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Introduction

This synoptic paper provided candidates with the opportunity to demonstrate their knowledge
and understanding of the concepts and practical skills in their A Level Chemistry studies. The
paper proved accessible to all candidates and there was no evidence that any were hindered by
not having sufficient time to complete their answers. A number of the questions were found to
be demanding and it was pleasing to note that many candidates rose to the challenge and
demonstrated their knowledge and understanding of A Level Chemistry. There were common
errors of exam technique such as failing to double check answers, giving answers to the wrong
number of significant figures and not reading the question properly before giving an answer.
However, it was clear that many candidates were well prepared and were able to demonstrate
their comprehension of the subject. Nonetheless, there are some key lessons for centres and
candidates to learn from the feedback illustrated in the following examples.
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Question 1(a)

This question asked candidates to write the definition of 'first ionisation energy'. This proved to
be an accessible first question, with many candidates scoring both marks. Unclear definitions
which omitted the mention of 'mole’, 'atom(s)' or 'gaseous' state were often able to score one of

the available marks.
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:/I‘his question is about jonisation energies. o

The table shows the first four ionisation energies of three elements in the same group o
of the Perlodic Table. e ' ‘ ' -

The letters used are not the symbols of the elements.

X 403

2632

Y 419

3051

4412

5877

¥4 496

4563

6913

9544

(a) State what is meant by the term ‘first ionisation energy"
(2)

e IO NG 0 qANCD. SAENE a1
BN M A OMOh O koI e AU
Sk, b foe L ok Goseand W oae _

ResultsPlus

Examiner Comments

This response scored both marks for a good definition.
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ResultsPlus

Examiner Comments

This response scored just one mark. The candidate has referred to the electrons being lost
from an element instead of from atoms (of the element).

P
e )
P

/\Vj ResultsPlus

| Examiner Tip

Remember to state where the electrons would come from in this definition.

OWIHLLB*MWH@'FQ“-«-G.pwlmnrmjg}lﬁ.ima

a\ -
ResultsPlus

Examiner Comments

This response did not score as there was no mention of a mole of electrons, or of atoms or
gaseous state.
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Question 1(b)

This was generally well-answered with candidates making the connection between the pattern of
ionisation energies and the Group that the element is in. There is a clear difference in the table
between the first and second ionisation energies indicating that the element is in Group 1.
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(b) Explain to which group the elements X, Y and Z belong.
(2)

The elements are in growp | lecose tore is G-
..Jorge Increast.in... ionisAtion. energy,. bEEEEN A
_frs _and. s Qcond.linsahQﬁenQr%ValuQS

AN
ResultsPlus

Examiner Comments

This is a good response, scoring both marks.

.................. S

AN
ResultsPlus

Examiner Comments

This response did not score as the group was incorrect and there was no further explanation
given.

e B BLIONG 500 QR T 05 FAMCLISHAL. O CAMELS £ {WAP.L I LRSS DU .

.._...tm{n.‘rst...mnd;.i.umd.j.m{mnm....muq;.e_a._.ﬁur...au...f;.umuma.....)a..,...i.m.n&.z................................_..

AN
ResultsPlus

Examiner Comments

This scored one mark for the statement about the jump between the first and second
jonisation energies.

The candidate had wrongly identified the element as being in Group 2 and so M2 was not
awarded.
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Question 1(c)

Many candidates showed a good understanding of the link between ionisation energy and atomic
number, correctly identifying that element 'X' would have the lowest first ionisation energy, and
many of these went on to score both of the additional marks for a correct explanation. There
were a number of candidates who identified the element as element 'Z' instead. They were
awarded one mark as long as they had stated that the nuclear charge / number of protons woud
be the greatest.

(c) Explain which of the elements X, Y and Z has thw.

(3)

__________ © Flownx X has 0 oot akomce ppmbe Do b

ot (onsahim

w-gia i5 Wb ____(Total for Question 1=7 marks)
Hft\u / J, X ‘5 h.{ W{ dﬂm ?404_‘0 } J (4 mugf
howe hee Twl@& At A B e b j/ 6pm1m

y/iResuits’F’lus
Examiner Comments

This response scored three marks. They have identified the correct element and that it has
the lowest first ionisation energy with an explanation that the atomic radius would be the
largest and that there would be the most shielding.
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N

iﬁ ResultsPlus
Examiner Comments

This is an example of a response scoring one mark for identifying element Z with the
accompanying comment about it having the most protons in its nucleus.

A7)
f

Q ResultsPlus

Examiner Tip

Remember that ionisation energy is linked to the distance between the nucleus and the
outer shell electrons, as well as the amount of shielding, and not just to the nuclear charge.

GCE Chemistry 9CHO 03 9



Question 2(a)(i)

This proved to be a straightforward question for many candidates. The most common test
described was bromine water turning colourless. There were a few incorrect starting colours
given and some candidates described the colourless solution as 'clear' which was not awarded.
The test using acidified potassium permanganate was seen less frequently. Candidates who
described it were generally correct in the expected result that they gave.

2 This question is about compounds that contain both an alkene and an alcohol
functional group.

(a) Prop-2-en-1-ol, present in garlic, has the structure shown.
H H,OH
\ HO
C=cC
e ~
H H

(i) Describe a test, and the positive result, that confirms the presence of a
C=C group.

{(2)
Test
A by e WY LY
Result
.......... f fﬂ. =0 bond is pyesent Mt bremine
..... W {,‘Athﬂlgof ol sxange ko coloviless

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

This is an example of a fully correct response, scoring both marks.
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a\ -
ResultsPlus

Examiner Comments

This scored one mark for the correct test. However, the candidate has described the colour
change from a correct 'brown' to an incorrect 'clear' and so the second mark could not be
awarded.

A
g =

- V ) ResultsPlus
ey

| Examiner Tip

A solution is never described as 'clear' on its own. The correct term is colourless.
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Q

uestion 2(a)(ii)

Many candidates demonstrated familiarity with the mechanism for this reaction. However, it was
the 'minor' product of the reaction that was asked for, and some candidates lost marks by
drawing the incorrect carbocation intermediate.

(i) Prop-2-en-1-ol reacts with hydrogen bromide to form 3-bromopropan-1-ol as
one of the products.
Draw a mechanism for this reaction.

Include curly arrows, and relevant lone pairs and dipoles.

(3)

H CH,0H . oW

~ e

e N
H H (;D‘ -

54 N
\ 3_
(D—Q)f
&0
\/’\/OM

N { ResultsPlus
/--.. Examiner Comments

This response scored three marks. The candidate has chosen to use skeletal formulae
throughout and the mechanism is clearly drawn and fully correct.

12
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A I

H,OH Chon '
H - /C 2 S \;\ : v -~ “-C-c’_-"ﬂ
H H ‘l Bf
X

.-""F--J

N { ResultsPlus
/--.. Examiner Comments

This scored two marks. The candidate had unfortunately drawn the mechanism that would
have produced 2-bromopropan-1-ol as the product which was not asked for in the question.
The carbocation intermediate is shown on the incorrect carbon atom.

P
s

- 4 ResultsPlus
\

| Examiner Tip

Check the final product to ensure that is is correct.

GCE Chemistry 9CHO 03
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Question 2(b)

Candidates found it easier to draw the monomer, than the polymer unit correctly. There were
a few missing the 'n's, or 'n's in the wrong place, being added after the monomer and /or before
the polymer unit. The polymer unit was seen on occasion with double bonds still present.

(b) Prop-2-en-1-ol can polymerise to form an addition polymer.

Write a balanced equation for this polymerisation.
H CHy o o
\U—_ L/ - f — C
N
/ N\ \ l
H "| H A n

\/ / ResultsPlus

Examiner Comments

This is a fully correct response scoring both marks.

C-}HQOH -’r(-;HsOH =2 - Y

y / ResultsPlus

Examiner Comments

This response did not score because the candidate has not shown the monomer correctly in
a polymerisation equation. The molecular formula, although correct for the monomer unit is
not awarded for these equations. The product is incorrect, and there is an additional
molecule of water which would not occur in addition polymerisation.
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Question 2(c)

This question proved challenging for many candidates. Marks were awarded for describing pi
bonds as forming from sideways overlap of p orbitals, and that was the most frequent way that
candidates gained a mark. Only a few candidates scored both marks as many found it difficult to
visualise the reason for the groups being at right angles to each other. Candidates often
referenced electron pair repulsion theory in their answers which is not relevant here.
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(c) Prop-2-en-1-ol can form the alkene propadiene, which has two adjacent
C=C bonds, as shown,

3

O b
propadiene

Explain why the CH, groups at each end of the molecule are at right angles to

each other.
Use your knowledge of how orbitals overlap to form n-bonds.

(2)

mbﬂ*}n&pmdﬁmhﬁ'&fmmfl,;FWW'L"U&*:’#"
T cohol  cowbon bes nende. . L,ﬁfcﬁm,umﬂ;:«dwv#'cwhﬁ

ResultsPlus

Examiner Comments

This response scored two marks. There was reference to the sideways overlap of p-orbitals
in a pi bond and also a description and clear accompanying diagram to show that the pi
bonds would be at right angles to each other.

el
e

e

(4 ResultsPlus

)
\_} Examiner Tip

A good diagram can help with an answer that is difficult to explain in words.

w4
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Question 2(d)

The first part of this question, Q02(d)(i), was quite well answered, with a lot of candidates realising
that the double C=C bond in the molecule would give rise to 4 geometric isomers of bombykol.

Candidates found part Q02(d)(ii) more difficult, with many failing to give clear answers relating to
the fact that there are two hydrogen atoms in the carbon of the double bond. References to the
same atoms being on the double bond were too vague to be awarded any marks.

Many candidates were able to gain at least one mark on part Q02(d)(iii) for either recognising that
the prop-2-en-1-ol would be more soluble than the bombykol, or that both would form hydrogen
bonds with water. M3 was less frequently awarded due to imprecise use of language - such as
'bombykol has a long chain and so will not dissolve.'
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(d) The compound_“ nm
Like_t can also be as both a

N
| | S|

OH e

bombykol prop-2-en-1-ol

ESHBIES! can exist as a number of EGIGIIEISOIISEs.
() Give the illiller of cSSRERBISEINGN < of SENEEN

1

(ii) Give the reason why i SEREISREND! does HEEHRBt -

(i) Explain the GEEEEESSIBINES i -f bc_ and _

(3)

Em% c,!mm A pd.o» SaIMmLS hluL 'f%&v )

* o QA (Total for Question 2 = 14 marks)

rolo- ASOMe  wed  (k poln Solunl  \Ke woedt
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yfﬁ ResultsPlus
Examiner Comments

This is a fully correct answer which scores one mark for part Q02(d)(i), one mark for
QO02(d)(ii) and three marks for Q02(d)(iii).

=
P

A\ ResultsPlus
\__; Examiner Tip

When describing geometric isomers be very clear as to which atom the groups are found on.

PRI on ot ke o) Ae =& bod ke N

................ (Y R L T

\(/K ResultsPlus
Examiner Comments

This did not score for Q02(d)(ii) as the answer did not explicitly state that the groups woud
be on the carbon of the double bond. This response scored four marks.

GCE Chemistry 9CHO 03
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Question 3

The question tested a candidate’s ability to design a series of qualitative tests to identify three
unknown solutions. A selection of reagents was given for the candidates to select from. Many
candidates made a good attempt at answering this question, even if they did not score all of the
marks because some of the details were omitted.

Common errors for each test were:

« Carbonate: to state that a gas was produced, instead of the observation of effervescence.

+ Ammonium: to omit the addition of NaOH, or of heating, or to dip the red litmus paper into
the solution.

« Sulfate: to omit the addition of acid before the BaCl,.

20 GCE Chemistry 9CHO 03
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%

\'/ / ResultsPlus

L Examiner Comments

This is a model answer, scoring all of the marks, despite some minor errors.

The correct test for the ammonium ion was described in the first section, followed by a clear
test for the carbonate and sulfate ions. Although the candidate has not added any charges
to the formulae for the ions, this was not penalised as the marks were being awarded for
the correct tests and observations (see additional guidance).

In general however, candidates should take care to ensure that correct formulae are used.

W4 ResultsPlus
\ Examiner Tip

Note that whilst 'effervescence' or 'bubbles produced' is an observation, just 'a gas is
produced' is not as there is no accompanying visible sign described.

22
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T cdentifu e oMW  cafi,  atd wedid and
gyt and. oD red L mi\ Sleatn .

Ao G e covbmare  awvaon, add.. B8 Mgl and

O AR e APVTAYR GACMI NN

a\ -
ResultsPlus

Examiner Comments

This scores IP5 and IP6 only, for a correct description of the sulfate ion test. The candidate
has not added any information about the carbonate ion test. For the ammonium ion, they
have added HCl, and said that the red litmus paper will bleach, neither of which is correct.
For the carbonate ion they have said to add MgCl, and to look for a white precipitate which
is also incorrect.
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Question 4(a)

This was a straightforward question relating to a practical procedure. Many candidates suggested
just rinsing the pipette with distilled water, however it is good practice to rinse out a pipette with
the solution to be used, and this was required in the answer. Fewer candidates were able to
justify their answers in terms of preventing dilution of the acid.

24 GCE Chemistry 9CHO 03



4 This question is about the kinetics of the reaction between iodine and propanone
under acidic conditions.
The equation for the reaction is shown.

+

CH,COCH, + I, —— 1 CH.COCH,I + HI

An experiment is carried out to determine the order of the reaction with respect
to iodine.

Step 1 50.0cm’ of 0,0200 mol dm™* iodine solution, 1,(aq), is added from a burette to
a conical flask.

Step2 25.0cm’ of 2,00 moldm™ sulfuric acid, H,504(aq), is added to the conical flask
using a pipette,

Step3 25.0cm’ of 2.00moldm™ propanone solution, CH,COCH;(aq), is added to the
conical flask using a pipette.
The flask is swirled and a timer is started.

Step4 After 2 minutes, a 10.0cm’ sample of the reaction mixture is removed
and quenched.

Step5 The quenched sample is then titrated using
0.0100 moldm™* sodium thiosulfate solution, Na,S,0;(aq).

Step 6 Steps 4 and 5 are repeated every two minutes, until six titres have
been determined.

(a) Before carrying out Step 2, a student noticed droplets of an unknown colourless
aqueous solution in the pipette.

Describe how the pipette should be treated before it is used in Step 2.
Justify your answer.

Examiner Comments

This is a fully correct answer, scoring both marks. The candidate has indicated the correct
procedure (rinsing with H,SO,), and justified their answer (no contamination or dilution for
the sample).
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LNeghn te piperte. oith . Sdlpuric. acid begoe neing.it.
Jo o kmowe € unwanted. et & COomAauna i‘hc:.k-mna

a\ -
ResultsPlus

Examiner Comments

This response scored one mark for washing the pipette with sulfuric acid. The second mark
was not awarded as just 'removing contaminants' was not sufficient.
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Question 4(b)(i)

Many candidates were familiar with the idea of 'quenching' to stop a reaction. They found it more
difficult to express clearly why the reaction would need to be quenched, with many vague
answers about allowing time for the actual titration to be carried out. The explanation needed to
relate to there being no change in concentration before the titration was completed.

(b) Samples from the reaction mixture are quenched in Step 4.

(i) Explain why quenching is necessary.

To %é&w%mﬁmé Lé@

N

N { ResultsPlus
/--.. Examiner Comments

This scored both marks for the correct statement and explanation.

A

¢ { ResultsPlus
/--.. Examiner Comments

This scored one mark for the comment about stopping the reaction, but not the second
mark because there was no mention of the ensuring that the concentration (of iodine)
remained the same.
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Question 4(b)(ii)

There were many correct answers to the first part of this question, with many candidates
selecting a suitable quenching agent. However, the accompanying equation proved more of a
challenge.

The list of incorrect quenching agents included calcium chloride (which is a dehydrating agent),
sodium thiosulfate (which would be used in the titration later) and potassium permanganate
(oxidising agent).

(i) State a compound which can be added to the reaction mixture to quench
the reaction.
Include an equation for the reaction that takes place during the quenching
process. State symbols are not required.

(2)
Compound

Equation

“1,5@4 + LNeOH — M,LSOH k ZJAQO

N
\( '{ ResultsPlus

Examiner Comments

This did not score as sodium hydroxide is not a suitable quenching agent. As this was
incorrect, the candidate could not access the mark for the equation.
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Compound gcc‘ tom Cod berate

Equation

Neckttpg—H—>-

NaCOs +2HY 2 N + €0 + M0

a\ -
ResultsPlus

Examiner Comments

This response scored one mark. There is a correct quenching agent, but the equation is
incorrect, as the formula of sodium carbonate is incorrect.

A
//

Q ResultsPlus

Examiner Tip

Check the formulae of all of the species in an equation.

GCE Chemistry 9CHO 03
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Question 4(c)

This was a question about risk and hazard. The candidates were required to note that a corrosive
compound might not need handling in a fume cupboard because it was produced in a small
amount and would remain in solution. Most of the candidates that were awarded at least one
mark, realised that the iodopropane would not be present as a gas, with fewer commenting that
its concentration would be low.

(c) One of the products of the reaction, iodopropanone (CH;COCH,I) is corrosive,
strongly irritating to the eyes and can cause breathing difficulties,

Explain why a risk assessment for this experiment says it does not have to be
carried out in a fume cupboard.

(2)
LoV PP i S st [ A8t ) k0w ... %S Aedk..........

kﬂ&mewvecouu[mdw‘#mwhwwﬂh

N

i{ < ResultsPlus
/--.. Examiner Comments

This is a fully correct answer, scoring both marks. The candidate notes that the
iodopropanone would not be a gas, and also that it would be produced in small amounts.

.............. 0. 1Y S ncv. o Sabmctsgmmncvm
e QTR 0. e 0. So  cloedS 0ok howe. .
D—Qmmcueﬂ@rmmmr ____________ ro..Peeulak

e 0T A1, 05 M. Scluon. IS 0 SRuled o1 Sao.. .

N,

<{ < ResultsPlus
b/*---._ Examiner Comments

This scores one mark. The candidate has noted that the iodopropanone is not a gas, but has
not commented on the small amount produced.
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Question 4(d)

Many candidates were able to calculate the concentration of the iodine and the propanone
correctly. Some went on to describe that the iodine would be a limiting factor and scored three of
the marks. For the fourth mark, candidates were required to state that the propanone would be
in a great excess and hence the change in its concentration would be negligible. This mark was
more difficult to score.

(d) Show, by calculating the initial quantities of the reactants involved, that this
experiment provides evidence for the order with respect to iodine only.

©
Teduwne - %
¥ Todine = \x\0°°
propavione = 0-Q9% ’%

Sullune = ¢ 05

(4)

(omcl sulhuric and

o Thee |é60hmesmwpfomnonethanloounemg+
, Eneir N

LS 0 extess o s chuvge. ... conenulicn b negligible.

The,wcimetsmom&fewm# Ak ol hee G

Signhiant (hunge 3. om(eielion so only HS oder can ke

ookt hom  Oe  reulh

N { ResultsPlus
/--.. Examiner Comments

This was a clear answer scoring four marks.

The quantities are correct for M1 and M2, the candidate has stated that there is a 50 fold
excess or propanone compared to iodine and so its change in concentration would be
negligible for M3 and that therefore iodine would be the only reagent with a significant
change in concentration for M4.
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h= S0 . m o (a1 (@
1000*0 0z = 1210

Hﬁﬁqﬁ%&}*qz 0:05 (-05>\x07?

by = 25 x99 = ()
CH,COCHs l[xﬂ}\')_ 0-05

Aheres  Larger. Numes OF moies. forboth H,S0¢+.0n¢l. .
L5 L0CH;. ensuang. ot the conce osfanon. oF....
toaem. porh. s1aYs. constant. Quein g e fRacnon®

(3 A7 e
A LA A

This scored the first and second marks. The comment about the propanone being in excess
was not sufficient for the third mark, and there was nothing creditworthy for the fourth
mark as the concentration of iodine was not referred to.
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Question 4(e)

QO04(e)(i): The graph was generally clearly drawn with the axes labelled and the points plotted
correctly, with a straight line of best fit added. The main error was in choosing a correct scale for
the graph, as many did not cover half of the graph paper in both directions.

QO4(e)(ii): Many candidates made the correct link that the volume of sodium thiosulfate used
would be proportional to the concentration of iodine.

QO4(e)(iii): While many candidates scored the mark for the correct order '0', there were a
significant number who stated that the order would be '1', presumably confusing the graph with a
'rate-concentration' graph (although the gradient would be a straight line from the origin for this).
Those who stated that the order was '0' usually went on to give a correct explanation.
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(i) Give the reason why it is not necessary to calculate the concentration of
iodine so that the order can be deduced.

ﬂ@ﬁh:%w....hum%mm?fdw e |
;n‘H-c Plwhon,.
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\oww ‘ ' a
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'
I

(1)

(2)

34 GCE Chemistry 9CHO 03



ResultsPlus

Examiner Comments

QO4(e)(i): This was awarded for a fully correct graph covering at least half of the graph paper.

QO4(e)(ii): This was not awarded as their comment did not relate to the link between the titre
of thiosulfate and the volume of iodine.

QO4(e)(iii): This scored both marks for a fully correct answer.

~—
Z T .
q |-t
E 1
o
o] i 8] L % o 7

Time [min
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(i) Give the reason why it is not necessary to calculate the concentration of
iodine so that the order can be deduced.

(M
LIne  yowme  of | Yhiosolore (hire) 1S eroporhenal....
ho Ve concenraen. O L0

(iii) Deduce the order with respect to iodine. Justify your answer.
(2)

LOedec O os ¥ne ocagn (5 o straight Une
dnich means  Hhe yate 1S constant e bthe

Loncenteanon..of .. fodine .. nas. . O impack...00.. e .. cake. .

AN
ResultsPlus

Examiner Comments

Score for Q04(e)(i): one mark.

This graph did not score M1 as it did not cover half of the graph paper in each direction. The
points were correctly plotted, and a straight line of best fit drawn for M2.

Qﬁ ResultsPlus

Examiner Tip

Remember to choose a scale that will cover at least half of the graph paper in each direction.
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(i) Give the reason why it is not necessary to calculate the coricentration of
iodine so that the order can be deduced.
(n

'ﬂm b LCM}(_ fl, e vah,h m;rhml b f&_-_wrﬁt‘wﬂ

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

(i) Deduce the order with respect to iodine. Justify your answer.
(2)

W Mr ol Thi_ 6 bucank b gedit Fbidn 5 e
. w'f‘iﬁt
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N { ResultsPlus
/--.. Examiner Comments

This scored the mark in QO04(e)(ii) for the correct statement linking the titre volume to the
concentration of iodine.
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Question 5(a)(i)

Most candidates were able to work out the number of moles of each element in the sample of
the unknown solid. Some of them did not explain the ratio and how to calculate the empirical

formula to compare to the molecular mass.
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5 This question is about cobalt complexes.

(a) A sample of cobalt(ll) chloride was dissolved in aqueous ammonia, NH;(aq).
During the process, a stream of oxygen was gently bubbled through the solution
to oxidise the cobalt(ll) ion. %

A coloured solid, R, was extracted from the solution. A pure sample of this solid
was found to contain the masses of the elements shown and had a molar mass

of 233.4gmol ™.
—
| meme | wessy |
Co 1.26
N 1.20
H 0.257
Cl 2,28

(i) Show that the empirical formula and the molecular formula of R is CON,H,,Cl;.

You must show your working.
cO N ’ H CL (2)
L.t 110 0. LSt 1@
—_— }-."I \ s IS
O L T
> Rt . 1 'f. . O 22 ‘.
) OU=0.085T+= 015 0.V

< 0.0&st 015
0. QU 5. 023G .01&8  0.0U3Y
- 4. 0006- <'.C.l2.‘,0l3.. = %.00B.

=4 -\ _3
133U - Co )JM le_cffs

V33U €S U FCyx M) FClxiD t
c3x 858D

ul
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Examiner Comments

This scores both marks. The candidate has clearly shown how to calculate the molar mass
and has then gone on to demonstrate how to calculate the molar ratio and the relative
formula mass, and hence demonstrate that the empirical and molecular formula of the
compound are the same.

Pl
-

ST |

M4\ ResultsPlus

)
\_} Examiner Tip

When a question asks you to show working, make sure that you include every step.

\-26

- ™ = 0.02\%.
mokws (o =% -9

meles = X226 oysa

25N '
Moles Y\ = E_%E—- - ©0.1593

1Yy
moles I\ = "Z'-;' = O.0tUl-.

(aho of wmous.

(o o V()
IS AR AN Y

Z CologH Qg > empincal

maor Mmass = 561+ ixl ¥ \L + %55%Y

— :2_'3,'1,,:_4.3‘“01-\ Lol = COML.\H\IU')J
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N / ResultsPlus
/'--.'. Examiner Comments

This response just scored one mark. The moles have been calculated, but the molar ratio
has just been stated rather than calculated. The working to show how the molecular formula
is derived is correct, but insufficient to score the second mark without the calculation
showing how the molar ratio is derived.
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Question 5(a)(ii-iii)
QO5(a)(ii)

Many candidates scored at least one of the available two marks on this question, with many
going on to score the second mark and showing that the ratio would be 1:1.

QO5(a)(iii)

This proved more challenging to candidates. Many were able to deduce that the complex ion
would be octahedral in shape, with most drawing a suitable diagram with the correct 'wedge'
shapes. Many struggled to identify the correct ligands, with 6 water molecules as a common
incorrect answer. There were some correct charges seen, but many candidates thought that the
cobalt ion in the centre of the complex had a charge of %, despite it having been oxidised to Co*
in the reaction described in the question.
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R+ 1,0 — Q + At @

P

N (Aeld) = 28 Ly 95 yi0?
[ M iy arss
ARy — = 4180 5x103
RS A(RY + A(Ker)
At A
A ol Q QU7 A praoud
(iii) Draw the three-dimensional shape of the complex ion, Q, using your answer

to (a)(ii) to help deduce the formula and overall charge.
{3}

o \"““ ““ Yy /|'1
\. /)
. N“" N ~
n" \ ' F
W ‘e

N

% ResultsPlus
Examiner Comments

This scored two marks for Q05(a)(ii) and two marks for QO5(a)(iii). This is an example of a
fully correct response for part (ii). The shape and ligands are correct for the first and second
marks for part (iii), but the charge is incorrect so just two marks awarded for part (iii).

44 GCE Chemistry 9CHO 03



(iii) Draw the three-dimensional shape of the complex ion, Q, using your answer
to (a)(ii) to help deduce the formula and overall charge.

— v
)
'(‘\'!\'r‘(\

n
C\, | New

v, b o
7 C\c’v

{3)

\ e | *'E;\w\‘\
e \J\ Y\
L . ' 1"\] \“
" " j

Lot (¢ ~

ResultsPlus

Examiner Comments

This is an example of a correct diagram for part (iii), scoring all three marks.
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Question 5(b)(i)

This straightforward question involved providing a definition of 'dynamic equilibrium' and many
fully correct answers were seen.

Some candidates discussed how changing reaction conditions affected the equilibrium and so did
not answer the question.
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(b) An aqueous solution of cobalt(ll) chloride contains the complex ion [Co(H,0)¢*".

The dynamic equilibria shown occur when NH,(aq) and EDTA* (aq) are each
added to separate solutions of this complex ion.
P P | hotasL arfro N

[Co(H,0)]**(ag) + 6NHs(aq) = [Co(NH:)d"(aq) + 6H,O() log K. =4.39

[Co(H,0)J*"(agq) + EDTA*(aq) = [Co(EDTA) {aq) + 6H,O() log K. _}6 .5
VWML advoy
(i) State what is meant by the term ‘dynamic equilibrium’
{2)

ookt o w0 fewod ol lased

o WE etk enel ek

¥ o ok od pededs .
AN
ResultsPlus

Examiner Comments

This is a fully correct answer scoring both marks.

pmcbwl:& AfaCkants. o€ . equal. %

Chargong the concentration O prndud:; ar.
rea,cmnb slups e eguulibriuem.,.

N
ResultsPlus

Examiner Comments

This response did not score any marks. The candidate has wrongly stated that the
concentration of products and reactants are equal and has then gone on to make a
comment about how the equilibrium would shift which is not asked for in the question.
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Question 5(b)(ii)

The question required candidates to deduce which of three complex ions would be more stable
based on their equilibria and entropy. Many candidates stated that the [Co(EDTA)] *(aq) complex
would be the most stable and related this either to the larger K. or to an increased entropy in the
equation to form it. Candidates who commented on the number of moles on either side of the
equation to form [Co(EDTA] # (aq) often gave the correct number of species, although some lost
marks by referring to 'molecules' instead of moles.

e levAY on Mo

~ { ResultsPlus
/--.. Examiner Comments

This scored two marks.

M1 was awarded as was M2. However, the candidate did not state that there would be an
increase in entropy and so M3 was not awarded.

(i) Explain, in terms of equilibria and entropy, which of the three complex ions is

the most stable.
(3}

N '{ ResultsPlus
/‘--.. Examiner Comments
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This is a fully correct answer scoring all three of the marking points.
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Question 6(a)

The first part of this question proved accessible to many candidates with the structure of
compound A correctly drawn. A few candidates lost marks on their diagrams for compound B, by
adding in a covalent bond between the Mg and Br. The structure of compound C proved to be
more challenging, with candidates sometimes showing a ketone structure with a pentavalent
carbon. The final reagent proved a challenge for many, with LiAlH4 a common wrong answer.
There was also often the omission of the '(aq)' with the acid which was required for the mark.
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6 The compound 2-methyl-1-phenylpropan-2-ol is found in small amounts in

cocoa beans and has the structure shown.

OH

(a) A proposed synthesis of 2-methyl-1-phenylpropan-2-ol from phenylmethanol and

propanone is shown.

Complete the diagram to show the structures of compounds A, B and € and the

formula of reagent D.

-

50% concentrated H,50,
and KBr

structure of compound A

OH

Mg in
dry ether

ﬁ-abl'

structure of compound B

structure of compound C

(4)

hetene
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Examiner Comments

This scored three marks, as compounds A, B and C were correct. Reagent D was incorrect as
the acid needed either the word 'dilute’ or (aq) to gain this mark.

| H
| o vouth
50% concentrated H,50, u
and KBr l o
CY
81 M 2 ol
Mg in 0
O dry ether +
—_—
structure of compound A structure of compound B
(
oH
OH
reagent D 14(N -
structure of compound C

a\ -
ResultsPlus

Examiner Comments

This scored just two marks for compound A and compound B. The structure of compound C
is incorrect and the wrong reagent is used for step 4.
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Question 6(b)

For this question, the areas were often given correctly, with many candidates also identifying the
correct splitting pattern. However, it was common to see that candidates ignored the adjacent
aryl group for environment K and so suggested a range of -0.2-2.0.

Please note that to take into account the various data booklets that candidates might have used,
the ranges of the acceptable chemical shifts were widened, including to below '0'.
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(b) 2-Methyl-1-phenylpropar
When considering th
have been assumed to be a single
The other hydrogen environments have been labelled K, L, M and N.

ol can be co to compoun
R spectrum hydrogen atoms of the benzene

environment M
environment L
ﬂ environment N
e e
environment K
environment J
"

compound S

Complete the table for each of the environments K to N in the high resolution
'H NMR spectrum of S.

(5)
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Examiner Comments

This response scored three marks. The chemical shifts for environments L, M and N were
given correctly. The area under the curve was given correctly for all of the environments. The
splitting pattern was correct only for environment N.

This gave a total of 8 points and hence three marks.

ResultsPlus

Examiner Tip

Take care to look at the environment around a group to determine the correct chemical shift
range.

ResultsPlus

Examiner Comments

This scored two marks. The splitting patterns for L, M and N were correct. The area under
the curve was correct for K, M and N. The splitting patterns were incorrect. Hence 6 marking
points and two marks.
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Question 7(a)

The most common response to this question was to allow time for the ethanol to fully react, with
some candidates noting that all of the ethanol would have been converted to ethanoic acid. It
was less common to see comments about the ethanol evaporating, and some candidates wrote
incorrectly that the sodium dichromate(VIl) would be able to evaporate, which is incorrect.
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7 Alaboratory technician analysed a sample of an alcoholic drink to determine the
concentration of ethanol, in g dm™.

20.00cm’ of the alcoholic drink was added to a 250 cm’ volumetric flask and made up
to the mark with deionised water. >

The ethanol in 5.00cm’ of the diluted sample was oxidised in the equipment shown.

The sample was suspended in an open beaker in a sealed conical flask over 10,00cm’
of acidified sodium dichromate(VI), of concentration 0.0780 mol dm ™.

5.00cm’ of the

diluted sample
10.00 cm® of 0.0780 mol dm* acidified
sodium dichromate(Vl) solution

The apparatus was left in a warm place for 24 hours for the
acidified sodium dichromate(Vl) to oxidise the ethanol.

Excess potassium iodide solution was then added to the remaining
acidified sodium dichromate(Vl) in the conical flask, forming iodine.

All of this iodine was then titrated using 0.0220moldm™ sodium thiosulfate solution,
m]*_ - .-:‘__b -

The volume of Na,5,0;(aq) required in the titration was 32.70cm’.
The equations for the reactions that take place during the experiment are shown.

Z 3CH,CH,OH() + 2Cr,0i (aq) + 16H'(ag) — 3CH,COOH(aq) + 4Cr'*(aq) + 11H,0(1)
"'-—-—-—
Cr,0¥(ag) + 14H'(aq) + 6l(aq) — 2Cr**(aq) + 3L(aq) + 7H,0()
25,03 (aq) + L(ag) — 2I(aq) + S.0% (aqg)

(a) Explain why the apparatus was left in a warm room and for 24 hours.

—

(2)

......... Bk oan U for tYhoun.  To . ataw. the. AFhond......
...... fO.. £ully,. OXidR ... X noundic... QG . CRMLUAN (k...
e PMANE A0 YO produed. . R3neanad.
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Examiner Comments

This scored two marks for the comment that the ethanol would fully oxidise to ethanoic
acid.

ﬂ ResultsPlus
Examiner Comments

This did not score because just 'leaving the apparatus in a warm room' would not increase
the rate of reaction significantly.

/z. \'
e

-

~ \ ResultsPlus
\-‘

| Examiner Tip

If a question asks you to 'explain’, then remember to include a reason for your statement in
your answer.
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Question 7(b)

QO7(b)(i) and QO7(b)(ii) were linked with many opportunities to score marks for correct logical
steps and many fully correct answers were seen.

QO7(b)(i)

M1, M2 and M3 were frequently seen with candidates using the information in the equations in
the question to gain these marks. The correct calculation of the moles of acidified dichromate (VI)
that reacted proved more challenging, with many candidates just using the moles of dichromate
and forgetting to subtract the moles that would have reacted to form the iodine. M5 was often
awarded, either as a transferred error (TE) from M3 or correctly from an answer to M4,

QO7(b)ii)

Candidates had the opportunity to gain marks for this part by using their final answer to part (i).
This part was found challenging by some candidates, with some making simple errors such as mis
- calculating the M, of ethanol, or dividing by the M, of ethanol instead of multiplying.
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(b) (i) Calculate the number of moles of ethanol in 5cm® of the diluted drink.

(3)
2.7 4
" 5.022= 7,144 0 Malod oSk are
oo
L) - ﬁ 1
=2 = 3 ST mvo v O 2
T3 10U o | wol dichrowmete remerining
l?.. "wO.OTDF -;'g,.\c-‘" O S e Ovncite, Drigimean y
oo
T.Dxo™" -V B g 16-%2 . GO *O f mmor  tecacted
X152 A A0S w10~ 4 wmoes  emeno)
(i) Calculate the concentration of ethanol in the alcoholic drink in g dm™.
(3)

250
G . A0NS mie” 4 " O O .0 hus moleS a8 MUK
s

PA o)
—_— T 0.0 Swm?

I oo
O OFAS wores = 2 .253 €t menng )
etomen M T Lg

2.2250.02% 113 .37 S 2
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N { ResultsPlus
/--.. Examiner Comments

This is an example of a fully correct response, scoring five marks for Q07(b)(i) and three
marks for QO7(b)(ii).

’“ 'f ResultsPlus
\

| Examiner Tip

If you lay your calculation work out clearly, it is much easier to follow-through with a logical
progression.

GCE Chemistry 9CHO 03

61



(b) (i) Calculate the number of moles of ethanol in 5¢cm? of the diluted drink.
(5)

Mol 06 RUxS 05 1 . 0L % D30 }
WV 0 \93_}5 ?‘-1‘“{ xmtl

pmol ot Do g jay o

—_— . ] gk
-

M Oomaxt 0 o . p37ox 1O

(oo

S 21

mol ok Cfﬂ,;' R PEEL PE AT

— - 149 x 07

3
(S,as‘lq-y(o'“)—( Ll‘(‘?m"‘} <

(i) Calculate the concentration of ethanol in the alcoholic drink in g dm™.

= 1 2w (3)
Q'F-L;"i
o ': (+ v ‘Lorke21
wyo | o o weon
2348 0 e % 22 NP

L0090

~)
CZ 0-0U44 wma\ m
XY
- 333? dow—:s
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Examiner Comments

This scored three marks for Q07(b)(i) and one mark for Q07(b)(ii). M1, M2 and M3 were
awarded for part (i). For part (ii) the candidate has correctly multiplied by 46 the M, of
ethanol and so scored one mark as a TE.
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Question 7(c)

Many candidates had not quite understood that the question required them to consider how the
actual titration method could be improved. The experiment as described only allowed for one
titration to be carried out and so candidates needed to indicate that one way to improve would
be to repeat the whole experiment, and that another way would be to take smaller samples so
that more than one titration could be carried out.

Many candidates were able to score the 'rescue mark' detailed in the additional guidance for
repeating the titration and calculating a mean.

(c) It was suggested that the titration as described might lead to an unreliable result.

State two ways the procedure could be amended to counter this suggestion.
(2)

?\cpea’r Codhe Kwaho  n ovier gpincwde  allmendant

e XA g negate  may eathend

~ { ResultsPlus
/--.. Examiner Comments

This scored one mark for repeating the titration until concordant results were obtained.

N

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

"
o

This scored one mark for the comment about repeating the whole experiment and setting
up multiple flasks.
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Question 7(d)

Many candidates scored at least one mark for reasoning that using a reflux set-up would speed
up the rate of reaction. The second mark, relating to the reasons not to use reflux, was less
well-answered, with many candidates suggesting that it would be difficult to separate the
sodium dichromate (VI) or that there would be a greater risk of flammability. The most
common correct answer to this part was that some of the ethanol would evaporate with reflux.

Reason to support this change

_ bumpdd  gmeaes- (Total for Question 7 = 14 marks)

.aﬂ"'-:l;\

N { ResultsPlus
/--.. Examiner Comments

This scored the first mark for the oxidation proceeding more quickly, but there is nothing
creditworthy for the second mark.
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(d) Another technician suggested that it was unnecessary to suspend the drink
sample above the acidified sodium dichromate(VI) solution and proposed a
change to the procedure.

The proposal was that the drink sample should be mixed with the acidified
sodium dichromate(VI) solution and then heated under reflux to allow the
ethanol to be oxidised.

Give one reason to support this change and one reason to leave the method
unchanged. In each case justify your answer.
(2)

Reason to support this change
................. ENSUs ook Kan e i fuly . oxichseet
e eMaonene . oeel ool v Yaaved o

u%mmmmmc Ul mAxtuwe e evioase

ool 0AAX LA (sHA,L AL

AN
ResultsPlus

Examiner Comments

This scored two marks. The first for the full oxidation of ethanol if using reflux, and the
second for other vapours that could be oxidised by the sodium dichromate (VI).
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Question 8(a)

Most candidates scored at least one mark on this question for correctly calculating the [H*]. Many
then went on to score the second mark for the correct K, value.

8 This question is about weak acids.

(a) An aqueous solution of a weak acid, HA(aq), with a concentration of
0.0712moldm™, has a pH = 3.25 at room temperature.

Calculate the value of K, for the weak acid HA(aq).

CHTI(m) (D
CHD CHRm

{(2)

o

(H9)> S (v3¢ep-*
Ka = 444 v107€

N

<{ < ResultsPlus
/--.. Examiner Comments

This scored two marks for a fully correct answer.

107" = 5, 00656234132 . (F)

we= CHATT TR

O COOSETLHEURBL ¢ 0.6t = O OOCOCLIOO3R T

N,

<{ < ResultsPlus
b/*---._ Examiner Comments

This candidate scored the first mark for the correct calculation of the [H+]. However they did
not carry out the correct calculation for the second part (they multiplied the [H+ ] by 0.0712
instead of performing the correct calculation ([H + 12/ 0.072) and so did not score the mark.
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Question 8(b)

QO8(b)(i): This proved difficult for candidates to score all three marks available, with many
candidates losing marks through not starting and ending at the correct pH, making the vertical
section too long or too short, and not showing the steep rise at the start. Most candidates did
however realise that the vertical section would be at 20cm?® as the acid and base were in
equimolar concentrations.

QO8(b)(ii): This was quite well-answered with candidates knowing to use half the volume taken
from the vertical section of their graph and read off the pH.

QO8(b)(iii): Many candidates scored the final mark for calculating the K, from the value read from
their graph. The question had asked candidates to show their working and those who did this
were able to access the other two marks.

(b) The value of K, may be determined from experimental data, using a
titration curve.

Ethanoic acid, CH;COOH(aq), with a concentration of 0.0500moldm™, has a pH
of 3.03 at room temperature.

A 20.0cm’ sample of the acid was titrated with sodium hydroxide solution,
NaOH(aq), with a concentration of 0.0500 moldm™.

During the experiment, 40.0cm’ of sodium hydroxide solution was slowly added
to the ethanoic acid.

A pH probe connected to a data logger was used to monitor the pH throughout
the experiment.

(i) Calculate the pH of the sodium hydroxide solution.
Give your answer to one decimal place.

(K, = 1.00 x 10" mol’dm™]

Kq:ioH'Jf,ld*_l
ﬂg-i - - r
D] = =8¢ eh \npsioﬁw 1
= 1. 6% - -,
Sl H (iA.f\

(1)

= Lrip "2
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(i) Draw a titration curve, on the axes shown, to show the change in pH
throughout the experiment. '
{3)

14

H
—
12 Zesss
10
8
pH
6
4 —
2
0
0 10 20 30 40

Volume of NaOH(aq) / cm’

(iii) Give an estimate of the pH value at the half-equivalence point.
Show your working on the titration curve,

(1)

4.6

(iv) Calculate a value for K, of ethanoic acid using your answer to (b)(iii).
You must show your working.

@ Helg eqpvalenee , CK )= LHA)

Cr~~IC HT]
Ka = CrAN] ,CWO = A7)

(3)

o K.-._*—CH"j CH*J:'O'-'H
- K . ‘.Oﬂ )
—64G€
e = )0
K | o\
Ka - < -5 (Ss)
’Lh‘%
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Examiner Comments

QO08(b)(i): This mark was awarded for the correct pH to 1dp.

QO8(b)(ii): This was awarded M1 for the correct starting and end-points of the curve. The
vertical section, although at 20cm?, was not within the limit to score M2 and the shape at
the start did not show a steep rise at the start and so no M3.

QO8(b)(iii): This mark was awarded for showing the working on the graph at 10cm? and for
reading off the correct pH.

QO8(b)(iv) was correct with all of the working shown and awarded three marks.

(b} The value of K, may be determined from experimental data, using a
titration curve,

Ethanoic acid, CH;COOH(aq), with a concentration of 0.0500 moldm*, has a pH
of 3.03 at room temperature.

A 20.0cm’ sample of the acid was titrated with sodium hydroxide solution,
NaOH(aq), with a concentration of 0,0500moldm™,

During the experiment, 40.0 cm® of sodium hydroxide solution was slowly added
to the ethanoic acid.

A pH probe connected to a data logger was used to monitor the pH throughout
the experiment.

(i) Calculate the pH of the sodium hydroxide solution.
Give your answer to one decimal place,

e

[K,, = 1.00 x 107" mol*dm™)
(1)

(20" [Hr Lo

4

(Xl % n*I% 005
Iy
CHQ - I
v-0S
< 2xem'?

‘ = ch’alh( lm-.;)
J1Z. eqsa-l
~v2.h

70
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Volume of NaOH(aq) / em’
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ResultsPlus

Examiner Comments

QO8(b)(ii) This candidate scored three marks for a completely correct titration curve.
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Question 8(c)

Many candidates were able to score at least one mark on this question with the most common
responses being that the data logger would speed up the procedure and reduce human error. It
should be noted that just a comment about being more accurate without any more detail was not
sufficient to score any marks. There were many other opportunities to score on this question,
including that processed data could be seen in real time, that there would be greater resolution
of the data and that the data could be stored.

{c) Another method used to monitor the titration is to use a pH meter without a
data logger. The pH is measured and recorded after the addition of each 1.00cm’
portionof NaOH(aq).

A student assessed the two methods and concluded that using the data logger
was a more effective way to carry out the experiment.

Give three reasons that support this conclusion.

(3}
& uddsads 5 jolapudiit
,MLM AL dvorn 0ad M

a\ -
ResultsPlus

Examiner Comments

This was a good answer, scoring three marks for continuous data being produced, a graph
being drawn, and reduction in human error.
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(c) Another method used to monitor the titration is to use a pH meter without a
data logger. The pH is measured and recorded after the addition of each 1.00cm’
portion of NaOH(aq).

A student assessed the two methods and concluded that using the data logger
was a more effective way to carry out the experiment.

Give three reasons that support this conclusion,
(3)

pH ~mearured . continuoutely. throughout the . .

~ from oubside bhe, reackion
!ower . éhmnoc QP dmpucibies mmuvtg in..conkack..

wikh khe  pH probe...

% ResultsPlus

Examiner Comments

This scored one mark for the comment about pH being measured continuously.
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Question 8(d)(i)

This calculation to find the concentration of propanoic acid in a buffer solution proved
challenging. However, many candidates were able to follow through their calculations in a logical
progression in order to obtain the correct answer. A common error was to calculate the moles of
salt (0.023958) instead of the concentration (0.23958). Candidates who used the Henderson-
Hasselbalch equation did less well, as they often mis-remembered the equation.

(d) A solution containing propanoic acid and sodium propanoate forms a buffer.

(i) 2.30g of sodium propanoate is dissolved in propanoic acid solution.
This forms a buffer with pH = 4.2 and a volume of exactly 100cm?’,

Calculate the concentration of the propanoic acid, in moldm™, in this buffer.

(K. (propanoic acid) = 1.34 x 10 moldm™ M,({CH,CH,CO,Na) = 96.0]
(4)

A (M2 107% 43018 ,l'zd'z@_,

”1‘__,}-'-:-.}3_“": 0. 01‘3? m:’)- ‘ON'(.«
1¢.0

lorne oo

0. 0VIBL=, < 0. 2395833, ankls?
1po=1°%

(Haees)

-
-

(30157055 375835
(.3ew0™

e/ fjm.dl,\";ﬁ/)

o [..gb

N

) { ResultsPlus
/---. Examiner Comments

This is an example of a fully correct response scoring all four marks.
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(4)
ph =-log (13« xie™®)

i pht = phe ""'Uj ("‘-‘) .313

wwy

ClHacty L0, Nn 2 NaT Cinpui
(VNP ] 3 7

W2 = 4sty t locj Lo,nqsﬂ)

®A)
-0.61% = le 0. 1395%)
m"l RS B
W = 0.212% i MZ
Suduan prupacarg 67123 = C.23959% c U
= %?-‘i-.-. 0139669 HA v
¢ HA = C.7y945y i
m(*!&wﬁ'\ - 0-021"95_ 0 1’3 0-1‘1’3 :.],|3md¢#n'5
proprviare o = U-e5a5y

a\ -
ResultsPlus

Examiner Comments

This is an example of a completely correct calculation using the Henderson-Hasselbalch
equation which scored four marks.

A
//

/\Vj ResultsPlus

| Examiner Tip

If you are going to use the Henderson-Hasselbalch calculation for buffers, make sure that
you are using the correct equation as it is easy to make a slip.
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(d) A solution containing propanoic acid and sodium propanoate forms a buffer.

(i) 2.30g of sodium propanoate is dissolved in propanoic acid solution,
This forms a buffer with pH = 4.2 and a volume of exactly 100cm’.

Calculate the concentration of the propanoic acid, in moldm™, in this buffer.
[K. (propanoic acid) = 1.34 x 10°moldm™ M,(CH,CH,CO,Na) = 96.0]
' l’a‘ﬁ e 4 -4
_?_%f——-: 0-02%5...mal | 24 x1075 =

[ 34 %075 =

(4)

Cio**J[e.01395..]
[ cHachycoon

Lemsemeood oy s 02095, prah gt

—

7
= 0. 13 melden T 25 £

—_—

1. 3¢xp™3

a\ -
ResultsPlus

Examiner Comments

This answer scored three marks. The candidate has used the moles of salt rather than the
concentration and so their final answer is out by a factor of 10. Everything else is correct as a
transferred error (TE).

A
A |
A

/\Vl ResultsPlus

) Examiner Tip

Set out calculations carefully and check at each stage.
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Question 8(d)(ii)

This question required candidates to be able to articulate how a buffer works in general terms
and to apply it to the buffer solution in the question. The most commonly awarded mark was M2
via the additional guidance route of the equilibrium moving to the left accompanied by a correct
equation or explanation. Many candidates omitted to mention the large reservoir of the sodium
propanoate (and propanoic acid) that would be fundamental to the action of this buffer. Even
fewer scored M3 to note the ratio of the acid: salt would remain nearly constant.

(i) Explain why there is no significant change in pH when a small amount of

hydrochloric acid, HCl(aq), is added to this buffer. e
(Pro parnose acol) (3)

'lY\D.ersQIwgereSermreog,

2 [ehgtha ool ond

(g So k)
LfeRatHCooT] i iniea a Sme M anont &4 HCL 1o addad,
......... g R M3, 0. bOSMIosd S R ORI 1S ponvoed to.

o PH - remouns. approxumately  wallhanged hetaiias.
L (oo foda i o0t} [Chg CH oot g

Muo%/o@gmx., wakllia  Con Ak

N,

<{ < ResultsPlus
/--.. Examiner Comments

This is an excellent answer with all three marks awarded.

" 'f \ ResultsPlus
\

) Examiner Tip

Ensure that you understand how a buffer works as then it is easy to apply your knowledge
to any buffer action.
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(i) Explain why there is no significant change in pH when a small amount of
hydrochloric acid, HCl(aq), is added to this buffer.
e = (Necap ™ INY

Sa

/ ResultsPlus

Examiner Comments

This scored two marks, M1 and M2. The candidate did not mention anything about the ratio
of acid: salt and so M3 was not awarded.

78
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Question 9(a)

This question required candidates to draw the reaction mechanism for the electrophilic
substitution of 1,4-dimethylbenzene to form 2,5-dimethylbenzenesulfonic acid. Many candidates
scored at least two points for the correct first steps (the arrow from inside the hexagon to the
sulfur atom, and the partial charges on the S and O). Some candidates omitted the methyl groups
on the intermediate which cost them a point, but many added the correct lone pair and negative
charge to the oxygen. Occasionally the arrow to form the lone pair of the oxytem to the hydrogen
was missing, but the final arrow showing the return of the C - H bond pair towards the ring was
often shown.
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9 This question is about the compound 2,5-dimethylbenzenesulfonic acid, which has
the structure shown. ~

0

HO— 5=

Itis used to analyse levels of cholesterol in blood plasma. It can be synthesised by the
reaction of 1,4-dimethylbenzene with concentrated sulfuric acid. |, 3% n sy
The electrophile in this reaction is sulfur trioxide. 9

Mo ®
(a) Complete a possible mechanism for this reaction by adding curly arrows, and any
relevant dipoles, charges and lone pairs. Ny 0
, A (3)
i
23

P
© \) ﬁsﬂs\-{b —-:‘sa N

structure of intermediate
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\'/ / ResultsPlus

L Examiner Comments

This scored one mark, for 3 correct points.

The arrow from inside the hexagon to the sulfur atom was correct, scoring P1. There was no
dipole on the S and O and so no P2. The intermediate, whilst showing the correct broken
hexagon and charge, was missing the methyl groups and so no P3. The lone pair and charge
on the oxygen were shown so P4 was awarded. There was a arrow from the lone pair
oxygen but it went to the 'O' on water and so no P5. There was an arrow showing the return
of the C-H bond pair towards the ring so P6 was awarded.

A ResultsPlus
\ Examiner Tip

Check all molecules for additional groups when you are copying them across.
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S )

structure of intermediate

a\ -
ResultsPlus

Examiner Comments

This scored two marks for 4 correct points.

The first points were not awarded, as there was no arrow from inside the hexagon to the
sulfur atom and the dipole on the S and O is the wrong way round. Everything else is
correct.

82
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Question 9(b)(i)

This question should have been straightforward for candidates that have a good understanding
of how recrystallisation works and so could explain each step in the process. However, many gave
answers that showed a level of confusion. This technique could have been broken down into:

+ M1: both the acid and the impurities dissolving in the hot solvent.

+ M2: the acid being insolube on cooling, with the impurities staying in solution.

« M3: the impurities being filtered off and the acid recrystallising.
It would be of benefit for candidates preparing for examinations to review the practical procedure

(which is part of Core Practical 16, the preparation of aspirin) and ensure that they can describe
and explain each step clearly.
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(b) The 2,5-dimethylbenzenesulfonic acid formed can be purified by recrystallisation
using hot water as a solvent.

Procedure

Step 1 Dissolve impure 2,5-dimethylbenzenesulfonic acid in the minimum
volume of hot water.

Step 2 Allow the solution to cool until 2,5-dimethylbenzenesulfonic acid
has crystallised.

Step 3 Separate the 2,5-dimethylbenzenesulfonic acid by ﬁh:erlng under
reduced pressure,

Step4 Rinse the 2,5-dimethylbenzenesulfonic acid using a small amount of
ice-cold water.

Step 5 Dry the 2,5-dimethylbenzenesuifonic acid between two pieces of
filter paper.

{i) Explain how recrystallisation reduces the amount of soluble impurities.

‘5 'L“"A’ M* “""’?’&”‘“m s

/ ResultsPlus

Examiner Comments

This response scored all three of the marks for a clear explanation of each step.

. DIYSOIVIAQY AR TN 2,5 - I VMRIAMAAMORNLR IS WEDWIL ..
OG0 UN nAWAYWANYA. NSMAVE. ot MRE  (SORY EHOWRD
e UM WWOMRIRE A MUK QIASUMRA  the @, walo ewt

Hfunc cm{ Ccm }za dAJmmﬂQo'
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Y / ResultsPlus
/'--.t Examiner Comments

This did not score any marks.

For M1 the candidate needed to state that both the acid and the impurities dissolve in the
hot water. They did not mention anything about the cooling step and so no M2. They
mentioned that the soluble impurities would pass through the filter, but did not state that
the acid would remain on the filter paper so no M3.

ResultsPlus
<\

Examiner Tip

Recrystallisation is a commonly used procedure and it is important that you can explain the
steps clearly.
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Question 9(b)(ii)

Candidates found this question about modifying the procedure quite challenging. However, some
completely correct answers were seen, showing that some candidates were able to apply their
knowledge in an unfamiliar situation. They needed to state that to remove these soluble
impurities they needed to carry out a filtration step when the solution was still hot, before cooling
in step 2.

(i) A student carrying out this procedure noticed some insoluble impurities in
their sample.

Describe how the procedure should be amended to remove these
insoluble impurities.

(2)

. ot )
A’vawim»,mmmmmﬁa%wmmm ..........................
MWHM‘:MM?M@MMmMAmNA..\mw«,.aahdcw

: filves
MMMMQJMM .......... e, . qup& ...................................................................................................................

ﬂ ResultsPlus
Examiner Comments

This is a fully correct answer scoring both marking points.

ﬂ ResultsPlus
Examiner Comments

This was too vague to score and so no marks were awarded.
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Question 9(c)(i)

This was an accessible question where candidates had to describe how to make up a standard
solution, including a dilution. Many good answers were seen. The most common mark which was
missed was to invert the volumetric flask at the end to mix the solution. It should be noted that in
the correct practical procedure, the flask is not actually shaken, and so this was not allowed for

M4.

gam_ ............ mleﬁ_ﬂpaw L. Rabeyn  Son

N { ResultsPlus
/---. Examiner Comments

This candidate has included the essential points to be awarded two marks. They have used
the correct volume of volumetric flask and described adding 100cm? of deionised water to
the flask up to the mark. They have omitted the step of adding the washings and also
have not mentioned inverting the flask.
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(c) The hydrated form of the acid has the formula CgH;(CH;),SO;H-nH,0.
An experiment was carried out to determine the number of moles of water of
crystallisation, n, in this formula.

The method involves adding excess sodium hydroxide to a known mass of the
hydrated 2,5-dimethylbenzenesulfonic acid.
The amount of unreacted sodium hydroxide is then determined by titration,

Procedure

Step1 10.0cm’ of 1.00moldm™ NaOH(aq) was added to 1.60g of hydrated
2,5-dimethylbenzenesulfonic acid in a small conical flask.

Step2 The solution formed was diluted to give a volume of exactly 100cm?’.

Step3 20.0cm’ samples of the diluted solution required a mean titre of
22.40 cm’ of 0.02500 mol dm ™ HCl(aq) to neutralise the unreacted
sodium hydroxide present in the sample.

(i) Describe how to make the diluted solution, in Step 2.
A it ,a_ (4)

s Mk all Ha acd ead  NeOH
MMMK-?JL&MSm‘)"-JL&MJJf"[-ﬁ
SR L% VYR Y1 X < SRS N 2 IV Y "Lﬁ%ﬂmmu

B Y VT —

to. 100ens

}Htﬁ%m}mmbl.ikmmwm
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yfﬁ ResultsPlus
Examiner Comments

This is a fully correct answer scoring all four marks.

—
-
/z.-' -
e

P4\ ResultsPlus
\

~_ Examiner Tip

Make sure that you are familiar with all of the methods in the Core Practicals. This is
included in Core Practical 2.
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Question 9(c)(ii)

This was a calculation question worth five marks. Many candidates successfully scored M1, M2
and M3. However, after that some lost their way and were unable to calculate the moles of the
acid. This then led them to an incorrect M, and hence an incorrect value of 'n'. It was possible to
be awarded marks as a transferred error at each stage, which allowed candidates to gain
additional marks for their method. There were some slips in the calculation of the M, of the
formula of the acid, with some missing off the final 'H' and arriving at 185.1 instead of 186.1. It
should also be noted that water of crystallisation should be an integer, and so the final answer
needed to be rounded to the nearest whole number.
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(i) Calculate the relative formula mass of hydrated
2,5-dimethylbenzenesulfonic acid and hence deduce the value of n,

D (5)

noof (HClysoms = CU= 0.02% X 24 %073~ 5.bx(0Y mo|
hof (HA) weom? = Toxlo™ x¥= 23x 1073 mo)
h of (NoOH) uneocied = $AAS7H/ ot 2.3 %1073 mol

noof (NOH) wotal = CV = |xfox10~3 = 0.01 mol

hoof (NooH) wocted = 0.01 — 28 xj0=3 = 1)x107 mol

m .bO
s My = ST = Tix 03 = N2

s GoHz (CHs).%0; |'L h B0

Meoof GHsy (Hs) 3 S05H = 6x 43+ 2x12 46+ 32 +3x1b +] = /80
Me of hTho = 53,2~ 8y = 3p.

> B Moof HO = 240 =18 = 0 = 1xB=3h

= h=2

a\ -
% ResultsPlus
Examiner Comments

This is an example of a well-laid out and fully correct answer.

A7)

Q) ResultsPlus

Examiner Tip

Lay calculations out clearly so that if you make a slip you can track it.
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?‘S ResultsPlus
Examiner Comments

This response scored M1 and M2 but there was nothing else creditworthy.
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Question 9(d)(i)

This should have been a straightforward question about safety in filling a burette. Most
candidates gave an answer showing that they knew that the burette should be filled below eye
level to avoid the acid splashing into their eyes as the safety glasses would not offer complete
protection.

(d) A student carrying out this experiment used a funnel as shown to try to ensure
the acid was added safely to the burette during the titration.

(i) Give one change to this technique that would reduce the risk to this student.
- (1)

e AL AP E. . AL Qe O AOSC IHED RINEY A SN

.'\ o
ResultsPlus

Examiner Comments

This was an acceptable answer and scored the mark.
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% ResultsPlus

Examiner Comments

There were many suggestions here, but none were creditworthy and so no mark was
awarded.
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Question 9(d)(ii)

This final question proved to be challenging. Nevertheless some candidates were able to follow
through the logic of what would happen if some extra drops of acid dripped into the burette. For
all marks to be awarded the candidate needed to state that the titre would be lower, that this
would result in it appearing that there were more moles of the 2,5-dimethylsulfonic acid reacting,
and so the M, would appear smaller which would reduce the value of 'n'.
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(i) The student forgot to remove the funnel from the burette and during the
titration five drops of acid from the funnel dripped into the burette.

Explain what effect, if any, this error will have on the final value for p.
{3)

3

arec ek NAOH  uewld ke CatCuilodect do les Loaser
Meort NaOH | el wase o G-d  wihHa accd So.. more. meles

ﬂ*ade;aﬁaudmmmanmmm .................

] ResultsPlus

Examiner Comments

This is a fully correct answer scoring all three marks.

AhmdmplotaudmumJH'{bluManUml-Mqum
Nl il b highee comnrny o Lowse Wb

A owr bt enlel desrmey B wittuluted rpm
andh B caloutatal valig gy R

/ ResultsPlus

Examiner Comments

This scored the first mark for the effect to reduce the titre. There was nothing else
creditworthy.
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Paper Summary
Based on their performance on this paper, candidates should:

* Be able to interpret data of first ionisation energy.
+ Be able to explain how a buffer solution works.

« Draw accurate mechanisms for organic reactions, including features such as dipoles and curly
arrows.

* Be able to explain how recrystallisation works.
+ Learn the tests for inorganic ions and organic functional groups in the specification.

+ Select appropriate scales for graphs so that they cover half of the graph paper in each
direction.

* Practise drawing titration curves.
+ Check all calculations and do not leave expressions unevaluated.

+ Use correct vocabulary when describing species (atom, ion, molecule, etc).
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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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