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Introduction

Many candidates seemed well prepared for this paper and were able to demonstrate their
knowledge and understanding of practical techniques in both familiar and unfamiliar
contexts. This was particularly noticeable on questions about chemical testing and on
calculations. Unfortunately, others seemed ill-prepared and appeared unfamiliar with even
common practical activities and so struggled to show their knowledge and understanding.
There was no evidence, however, that candidates had insufficient time to complete the

paper.
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Question 1 (a-b)

This set of items proved more challenging than expected, with some candidates unclear as to
how and why this practical technique was used. Initial graph plotting was generally very
accurate and many candidates scored the mark for point plotting in (a)(i). Some candidates,
however, used points for their graphs which are so small that they cannot be seen,
particularly if covered with lines of best fit. Under these circumstances small dots for points
are not the best markers to use and candidates would do better to use a cross. Where marks
are available for graph plotting these cannot be awarded where points cannot be seen. In (a)
(ii) was either well understood or proved challenging. Most candidates were able to draw a
line of best fit using the final 5 points on the graph, though some continue to 'join the dots'
which in chemistry graph work rarely, if ever, to score marks. Many candidates did not
recognise that the maximum temperature change would be found at 3.5 minutes using
extrapolated lines and instead used maximum temperature - minimum temperature.
Temperature changes were also commonly found at either 3 minutes or 4 minutes rather
than when the zinc was added at 3.5 minutes.

(a)(iii) proved the least well answered of this set of items. Whilst many candidates knew that
they should use lines of best fit, and were able to do so, very few understood the reason for
doing this, with most referring to blanket ideas such as removing anomalies or finding
averages.

In (b)(i) many candidates were able to secure full marks either using the method in the mark
scheme or by calculation of the theoretical mass of zinc required to react with the copper(ll)
sulfate solution, and thus demonstrating that it was in excess. As is quite common, in (b)(ii) a
relatively high number of candidates used the mass of zinc in the expression for heat
transfer instead of the mass of the copper(ll) sulfate solution so did not score this mark. The
additional assumptions in (b)(iii) were quite well understood and candidates were able to
score well on this mark. The final calculation was also well understood and so (b)(iv) often
scored 2 marks.

(a)(i) The points are accurate, though not all easily seen, and scored 1 mark.

(a)(ii) The line of best fit joining the top points is good and is extended past 3.5 minutes giving
access to all the marks. Unfortunately the candidate goes no further and gives a temperature
change value of 45°C which is not made clear the origin of. From their graph the correct
value would be 44°C.

(a)(iii) is a typical example of the 'catch all's' of spotting anomalies and averaging values.
Neither of those scored here.

The calculations in (b)(i) and (b)(ii) are both fully correct. This answer uses the alternative
route on the MS of finding the theoretical mass of zinc required in (b)(i).

IAL Chemistry WCH13 01 4



In (b)(iii), whilst we do ignore the mass of zinc as this candidate suggests, to score the mark
we are looking for an explanation of why this is so. A statement such as 'the heat capacity of

zinc is zero', would score the mark.

The final answer starts well and produces a value of the correct magnitude, but the sign is
wrong as the reaction is exothermic and the units are not correct, so this scores 1 of the two

marks for dividing the energy transfer by the number of moles.
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(a) (i) Plota graph of temperature against time on the grid.
: (1)
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(ii) Use the graph to determine the maximum temperature change, AT, in this
experiment. You must show your working on the graph.
(3)
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(iii) State why using a series of measurements gives a more accurate temperature
change than taking the initial and highest temperatures.

(1)
i FOODE .. NOIVES.... GHSS..... k... Irelps..us.... To. idenhily. . . the anomaly ond.........
e :
o PR R T . T e Y 1 Y e e G e e S e e i
(b) (i) Show by calculation that the zinc powder is in excess.
2
= ”‘ma (2)
] G‘ o% "o \
n: Ve
9= O-06%856"4
r 3209
S, ewcess mne powde: 4:50-3%-27
T Wil
(ii) Calculate the energy transferred in the reaction, in joules.
Assume that the specific heat capacity of the solution is 4.21g™'°C"".
(1
£ @ - ™c AT
- sOY 42X 45
= 94507
* q-.4% u:l,;
(iif) State a second assumption, other than the specific heat capacity of the
solution, that you have made in your calculation in (b)(ii).
M
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(iv) Calculate the enthalpy change of the reaction, using your answers to
(b)(i) and (b)(ii).

(2)
AH = ks
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\( / ResultsPlus
/--.*. Examiner Comments

This is an example of a candidate using dots as graph marker points.
Though these are easily seen many were not and these would better
be replaced with crosses.

The temperature of the solution rises during the reaction, so the
reaction is exothermic. Consequently the final answer should be
negative.

-  ResultsPlus
“mmh;hhi

Examiner Tip
Use crosses as marker points on graphs.

Show working on your graphs when the graphs are used to provide
answers such as gradients or temperature changes.

Think carefully about the sign of energy changes. If the temperature of
the solution rises, then the reaction is releasing energy and so is
exothermic.
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Question 1 (¢)

There were a number of questions in this paper looking at different aspects of errors and
uncertainty. Some candidates were very familiar with this type of work and were able to deal
with the subtle differences in the various questions, whilst others were less confident and
tended to rely on general 'human error' type answers. This question asks for improvements
to the procedure to improve the accuracy of the result. Candidates were asked to justify their
answers which some chose not to do. Answers which suggested an improvement would
increase the accuracy of the result were very unlikely to score the justification mark as that
was what the question asked.

This example scored 1 for the use of the digital thermometer and the justification that this
would decrease the uncertainty of the temperature.

The use of a copper beaker was often suggested, along with the idea that this would reduce
heat loss. Copper is a good conductor of heat and so heat loss would be higher than with a
polystyrene cup.

(c) Identify twe improvements in the experimental procedure that would
improve the accuracy of the result, other than repeating the experiment.

Justify your answers.
(2)
.................................... W S.ing....,,....u........d.ig.i.{a..l........{h.ﬁmame{.@.{..........isa.......d.enr.ﬁ.uSf,.........fh.c,,,,______..___
Unw’}ﬂnh}\jo[%tfeﬁ’lpuﬁmr@
USJHBQC‘D ........................... beakher _so..nane. . of

s T e e Sy ENOON % JeSh o ithe Sy
e QPRI e

™,
\-\.

Y / ResultsPlus

< Examiner Comments

For 2 marks you should expect to make two points, as this candidate
has done.

.':.’" ResultsPlus
ey

Examiner Tip
Questions asking for justification, such as this one, will need some
explanation of why the improvement will work as suggested.
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Question 2 (a)

This question provided a good number of marks for very many candidates, who dealt with
the requirements of this calculation very well. The most common mistake was not to
remember to multiply by 10 in step 2 of the calculation. Many candidates realised that if they
did this their answer was too large, and there was considerable evidence of candidates
realising this and going back through their calculation to correct themselves, which is, of
course, to be encouraged!

This was quite a common answer, with a single mistake.
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2 The hydrogencarbonate of an unknown Group 1 metal, MHCO,, is a white solid.
Two students carried out a titration experiment using hydrochloric acid.

The results were used to determine a value for the relative formula mass, M,,

of MHCO, and thus obtain a value for the relative atomic mass, A,, of M.
&
Both students made solutions cml!:ainlng 2.00g of MHCO,.

The first student made a 250.0cm® standard solution.

The second student made a solution by placing the MHCO; in a beaker, dissolving

the solid in a little deionised water, and then filling the beaker to the 250 cm® mark.
=10

Both students titrated 25.0cm’ portions of their solution using hydrochloric acid with

a concentration of 0,150 moldm™, They used the same method and equipment.

The students repeated their titrations until they achieved concordant titres.
The first student obtained a mean titre of 13.35cm”’.

(a) Calculate the value for the A, of the metal M from the data of the first student.
MHCO, and HCl react in a 1:1 ratio.

You must show your working. Give your answer to two decimal places.
(4)

M 2 —— = R

i a2 e o
RUN= 1.0078 x\O0 wmok  1Be>S  h1g -0 el
(600
N~ A
\ o 4

i : “b
7.7901Sk\0 7001S x\0

wWHWS - e B T - QQ%.%SNA-‘
7.0018x\0

m¢ ROy = 1y \'L‘rU(ax’fﬂ = Gl
Mme.§ o = E.FS 5ﬂf{_\
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N / ResultsPlus
/--.‘: Examiner Comments

This candidate has not multiplied the moles of MHCO3 by 10 after the

first step in the calculation and so ends with an answer prior to the
subtraction of the hydrogen carbonate ion's mass which is 10 times
too large.

This scores the first marking point and the third and fourth by
transferred error. One mistake so 3 marks scored.

s ResultsPlus
ey

Examiner Tip
When a sample is taken from a solution in a titration it is often

necessary to allow a factor, usually of 10, to be used in the calculation.
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This candidate did everything right, here, except for providing an answer which is not to 2
decimal places as required by the question.

2 The hydrogencarbonate of an unknown Group 1 metal, MHCO;, is a white solid.
Two students carried out a titration experiment using hydrochloric acid.

The results were used to determine a value for the relative formula mass, M,,
of MHCO; and thus obtain a value for the relative atomic mass, A, of M,

Both students made solutions containing 2.00g of MHCO.,.
+ The first student made a 250.0cm’ standard solution.

The second student made a solution by placing the MHCO, in a beaker, dissolving
the solid in a little deionised water, and then filling the beaker to the 250cm’® mark.

« Both students titrated 25.0cm’ portions of their solution using hydrochloric acid with
a concentration of 0.150 moldm™, They used the same:method and equipment.

The students repeated their titrations until they achieved concordant titres.

The first student obtained a mean titre of 13.35cm’.

(a) Calculate the value for the A, of the metal M from the data of the first student.
MHCO, and HCl react in a 1:1 ratio.

You must show your working. Give your answer to two decimal places.
(4)

MHCo3 + Hal —> M Cl +Coy -+ H20
Mean fitre= (3. 35cm? n_

<V’

— Hole 0§ HCl= ConC. xVOlume eIt = 0.150x 1335

" 1000 3
- Mole. = B.150 % 2 50 .  13.3S = 2. ooxlomol
in 25 Tlooo
250Cm’ /
Mmole = 002 mole =i
Hcl t | ole] My
MHCO3 H‘C
[
X X o i o
X = 0.02 mole OFMItCOa
Mrot MHcoz= 2.00 .
—_— = : 97 =~ 99.%
5.0L 99:%75 =

LHHCOJ\F: 999 = 100 l r;l'{.-.hégb-( ~\2- (16X3)
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Y / ResultsPlus
/--.‘: Examiner Comments

Calculations often require a particular number of decimal places or
significant figures, and candidates should be aware of the differences
between these. This candidate rounded to 100 too soon, which made
the final answer naturally by one of only two significant figures rather
than 2 decimal places. Subtraction of 61 from 99.875 and then
rounding the answer to 2 decimal places would have been correct.

ResultsPlus
<

Examiner Tip
During calculations use the number given for each calculation in the
calculator, rounding your answer to the required number of significant
figures or decimal places at the end.

IAL Chemistry WCH13 01
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Question 2 (b)(i)

This proved to be a well understood question and scored well. It was anticipated that
candidates would calculate the percentage error, but many chose simply to calculate the
difference between the experimental and actual values, which answered the question and so

was awarded the mark.

Some candidates used a method of dividing the experiment value by the actual value and
then subtracting this from 1 to give the percentage error.

(b) Both students calculated values of the relative atomic mass of M.
Using their calculations and the total percentage uncertainty of their experiments,

they deduced that M was potassium.
The value for A, calculated by the second student was 37.52.

() Calculate the experimental error for the second student.

[A, of potassium = 39.1]

3%52 w00 = 95.967-
394 .,
S0 {}er@nmge’ un&néaﬁnp(j = L.0Y /a

(1

N i{ ResultsPlus
/'--. Examiner Comments

This is an example of this method
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Question 2 (b)(ii)

This calculation to find the possible values from the experimental data was generally quite
well done, with most candidates having a good idea of the calculations required even if small
mistakes were made. This meant at least some marks were scored by most candidates. Other
than those shown in the examples, other common errors included dividing the experimental
difference by 2 before subtraction. Some candidates very cleverly recognised they need only
focus on the maximum possible value from the experimental data (39.208) and comparing
the A, of potassium with that, saving themselves a small calculation and demonstrating a

good understanding of the process.

This item required the candidates to find the range of possible values for the A, of M from
the students experiment value and the percentage uncertainty of their readings.

(ii) The second student calculated the A, value of M to be 37.52 with a
total percentage uncertainty of 4.5 %.

Comment on the value of 37.52 obtained by this student by calculating the

range of values of A,
(3)

: 37 ' 7B
= %7262 X —
- |-698 &

L 4 ” gi’
£, 762 % kb L
. 37-6a-1e1kk ’5?-6.;:-1-‘. 68% 4

22 6-8316 to 34-Q084

26-97 1o 29. 2|

-

\.

< / ResultsPlus
/'-—-.; Examiner Comments

This candidate was one who made quite a common mistake, which
was to calculate the range of possible values for the A, of M very
effectively, but then relate the experimental value to this range, stating
that it was within it. It will be, of course, as this was the value used as
the centre of the range! A comment such as '39.1 lies within this range'
would have scored the third mark.

IAL Chemistry WCH13 01
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This was a second common type of mistake. The final comment is the correct one and fits
nicely with the mark scheme, but the value used (39.1) for the calculation is not correct.

(i) The second student calculated the A, value of M to be 37.52 with a
total percentage uncertainty of 4.5%.

Comment on the value of 37.52 obtained by this student by calculating the
range of values of A,.

7. L %A (3)
BAOD + 457, X GoRE9

- 8380 40.80
. 1 2.1

.00 ¢ 4B/ X BABY

Ronge =

— X AD H3.94
Rah%g: AR IA—RDES 4080~ .5

.-'II:\ —f
ﬂ/ { ResultsPlus
/---.. Examiner Comments

The candidate has used the range around the actual A, of potassium

rather than of the student's value. Most unfortunately the correct
values and hence answers have been crossed out and replaced!

The method is correct so scores the first two marks.

” '/ \ ResultsPlus
<

) Examiner Tip
Clearly show what you are doing in your calculations by labelling the
calculations (e.g. range = ......). This makes it much more likely that you
will be awarded marks for your calculation processes if the numbers
used are not quite correct.
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Question 2 (b)(iii)

This question focussed on percentage uncertainty. Most candidates who had a good
understanding of what percentage uncertainty is will have scored both marks here. The best
candidates were able to justify the change in percentage uncertainty when the titre volume
increased, even though this was a step further than was required by the mark scheme.

This item requires an understanding of percentage uncertainty. It is related to, but not the
same as, the idea of improving accuracy in Q01(c). As an 'explain' question, an element of
explanation is required for the marks to be scored.

This example exemplifies candidates relying on experiment error rather than percentage
uncertainty. The first results from mistakes made during the practical, whilst the second
comes about due to the uncertainty of values obtained due to the manufacturing of
equipment, such as glassware.

(iii) The first student suggested that the burette was the biggest source of
experimental uncertainty.

Explain how the percentage uncertainty of the burette reading could be
reduced without changing the apparatus or simply repeating the experiment.
(2)

Mo Yep  wnbid M Soludien teacter Mo Vip. (Bccumale vendin @

Mtu\la\umcﬂm‘”‘\‘\w&mnmsmﬁ.!ﬂw fooini bl end

™,

[ ™, .
\( / ResultsPlus
/--.E Examiner Comments

This candidate has correctly identified two sources of error in the
titration readings. Experimental errors are not, however, experiment
uncertainties.

.';;"  ResultsPlus
~=_)

Examiner Tip
Learn the differences in the key terminology associated with error and
uncertainty in practicals.
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(iii) The first student suggested that the burette was the biggest source of
experimental uncertainty.

Explain how the percentage uncertainty of the burette reading could be
reduced without changing the apparatus or simply repeating the experiment.

(2)

N\

iﬁ ResultsPlus
Examiner Comments

This candidate seems to have recognised that the volumes recorded
are the significant factor, but the answer given lacks clarity and
precision. No marks are scored.
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(i} The first student suggested that the burette was the biggest source of
experimental uncertainty.

Explain how the percentage uncertainty of the burette reading could be
reduced without changing the apparatus or simply repeating the experiment.

vilwme l«aérvgw (2}
Msing..ono e L it sl e e pollis [ 2

mean.. bikee . 4. lﬂﬁ@f EPETORea i e malu.::c; ...... fe f:gfamﬂy‘ _________
.mﬂ-ﬂf[q;‘lﬂ[g

AN

ﬂ/ < ResultsPlus

/---. Examiner Comments

This candidate clearly recognises that it is the percentage uncertainty
of the reading of volume, which is reduced as the volume read
becomes larger, which is key. Their suggested improvement, increasing
the volume of the MHCOj3 solution, was allowed, though not the best.
Nevertheless, both marks were scored.

&4\ ResultsPlus
\\

) Examiner Tip
On 'explain' questions you must do just that. The second sentence

explains why the first sentence results in reduced percentage
uncertainty.

IAL Chemistry WCH13 01 20



Question 2 (b)(iv)

The construction of a standard solution is a question very commonly asked at this level, and
many candidates had clearly prepared well and knew how to approach their answers.

This example was the expected type of response and scored full marks.

(iv) The second student was told that using a beaker to prepare their standard
solution was incorrect.

Describe the steps the student should take to make a standard solution as
accurately as possible.

Assume that the student is supplied with 2.00g of MHCO, in a weighing bottle
and the usual laboratory glassware.

(4)

e 63 dlmm e wu&tﬂ -\ﬁ Mg Geoieon omo\

; Gi)t.a&ne-\)& Nweo, aela h\lm? LIVOLUNCY Lo"\\“\ftnt\j} Aoeid]...
b’rm-\wa«M ooludion Yo s asoo’ velrumed~ic.

&Qsau; vy B

M ..... .wab\uwgfs fo M : uoﬁmdmgka:«. .........
558 s veliom e Beswe wpdo s 1soou® warug
6. WA e Poosne vudipla Fwies o ams ot et
bb(,,,\:&mv\

.......-a ¥, PP rrrr it 8

f

ﬂ ResultsPlus
Examiner Comments

Details are important. The most commonly omitted are the need to
rinse the glassware to ensure all the solution, and hence all the
MHCOs3, is transferred to the volumetric flask and the final mixing of

the solution.
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V \ ResultsPlus
\\

) Examiner Tip
Learn the common processes which are commonly asked about in
examinations. This is one, recrystallisation is another.
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This candidate has a good idea of the required steps in this process, but the answer lacks the
necessary precision.

(iv) The second student was told that using a beaker to prepare their standard
solution was incorrect.

Describe the steps the student should take to make a standard solution as
accurately as possible.

Assume that the student is supplied with 2.00 g of MHCO, in a weighing bottle
and the usual laboratory glassware.

N e\ acd . MBRCO: dnedd b

(a)
(13 \‘Xﬁk\t‘ el Q\\\“\ VM’\ O e ‘M\'\\ 1301;*5
LIS CUVRON Ca\mt\gt QM'B\ nslc\ ’K\a. MW*\N} ‘9.'.?‘-“:.".'.. g,

..... mic. Re-dowene X wighed botle  Saedd T ke w&\m
Ry e w‘t‘# A ol Yoo e Wow wad,

ﬂ ResultsPlus
Examiner Comments

Firstly, the glassware needed is the volumetric flask. Secondly the
volume of water required to make the solution is unlikely to be 250

m3. The addition of water should be to make the solution volume to

250 cm3. The candidate has, however, dissolved the solid prior to
preparing the standard solution and so was able to score 1 mark.

< ResultsPlus

| Examiner Tip
Use a volumetric flask for preparing standard solutions. The steps
involved ensure all the measured mass of solid ends up in a solution of

exactly 250 cm3.
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(iv) The second student was told that using a beaker to prepare their standard
solution was incorrect.

Describe the steps the student should take to make a standard solution as

accurately as possible.
Assume that the student is supplied with 2.00 g of MHCO; in a weighing bottle

and the usual laboratory glassware.
(4)

DThe. Sudeny. Shnould. RS2 | a\ass woue

wt-[-hq‘sm\eclorde\enxz&dm{-&guwﬂmmﬁz

2. 3tuoeny. She\d £l e LoVt Sevor®en
Ker2860Cem>

Mdmc\ke{mS*w ........... Lot aid X S o .

o ebitaln. 28cm3 ot  Saluri®n  $ilin

*o%mulm-}eolmm\((dﬂm’t—eﬂﬁ@hﬂ

VouxeMe -

<Z< ResultsPlus
Examiner Comments

There were no marks given for this example

)\ ResultsPlus

Help students to understand problem solving.
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Question 2 (c)(i)

This item was a straightforward one, requiring the identification of the flame test as the way
to check the identity of M. The flame test is first encountered at GCSE and is enjoyed as a

practical activity by most students, as a result this type of question is often answered very
well.

Most candidates, including this one, were able to score both marks on this item.

(c) The solution formed from the reaction between MHCO, and HCl can be
evaporated to give a white solid, MCL,

(i) State the test the students might use on the white solid to show that M was
potassium. Include the expected result,

(2)
i SR OE Lo TS AnA Han. eX pecred resMY IS Ao

sl L T VRN e

ﬂﬂesuﬁsﬂus

Examiner Comments

This candidate answered correctly with lilac as the flame colour for
potassium. Purple is not acceptable and does not score the second
mark as a description of potassium's flame colour.

V \ ResultsPlus
\

Examiner Tip

Learn the expected flame colours for the Group 1 and Group 2 ions.
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Question 2 (c)(ii)

This question required care. The candidates were asked to describe the test and the
expected result, on the white solid. Most described the test they would perform on a solution
of the white solid, and failed to recognise that they needed to dissolve the solid first for the
test to work effectively. Nevertheless, two marks, for the use of silver nitrate and the
resulting white precipitate, were very commonly scored.

This example was typical of the most common response and scored 2 out of 3 marks. The
use of ammonia as a confirmatory test was ignored. The use of concentrated sulfuric acid
present in the mark scheme was rarely used by candidates.

(i) Describe a test and the expected result to confirm the presence of the
chloride ion in the white solid.
(3)
-adgkquqpxmslbzrm‘rmhurgmg ..... NN
o Sala e o™ Ehe aw kb IeUA
BTSRRI CY S Y 27 TN oY = 0 21 . S
sl il aﬁma(&&ldﬂp})rpﬂﬁh();}ﬂh

a"%ﬁd%}vxﬂﬂmnﬂha_ia’t‘\bnhaha _______ CEERE s

™,

[ ™, .
Y / ResultsPlus
/--.‘: Examiner Comments

Think carefully about the tests on ions. The tests must be applied in

the right way to ensure an effective test and result to score full marks.

This candidate has recognised the need for a solution of the white

solid but does not say how this is formed. This prevents scoring the

first mark. There is no mention of the use of nitric acid, which also
prevents the first mark from scoring.

4\ ResultsPlus

\ Examiner Tip

Practice application of tests in different circumstances to ensure full
marks are scored.
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Question 3 (a)

The first item in Q3 was to identify the most appropriate piece of glassware to measure
cyclohexanol volume for the experiment. The procedure says 'approximately 12 cm3'. This
should prompt the candidates that the volume is not particularly precise, being only 2
significant figures, and the word approximately is used. This suggests that glassware with
relatively large uncertainty, such as a measuring cylinder, will be sufficient to measure this
volume. A pipette has a low uncertainty, and a 12.0 cm3 pipette is rare, so is not the most
appropriate. A burette will measure 12.0 cm3 with low uncertainty, so we allowed this, even
though it requires setting up, rinsing, filling etc. so is not the most appropriate.

This candidate had the right idea.

(a) Give the most suitable piece of apparatus for measuring the cyclohexanol
in Step 1.

™,
\.

< / ResultsPlus

/'--.". Examiner Comments

The piece of glassware is called a measuring cylinder, so measuring
tube is not sufficient and does not score.

U4\ ResultsPlus
\ Examiner Tip
Learn the proper names for equipment, when they should be used and
how to draw them.
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Beakers were a common answer.

ive the most suitable piece of apparatus for measuring the cyclohexanol
in Step 1. |

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

¥ { ResultsPlus
/--._ Examiner Comments

A 25cm3 beaker will probably not have a graduation at 12.0 cm3, so
measuring will be very approximate. The uncertainty on a beaker is

extremely large, so it is very rarely appropriate to measure a volume
using a beaker.
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Question 3 (b)

Since this paper focusses on practical work, understanding why we take the steps we do in a
procedure is an important part of this process. This item looks at the mixing of two reagents
which result in an exothermic reaction and so required cooling. This is a common step in AS
and A-level chemistry practicals. Candidates often focussed on the mixing of the reagents
and reaction rates without identifying how the step would affect the yield of cyclohexene.
Those that recognised that the exothermic nature of the reaction was important then often
focussed on the effect on the reactant, cyclohexanol, which has a relatively high boiling point
and low volatility compared to cyclohexene, the product of the reaction. Cyclohexene is
therefore the substance likely to evaporate and be lost.

This candidate provided the expected answer and scored both marks.

(b) Explain why adding phosphoric(V) acid slowly, with cooling and swirling,
in Step 2 results in a higher yield of cyclohexene.
(2)
T]ne Femalfvoh e ___.........ex.n..{;fae_rmi Gy 2OME. Gp f-’tjé b}amg.. .........................

........... Ve lesb e fo EMORONA. Low.... due... 30 b ﬂL.

L-&m{:ﬂm‘:m 1‘?. GW!A L&L l&w afq}fiafﬁa stcL 3441
lvo loas o ¥ Pm[wlc we add b JMP Lj ‘Jr"rp bl

m[;ﬂi&ngj 5”'“ i"i £9 L laimse. Jcemfemf;me . !mmsa (mw&..

\( / ResultsPlus

Examiner Comments

This is an excellent answer which has identified the main feature of
this mixing and the effect on the yield of product.

' . ResultsPlus
\\

Examiner Tip
Think carefully about the contents of reaction mixtures. In practical
situations you will often not be familiar with the procedure that is
happening and must apply your knowledge and skills to the situation
presented to you.
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Any situation which identifies whether a reaction is exo or endothermic is likely to trigger
answers which focus on the shift in the position of an equilibrium. If a reaction has not been
identified as an equilibrium in the question or in an answer this is unlikely to score marks.

(b) Explain why adding phosphoric(V) acid slowly, with cooling and swirling,
in Step 2 results in a higher yield of cyclohexene.

(2)
s lsanackadc e ;ﬂwww wﬂ b

\/ / ResultsPlus

Examiner Comments

This candidate scores a mark for recognising the reaction is exothermic
and has then answered in terms of equilibrium. Though there is some
good logic being used here, the subsequent distillation of the reaction
mixture would counter this argument. Equilibrium has not been
mentioned and so this does not score.

V \ ResultsPlus
\

Examiner Tip

Use equilibrium type arguments only if a reaction is clearly identified
as an equilibrium.
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Question 3 (c)

This question focusses on the use of anti-bumping granules, but asks about why bumping
should be avoided. It is therefore looking at the effect of bumping not on what bumping is.
Answers describing bumping as uneven boiling or similar therefore would not score on their
own but required how this would effect the process.

This candidate, presumably a little unsure of the way forward, has provided a list of possible

reasons for adding anti-bumping granules.

(c) In Step 3 anti-bumping granules are present to promote smooth boiling in
the mixture.

Give a reason, other than damage to equipment, why bumping should
be avoided.
(1)
*%&vq@bw\d%%ﬂ?mwe
=1o___owoyd . iw&% 81:@ bubhalea

“'TBG’WMJ .tleches  Pam._calli Jrﬂ% ool fdﬂm 4

o ﬁe}vﬂom‘d\eld ................

I\

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

This item asks about the reason to avoid bumping. Consequently,
these suggestions do not score as they do not consider the effect of
bumping happening.

4 \ ResultsPlus
\

| Examiner Tip
Read the question carefully and ensure that you answer this question
rather than one with which you may be more familiar.
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This was a very common type of argument, focussing on the spilling of reaction mixture from
the apparatus. Answers like this often also considered the possible safety implications of this
happening.

(c) In Step 3 anti-bumping granules are present to promote smooth boiling in
the mixture.

Give a reason, other than damage to equipment, why bumping should

:ES be avoided. -HE -hj ojj:)fgp _H,e _?lask m
AL CoNSe... TR N T
.W.S‘*"___,,,,*’“, o gty pushly st

\/ / ResultsPlus

Exa miner Comments

This candidate has the right idea, but as this is a distillation process the
apparatus is closed to the condenser. Consequently, it is unlikely for

the solution to escape from the flask. Instead, the solution will enter
the condenser and become part of the collected product.

-

L’ \ ResultsPlus
\

Examiner Tip
If you are unsure about the reason for carrying out a step in a practical
procedure, check with your teacher. All the steps are important and
any of the processes might be asked about in an examination.
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Question 3 (d)

This proved challenging for some candidates. The first marking point required an explanation
of how the range related to the evaporation and boiling points of cyclohexene, which it
includes, and water and cyclohexanol, which are substantially above. The second marking
point is for showing how this would affect the resulting distillate.

This answer focusses on the effect of the range on water, without saying how it relates to the
cyclohexene. Remember that the range and boiling temperatures were given in the question
so simply quoting these without explanation will not score marks.

(d) Explain why, in Step 4, the distillate is collected in a temperature range of

80°C to 90°C.
(2)
Cyclohexanol 162
Cyclohexene 83
Water 100

.....__.E.(?.c:mu.a.::........c.x,g.c;..[g.h.;tm.c......!w.\a.i.ch....r.s.......2_ﬁ_g.Jﬂh_{.f:______(a.sz_i_l....a_n[.._...%am.ﬁa{g{u.(é
83 hichic ithinthe rans o2 A0ULADT and ol higher
%fmwr(mh(&’%ﬁrﬁ@?mlff _____ R 1“6{’&4314{”617((@&?

AN

~ < ResultsPlus
/---.. Examiner Comments
This item scores the second marking point by suggesting that water

will distil across above 90°C, but does not score the first as it does not
say how the range is related to the boiling point of cyclohexene.

-~ y \ ResultsPlus
~_

) Examiner Tip
Remember to use the information provided, not just requote data
already given to you.
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This candidate just scores both marks.

(d) Explain why, in Step 4, the distillate is collected in a temperature range of

80°C to 90°C.

Cyclohexanol

162

(2)

Cyclohexene

83

Water

100

ﬂ""-‘-”‘*ﬂ;l'-“hﬂﬂﬂl'qﬂ"\g.

NS

ig ResultsPlus
Examiner Comments

distil across.

(.

The first mark is scored right at the end where the statement that
water and cyclohexanol have a boiling point greater than 90°C
completes that point. The statement that only cyclohexene is boiled
was just allowed as an equivalent to no water or cyclohexanol would
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Question 3 (e)(i)

The substance being removed by sodium carbonate and an equation for the reaction were
required here. lonic is in bold and so an ionic equation was required. Most candidates
recognised this.

This was a typical example of a candidate gaining credit with a rather general answer.
Unfortunately, this candidate makes no attempt to provide an equation. They possibly did
not fully read the question.

(e) (i) State what is removed by washing the mixture with
sodium carbonate solution in Step 5.
Include an ionic equation for the reaction.
State symbols are not required.
(2)

Remnue_k\\eamdb\;neo-\'m\\g,m&\’r

N
\( / ResultsPlus
/'--‘: Examiner Comments

Candidates were able to score with the word 'acid’, even if they were
unsure what the acid was. An equation is possible even if the exact

nature of the acid is uncertain, using H" in the equation.

-  ResultsPlus
\

Examiner Tip
Read the question carefully, noting any words in bold. Emboldening is
done to help clarify what answer is required.
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This answer has multiple parts to it. In general, these will be treated as a list, and any
incorrect comments will negate correct ones. Notice that for the final equation, however, the
answer is in a box.

! Vodstdicly  wdlpe ledt
(e) (i) State what is removed by washing the mixture with
sodium carbonate solution in Step 5.
Include an ionic equation for the reaction.
State symbols are not required.

3 =m0 o veach with  @xcts aid - (2)
4 i : Ve —ypa-sl

B e e
_; Wil =&\‘lfw AFn Fo g_e,p%n['fz o Awe lagyeor
cantly L%- wn g Adensily -

NaOH+
Naq (0 SF Wl 5 CgHig 0} &

N a0 + 'CGHHOFLL%—> NaoH CoHipey

N tEE T ——Co, T 120

Q%‘('@::H *— 0, tH,0

ﬂ ResultsPlus
Examiner Comments

The first sentence (react with excess acid) is correct. The remaining
statements seem irrelevant to the question so were ignored. The
equations involving cyclohexanol were ignored as the final equation
looks like the candidate's final answer because of the box. It is close to
being correct but does not balance (it needs a 2 before H™).

This scored 1.

< ResultsPlus

| Examiner Tip

Remember that lists of answers will all be marked, and incorrect ones
may negate correct answers.
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Question 3 (e)(ii)

The diagram in this item is one of the straightforward diagrams which are asked for in this
type of paper. Separating funnels are quite variable in their construction, and the candidates
answer fully reflected this. Some, however, were clearly drawing other glassware such as
filter funnels. Some even drew totally sealed systems. The quality of diagram was quite poor,
and this is one area which would benefit from further instruction and exemplification in

future sessions.

Separating funnels are often quite cylindrical. This diagram is typical of that type of funnel
and is very neatly drawn, with a clear stopper and tap.

(i) After the washing in Step 5, the separating funnel contains two layers.

Draw a diagram of the separating funnel,

labelling its contents.
(2)

[

Cyclohexanol 0.96 on top
Cyclohexene 0.81
Water 1.00

P

. !.uhh'%l
™
As@rﬂ.f‘ 5

‘ m’_:., C-HC"‘D 'I-\E.-Kﬂkhﬂf.

Rk
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N &{ ResultsPlus
/'--. Examiner Comments

This scores 1 for the labelled layers. There is no tap on this funnel so
the first marking point could not be scored.

'”’ \ ResultsPlus
\

| Examiner Tip

Learn to draw accurately the common practical glassware and set-ups.
Use a ruler and labels where appropriate.
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Separating funnels can also look like bulbs, as in this diagram. This is not so realistic as the
previous example. The gap at the top might be able to take a bung, so would have been
accepted, though it is not the best way to show this aspect. This type of gap, left at the top,
was common to many answers. A joint would have been an improvement.

(i) After the washing in Step 5, the separating funnel contains two layers.

Draw a diagram of the separating funnel, labelling its contents.

(2)
Cyclohexanol 0.96
Cyclohexene 0.81
Water 1.00

ﬂ ResultsPlus
Examiner Comments

This scores 1 for the labelled layers. There is no tap on this funnel so
the first marking point could not be scored.

< ResultsPlus

| Examiner Tip
Most glassware in organic synthesis procedures will have joints. Learn
to draw these as it makes your diagrams easier to understand and
more accurate.
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Question 3 (e)(iii)

There were several ways to answer this item correctly. Cyclohexanol and sodium carbonate
were the answers most given.

(iii) Suggest what might be removed by washing the product with
deionised water in Step 6.

N

N i{ ResultsPlus
/--.. Examiner Comments

This scores 1. Many candidates simply answered with 'Impurities' or
'Insoluble impurities'.
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Question 3 (f)

Questions about drying agents are common, but this was a slightly unusual approach. Many
candidates were able to identify MgSO4 as the best reagent, but fewer were able to say why
it was good. The very best candidates were able to list both the correct answer (that it was
anhydrous) and that it would not react with organic compounds and that it was insoluble in
them, all of which were necessary features but were not expected in this item. Calcium
hydroxide, Ca(OH),, was probably the most common incorrect answer.

Typical of a fully correct answer.

(f) Identify from the list shown one substance that could be used as a drying agent
in Step 7 of this procedure. Justify your choice.

(2)
C,H:OH(l) Ca(OH),(s) CuS0,.5H,0(s)

H,504(1) MgS0O,(s) Na,S0,.10H,0(s)

™
\-\.

N / ResultsPlus
/--.E Examiner Comments

The fact that it is an ionic solid is not relevant but correct so can be
ignored.
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An example quoting Ca(OH),.

(f) Identify from the list shown one substance that could be used as a drying agent
in Step 7 of this procedure. Justify your choice.

(2)
CH;OH(l) Ca(OH),(s) CuS0,.5H,0(s)

H,50,(1) MgSO,(s) Na,50,.10H;0(s)

N

~ ResultsPlus
/--.. Examiner Comments
This example quite correctly says that it won't react with the organic
layer, which though correct would not have scored the mark anyway.

In any case, as the incorrect reagent has been chosen the second mark
is not accessible.
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Question 3 (g)(i)

This proved to be a very straightforward item for most candidates towards the end of the
paper. Most knew that bromine water was the reagent and that it would decolourise. The
most common colour change given was brown to colourless. This is not correct but is
acceptable. Bromine water is never brown, it is the element bromine which is. Bromine water
is orange or yellow, depending on the concentration. The second alternative using potassium
manganate(VIl) was rarely seen.

The most common answer was bromine water turns from brown to colourless.
(g) Chemical tests may be used to show whether or not reactants and products are
present during the course of the procedure.

(i) State a chemical test and the expected observation for a C—C double bond.
(2)

bvoite voler B ool onge bom Jomen o golowrlen:

\/ / ResultsPlus

Examiner Comments

This scores 2 as an allow as the correct answer is orange to colourless.

' . ResultsPlus
\

Examiner Tip

Learn all the tests and expected results in the specification.

43 |AL Chemistry WCH13 01



Where bromine or Br, were given as the test instead of bromine water only brown to
colourless was the acceptable observation.

(g) Chemical tests may be used to show whether or not reactants and products are
present during the course of the procedure.

(i) State a chemical test and the expected observation for a C=C double bond.

(2)
..................... ¢ oo Bawee  gesk  phee  Bey s added  oad IF
thow s o C=C ool fhe tolar phage wih

This scores 2. The colour change is correct for the stated reagent.
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In (g)(ii) the use of phosphorus pentachloride was commonly recognised. Potassium
dichromate was the most common incorrect answer given. Sodium was seen on occasion as
the reagent, and the formation of esters was sometimes used as a test and could score full
marks.

The second part of this section, (g)(iii), was less well understood, with few candidates
recognising the presence of water would cause a positive result with the PClg and thus

negate the test.
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This example gives a list of possible tests in (g)(ii) and (g)(iii) is not an answer which can score
a mark.

(i) State a chemical test and the expected observation for an ~OH group.
(2)

o iOwole widd Yo (yeon Yo ooupp, 10 QM of

PUs W W 00ALA qud, WL Wiy (e vld k. dooms.

(iii) State whether or not the test in (g)(ii) could be used on the organic product to
show if cyclohexanol remains when Step 5 is complete.
Justify your answer.

(1)

U @00 our E wioh angx wily ¥ codaw ool .

N

ﬂ ResultsPlus
Examiner Comments

Though the PCls test would have scored 2 marks, the second test is

included, and the list principle means that this cannot score. (g)(iii) is
not worth a mark.

< ResultsPlus

| Examiner Tip
If a question asks for a chemical test, only one should be given.

Additional tests, if incorrect, may negate marks scored in the correct
one.

IAL Chemistry WCH13 01 46



This is perhaps the most common set of answers for this pair of items.

(ii) State a chemical test and the expected observation for an ~OH group.

Yl nmkq&l:mq

(2)
-3 S > 1 S

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

(iii) State whether or not the test in (g)(ii) could be used on the organic product to
show if cyclohexanol remains when Step 5 is complete.

Justify your answer.
(1)

e becmae Maovgemis. @ ek docan b ganben
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<’$_§ ResultsPlus
Examiner Comments

Two marks are scored in (g)(ii) but the final answer saying that the test
will work, whilst true, is not correct as water will also give a positive
result so the test will not work in this situation.
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Paper Summary

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

e develop practical skills by completing as wide a range as possible of different experiments
requiring a variety of different techniques

e practice diagrams of the techniques used to use past papers as examples of diagrams

e understand the reasons for choosing and using particular techniques

e where information and data are provided it is expected that the data will be used. There is
rarely any credit for simply requoting the data unless selecting from a large amount of
data

e read each question carefully and double-check that the answer matches the requirements
of the question

e endeavour to set out answers to all types of question in a logically structured format
including labels on diagrams and in calculations to ensure work is clearly understood.
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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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