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Introduction

Paper 2 in the Pearson Edexcel Level 3 Advanced GCE in Chemistry (9CHO) qualification seemed
accessible to many candidates and provided them with the opportunity to demonstrate their
knowledge and understanding of the key concepts in Topics 2, 3, 5, 6, 7, 9 and 16-19.

There were many opportunities for candidates to highlight their knowledge in familiar contexts,
such as organic mechanisms, use of the ideal gas equation, testing for organic functional groups
and organic preparations, and these were a strength for this cohort.

The multiple-choice questions proved relatively straightforward in most cases with the exception
of QO04(c) where only 16% of candidates were able to identify which process does not involve
heterolytic fission.

There was no evidence from marked work that candidates ran out of time with all questions
being attempted and significant blank spaces seen only in a few cases.

It was pleasing to see that some candidates were extremely well-prepared for the rigor and
demands of this paper; the quality of some of the answers or justification provided was very
encouraging.

A number of the structured questions were found to be demanding, such as questions 7(b)(ii),
8(e)(i), 8(e)(ii) and 8(f), which provided a significant degree of discrimination. Nonetheless, there
are some key lessons for centres and candidates to learn from the feedback illustrated in the
detailed examples in this report.
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Question 2(b)

Many candidates correctly identified the strongest intermolecular forces between propan-1-ol as
being hydrogen bonds and so scored M1. Some candidates either did not make it clear that
hydrogen bonding was stronger and so requires more energy to break and so did not score
the second marking point. Probably the most frequent error was either neglecting to mention
that the hydrogen bonding required most energy to overcome, or not mentioning that the
hydrogen bonding is the strongest intermolecular force of attraction. Both statements were
required for M2.

(b) Pentan-1-ol and hexane have the same number of electrons but pentan-1-ol is
much less volatile than hexane.

Explain this difference in volatility.

(2)
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This example identifies hydrogen bonding between molecules of propan-1-ol and links the
lower volatility with the strength of hydrogen bonds and that they require more energy to
overcome, so scores both marks.

(b) Pentan-1-ol and hexane have the same number of electrons but pentan-1-ol is
much less volatile than hexane,

Explain this difference in volatility.
(2)
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This response identifies the hydrogen bonding between molecules of propan-1-ol together
with the strength of the intermolecular forces but does not link this to the energy required
to overcome the hydrogen bonding being greater. This scores M1 only.

(b) Pentan-1-ol and hexane have the same number of electrons but pentan-1-ol is
much less volatile than hexane.

Explain this difference in volatility.
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This candidate has identified hydrogen bonding between propan-1-ol molecules and links
this to the energy required to overcome, but fails to identify hydrogen bonding as being
stronger, so scored one mark.

)\ ResultsPlus
\ Examiner Tip
The question asks the candidate to explain the difference in volatility, so examiners expect
candidates to identify the strength of the intermolecular forces of attraction and link this to
the energy required to overcome.
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Question 2(d)

Most candidates were able to successfully identify the shape of the two molecules and so scored
two marks which was also the mode and mean of this question. Many gave detailed explanations
of the VSEPR theory to justify the shape and this was not required to explain the difference in

boiling temperature.

Candidates found it more challenging to explain how the shape influenced the type of
intermolecular forces and gave rise to permanent dipole-dipole interactions.

Bl
(d) The boiling temperature of boron trichloride is 13 °C while that of
phosphorus trichloride is 76 °C.

Cl
Explain, in t‘:am:’s of the shapes of the molecules, why phosphorus trichloride has a
much higher boiling temperature, although both compounds have polar bonds.

Do not consider differences in London forces.
. . X (4)
no lone pairs gving 1t a trigencu planar sl
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This candidate provides a model answer which is well laid out and shows the development
of a clear line of logical thinking. This answer scored four marks.

¢y
\
(d) The boiling temperature of boron trichloride is 13 °C while that of

phosphorus trichloride is 76 °C. C |/ S

Explain, in terms of the shapes of the molecules, why phosphorus trichloride has a
much higher boiling temperature, although both compounds have polar bonds.

Do not consider differences in London forces.
(4)

o Pgs phows. drchlunde. s, A lone. pair. of  etectiens. co...
Jthe. pnosphons. 1A medns tat  the (ane. parrs. ikl

-Shape: Theve -8 Stanges. bonding /farcey. 0f cttraction. ...
equire. Mot enegy.. fo. avercem e than lo. bacen. fuchionde .
_hich.. doeSn'. have. ..any..lone. pAlYS., Thvs. igher g of. .
.phesphgns. fnicntle. Wnexeql  borendnchiwmde. D ony. o ..
Aagonsd plooawe. (3.6p. O LWe. pAS). LSS repULIIUN:

GCE Chemistry 9CHO 02



N
\( /i ResultsPlus

Examiner Comments

This is an example of a response which has a full explanation of why the molecules have
their shapes, but does not explain how this affects the boiling point and so scores two
marks.

‘f \ ResultsPlus
\

Examiner Tip

Remember that questions using the command word 'explain' require a justification/
exemplification of the points in order to score full marks.
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Question 4(a)(i)

Although the question was unfamiliar and unusual, many candidates were able to score well on
this question and the examining team were impressed by the quality of candidate responses to
this question. Even those candidates who were unable to convert nm to m for the wavelength
were still able to gain some credit for transposing their values into the equation and evaluating
their answer correctly.

4 Covalent bonds can break by either heterolytic fission or homolytic fission.

(a) The reaction of butane and chlorine involves homolytic bond fission of the
chlorine molecule, using ultraviolet radiation.

() The energy of ultraviolet radiation can be calculated using the formula shown.
h
Energy of one photon = %c

Planck constant, h = 6626 x 10*Js
Speed of light, ¢ = 3.00 x 10°ms’
Avogadro constant, L = 6.02 x 10 mol™
Wavelength, 4 in metres

The mean C—H bond energy is 413 kJmol™' compared to 243 kJmol™ for the
Cl—Cl bond.

Show, by calculation, that ultraviolet radiation, with the wavelength 315nm,
can break the CI—Cl bond but not the C—H bond.

- We (4)
Ernaspy = ~

6. Labrl0”"Y x 3x0¥
30X
= 6 3ly(p'"
6.3\ xWOW x 602 x(6™
3 .30x0* I
3.80 ¥(0' 2000
380 EJmel'

3D EIuA 3 L tran 240 ETmel ' g
euagy to reake G- bud, Voude 380Gl 13

s tan A B3 el do  aut break W bond
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Although the equation is unfamiliar this candidate follows a logical approach by initially
transposing all the data from the question into the equation, including conversion of
nanometre to metres. Their method is clear and they have evaluated their answers to
explain why the CI-Cl bond can be broken and the C-H bond cannot. This response scored
four marks.

ResultsPlus
<\

Examiner Tip

When using an unfamiliar equation, always start by transposing all the data for the question
into the equation.

GCE Chemistry 9CHO 02
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4 Covalent bonds can break by either heterolytic fission or homolytic fission,

| (a) The reaction of butane and chlorine involves homolytic bond fission of the
i chlorine molecule, using ultraviolet radiation.

(i) The energy of ultraviolet radiation can be calgulated using the formula shown.

hxc

Energy of one photon = 7

Planck constant, h = 6.626 x 10**Js
Speed of light, ¢ = 3.00 x 10°ms”'
Avogadro constant, L = 6,02 x 10” mol™
Wavelength, 4 in metres

The mean C—H bond energy is 413 kJmol™ compared to 243 k) mol™ for the
Cl—Cl bond.

Show, by calculation, that ultraviolet radiation, with the wavelength 315nm,
can break the CI—Cl bond but not the C—H bond.

c . _hxe | 6626x(0™* x 2.00 x(o? )
phetin o AT 2 6:3(xlo7y
| | 267k 10° | -
E(ra< a—cting) = soow— v 404N T

LBy (0792 621 x/0™ g Uy radialim tan bitak e
U=Cl  ena

2
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686 X0~ € > 6:3Ix107" e YV gediation <cannet
ook e CH bnd
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This was a really interesting and fully correct alternative approach which was accepted for
full marks. The candidate has correctly worked out the energy required to break one CI-Cl
bond and one C-H bond and compared these values to the energy in one photon.

GCE Chemistry 9CHO 02
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Question 4(a)(ii)

Most candidates knew the structure of the primary butyl radical but the second answer given was
more challenging.

Common errors include giving a chlorinated species and commonly CH;CH,'CH,CHs;. Some
candidates gave a response involving equations rather than the structures that the question

asked for.

(i) In the reaction of chlorine with butane, the propagation stage produces two
different butyl radicals.

Yoo (2)
. H=C=-C-C=C -}
V \ | \

G_H—Jﬁ-?— owede Wﬁh

T
i

Ir- n-x
|

T -0 -x
\

X -2
\

x—-(‘,'p
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This candidate has given fully displayed and fully correct primary and secondary radicals
and scores two marks.

(i) In the reaction of chlorine with butane, the propagation stage produces two
different butyl radicals.

Write the structural formulae of these two radicals.
(2)

%. CH3 LH"- CH\CH'i
c Hy CHa cH 2 CHLC(

GCE Chemistry 9CHO 02
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This candidate has unfortunately made two errors and so scores no marks. The first radical
given has too many hydrogen atoms on the terminal carbon atom and the second radical is
chlorinated which was not allowed as an acceptable answer.

(i) In the reaction of chlorine with butane, the propagation stage produces two
different butyl radicals.

Write the structural formulae of these two radicals.
(2)

-7l vt <oty ) .
m AL

(.« 2¢L*
LL < Cutotrele <o Cuﬂqcta ¥ el

Cutale FOU =7 Gasmorgh Ludqct Fide
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Although the candidate has written the initiation step and the two propagation steps,
the questions asks candidates to write the structural formula of the two butyl
radicals so unfortunately does not score.

P

lf': \ ResultsPlus
\

| Examiner Tip

Always check what the question is asking you to do before you give your answer.

GCE Chemistry 9CHO 02
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Question 4(a)(iii)

This proved to be a challenging question and most candidates frequently lost the first mark by
stating that the 1-chlorobutane is formed from a primary carbocation, and the 2-chlorobutane
forms from a secondary carbocation, rather than from the respective radical.

Most candidates were able to score the second mark for stating the relative stability of the
intermediates with 1 being the mode for this question.

(iii) The reaction of chlorine with butane produces 2-chlorobutane (72 %) and
1-chlorobutane (28 %).

Explain, by application of your knowledge of the stability of carbocations, why
there is a higher yield of 2-chlorobutane.
(2)

primeny dicak ((CH CHy U () 04 ture o meve letarmn dama demating. albig
s (Tond tha_CoBTn Wit the Unpudred dhadhon 1 B scommdony rdiced, hunte

.Mﬂ}fhs radi gk 13 ,—at\mi;al««',u?;u c}?_—ddmbvbﬂ-

e 5 il e
CHyc Hely ey + cly  —> CH, Clel)HcdCl, +c -

(Mﬂaw er reackion:

My CHy (M G & Clp — cl et (Hhcly + U
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In this response the candidate logically presents the fully correct explanation and so scores
two marks.

(iii) The reaction of chlorine with butane produces 2-chlorobutane (72 %) and
1-chlorobutane (28 %).

Explain, by application of your knowledge of the stability of carbocations, why
there is a higher yield of 2-chlorobutane.

(2)

GCE Chemistry 9CHO 02
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The examining team marked a large number of responses similar to this example with the
candidate only stating that the secondary carbocation is more stable than a primary
carbocation, so scoring one mark.

lf \ ResultsPlus
\

Examiner Tip

Always read the question twice to ensure that you understand what the question is asking.
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Question 4(b)

This was generally very well answered by candidates with the structure of the hydroxide ion
almost always being correct.

The structure of the radical proved to be more challenging for some with candidates commonly
adding too many electrons, an extra 'dot’, or a charge, and so not scoring the mark.

O OH-
W M o
ater molecules can undergo either heterolytic fission to form a hydroxide ion or
homolytic fission to form a hydroxyl radical.

OH: H. ) Cly = ac (- 2% f
Draw dot-and-cross diagrams of these two species. 10= foH.

Use crosses (x) for oxygen electrons and dots () for hydrogen electrons.
(2)

9 D

hydroxide ion hydroxyl radical

GCE Chemistry 9CHO 02 21
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This is a fully correct answer and is laid out clearly.

(b) Water molecules can undergo either heterolytic fission to form a hydroxide ion or
homolytic fission to form a hydroxy! radical. o” .

Draw dot-and-cross diagrams of these two species.

Use crosses (x) for oxygen electrons and dots (e) for hydrogen electrons. /r
(2)

-

D

hydroxide ion hydroxyl radical
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This response scores the mark for the correct radical. Although the electrons for the
hydroxide ion are all correct, the negative charge is missing and so this does not score M1.

o \-
e

\V':: \ ResultsPlus
\

| Examiner Tip

Check all answers carefully as it is easy for errors to creep in and cost valuable marks.

GCE Chemistry 9CHO 02
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Question 5(a)

This question proved to be straightforward, with most candidates securing full marks clearly
showing a good understanding of the calculation.

Most were also able to give their answer to the appropriate number of significant figures,
although this was most frequently the mark lost by a few candidates.

24 GCE Chemistry 9CHO 02



5 The kinetics of the reactions of hydrochloric acid with metal carbonates were
investigated using the apparatus shown,

~—

100 cm® gas syringe

plastic pot
containing XCO,

HCl(aq)

The equation for the reaction is shown.
XCO4(s) + 2HClWaq) — XCl(ag) + CO,(g) + H,Of)

(a) One student used O.;SEg of calcium carbonate.

Calculate the minimum volume, in em’, of 0,100 mol dm™ hydrochloric acid that
would completely react with this mass of calcium carbonate.
Give your answer to an appropriate number of significant figures.

[Calcium carbonate molar mass = 100.1gmol™)

CC\(.Q:S mee 400+ 12 yAF =106\

(4)

6258 = 23, 546%10 mol

olz ———

100.\ JJxl
ez ®ol o mol o\ 5 700G T O el o Hdl
Vol  cen¢ o
= 7006 > dord
J)e.oum
3
70.929., . o
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This is an example of a fully correct answer which scored all of the marks. It is clearly laid out
and the answer is given to 3SF and although the units were not required, the units in the
answer are correct.

!
s

lf: \ ResultsPlus
\

| Examiner Tip

Always lay out your work clearly to help you follow a logic pathway.
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5 The kinetics of the reactions of hydrochloric acid with metal carbonates were
investigated using the apparatus shown.

\JJ

100 cm* gas syringe

plastic pot
containing XCO,

HCl(aq)

The equation for the reaction is shown.
XCO;(S) + ZHCI(EQJ —» XClz(BQ) + CO:{Q) + H,0(l)

(@) One student used 0.355g of calcium carbonate.

———

Calculate the minimum volume, in em®, of 0.100moldm™ hydrochloric acid that
would completely react with this mass of calcium carbonate.
Give your answer to an appropriate number of significant figures.

[Calcium carbonate molar mass = 100.1gmol™)
(4)
n (0c0s = el 6387 3

e 2 08T e o oo - 3-Sueusxi

W n R = Glrueus o) X2 (1 2 ooy
- ‘I- ) '7.0qu X(.o"j

h= % (7.09729 e o=7)
O - ______._—-——'—"——---_
g V=2 =T R0
Cpn—2 i q
a_/ V= 0.070972 1dnd
X(00°
;ww C
Vi) = 70 93 a3
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This candidate scored three marks out of the four marks. They followed through all of the
steps correctly and all their working is correct apart from the final evaluation which was
given to 4 SF. The question asks for an appropriate number of significant figures which,
given the number of significant figures indicated by the data, is either 2 or 3 SF and so
the final mark is not awarded.

04\ ResultsPlus
\ Examiner Tip

'Read the Question Twice' to ensure you know what the question and command words are
instructing you to do. If in doubt, then always give your answer to three significant figures.

28
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Question 5(b)

This was a straightforward question with almost all candidates scoring the mark.

SA

(b) State why powdered metal carbonate reacts faster than large lumps.

GCE Chemistry 9CHO 02
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A concise correct answer.

30

GCE Chemistry 9CHO 02



Question 5(c)(i)

Most candidates showed that they knew what to do here since their revision must have seen this
sort of question before on previous versions of paper 2.

The most common errors were the incorrect conversion of pressure to Pascals or the incorrect
conversion of volume when evaluating their final answer.

Candidates who set out their work clearly were more likely to be able to follow through with a
logical progression to get to the correct answer.

It is advised that candidates learn the correct units of the Ideal Gas Equation and practise the
conversions from data provided.

(c) A second student used 4.19 x 107 mol of magnesium carbonate and suggested
heating up the apparatus to speed up the rate of reaction.

(i) If the use of heat means that the carbon dioxide gas is at a temperature
of 74.0°C, then the apparatus shown would not give a measurable result.

Justify this comment by calculating the volume of carbon dioxide gas at this
temperature using the ideal gas equation.

Assume that the pressure remains at 100 kPa throughout the experiment.

4
P\/:ﬂRT p= 100 0G0 par Y
y= NRT n: L9 07
Y R= 83}
T= #%3uL7K

V._G-I'IQ)HOq) Xx¢3) x 3u7
(00 000
y= 1-2 X104 m3
X10¢
V= 1208 ¢m?
120§ > 100cm? sothe CO> wouldn't

O Fue in dne gaQs synnged and vt would
buyst +ne buno 0FF
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This is a well laid out answer which is fully correct for all four marks. There is a final
statement as to why the apparatus would not give a measurable result.

Pl

Q ResultsPlus

Examiner Tip

Always lay your work out clearly to help you follow a logical pathway. A good clear layout
makes it much easier for the examiner to mark and for you to be given appropriate credit.

(c) A second student used 4.19 x 10~ mol of magnesium carbonate and suggested
heating up the apparatus to speed up the rate of reaction.

(i) If the use of heat means that the carbon dioxide gas is at a temperature
of 74.0°C, then the apparatus shown would not give a measurable resuilt.

Justify this comment by calculating the volume of carbon dioxide gas at this
temperature using the ideal gas equation,

Assume that the pressure remains at 100 kPa throughout the experiment.
(4)

oV =n kT 0
(00X000) K o = (48007 .30 X 347 02 113k

Uﬂ] - IJU?J;X'O - - o.ll&m3 ™ 31{7
_-___._._—-"'"

| e

m— —

\Js‘ulﬂ. rl‘d“‘td. 18 |'°° gm“ ko Lc Sen i g f[])cms gqa SJ“"ﬁﬂ-
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The candidate converts units of temperature and pressure appropriately and correctly
calculates the volume of carbon dioxide produced. However, the subsequent conversion of
volume is not correct and should be 0.1208 dm? or 120.8 cm?. Three marks were awarded.

4  ResultsPlus
\

Examiner Tip

If time permits, check your numerical answers for correct conversions and units.

GCE Chemistry 9CHO 02
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Question 5(c)(ii)
The overall standard of response to this question was varied.

The standard of the curves drawn was commonly commented on by examiners, with frequent
errors including the curve added in such a way that it crossed the first curve twice, the curve
starting to go up at the end on the right and the curve either plateauing at some considerable
height from the x axis or going too far and crossing the x axis. Frequently candidates missed the
annotation of the activation energy.

M3 was often awarded for stating that more particles have an energy greater than or exceeding
the activation energy and some candidates went further by shading the graph to illustrate the
greater proportion of particles with an energy greater than or equal to E,.

(i) The student suggested that the Maxwell-Boltzmann distribution of molecular
energies for a reaction mixture at a particular temperature is shown in
a graph,

Explain, by adding another line to the graph and by annotating the graph,
how heating the reaction mixture results in a faster reaction rate.

(3)
0 tni = gechices Gith €2 Ea
gy | Illlll] = &:h::.o mtf;;. Ea
Vs ﬁ:fkhkp Vs AV o adiian ailodind
partices with NGt
energy, £
i

Energy, £ Machvanen enecyy

...... AF a h@hrwm%mh% Chena ok Winekic
,,,,,,,, mir&j)Somw&ﬁW&:mm% e AL e
%So ............. @m(.e............Q........,..m.ﬂﬁ.?_........S.uc_c_&s.ﬁzi ............. Co lemsmw

lnum&ﬁo_@em\:j ...... of...C. ot&uwwbmum&mﬁmm
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This is an example of a response which scored all available marks.

The peak of the curve has been suitably shifted to the right and lower. The activation energy
is drawn on the graph and is to the right of both peaks for M2. M3 could have been awarded
from either the annotation on the graph or the explanation underneath.

(i) The student suggested that the Maxwell-Boltzmann distribution of molecular
energies for a reaction mixture at a particular temperature is shown in
a graph.

Explain, by adding another line to the graph and by annotating the graph,
how heating the reaction mixture results in a faster reaction rate.
(3)

Number of
particles with
energy, £

v

E~ Energy,E

ke by g resehT Ak A gt PO
rmhatu Witk hare ilv’?ﬂ e v o h
A A ear T

}/M"L\ o AT jhbww .
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This is an example of a response which scored two marks. The activation energy line is
drawn on the graph but needed to be to the right of both line peaks, so M2 was not scored
here.

36
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Question 5(d)

This was a well answered question, with many candidates able to score both marks for the
appropriate drawing of a tangent to calculate the gradient with correct units.

Common errors include drawing an initial gradient too shallow or steep and not drawing a
gradient at t=0.

Most were able to score M2 as a transferred error from the incorrect gradient, providing their
units were correct.

GCE Chemistry 9CHO 02 37



(d) A third student, in order to obtain the rate of reaction, measured the volume of
gas produced at various times and used their data to plot the graph shown.

100

90-‘ +

80—

N

70

| RN

VM - Vt 5‘0

/cm?

30

10 —1

0‘ A | }
0 50 100

Time /s

Determine the initial rate of this reaction.
You must show your working on the graph.
Include units in your answer.

b= 20 _ ) e
= .21 S

(2)

38
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A fully correct response scoring both marks.

(d) A third student, in order to obtain the rate of reaction, measured the volume of
gas produced at various times and used their data to plot the graph shown.

100

90

80 1

70

/cm?

30

20

10

|+

0 50 100 150

Time/s

Determine the initial rate of this reaction.

You must show your working on the graph.
Include units in your answer.

Q\ - 60 = 3\

5 zs sccondsS

El/zs -\

\.24 Qe s

(2)
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Although this response does not draw a tangent at t=0, an alternative acceptable method
was used to correctly calculate the gradient, with correct units for both marks.

40
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Question 6(a)

This question attracted the full range of marks with many candidates able to give at least one of
the relevant tests to distinguish the three compounds.

Many candidates gave more than one test for the benzaldehyde, usually losing credit for
insufficient detail for one or more of the tests or for giving incomplete observations.

The team of examiners commented on the quality of some of the responses which scored full
marks.

A few candidates thought that giving tests for two of the substances and deducing the third by
elimination would be enough for full credit.
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6 This question is about benzaldehyde and some related compounds.

*(a) Benzaldehyde (CsH;CHO) can be distinguished from phenylethanone (CgH;COCH,)
and benzoic acid (C;H;COOH) using chemical tests.

Describe a series of chemical tests which could be used to distinguish each of
these compounds, giving the relevant tests and their positive results.

Do not use tests which give positive results for more than one of these
compounds.

Detailed information of the laboratory equipment is not required.

~ Qohzondengoly . wii beoct. Wil sCHLpigsL pooASIURL .

SOl to. geEn.  SolWefon... Mo (oloM. thange for.......
Iyl hhonone... ounol.... bOANIC.. e s Kby Connet. bY.. Jute.............

b germ o pude U pICrp itk Mo pRCIPIFEL. ...
™ for. Benzaud@ngde ol b€hzoie el

L RXmpL Mo Osie (bl n A Qubble M. G5 SWIVEN......................
MmyumWw%m&ﬁmM(rmmﬂmfr
fﬁ-amwmuﬁwﬁnnd;mwwuﬁmtm ——— e

. oolrgp.n . Glows...op s ek 00 bzl liple o ...
Mg dhonont o po . Colbon. dyyRide  PIOISCR.
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This is an excellent response which succinctly describes the three tests with detailed
observations for all six marks.

P

(M4 ResultsPlus
\ Examiner Tip

When giving chemical tests, always give the full observations for a positive result, just as
would be expected when completing a core practical for the Practical Endorsement.
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Question 6(b)(ii)
This question was answered correctly for most candidates.

The most common errors were the omission of an NO, group or a second nitrogen atom joined
by a double bond to the benzene ring.

(i) Draw the structure of the organic product of the reaction of 2,4-DNPH
with benzaldehyde. .

*01 O \N:Cl,

(1)
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Examiner Comments

A fully correct structure for the one mark.

-
e
&

- 4 ResultsPlus
\/

| Examiner Tip

Take time to read the question as this often provides sufficient information to allow you to
deduce the structure of the organic product.

(i) Draw the structure of the organic product of the reaction of 2,4-DNPH
with benzaldehyde.
(1)
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Examiner Comments

This response was awarded the mark as the connectivity of the N-N bond was viewed as a
neutral mistake given the complexity of the structure and the one mark available.
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Question 7(a)

This question attracted the full range of marks with many candidates scoring at least five marks
out of the available seven.

Most were able to identify the (nucleophilic) substitution for producing the amine from the
halogenoalkane and also for the reduction of the nitrile.

A large proportion were also able to identify the reduction of the nitrile having a higher atom
economy.

Candidates generally struggled with the balanced equation and included the reactants above the
arrow. Reactants always appear on the left and products on the right hand side, leaving the arrow
for conditions and catalysts.
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7 This question is about amines.
(@) Aliphatic amines may be prepared from halogenoalkanes or from nitriles,

Assess these two methods for the preparation of butylamine.
Consider the reagents, the conditions needed, atom economy and

the type of reaction.
Include equations. _
Reducing Nitniier (7)
o Y A B
() M-C-C-C-C=N+ ZH, —>H-C-C-C-C-N
! | r
h HH = B H

NuCIeG PNItiC SUbSHivudion wi+h holoaleanes

NN | ooy
k- c C-c-c- (L +_NHz; —>H c-f‘. (< N\H

H H jll” H H IJ “

+ HCL

JEQr.reaucin mues aralykic. nuamgenmmn 15.used. .
the bu'¢ ne nitriie

....m:u.t..E.....unfl...m.g.s,p..u.z.e,.s_...,,,,.“. . . . S
~dhe..akom..econamy.is. 100 2o R

JFor. preporing. EM. pUtyLAMINe from o NOLOQeNOAIRANL. .
LPACRSS NH 3. e4NAN0NC brdidl... B&apr. is. 0.d.0ed. to...Chiarobutane..

..... and. les. hecl€d.an. 0. seale Q. ConrQiNey s

, 73
Thegmmemnom@:s-——m-ﬂm ©Q.7:

LA8AB

.....................
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Examiner Comments

This is an example of an excellent response which scores all seven available marks.

It is well laid out and develops logical progression through the answer making it very simple
to identify all the marking points.

4  ResultsPlus
\

Examiner Tip

If you set out your explanations clearly, then it is easier for the examiner to see where to
award marks and easier for you to write your answer logically.

GCE Chemistry 9CHO 02
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Question 7(b)(i)

This proved to be a challenging question for many, with very few candidates securing full marks.

Most were able to give the correct organic species in the equation, although correctly balancing
the equation was more rarely seen.

Often candidates missed the reaction conditions and only gave reagents, so not scoring M3.

(b) Preparation of the aromatic amine, benzene-1,3-diamine, requires

different conditions.

() Write an equation for the preparation of benzene-1,3-diamine from the
corresponding dinitro-compound and include necessary conditions.

NO]_ (3)
NHy
O v 2h] — + UH,0
NO, [H] \9 NI Z

Conditions . tVO . - YNCL - A f"\k .........................................................................................
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Examiner Comments

This response scores all three marks. The additional guidance allowed the use of just 'heat'
or 'reflux' and HCl was an acceptable alternative to HCl, although the use of dilute HCl would
not have been awarded.

(b) Preparation of the aromatic amine, benzene-1,3-diamine, requires
different conditions.

(i) Write an equation for the preparation of benzene-1,3-diamine from the
corresponding dinitro-compound and include necessary conditions.

~NO 2 N\‘t (3)
+4 [-H_‘] —_— O
NH‘
NO.

Sa

Conditions ... == @:n)o“"e
L.aaﬂ,ro CJWTC) aes

3 f‘@j(ux
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N { ResultsPlus
/--.. Examiner Comments

This response scores M1 and M3 only. The equation is missing 4 water molecules on the
product side and so M2 was not awarded.

(WA ResultsPlus
\_; Examiner Tip

When asked to write an equation, always check that your equation is balanced.
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Question 7(b)(ii)

This was one of the most challenging questions on this paper and candidates struggled with the
reasoning behind the difference in basicity.

Very few used the pK, data as requested and for those who did, many thought that a higher pK,
meant a stronger base.

There were some excellent answers scoring all available marks which was pleasing to see.
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(i) Explain the factors affecting the basicity of benzene-1,3-diamine
and propane-1,3-diamine.

Include reference to information given in the table.

NH,
benzene-1,3-diamine | 8.89 @
NH 2
propane-1,3-diamine 3.83
HaN-

NH,
Ky, is the equilibrium constant for the first protonation reaction. \/.\/
The equation is shown.

RNH, + H,0 = RNH; + OH"

PK\’ = “‘wﬂw U{b)
RGN Kb MoK basiC =) 10Wer P

(4)

......

UUAPS‘W!Q \‘Mﬂ P(M‘f IP)S O\Vﬂ“&\ﬂe‘fp ﬂéél’w ﬂ plﬂ‘l‘bha nd

OLUr asabase- {Towwﬂw;

........... © (S MONVASICpe(vSe ¥ ¥ne. ONY) G100 pundlecito

¥heni0gmsis LU On 1Aeast ng o nas anindveive
088 (+)50 \NCrUSLS the mtmm olensity omne NIt o9¢éns
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/'--.t Examiner Comments

This was an example of an excellent response, covering all marking points.

The answer is laid out clearly and there is a logical development of the reasons as to why the
propane-1,3-diamine is more basic, using the values in the table as requested.
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Question 7(c)

This question was generally well answered showing a good understanding of curly arrows in
mechanisms.

Common errors included arrows not clearly originating from a lone pair of electrons or going to
an ambiguous area.

(c) Methylamine reacts with ethanoyl chloride to produce an amide.
An incomplete outline of the mechanism is shown.

Add curly arrows to show the movement of the electrons in the mechanism.
e g

(3)

/
HC—C ~——""N—H
é‘f \Cl |

3
H,C—C—N!—H
3 |y

"y
+ CU
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Examiner Comments

An example of a perfectly correct response with the six curly arrows clearly starting and
ending in the correct positions.

(c) Methylamine reacts with ethanoyl chloride to produce an amide.
An incomplete outline of the mechanism is shown.

Add curly arrows to show the movement of the electrons in the mechanism.

(3)

I

H,C— J/J ‘N—H

\ I
cl H
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Examiner Comments

This response would have scored for all six curly arrows being correct, but the third curly
arrow clearly points towards the carbon of the C-O bond and not to the bond itself. This
response was awarded two marks.

4  ResultsPlus
\

Examiner Tip

Take care with curly arrow notation for mechanisms and ensure that it is clear where the
arrow originates from and to where it is directed.
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Question 8(a)

This was generally well answered with many correct responses seen.

8 The flavour of aniseed and liquorice is mainly due to anethole, which has the

structure shown. "
w

(a) Give the molecular formula of anethole.

"
36\0

C;QHVLQ ..............................

(1)
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Examiner Comments

An example of a correct response.
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Question 8(b)

Many candidates scored the mark here, although there were many answers simply flipping the
molecule over as if reflecting it in a mirror to produce what they thought was a different optical
isomer.

(b) Draw the stereoisomer of anethole. "ﬁ
(1)
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Examiner Comments

An example of a correct response.
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Question 8(c)
It was not expected that less than half of the candidates would score this mark.

Commonly candidates referred to having the same group 'on the same side' or extraneously
referred to restricted rotation around the C=C double bond. Some candidates referred to chiral
carbons or the position of the C=C double bond.

(€) A structural isomer of anethole is estragole, which has the structure shown.

e

N

Give a reason why anethole shows stereoisomerism but estragole does not.
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Examiner Comments

This is an example of a response that would score either by referring to one of the carbons
in the C=C in estragole is attached to two hydrogens, or in anethole each carbon in the C=C
has two different groups.
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Question 8(e)(i)
Candidates found this question to be very challenging, with very few fully correct responses seen.

The best responses discussed how the orbitals overlap in the context of sigma and pi bonds and
supported their explanations with a relevant diagram.

Commonly, candidates referred to sigma bonds overlapping rather than orbitals, or similarly were
confused between Pi orbitals overlapping instead of P orbitals overlapping sideways.

(e) The structure of anethole can be drawn with a delocalised model of the
benzene ring or with the Kekulé benzene ring structure as shown.

SO O

(i) Describe how the orbitals of carbon atoms overlap to form the o-bonds and
the n-bonds in the delocalised model of the benzene ring.
You may include a labelled diagram in your answer.

(3)

den.to(I:lM@"\

G (8 Obcue ondh badaw
\-k P(Qre OF

g -

lond8 - Gne Lotk
11~e3& cMab

ea(k ermnam U th Rcrbltm (:ie& Pc:r’-tdu

) tu form dnloca[w T reng. ot 2«@3
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This response scores all three available marks and clearly refers to the head on overlap of
orbitals to form sigma bonds and the sideways overlap of P orbitals forming a delocalised pi
ring.

)\ ResultsPlus
\ Examiner Tip
When encountering a multiple mark question try to 'scaffold' your response, for example by
explaining how a sigma bond forms, how a pi bond forms and finally, how this relates to the
delocalised pi electron ring system.
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Question 8(e)(ii)
Candidates found this question to be one of the most challenging on the paper.

For the thermodynamic measurements many lost both marks through vaguely referring to
energy changes or bond energies, without referring to enthalpy changes of hydrogenation.

Some candidates did not score M1 as they stated that the enthalpy of hydrogenation is lower or
less for the delocalised model. Centres and their candidates are reminded that when exothermic
enthalpy changes are being considered that a description of the value being less/smaller/lower
does not score. These terms are ambiguous when dealing with negative numbers.

For the physical measurements, a good number of candidates referred to 'the bond lengths in
benzene' all being the same, without stipulating that they were referring to the carbon-carbon
bond lengths.

Commonly candidates discussed chemical evidence such as resistance to bromination or lack of
the 1,2-dibromo isomers which was not asked for in the question.

(i) Explain why the delocalised model of the benzene ring is the preferred
representation rather than the Kekulé cyclic triene.
Refer to one physical and one thermodynamic measurement in your answer.

Luﬁaxbae.andam /{ GuClohexene... (-2 omjmﬂ/ pf B lm:.“u ....... el
LS comech ( HMW Bz ot :.n,&c.lrwﬁ C,Qonﬁo, _______ T O

______ Lo 4 exBames. (- lQ"“J“W}) Slstin) bre. letrgeme pgy ..
S e Sl O Sipcinn Boe dalocrlised) . w,mfwwm _______________
......... uA “")Ihm*\j‘ﬁmm'é*ﬁﬂdﬂﬁ oo eleblten AenS).. meafl....
4. lotrnene.. Qowd...al.. bonds. . e M. Goos... 005 A?mw) .....
M leelewie nwele|  Sulh (ooulot suglSé Buor ¢hy, 3
(20 lume lcndS prewnt wellol bo U g0, 5. oBor

8 C-C toendS
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Examiner Comments

This response scores all four marks and is clearly structured and well answered. Although
the candidate states that all bonds are the same length, this is clarified by the final
statement that the 3 C=C bonds present would be shorter than the other three C-C bonds.

(i) Explain why the delocalised model of the benzene ring is the preferred
representation rather than the Kekulé cyclic triene.
Refer to one physical and one thermodynamic measurement in your answer.
(4)

LR00eNe. o, ke decolounse  loroming. Wakr Sinw. 1+ choes
.8ukShiunan. . Coronnonon ). reathon nsread of oddiron.
Ao haxene. nas. o AHR of 120 KkymolT Hae expeded
ﬁHQ&MMI&ZﬁQMm\“JhWl!—aS’ZO&tgml-'
e ko e S0 dasmibonon.. . eove, et BRI in
Tl eend . Sol k. Sonn
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Unfortunately this response does not score any marks. The chemical reactivity of the
delocalised model of benzene compared to the cyclic triene was not asked for in the
question so does not score.

The values for the hydrogenation are correct but are not stated as hydrogenation in the
response and are missing the negative sign.

ResultsPlus
<\

Examiner Tip

Carefully read the question and structure your response accordingly, ensuring you refer to
one physical and one thermodynamic measurement when explaining.

GCE Chemistry 9CHO 02

69



Question 8§(f)

Most candidates were able to identify that the anethole is more soluble in ethanol than in water
and so scored the two marks.

For M3, explaining why this was the case in terms of molecular structures and intermolecular
forces was seen less often. A comparison between the factors affecting solubility of anethole in
the two different solvents was required.

(f) Anethole is also present in some alcoholic drinks such as the Greek liquor, ouzo.

The anethole is responsible for the so-called ‘ouzo effect’ This effect is the
transparent ouzo liquor turning milky when water is added.

The addition of water causes the anethole to form oily droplets which result in a
stable milky emulsion. '

Deduce the solubility of anethole in ethanol and in water from the ‘ouzo effect!
Justify your answer with reference to the anethole structure shown, but detailed
descriptions of intermolecular forces are not required.

X

anethole
(3)

Anevhole. . 1 iadaluwb@. A wake oy buk. solwbie. A ekaoacl: TAL 0
.be.c,mu;;__,._.n..mho.l.e.....__ca.n.......I,o.cm...__a.m....__h.qj.olmsjm.._,bo.ad.,..w;.kh........w.a.l'.s..ar......,,,(d,m_ .......
.m........Jr.lzu.......l.nML___pm..c..__—_n;,,.....e,.Le._c.th.a.....o.n,._._,,.ku,n_.._nmj;jm).....b.o.mwu......}:!eu:...._..i;,n.i:...._....,,.........
ﬁlrm.nj.__,‘,.e,actwf)h,.....I:f......hm..xu..,,,,.lmm......c.olm‘.cﬁm ......)erntj‘,....lgndh.n......}o.mu....af .............
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Examiner Comments

A well structured response that scored all three marks.

(f) Anethole is also present in some alcoholic drinks such as the Greek liquor, ouzo.

The anethole is responsible for the so-called ‘ouzo effect. This effect is the
transparent ouzo liquor turning milky when water is added.

The addition of water causes the anethole to form oily droplets which resultin a
stable milky emulsion.

Deduce the solubility of anethole in ethanol and in water from the ‘ouzo effect.
Justify your answer with reference to the anethole structure shown, but detailed
descriptions of intermolecular forces are not required.

X

anethole

nmawleisﬂwﬁﬁﬁ
o Mg

itk
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This response scores M1 and M2 for the first sentence stating that the anethole is more
soluble in ethanol than in water.
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Question 9(a)(iii)

This

proved to be a challenging question for candidates, with a number of responses left blank.

Many candidates were able to work out the answer but often provided wordy or difficult-to-follow

expl

anations, sometimes omitting units or reasons.

Most of the candidates scoring full marks did so by assuming a rate equation with order 2,
substituting units and then cancelling until they obtained the correct answer. Others used the

give

n units of rate constant to deduce that two concentrations were involved, hence second

order.

(ili) The rate constant for the reaction of 1-bromopropane with aqueous
potassium hydroxide has the units of dm’mol™'s™.

Explain why it can be deduced that the reaction is second order overall.
Assume that the units of the rate of reaction are moldm~®s™".

(2)
v tWg OMMer MTOCHoNE Gn ol
molam ST i :n.__\ orors.

o1t amds [:r.]:» mo\ldm_b
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Examiner Comments

A fully correct response which is clearly explained.
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Question 9(a)(i-ii)
Most candidates scored two marks for Q09(a)(i).

This type of calculation based on graph plotting has been seen before in previous papers, so
many candidates knew what to do.

It was disappointing to see a number of candidates who were unable to make the best use of the
graph paper and failed to ensure that plotted points covered at least half of the graph paper,
which lost M2. Also, there were still further candidates who plotted negative values becoming
decreasingly negative down the page and those who plotted Ink on the x-axis and 1/T on the y-
axis, so losing M2.

Gradients were often determined correctly, scoring M3. Despite clear instructions given in the
question, often the units were lacking for the gradient which lost M4,

It was pleasing to see very few occurences of negative activation energies.

9 Halogenoalkanes are hydrolysed to form alcohols.

(a) The rate constant for the reaction of 1-bromopropane with aqueous
sodium hydroxide was determined at five temperatures.
Some of the results are given in the table.

298 3.36x 107 , 136 x 107 -89
30U 3.29x10° | -84
308 3.25x 107 3.04x10™ -8.1
318 3.14 A0 6.76 x 107 -73
328 3.06 x 107 1.23x10° -6.7

(i Complete the table of data.
(2)

(i) Plot a graph of Ink against 1/T and use it to determine the activation energy,
E,, for this reaction in k)mol™.

You must show your working on the graph and include the value of the
gradient of the line and its units.

The Arrhenius equation can be expressed as

Ink = -% x % + constant
(5)
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3.9 A 3,1 3.3 .U
-55
-2.0
-2.5
N
-%.0
-%.5
"q-o .
yrodient = =% by _ -89--67
R Ax 3.35%-30“10“
(o
= -T73333 Kk

-ta = Smd‘lw x R
==73%333.3x 83!
= - 609u0

€ =409U0 T mol’

=460.94 KOWoi™

Gradient ...~ 7333. 3. K ... | e
Activation energy ......60:. 34 Ky mol’! R
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QO09(a)(i) scores one mark as only the value for temperature is given.

ResultsPlus

Examiner Comments

QO09(a)(ii) scores all five marks.
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9 Halogenoalkanes are hydrolysed to form alcohols.

(a) The rate constant for the reaction of 1-bromopropane with aqueous
sodium hydroxide was determined at five temperatures.
Some of the results are given in the table.

298 336 x 107 136 10™ -8.9
3@ 4 3.29 xlIO“ : 2-25¢ b'q' -84
308 3.25x 107 . 3.04x10™ -8.1

318 3.14%10° 6.76 x 107" - -73
328 3.06 x 10° 123%10° -6.7

(i) Complete the table of data.
(2)

(ii) Plot agraph of Ink against 1/T and use it to determine the activation energy,
E,, for this reaction in kJmol™.

You must show your working on the graph and include the value of the
gradient of the line and its units.

The Arrhenius equation can be expressed as

Ink= -E-lx -1- + constant
RoT (5)

Ay . .Z_c_ - . .
Lo el
:..;f‘... - Gmh

L
Eu e “"Q.‘,L -TH‘.-W

Eu - =93l X Pl
Eu =6l 1FoTmr
Eo: + 61°2 kgrmet™!
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QO09(a)(i) scores both marks.

QO09(a)(ii) scores four marks as the units on the x-axis are incorrect so losing M1.

P

r 1

A\ ResultsPhus
~2_)

| Examiner Tip

Units are easily missed or given incorrectly, but their omission, when necessary, will result in
a mark being lost.
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Question 9(b)

This question was generally well answered.

QO9(b)(i) - A sizeable minority gave a mechanism for Sy2 despite the clear instructions given in the

question.

For those correctly drawing the Sy1 mechanism, many scored at least two marks but common
incorrect responses were omitting the bromide ion or the negative charge or the lone pair of

electron on the hydroxide ion, so losing a mark.

QO9(b)(ii) - Many stated that the rate determining step did not involve hydroxide ions without

stating that the rate determining step was the first step.

(b) The rate of reaction for the hydrolysis of 2-bromo-2-methylpropane by
aqueous hydroxide ions is independent of the concentration of hydroxide ions.

() Draw the S,1 reaction mechanism for this hydrolysis.
Include curly arrows and any relevant dipoles and lone pairs of electrons,

)
no cHz y o CHg ©
I 5&!/._]; ] lf
W - B8 y-C -C
Hocn H C'H _
> L.0H
g
—> N~C',‘-c_0H _
4 CHg 1By

(i) State how your mechanism is consistent with the rate of reaction being
independent of hydroxide ion concentration.

(1)

- S PEUSN

qumo\a N

o SQep (roks dalkema r\mg

/’mﬁc&q&mamtm and e
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Examiner Comments

A fully correct answer worth all available marks.

(b) The rate of reaction for the hydrolysis of 2-bromo-2-methylpropane by
aqueous hydroxide ions is independent of the concentration of hydroxide ions.

() Draw the Sy1 reaction mechanism for this hydrolysis.
Include curly arrows and any relevant dipoles and lone pairs of electrons.

(3)
! s
1
n-C-c¥e -y —¥ y-C-C- C-H
\ ":1 \ ! ;L
e (R H OW
L OM boee”

(ii) State how your mechanism is consistent with the rate of reaction being
independent of hydroxide ion concentration.
(1)
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Examiner Comments

This response gives the Sy2 mechanism so only scores M1.

A~
=

/\VJ ResultsPlus

) Examiner Tip

Read the question carefully and highlight the command words to ensure that you answer
the question given.

(b) The rate of reaction for the hydrolysis of 2-bromo-2-methylpropane by
aqueous hydroxide ions is independent of the concentration of hydroxide ions.

(i) Draw the Sy1 reaction mechanism for this hydrolysis.
Include curly arrows and any relevant dipoles and lone pairs of electrons.

CH3 » :Bre

Hoe — o e
- C - C+
3 (" C l3 — Hsc'*é — C¥ly

Cas-
%‘ & Z:OHE%

N

(3)

CHa

HaC - ¢ — Cid

3 | 3
Or

(i) State how your mechanism is consistent with the rate of reaction being
independent of hydroxide ion concentration.
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QO9(b)(i) is fully correct for three marks.

In this response, the candidate has correctly stated that the slow step is the formation of the
carbocation but not linked this to why the rate of reaction is independent of the hydroxide
ion concentration so does not score this mark.
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Paper Summary

Based on their performance on this paper, candidates should:
* When drawing a graph make sure that the scale will ensure that the plotted points will cover
at least half of the graph paper and that both axis are suitably labelled with appropriate units.

* Double or even triple check your calculations to make sure that all the values are correct.
Always give answers to the appropriate number of significant figures.

Take care to layout calculations in a clearly labelled and methodical manner, especially when
encountering unfamiliar calculations.

Practise, practise and practise to ensure that you can do key things like calculating an
activation energy.

+ Pay attention to the format or introduction to a question because a part which follows on
may provide necessary guidance in an earlier part which helps you to answer a subsequent
question effectively.

+ Always remember RTQ? - Read The Question Twice - before starting to answer and also when
you have finished to make sure that you have addressed what is required in the question.

+ Ensure that practical work is part of your revision, including, but not limited to, the Core
Practicals. In particular, learn the different chemical tests, including reagents and conditions,
together with the expected full observation.

+ Ensure that you invest time on the Year 12 subject matter when preparing for the exam as
well as the Year 13 material.
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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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