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Introduction

This paper provided candidates with the opportunity to demonstrate their knowledge and
understanding of topics throughout the whole GCE specification. Many of the questions are
synoptic in nature as they draw on two or more different topics. The paper covers the
indirect assessment of practical skills and questions: in this context assess conceptual and
theoretical understanding of experimental methods that draw on candidates' experiences of
the Core Practicals.

Examiners reported that some answers were almost illegible. Candidates should be
encouraged to write their answers clearly so that the examiners can read them easily and
award the correct marks.

Successful candidates:

e read the questions carefully and answered the questions as they were set

e understood and used correct scientific terminology

e had used or seen a wide-range of practical techniques, could describe them accurately
and had understood what was happening at each stage

e could carry out unstructured calculations.

Some answers were of a lower standard. Less successful candidates:

e did not read the questions carefully, and gave answers that were related to the topic being
tested, but did not answer the question

e did not use correct scientific terminology, for example, they interchanged atoms,
molecules, ions, elements and compounds without understanding what the correct word
should be

e were unfamiliar with some practical techniques, such as distillation and recrystallisation

e could not progress beyond the first mark or two in unstructured calculations.
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Question 1 (a)

The majority of candidates scored 1 mark for this question as they knew that the mass of an
atom was compared with 1/12 of the mass of a carbon-12 atom. Many candidates did not
state that it is the weighted mean mass of an atom of an element. A small number of
candidates confused mass number with relative atomic mass. Candidates are advised to
learn the definitions in the specification.

1 Relative atomic mass is an important concept in chemistry.

(a) Define the term relative atomic mass.
(2)

Qdokive . odomat . wawss 16 e mesd  naadoea
mDMEL.:,M&mJ’ _______________________ 4 SR Camﬁa%?rahm,&b_dw,
aM.A, ....... Mu,‘:f% ................................................... e ——————— e
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N / ResultsPlus
/'--‘: Examiner Comments

This response scored 0 as the candidate has confused mass number
with relative atomic mass. However, even if the question had asked for
the meaning of mass number, this candidate would not have scored a
mark as they included electrons.

“ .':f"" . ResultsPlus
“\

Examiner Tip
Learn the definitions in the specification so that you can recall them
accurately.
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Question 1 (b)
The vast majority of candidates scored full marks for this question. Many of those who were

not awarded 2 marks did not read the question and gave their answer to 4 significant figures
instead of the required three.

(b) A sample of neon consisted of three isotopes.

Ne 84.80
IINe 2.26
Ne 12.94

Calculate the relative atomic mass of neon in this sample.
Give your answer to three significant figures.

20 X 8U.Fo 3 | 696
2] x 2-26 = k7 -4¢
27 x1p.a6 = 28k
1696+ k7. k64 184 £&£° Zhzg. 2028 1%
20281, — 160 =2028/k

(2)

I

26..2.8

a\

ig ResultsPlus
Examiner Comments

This response scored 1 mark for the correct working. They have not
rounded their answer to 3 significant figures.
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Examiner Tip
Read the question carefully to see if you have been asked to give your
answer to a calculation to a specified number of decimal places or

significant figures or if you have to judge an appropriate number of
significant figures from the data in the question.
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Question 2 (a)(i)

There were a significant number of candidates who were confused about why the cobalt(ll)
sulfate solution is coloured. Many were confused between a d subshell and a d orbital so
thought that a d orbital could split into two different energies. Some just referred to
electrons moving between energy levels and did not specify that electrons are promoted
when they absorb energy. There was a lot of confusion then with flame tests as many
candidates referred to the electrons dropping down and emitting energy. Many candidates
would benefit from a review of colour in transition metal ions and flame tests to ensure that
they understand the difference.

(i) The colour of the cobalt(ll) sulfate solution used is pink due to the complex
cobalt(ll) ion, [Co(H,0)¢*.

Explain why the solution is coloured. (@)

N T ¥ S PR —

N ‘{ ResultsPlus
/'--. Examiner Comments

This response scored 2 marks. The candidate has shown that the d
orbitals are split into two energy levels and that electrons in the lower
level are promoted to a higher level. However, they have not stated
that electrons absorb energy for this promotion to take place. The
release of energy takes place in flame tests when electrons drop down
from higher energy levels to their ground state.

V \ ResultsPlus
\\

| Examiner Tip
Make sure you understand the difference in how colour arises in
transition metal aqueous ions and in flame tests.

7 GCE Chemistry 9CHO 03



Question 2 (a)(ii)

The majority of candidates knew that complex ions with six ligands are octahedral, although
incorrect terms such as octagonal, hexagonal and hexahedral were seen. Fewer candidates
were able to explain the shape in terms of the number of pairs of electrons and the idea of
minimising repulsion between them. Some candidates just wrote about six ligands or bonds
and did not refer to the bond pairs and some wrote about lone pair-lone pair repulsion being
greater than bond pair-bond pair repulsion, even though that was not relevant here. A few
candidates were confused and wrote about minimum separation and maximum repulsion.
Candidates should revise the names of the basic shapes of molecules and ions and the
reasons why they are these shapes.

(i) Explain the shape of the cobalt(ll) ion, [Co(H,0)s**, using electron-pair repulsion theory.
(3)

S | 7 SN QNApe ... Bt s 30" 15, SOOI . - 5L (RS- - O 2, SR
oummxm,i‘tu%a.u ..................... TieT - S AR S O A

ood o DO -ne\w'{ ________________ m?w\annm L S Y ST —
....... mm\\SQmwaw\tj,mwm%bnnde&e

™
s,

N / ResultsPlus
/--.‘: Examiner Comments

This response scored 1 mark for the correct shape. They have not
specified how many bond pairs there are and 'the same bond pair-
bond pair repulsion' is not acceptable for the bond pairs being
arranged to minimise repulsion.

A  ResultsPlus
D

Examiner Tip
Make sure you understand the reasons why molecules and ions have
particular shapes.
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Question 2 (a)(iii)

Many candidates gave clear reasons for carrying out Steps 3 and 4 of the procedure, showing
that they had carried out practical work to obtain pure, dry crystals. The most observant
candidates realised that cobalt(ll) sulfate solution was present in excess so the crystals are
rinsed to remove this excess solution. A significant number of candidates did not comment
on the use of ice-cold water, even though it was printed in bold. Some thought the ice-cold
water would quench the reaction. The majority of candidates realised that the warm oven
was used to dry the crystals, although some lost the mark if they stated that the water of
crystallisation would be removed, the crystals would be dehydrated or an anhydrous salt is
obtained.

(il) Give the reasons for carrying out Steps 3 and 4 of the procedure, referring
particularly to the words in bold.

(3)

e
\/ /i ResultsPlus

Examiner Comments

This response scored 2 marks for the reasons for rinsing and using ice-
cold water. The candidate correctly states that the warm oven is used

to dry the crystals but this mark is negated by stating 'to dehydrate
crystals'.

(M4 ResultsPlus
\\ Examiner Tip

Learn the difference between dry and dehydrate.
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Question 2 (b)

There were many possible reasons why the yield is less than 100% and most candidates were
able to write about at least one of them. General answers, such as 'transfer losses', are not
acceptable. The candidates should write about one specific transfer loss that is relevant to
the question. Credit was not given to reasons such as the crystals would get washed away,
unless dissolving was also mentioned. Other general reasons, that might be applicable in
other experiments, were not relevant here so did not score, for example, the reaction is
reversible or by-products are formed. Some candidates suggested reasons that would give an
increase in yield, such as the crystals were not dry when weighed or impurities are present.

'}t)( The percentage yield of this reaction is 70.0%.

Give two possible reasons, other than an incomplete reaction, why the yield is
less than 100%.

\-\.

¥ / ResultsPlus
/--.‘: Examiner Comments

This response scored 0 as there is too little specific detail in the
answer. The candidate could have scored a mark if they had
mentioned specific apparatus where the yield is lost, such as
transferring from the evaporating basin to the filter funnel in Step 2. If
the sample was impure, the impurities would increase the yield.

v ResultsPlus
ey

Examiner Tip
When you are asked for reasons for a lower yield than expected in an
experiment, give specific details that are relevant to the experiment in
the question.

GCE Chemistry 9CHO 03 10



Question 3 (a)(i)

The majority of candidates understood the method of carrying out a flame test using a
nichrome wire and concentrated hydrochloric acid. However, a significant number of
candidates lost the third mark by stating that the wire with the solid sample should be held
under, above or near the flame, rather than in the flame. A small number of candidates
suggested using the safety flame on the Bunsen. Some candidates demonstrated knowledge
beyond the question by describing how the concentrated hydrochloric acid is used to form a
volatile chloride.

3 A group of students design and carry out experiments to deduce the formulae of
two salts, X and Y.

X contains one cation and one anion.
Y contains water of crystallisation.
(@) (i) A flame test is carried out on X.

Describe how to carry out a flame test.
(3)

Lip e o vicdrwe vire ale HClogy. Hoo iale A denpleof ...
poudorsel_asbil. o pk undon o boson’ flasms.

N
\( { ResultsPlus

Examiner Comments

This is a common response that scored 2 marks. A flame test only
works if the sample being tested is in the Bunsen flame.

5\ ResultsPlus

\ Examiner Tip

Revise all the details of carrying out a flame test. Try to imagine
yourself carrying this out and think about how you would get the

sample under the flame, as stated here.
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Question 3 (a)(ii)-(b)(ii)

The majority of candidates were familiar with the results of the tests and could identify the
ions present. Some candidates did not read the question so wrote the names of the ions
instead of the formulae and some did not include charges on the ions. Some candidates
were confused between the sulfate test using barium chloride solution and the chloride test
using silver nitrate solution. A small number of candidates were unable to balance the
charges on the ions to write the overall formula.

(il) The colour of the flame is yellow.

Give the formula of the metal ion present in salt X.

(b) A sample of X is placed in a test tube and dissolved in deionised water.
The solution is acidified with hydrochloric acid and barium chloride solution
is added. o

A white precipitate forms.

(i) Give the formula of the anion present in X.
(1)
"! -

(i) Deduce the formula of X, using your answers to (a)(ii) and (b)(i).
L (1)

ﬂResu[ts?lus

Examiner Comments
The first two parts of the answer are correct and scored 2 marks.
However, the candidate has shown an overall charge of 2 - on the
formula of X, which is incorrect.

\. J

" \ ResultsPlus
\

Examiner Tip

Revise how to write an overall formula from its constituent ions.

\. J
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Question 3 (c)(iii)

There were several ways of calculating the value of n and the majority of candidates scored
full marks by using one of them. A few candidates were able to work out the percentage of
water in the crystals but were unable to proceed any further. A few candidates calculated an
incorrect relative formula mass for potassium carbonate, for example, by omitting one of the
potassium ions, and they should check their work carefully as the correct formula was given
in the question.

(ifi) In an accurate experiment, Y is found to consist of 71.9% K,CO, by mass.

Calculate the value of n.

(3)
Mol = Mass (2x 38 + (12 * (1o ¥3)
“Em 1382
wol = o b
A8
- 0-52072...

N < 0520 (3s6)

™

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

This candidate scored 1 mark for calculating the number of moles of
potassium carbonate. They did not realise that the remaining 28.1% of
the crystals was water so they could then have calculated the number
of moles of water.

Examiner Tip

@94\ ResultsPlus
<D

Try to use all of the information in the question. If 71.9% of the crystals
is potassium carbonate, the remaining percentage must be water.
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Question 3 (c)(i-ii)

Few candidates scored any marks for Q03ci as they did not understand the significance of
the lid in the experiment. They often wrote about the water of crystallisation being able to
escape if there was no lid and some mentioned that the salt would decompose, releasing a
gas. Only a small minority realised that there would be a possibility that some of the solid
could be lost from the crucible during heating. Many more candidates scored two marks for
QO03cii as they did realise that insufficient heating would result in not all of the water of
crystallisation being driven off the solid so the value of n would be lower than expected.
Some candidates were unable to relate the mass change to the change in the value of n.

(i) The first student carried out the experiment but forgot to use the lid.

Explain how this mistake would affect the calculated value of n.

SUTO d,t {2]
f?rud.M-Cf C.Cll-"\ bl E-SCCUPQ "tﬂ W (%‘WW
F_'_%&Je S no . This would cizr_,beme M &MOmnf‘w

ot dﬂ{"g-d DFDO'-M.Q,!- oS ’l' would be (astto e

(i) The second student carried out the experiment but heated the apparatus for
only one minute.

Explain how this mistake would affect the calculated value of n.

(2)
) nov cul e pooder of cn.fS'taffF.S‘obL\.Oﬁ woulel loe

mmaaad doc,Aeasma vedeor PJ

Hoand
....*W—”e tAx::uJo\ 8KIL be seactats cemiainicae,

I\

\( { ResultsPlus
/--._ Examiner Comments

This candidate scored 1 mark for each part of the question. They have
given correct statements about what happens but they have not linked
these to how the calculated value of n would be affected.
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A\ ResultsPlus
\ Examiner Tip

Check your answers to make sure that you have answered the
question in full.
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Question 4 (a)

There were many excellent answers to the calculation in Q04ai and they were approximately
evenly split between those who calculated AS;q5 and those who calculated AG. The most

common errors were to forget to change one of the initial values so that they were in
consistent units for the final step in the calculation and to give ] K-' mol" as units for AG.

In Q04aii, the most common errors were to fail to convert the temperature to °C or to
include too many significant figures in the final answer.

GCE Chemistry 9CHO 03 16



4 This question is about the white solid barium carbonate.

(a) Barium clrbomu decomposes under suitable conditions to form barium oxide
and carbon dioxide.

BaCOs(s) — BaO(s) + CO,(g) AH® = +169.3kJmol™
Standard molar entropy data related to this reaction are shown.

BaCO,(s) 1121
BaO(s) 704
CO,(g) 2136

(i) Show that barium carbonate is thermally stable at 298K, using the data in the
equation and in the table.

DS ogn, = (0.4 +213.4) = (112
= 714
(b =D H-TAC
2 161300 - (N8 X 17/.4)
= 11§e73 .9

17 GCE Chemistry 9CHO 03



(i) Calculate the lowest temperature, in °C, at which it is thermodynamically
feasible for barium carbonate to decompose.
Give your answer to three significant figures.

@a2® (= LH
AS

- 1880 -qg¢k

e S

1709

(3)

N { ResultsPlus
/--.. Examiner Comments

(a)(i) scored 3 marks as the candidate has calculated AG correctly.
However, they have not included units and not stated how the value
shows that barium carbonate is thermally stable.

In (a)(ii), the candidate has substituted the correct values into the
expression and rearranged it to calculate the temperature so scored 2

marks. The question asks for the temperature in °C and the candidate

has left it in K so not scored the third mark. Even if this candidate had

converted their final answer into the correct units, they would not have

scored the final mark as the full answer is 984.87 K and they have
incorrectly rounded this down to 984 K.

T4\ ResultsPlus
\\ Examiner Tip
Always re-read the question and make sure that you have answered all

parts of it.
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Question 4 (b)

Many candidates had a clear understanding of why magnesium carbonate is less thermally
stable than barium carbonate. Unfortunately many candidates lost marks through the poor
use of scientific terminology. For example, candidates referred to magnesium being smaller
than barium instead of a magnesium ion having a smaller radius than a barium ion. A
significant minority of candidates thought that the ionic bond between the cation and anion
was weakened and many just stated that 'bonds are weakened' without specifying which
bonds.

(b) Explain whether magnesium carbonate is more or less thermally stable than
barium carbonate.

N
\( /é ResultsPlus

Examiner Comments

This candidate has had a good attempt at answering this question and
scored 2 marks. They have identified that it is the cations that are
important and stated that the magnesium ion has a smaller ionic
radius and the barium ion so it has a greater polarising power on the
carbonate ions. However, they have not stated that this polarisation
will result in a weakening of the C-O bonds so magnesium carbonate
will decompose more easily.

T4\ ResultsPlus
\\ Examiner Tip
When metal carbonates decompose, it is a C-O bond that weakens and

breaks to leave a metal oxide and release carbon dioxide gas.
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Question 4 (c)

Most candidates were unsure about how to answer this question. Many knew that the usual
reaction between an acid and a carbonate produces carbon dioxide and some realised that
barium sulfate would form as a white precipitate. Few candidates could link those two ideas
together to deduce that bubbles of gas would not be expected when sulfuric acid is used due
to the insoluble surface layer of barium sulfate formed.

(c) A white solid was thought to be barium carbonate. A student suggested that the
presence of the carbonate ion could be tested for by adding a small amount of
sulfuric acid.

Explain whether or not this suggestion is valid.

(2)

....... %&&?ﬂmbswdﬂlEx,nﬂﬂdﬂﬂ;ﬁfwampltﬂdancrtuge+
.;Jf W predéay,

ak e water. Yes Swe  acd  wold. lcherate (O 2.965.... £ neads.

hbcfm&mugklmww ........ bo..cafre. e 9ar ic (O, . fosika.

gy pe @1 ie Gat waby gots_weithyy - T chderls somechton

N

~ { ResultsPlus
/--._ Examiner Comments

This response scored 1 mark for the idea of carbon dioxide is formed

when a carbonate reacts with an acid. However, this candidate has not
realised that barium carbonate will react with sulfuric acid to form
insoluble barium sulfate, which will impede the reaction.

" V ResultsPlus
~L_\

) Examiner Tip

Try to use all the information given in the question.
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Question 5

This extended open response was straightforward for the candidates who had revised the
reactions of bromine with benzene and with phenol, but the full range of marks were seen.
Some candidates did not look carefully enough at the statement telling them to include the
type of reaction, the products that form and any conditions required so some of these were
often missing. The explanation of why phenol is more reactive than benzene in terms of the
lone pair of electrons on oxygen being delocalised into the ring system so increasing its
electron density, was often well-known. Many candidates did not know that both reactions
are electrophilic substitution and many addition reactions were seen, along with
nucleophiles. This type of question is best dealt with as a comparison for each of the points
but many candidates just wrote two separate paragraphs and did not link them. Candidates
would benefit from planning out a structure to their answer before writing it out in full.

21 GCE Chemistry 9CHO 03
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/‘--. Examiner Comments

This candidate has made a reasonable attempt at an answer and has
started with a plan. In the main part of their answer, they have
included that both reactions are electrophilic substitution, benzene is
less reactive than phenol and the correct conditions for the reactions.
They have the right idea about why phenol is more reactive than
benzene but have just stated that the electrons from the OH group
become part of the delocalised ring, rather than stating that it is the
lone pair of electrons on the oxygen atom. They have omitted to
mention that this causes an increased electron density of the ring.
They also did not know that phenol reacts with bromine water to form
2,4,6-tribromophenol.

This response had credit for 3 Indicative Points, which gives 2 marks,
and they were given 1 mark for structure and lines of reasoning, giving
a total of 3 marks.
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*5 Explain the difference in the reactivity of bromine with benzene and with phenol.

Include the type of reaction, the products that form, and any conditions required.
Mechanisms for the reactions are not required.

(6)
P DES0oN s m@iR.. Cealud. . 0. RNTER.
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~ < ResultsPlus
/--.. Examiner Comments
This is a good answer with a clear comparison between the reactions.

The only Indicative Point missing is that both reactions are electrophilic
substitution.

5 Indicative Points gives 3 marks, and 2 marks were awarded for
structure and lines of reasoning, giving a total of 5 marks.

&4\ ResultsPlus
\\

) Examiner Tip
Check your answer against the question to make sure that you have
included all the necessary points. The type of reaction is asked for in
this question.
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Question 6 (a)

Many candidates were able to calculate the masses of carbon, hydrogen and oxygen in ester
Q and then confirm the empirical formula. Some candidates were able to calculate the
masses of carbon and hydrogen but did not know how to calculate the mass of oxygen.
Some candidates worked out the numbers of moles of carbon dioxide and water but were
unable to proceed any further. Many candidates would benefit from more practice at this
style of calculation.

CeHie O +D.. — BCOL +8H O
6 An ester Q has the molecular formula CgH,40,.

(a) When burned in excess oxygen, 1.879g of Q formed 4.594 g of carbon dioxide
and 1.879g of water.
Q@=(-8M

Show that the empirical formula of Q is C,H;O.
04 = 4-994 (4)

BBS 7= -7 | 89
o = 1.219

£ L0
8§24 ay
(o
|
c A O

Q> mauss = y. say HaO mods = 181
LAY S-S TEVY ne = 13

Ml = 0. loqy Wil = g. joMdY

CyHis O, = 120, —> ?CD:t—%ﬂto

—

X

CyHgO + 609 —2 %02 + yH,0 .
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This candidate worked out the numbers of moles of carbon dioxide
and water so scored 1 mark. They did not realise that they could have
worked out the number of moles of Q used from the mass and the
relative formula mass. They tried to write a balanced equation but
forgot that there are two atoms of oxygen in one molecule of Q.

M4\ ResultsPlus
\ Examiner Tip
Practise working out empirical and molecular formulae of organic

compounds using data from combustion.

27 GCE Chemistry 9CHO 03



Question 6 (b)

This was a challenging question using data from proton NMR spectroscopy and it was
pleasing to see many candidates using all the information to deduce the correct structure of
Q and justify their answers. The clearest answers labelled the different proton environments
on their diagrams of the structures and related them to the chemical shifts in the table. Even
if candidates could not deduce the correct structure, they received credit for each piece of
data they interpreted from the table, for example, relating the peak areas to the numbers of
protons in each environment or explaining the meaning of the splitting patterns. It was
expected that all candidates would identify the peak at 2.50 ppm due to the CH3CO part of

the ester as that part of the structure was given on the question paper, however, not all
candidates were able to do that. Some candidates were confused between proton NMR and

13C NMR so wrote about carbon environments.

(b) Data from the high resolution 'H (proton) NMR spectrum of the ester Qare shown

(‘A‘ in the table.

H;L -( 7 H-L-¢
ov f- - C f@ '
- %, u-c- el
@-1 © |ncc
S N SR 7 T PSP e TV DO [ SN y
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’{ Part of the structure of Q is shown. @ §¥/
3 —— 'V'v"

* Complete the structure of Q.
Just ur answer by lipking the proton environments in your structure to the
relative peak areas.and the splitting pattern of the peaks. .

M“naHamamsaﬂmk&d,mgmmyolnddm

Mllﬁeppmkummve.frmkma%mé
Hthw‘k-&.d,,Mq,wﬁphmjpzs.{-ﬁxnrnkghaﬁf!.n‘-
Sz (M) CHg #bwice. Lvoleanls. i (2. .. 5o 52m¢
itonen Viconrantdy. (3 S0 kotul 4 Hi, equalhvg. Mlabee. asve.
Finally, 0.92p0m gk S8 B dnplek  se wdyacenk
a2 need Yo 2 Mg, and  relakive. peaM. acta
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/“--'- Examiner Comments
This is an example of an excellent answer that scored 7 marks. The
candidate has annotated the table to help them with their answer,
which is a good idea as they can check to make sure that they have not
missed out anything. The structure of Q is clearly drawn and this
method of labelling the proton environments is extremely helpful. The
candidate has justified their structure by referring to each of the peaks
and relating the peak areas to the numbers of protons and the splitting
patterns to the number of protons on the adjacent carbon atoms.

T4\ ResultsPlus
\ Examiner Tip
When identifying compounds from NMR data, it is useful to circle and

label the different proton environments and to comment on each
piece of data given in the question.
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Question 7 (a)(i)

Organic mechanisms always separate out the candidates into those who understand the
meaning of a curly arrow and those who try to rote learn, with little or no understanding.
Candidates should understand that a curly arrow represents the movement of a pair of
electrons so should start from a lone pair of electrons or a covalent bond. Many candidates
lost marks by omitting the dipole on the C=0 bond and/or the charge on the oxygen in the
intermediate and many candidates did not know whether to include full or partial charges.

Some candidates showed the first curly arrow drawn from the nitrogen atom in the CN~ ion,
showing that they had not looked at the structure of the product where the carbon atom was
attached.
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7 This question is about some reactions of carbonyl compounds.

(a) Methyl methacrylate is the monomer used to make the polymer perspex.
It can be synthesised from propanone using the reaction scheme shown.

Step 1 Step 2
0 HCN / KCN CN Reagent 2
> > Compound A
Dehydration
propanone
On B, Step3 | —— ;
eaction type
HCl(aq)
0 B Step 4
Sy Reagent 4 + conc. H,50, v
- A Compound B
Reaction type 4

methyl methacrylate

() Draw the mechanism for the reaction in Step 1.
Include curly arrows and any relevant lone pairs and dipoles.
(4)

3= CN

/gﬁ{m:m‘ — /‘\

O-é\ H1’

CN

o
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This reponse scored 2 marks. The curly arrow from the lone pair of
electrons on the CN - ion to the C&+ in propanone is correct. However,
the curly arrow from O towards the double bond is incorrect. The
structure of the intermediate is correct but a hydrogen ion does not
have a lone pair of electrons so the final curly arrow is incorrect.

s ResultsPlus
ey

Examiner Tip
Make sure that you understand the meaning of a curly arrow in

organic mechanisms. If you understand the mechanisms, you are less
likely to make careless errors.
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Question 7 (a)(ii)

There were many errors in completing the reagents, types of reaction and structures of
products in the table. Many candidates had not revised these reactions carefully enough to
score high marks. The esterification in Reaction 4 was more familiar to candidates than the
hydrolysis in Reaction 4. Many candidates were careless in drawing structures using skeletal
formulae. Unless a question specifically asks for a skeletal formula, it is acceptable to use
structural or displayed formulae, provided the functional groups are clear. Some candidates
included steam with phosphoric acid for reagent 2 and had not looked carefully enough at
the reaction scheme to notice that this reaction had been labelled as dehydration. A common
incorrect reagent was LiAlHg4.

(i) Complete the table to show the information missing from the Cze~-<

reaction scheme. c=c*d
’ (6)

Cornc Phespha~c aciel
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Examiner Comments

This is an example of a very good response that scored 5 marks. The
candidate has just made one error in which they gave reagent 4 as
ethanol instead of methanol. The 'methyl' part of the name was a clue
to use methanol.

U\ ResultsPlus
\ Examiner Tip
Check your work carefully to make sure that you have used all the

information in the question.
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Question 7 (a)(iii)

Many candidates did not understand the skeletal formula of methyl methacrylate so they
were unable to complete the equation for the formation of the polymer. The most successful
candidates redrew the structure as a displayed formula and they almost all scored 2 marks,
although a few omitted the hydrogen atoms on the CH- group. Some candidates tried to

write an equation with 2s instead of ns.

(iii) Complete the equation for the formation of the polymer from
methyl methacrylate.

(2)
f cooti3
© 0 T
Ee o -, r———
ﬁ ------ e & c'— '
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N { ResultsPlus

Examiner Comments

This candidate has redrawn the monomer as a displayed formula so
they have completed the equation correctly and scored 2 marks.

' . ResultsPlus
\\

Examiner Tip
Practise drawing skeletal formulae from displayed formulae and vice
versa.
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Question 7 (b)

Candidates drew the distillation apparatus with varying degrees of success. There were many
good diagrams of apparatus that would work, but there were more that had careless errors
showing that the candidates did not think about how distillation could take place in the
apparatus they had drawn. The left-hand side of the apparatus proved to be the most
difficult, with many candidates drawing a conical flask for heating, not showing a still head or
having noticeable gaps around the joints so gas could escape. A thermometer was not
essential, but if it was drawn, the bulb needed to be in the still head and not in the liquid. The
majority of candidates knew that water needs to enter at the lower end of the condenser but
candidates lost marks for not drawing the condenser with a separate water jacket around the
inner tube so the water and product would mix. Some candidates lost the final mark if their
apparatus was sealed. Some candidates did not read the question and drew apparatus for
heating under reflux, using a separating funnel or filtration.

Many candidates would benefit from seeing how the common apparatus is set up and
drawing it accurately.
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(b) Pro &'nl one can be formed from the fermentation of polysaccharides such
as starch. The proEg_none can be separa rated from the fermentation mixture
by dlstlllatlon

Draw the apparatus used in the'ﬂ.bo_mﬂ@"mlﬂn of propanone from the
reaction mixtyre.

(3)

Lellethv
beals
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Examiner Comments

This response scored 1 mark for the open beaker collecting the
product. The apparatus is open on the left-hand side so the product

would escape from the top and the water flow is incorrect through the
condenser.

-

' . ResultsPlus
\

Examiner Tip

Practise drawing diagrams of the apparatus commonly used in school
laboratories.
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Question 7 (c)(i)

Many candidates were familiar with recrystallisation and understood why the filter paper and
funnel need to be warmed before Step 3. However, a significant number did not understand
the process of hot filtration and wrote about removing impurities rather than preventing
crystallisation. The solvent chosen for recrystallistion is one in which the compound is
soluble when hot but only sparingly soluble when cold. If filtration was carried out using
equipment that had not been heated, the solution would cool and crystals would form.

(i) Explain why the filter paper and funnel are warmed in an oven before Step 3.
(2)

............ SO Mak Yo Wvawen  pvoces) . cen b2 Caned o

_________________ Q. \oeke. L

N
\( { ResultsPlus

Examiner Comments
This response scored 1 mark for the idea of keeping the mixture hot.

However, the candidate has not understood that crystals would form if
it was allowed to cool.

M4\ ResultsPlus
\ Examiner Tip
Revise recrystallisation carefully and make sure that you understand

what is happening at each stage in the process.
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Question 7 (c)(ii)

Many candidates almost repeated their answer to Q07ci in cii, showing that they did not
understand what is happening at each stage of recrystallisation. Answers tended to be very
confused as many thought that the impurities would be left on the filter paper. Only a small
proportion of candidates were able to clearly explain that the solubility of the hydrazone
product decreases as the temperature decreases and that these crystals are pure as the
soluble impurities remain in solution. Most candidates would benefit from a review of this
process to make sure that they understand how the soluble and insoluble impurities are
removed and how the solubility of the desired product varies with temperature.

(ii) Explain how Steps 4 and 5 remove impurities from the crystalline product.

A Skep 5.7 Qb Bas. Crasdad. Gacky. FRAMGL RYRIBLYE .

*

N 17X 1, TS Wammwuhmmm

N
\( ( ResultsPlus

Examiner Comments

This is an example of an answer that is confused as the candidate does
not understand about the impurities and the solubility of the product
so it scored 0. Step 4 is incorrect because the crystals are only
sparingly soluble in the cold solvent. Step 5 is incorrect as it is the
soluble impurities that are removed in the filtrate during filtration and
the solid crystals remain on the filter paper.

5\ ResultsPlus
\ Examiner Tip
Revise the process of recrystallistion carefully to make sure that you

understand what is happening in each step.
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(i) Explain how Steps 4 and 5 remove impurities from the crystalline product.
(2)

As sk catts e poecptele.. wh_cystabe ot _ong

%Resultsﬂus
Examiner Comments

This is an example of a good response that scored 2 marks. This
candidate has understood what is happening in Steps 4 and 5 and
communicated it clearly using correct terminology.

’\V/ ResultsPlus

) Examiner Tip

Make sure that you understand the stages involved in recrystallisation
and you can communicate your answers using correct terminology.
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Question 7 (c)(iii)

Many candidates knew that the carbonyl compound could be identified by measuring the
melting point of the pure crystalline product and comparing it with values in a data book. A
few candidates suggested measuring the boiling point and some suggested just looking at
the colour of the crystals would be sufficient to identify them. Some suggested using
qualitative tests, for example, using Tollens' reagent or Fehling's solution.

(iii) State how the purified crystals can be used to identify the carbonyl
compound that reacts with 2,4-dinitrophenylhydrazine.

Detailed descriptions of practical procedures are not required.
(2)

F{pm et b bendly %. Sobardom. T, Rrwn. ormpe. o

\( ( ResultsPlus

_‘/'--. Examiner Comments
This response scored 0 as the candidate has just repeated the
information given in the stem of Q07c. The candidate has not
understood that a melting point determination must be carried out
and then this is compared with known values from a data book to
identify the carbonyl compound.

A\ ResultsPlus
\ Examiner Tip
Pure solids can be identified by comparing their melting points against

known values in a data book.
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Question 8 (a)

Many candidates gave excellent descriptions of an experiment to determine the K; value for

ethanoic acid. There are two different methods that are commonly used for this - one
involving a titration using an indicator and the other involving the measurement of pH at
regular intervals as alkali is added. A significant number of candidates mixed up the two
methods. Those who used the indicator often omitted to add the initial volume of acid to the
mixture at the end point. The majority of candidates knew how to calculate K, from the pH at

the half neutralisation point. Some candidates spent time describing how to make a standard
solution and others gave a lot of detail about how to calibrate the pH probe, which were not
required in this question. Some did not read the question and assumed that they knew the
exact concentration of the alkali so could calculate the concentration of the acid just by doing
a titration.

8 This question is about acids and bases.

' (a) Devise an experiment to determine the acid dissociation constant, K, for a

‘ solution of ethanoic acid, CH;COOH, of unknown concentration.
teall cciet

Assume you have access to a pH meter and a solution of sodium hydroxide of
similar concentration to the acid.
Include how to determine K, from your results.

Then o dd o x"‘ﬂjl ..... - """“ﬂ"jt'- _________ Indicabo-. 0 éi}w.- _______ agtd .
..... (LC& the. ”"F f?vpbt'“&? Lic....ocid.. avd. . weco é’é‘f

_______ robial . PH Tlan csicg Lend _wlenals  addt  ALOH ooyt

y
e, (j\@ ........ f H. Whew the.... f’)‘[ Aetsnly C.rtﬂa»-‘j.t_ ________ add O\t

wodend i LRI N L VTN P e
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/--.'. Examiner Comments

This response scored 2 marks for carrying out a titration and
measuring the pH at regular intervals while adding the sodium
hydroxide solution. An indicator is not necessary when this method is
used and methyl orange is not a suitable indicator to use with a weak
acid. The candidate has mentioned a graph but has not stated that it is
a graph of pH against volume of alkali added. Ka is equal to the pH at
the half equivalence point so the last statement is incorrect.

T4\ ResultsPlus
o\

Examiner Tip
This question is based on Core Practical 9. Make sure that you are
familiar with the Core Practicals as you prepare for your examinations.
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Question 8 (b)

Many candidates were able to calculate the concentration of hydrogen ions from the pH but
only a few were able to substitute this into the expression for K, to determine the ratio of the

concentrations of the acid and salt then to determine the actual volumes to use to make up
500 cm?3 of the buffer solution. A common error was to treat the buffer solution as a normal
weak acid and to use K, = [H*12/[HA]. Most candidates would benefit with more practice at
calculations involving buffer solutions.
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(b) 500cm’ of a buffer solution of pH = 4.70 is required.

Calculate the volume of 0.800 moldm™ sodium ethanoate solution and of
0.800 moldm™* ethanoic acid needed to make this buffer,

[K, for ethanoic acid = 1,74 x 10 moldm™)

3)
(H'T < 1.aqs2¢x 10°
L [T [ Moo ]
[+ i
[CHg COOH]
kq - EH‘P]E 5&[‘&3
[acid]
[-Thelo™ [sait]
|- 952 [o's . faecid ] )
Csadt )

*  facid] 0-872065% = [salt)

2%
sodt = ©-972065€ wl o

O U360 wol5s

t
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/--.‘: Examiner Comments

This response scored 2 marks for calculating the concentration of
hydrogen ions from the pH and for calculating the ratio of [salt] : [acid].
The candidate could have scored the third mark by calculating the
volume of each solution needed by using the ratio and the total

volume of solution needed (500 cm3).

5\ ResultsPlus
\ Examiner Tip
Check the information in the question carefully to make sure that you

use all essential data.
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Question 8 (¢)

This style of calculation seemed more familiar to candidates than the buffer solution
calculation in Q08b. The majority of candidates scored two marks for calculating the number
of moles of sulfuric acid and sodium hydroxide. A significant number did not realise that the
number of moles of hydrogen ions available in the solution is twice the number of moles of
sulfuric acid. However, they could still score 5 marks if they carried out the other steps
correctly. Some candidates just calculated the number of moles of excess hydroxide ions and
did not convert it into a concentration before determining the pH. Candidates who wrote a
few words to explain the steps in their calculation were more likely to be awarded transferred
error marks if they made a mistake as the examiner could follow what they had done. Those
who just wrote a jumble of numbers in a seemingly random order, would not receive credit if
it was not clear what they were calculating.

(c) Calculate the pH of the solution formed when
51.2cm’ of 0.927 moldm™ NaOH(aq) is mixed with
40.4cm’ of 0.370mol dm™ H,504(aq).

[lonic product of water K, = 1.00 x 107" mol*dm™]
(6)

w(NW) = 0.0 r T2 o Geteh wel,
“(Ha ) = 63« 5-1‘-’-;# = 0. 0149¢ R el
W~ UH') ventoed = 0. 03181 el
a3V8)
[OH_) ) ‘\.il-.!:::%)-:uw—- * 035 % ""‘"‘lt}“‘qg

(M - “l,o-D{uH') = 0. 44482

A = - | = .
T’” [\ rw "%“g;

p / ResultsPlus
/--.". Examiner Comments

This candidate has made a good attempt at this question and scored 5
marks. They have explained their working so it is clear to see that they
have just omitted to multiply the number of moles of sulfuric acid by 2

to determine the number of moles of H* ions.
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) Examiner Tip
Remember that 1 mole of a diprotic acid, such as H,SOy4, produces 2

moles of H* ions when it reacts in a titration.

\. J
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Question 9 (a)(i)

The majority of candidates could give an acceptable reason why methyl orange is not a
suitable indicator to use in the titration. A higher proportion of candidates referred to the pH
range of methyl orange than to the colour being masked by the colour of the pineapple juice.

9 Pineapple juice contains the weak acids citric acid (C4H;O,) and ascorbic acid (CsHgOg).
The amount of each compound in a sample of 150c¢m’ of pineapple juice can be
determined by titration.

(a) Experiment 1 is designed to determine the total amount of acid.
10.0cm’ samples of pineapple juice are transferred to separate conical flasks and
titrated with a solution of sodium hydroxide of known concentration.

The total amount of acid in the 150cm’ sample of pineapple juice Is
8.00 x 10~ mol.

(i) Give a reason why methyl orange would not be a suitable indicator to use in
this titration.
(1)

i g@Wt_ t;cs(mmrm meP,,........ R

%{ ResultsPlus
Examiner Comments

This response scored 1 mark for the idea of the colour of the indicator
and the pineapple juice being the same.

o \ ResultsPlus
\_/

) Examiner Tip
Remember that if a titration is carried out using a coloured solution, it
may be more difficult to see the colour change of the indicator.
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Question 9 (a)(ii)

Many candidates scored 1 mark for stating that the titre would be greater than expected but
they could not all give a clear reason for this. There was quite a lot of confusion between the
reading on the burette and the titre, so answers such as 'the initial reading was too high so
the titre would be too low' were often seen.

(i) A student did not notice an air bubble in the tip of the burette before
carrying out one of their accurate titrations. During this titration, the air
bubble escaped.

Explain the effect this mistake would have on the value of this titre.
(2)

............................... T\‘\t&mu&d&m {\‘R‘*mauuf@ﬁ){&dmﬂ

...................................... kakw%k\dhi{mhmﬁ

N

¢ ﬁ{ ResultsPlus
/--.. Examiner Comments

This answer scored 0 as it was too vague. An 'inaccurate reading' is not

sufficient as it must state whether it is higher or lower. The idea of the

air bubble escaping is correct but just stating 'which would cause a
change to the value of the titration' is insufficient.

&\ ResultsPus
<)

| Examiner Tip
If there is a change during an experiment, always state whether the
change is an increase or a decrease.
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(ii) A student did not notice an air bubble in the tip of the burette before
carrying out one of their accurate titrations. During this titration, the air

bubble escaped.

Explain the effect this mistake would have on the value of this titre.
' (2)

SHowon\d oo \£
R mone . sadulum., mamm wmm
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f

iﬁ ResultsPlus
Examiner Comments

This response scored 1 mark for 'increase the titre'. However, 'more
sodium hydroxide would be required' is just restating that the titre
would be higher so it does not score a mark.

.-'f_l\\l

\ \ ResultsPlus

Examiner Tip
An explanation requires a reason for the statement you have made.
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Question 9 (b)(i)

It was disappointing to see how few candidates knew that starch reacts with iodine to give a
blue-black complex. A significant number of candidates wrote that starch reacts with iodide
ions or iodine ions to give a blue-black colour and it would turn colourless at the end point.
Only a small minority of candidates could explain that the iodine produced when iodate(V)
ions react with iodide ions immediately reacts with ascorbic acid so it is only when all the
ascorbic acid is used up that iodine can react with the starch to form the blue-black colour.

Only the ascorbic acid reacts with the iodine.

() The end-point of the titration is when thq‘_:s_tarch changes t_;_olc::ur.;_

Explain how this occurs, including the tolour change.
(3)

e loipe  (ars vadl ceaod 4o dbre
........... NSl oAl erCel  bhe  colows. il
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N &{ ResultsPlus
/--.. Examiner Comments

This response scored 1 mark for the correct colour at the end. It is
iodine molecules that react with starch, not iodine ions or iodide ions.

4 \ ResultsPlus
\

| Examiner Tip

Learn what happens in titrations involving iodine and starch.

GCE Chemistry 9CHO 03 54



Question 9 (b)(ii)

Many candidates were able to calculate the mass of citric acid in the 150 cm3 sample of
pineapple juice. AlImost all candidates could calculate the number of moles of iodate(V) ions
used, however, a significant number used an incorrect mole ratio to calculate the number of
moles of iodine and hence ascorbic acid. Most realised that they had to multiply by 30 to find
the number of moles in the 150 cm3 sample. They could then do a subtraction and multiply
the number of moles by the relative formula mass to determine the mass of citric acid,
although some used the relative formula mass of ascorbic acid. Candidates were awarded
transferred error marks if they omitted one or more steps.
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(i) The total amount of acid in the 150cm?® sample is 8.00 x 10~ mol.
The mean titre in Experiment 2 using 5.00cm® of pineapple juice is 9.50cm’.

Calculate the mass of citric acid in the 150cm’ sample.
= g’f—,’g""’ {s}

2 o

s ceScorbic add-

-6

S |£\Oy = 000xS xoodd = ASKXIO
=5

toles (odine produed = 4.5 xi6™® ¥z = €S XIS

7. 2SS Ko " maAeS eS¢ &id-

CeMaOc (< -oox 63 —(7- &S XGS)
Z12+ %= \ 76 = 7-9% xS ” mekes it
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GCid
((HeO4 |
142
Moley= 2e2*

massz 142 x( 74 zxie )
T 1S3 02 o
= \-533
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/'--t Examiner Comments

This candidate has made a good attempt at this calculation and
explained their working. They were awarded 4 marks for this answer.
The only step they omitted was to work out the amount of ascorbic

acid in the 150 cm3 sample.

5\ ResultsPlus

\ Examiner Tip

Explain your working clearly so that examiners can award you
transferred error marks if you make an error or omit a step in a

calculation.
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Question 9 (¢)

Many candidates realised that compound E contained carboxylic acid groups so it would also
react with sodium hydroxide during the titration in Experiment 1 so the final mass of citric
acid calculated would be greater than the true amount. Some candidates thought that the
OH groups would react with sodium hydroxide.

Predict which one of these compounds is most likely to affect the result of
Experiment 1 and hence predict the effect on the mass of citric acid calculated
in (b)(i).

Justify your answer.

N
\( 2{ ResultsPlus
_‘/'--.. Examiner Comments

This response scored 2 marks for identifying compound E has carboxyl
groups that would also react with sodium hydroxide. However, they
have not completed their answer by predicting the effect on the mass
of citric acid.

T4\ ResultsPlus
\ Examiner Tip
Check your answers to make sure that you have answered all parts of

the question.
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Question 10 (a)(i)

The majority of candidates knew that sodium hydrogencarbonate was added to quench the
reaction but many of them did not go on to say that it does this by neutralising the sulfuric
acid.

(a) (i) Explain why sodium hydrogencarbonate is added in §tep 4,

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

This response scored 1 mark for sodium hydrogencarbonate
neutralises the sulfuric acid. To score a second mark, they would need
to state that this quenches or stops the reaction.

4 \ ResultsPlus
\

| Examiner Tip

Explanations require a reason for your answer.
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Question 10 (a)(ii)

It was disappointing that very few candidates were able to write the ionic equation for the
reaction between sodium hydrogencarbonate and acid. A common error was to use
carbonate ions instead of hydrogencarbonate ions. However, many candidates tried to
include iodine and iodide ions in their equation.

(i) Write the ionic equation for the reaction that takes place during Step 4.
State symbols are not required.

(1)

CO~2" ¥ 2LHY 5 (Dq 4 H5 D

\( / ResultsPlus

Examiner Comments

This was a common incorrect answer that scored 0. This would be the
ionic equation if sodium carbonate was used.

' . ResultsPlus
\

Examiner Tip
Remember that sodium hydrogen carbonate contains
hydrogencarbonate ions, HCO3".
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Question 10 (b)

It was disappointing that many candidates did not score 2 marks for plotting the graph. The
points at 6.5 and 10.5 min were often plotted incorrectly. Candidates who chose a difficult
scale for volume, invariably plotted at least one point incorrectly. Just a few candidates
plotted time on the y axis or did not chose a suitable scale so the points cover at least half
the available space.

Many candidates skipped the link between volume of sodium thiosulfate and concentration
of iodine and just wrote what they knew about zero order reactions rather than apply their
knowledge to this particular experiment and graph. Most candidates scored a mark for
mentioning that the graph is a straight line. Many candidates were confused with first order
reactions and wrote about half lives.
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(b) Some data from the experiment are shown.

20 5.0 6.5 80 | 105 | 120

192 | 155 | 140 | 121 | 95 | 72

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

sodium hydrogencarbonate is added.
(2)
r% 3
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s |
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(i) Explain how the graph of volume of thiosulfate against time confirms the
reaction is zero order with respect to iodine, 1.
(3)

..... the oropn. L3 0 SYCoLant. dane. There ¢.ore.. 8.
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/--.‘: Examiner Comments

This response scored 1 mark for the graph. The candidate has plotted
the points for 6.5 min and 10.5 min incorrectly.

1 mark was awarded for the statement that the graph is a straight line.
The candidate has not made the important link that the volume of
sodium thiosulfate is proportional to the concentration of iodine so the
rate of reaction is independent of the concentration of iodine, not its
volume.

T4\ ResultsPlus
o\

Examiner Tip
Always check that you have plotted the points correctly on a graph.

Orders of reactions show how the rate of reaction is related to the
concentrations of the reactants.
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Question 10 (c)(i)

Many candidates could predict the rate-determining step and explain this using the rate
equation.

(i) Predict which of the three steps is the rate-determining step.
Justify your answer.

(2)

LS b anduded e, equon T wost ceodd o o sten a0l
I e ——————————— e e

ﬂ ResultsPlus
Examiner Comments

This is an example of a good answer that focused on why iodine is not
included in the rate-determining step as it is zero order.

(T ResultsPlus

\_} Examiner Tip

Make sure that you understand the significance of a reaction being
zero order with respect to a particular reactant.
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Question 10 (c)(ii)

Some candidates were not clear about how to answer this question. Many scored a mark for
the idea that a hydrogen ion is used up in Step 1 but is regenerated later so it is a catalyst.
Fewer candidates worked out that another hydrogen ion is a product of the reaction.

(i) The student stated that

‘The hydrogen ions cannot be acting as a catalyst.
One hydrogen ion is a reactant in Step 1 but two hydrogen ions are formed as
products in Steps 1 and 3!

Explain whether or not this statement is valid.

A N AN S B OSSN AN AT SN
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N &{ ResultsPlus
/'--. Examiner Comments

This is an example of a response that scored 2 marks. The candidate
has the correct idea that one hydrogen ion is used and reformed so is
a catalyst but another is a product of the reaction.

\.

T\ ResultsPlus

\ Examiner Tip

Remember that a catalyst can take part in a reaction but it will be
reformed at the end. For example when Fe2* ions are used to catalyse
the reaction between I" and S,0g%", they are oxidised to Fe3* by
reacting with the persulfate ions then reduced back to Fe2* by reacting
with the iodide ions.
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Paper Summary

On the basis of their performance on this paper, candidates are offered the following advice:

¢ always read the question carefully and check that you have understood what is required

e after you have written your answer, re-read the question and your answer to ensure you
have fully answered the question

e practise converting a skeletal formula into a displayed formula and vice versa

e explain all your working in unstructured calculations so that if you make an error, you
have the opportunity to be awarded transferred error marks

e draw organic mechanisms accurately, remembering that curly arrows need to be precisely
located

e practise answering extended writing questions so you undertand how to improve your
performance by giving more relevant details

e make sure you understand the practical techniques used in the Core Practicals

e practise drawing apparatus used in the preparation and purification of organic liquids and
solids

e practise evaluating the results of experiments.

GCE Chemistry 9CHO 03 66



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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