by
water. It is always best to be specific when giving reasons for steps in practical procedures.
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Question 4(e)i

This was a very poorly answered question with most candidates discussing the dissolving of the
crystals, the removal of impurities or the evaporation of ethanol. Only a tiny proportion of
candidates considered the melting temperature data provided in the table and understood its
significance. Recrystallisation must be done from the solid.

(i) The boiling temperature of ethanol is 78°C,
f-"_'_—

Suggest why the crystals are dissolved in ethanol at 60°C, even though this is

lower than the boiling temperature of ethanol.

— (1)

i{ { ResultsPlus
/--.. Examiner Comments

A good response to a challenging question. This candidate initially went down the wrong
path but realised their mistake, presumably after considering the data provided in the
preceding table.

L

4\ ResultsPlus
\

| Examiner Tip

Any work that you do not want to be marked should be neatly crossed out with a single line,
as here.
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(e) The recrystallisation in Step 4 was carried out using this method:
» transfer the crude product to a boiling tube and cover in ethanol
« place the boiling tube in a water bath at 60°C
+ add ethanol until the solid completely dissolves after stirring
+ cool the solution in an ice-water bath until crystals appear
« filter the crystals by suction filtration
» wash the crystals with cold ethanol.
(i) The boiling temperature of ethanol is 78°C.

Suggest why the crystals are dissolved in ethanol at 60°C, even though this is
lower than the boiling temperature of ethanol.
(1)

-c.ﬂmﬂ[f‘-;ﬂd{dc/fwdnhﬂhﬁ.sdﬂ,lf&&ayh’W‘l.‘i
hmkdqfaéméa'c««e{ﬁmrf‘cﬁo;/;?r*fwlmﬁu
g[-eﬂwufﬁuf/‘lflg(ﬁgu/ﬂ’ﬁghﬂfﬂd

AN
ResultsPlus

Examiner Comments

A common incorrect response. This candidate has failed to consider the relevance of the
melting temperature of phenyl benzoate provided in the preceding table.

Q}) ResultsPlus

Examiner Tip

When a table of data relating to the compounds involved in an organic preparation is
provided, it is expected that this will be considered when answering the questions that

follow.
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Question 4(e)ii

This question was well-answered overall with many candidates knowing this was to remove
soluble impurities while preventing the crystals from redissolving. As with (d), some candidates
confused soluble with insoluble impurities.

(il) Explain why the crystals are washed with cold ethanol.
(2)

Cr){/Jq/fakﬂ(ifffa(ul’/l'Kﬁ;;.,C,Zc/e/éﬂna/

.'\_ -
ResultsPlus

Examiner Comments

A concise response scoring both marks.

(i) Explain why the crystals are washed with cold ethanol.
(2)

.................................... Cancl. s xolakle. 3 8. gkl wued whele. Bt Kok, ehumll...

.'\ -
ResultsPlus

Examiner Comments

This response did not receive any credit. The purpose of washing is always to remove
soluble impurities. Hot ethanol would dissolve the crystals; "react with" is an inaccurate

term.
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Question 4(f)

The overall standard of diagrams of this unfamiliar apparatus was, encouragingly, better than
expected. A significant number of responses included apparatus that would not work, for
example with thermometer bulbs not in contact with the liquid in the Thiele tube (or, worse,
placed inside the capillary tube) or the capillary tube containing the crystals being completely
immersed in the liquid. Other responses included unsuitable methods of heating, eg failing to

read the instructions and giving an electrical heater.

(f) Draw a labelled diagram of the apparatus that could be used to measure the

melting temperature of phenyl benzoate in Step 5.
You should assume that electrical equipment for measuring the

melting temperature is not available.

heot (back ard fovivare)

~ { ResultsPlus
/--.. Examiner Comments

A good response with a clearly labelled diagram scoring all three marks.

(3)
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(f) Draw a labelled diagram of the apparatus that could be used to measure the
mgl_;l_ng_temygmﬁf phenyl benzoate in Step 5.
“You should assume that electrical equipment for measuring the

melting temperature is not available.

(3)

L dlev MQW-I-JW

a\ o
ResultsPlus

Examiner Comments

This response scored 2 marks. Full marks would have been awarded had the capillary tube
not been completely immersed in the oil.
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Question 4(g)

This straightforward percentage yield calculation was done very well by the majority of
candidates.

(g) Calculate the mass of phenyl benzoate that can be prepared from

5.00g of phenol if the overall yield, by mass, is 65.0%.
_— — — .

P lHsoH: 53947 0108319 mol.
n (4HseolgHs = 0 .b5319 xérZ: 00345 me (.

mlHe (0 Hs> 0025 k198 = 6 94579
©4-879 .

(2)

N

N { ResultsPlus
/--.. Examiner Comments

A clearly presented calculation scoring both marks. The candidate has worked to a suitable
number of significant figures in the intermediate steps before correctly rounding their final
answer.

(g) Calculate the mass of phenyl benzoate that can be prepared from
5.009 of phenol if the overall yield, by mass, is 65.0%.

Me = 9.0 -beh. ’l'oa\;ﬁf}’- (2)
M Y s Qheno

wol = B _ . 5 .0537 el (N

A ¥esf \
= (5. 0UWEGwe
waSS e mole™mY = 0 OHEE =\1%.0

IN

~ '{ ResultsPlus
b/‘---.. Examiner Comments

This was awarded 1 mark as the final answer is incorrectly rounded. A careless mistake in an
otherwise well-crafted response.
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Paper Summary
Based on their performance on this paper, candidates should:

+ Make sure they consider the context of each question and avoid giving generic responses.

* Practise writing equations to account for the results of qualitative tests mentioned in the
specification.

+ Learn the colour and formulae of transition metal ions and compounds mentioned in the
specification.

* Think more carefully about the reasons behind each step in a practical procedure.
+ Understand the suitability of apparatus to its use in a practical procedure.

+ Make better use of data provided in the context of an organic preparation.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:
https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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