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Introduction

This paper proved accessible to most candidates, with a mean score of 36 marks. Candidates
were very well prepared for some of the more traditional questions such as the mechanism
in Question 16(b)(ii) and the deduction of a molecular formula, in Question 18(b)(iv).
Questions which required application of knowledge were more challenging than some
previous examples in earlier papers, such as the dot-and-cross diagram for the structure of
the free radical ClIO, in Question 18(a)(i). Some candidates found it difficult to apply their

knowledge in these unusual contexts.

The multiple-choice questions in Section A proved to be very accessible, with an average of
12 marks scored on these questions. Candidates seemed well prepared for the challenges of
multiple-choice, with evidence seen, for example, of candidates eliminating answers which
they thought could not be correct, and so reducing their options - a very worthy technique.
The hardest of the multiple-choice questions were Question 3 and Question 15(b) with only
one quarter of candidates securing the mark, while Question 4(a), Question 7, Question 8,
Question 12 and Question 15(c) were all scored by over 70% of candidates.
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Question 16 (a)(i)

Part (a) of Question 16 focuses on the reaction of halogenoalkanes with potassium
hydroxide, looking in particular at the two types of reactions which occur between these two
reagents. In (a)(i) candidates are asked to identify the reagent to convert a halogenoalkane, 2-
chlorobutane, into a mixture of alkenes. The condition required to achieve this is for the
reaction to be carried out in solution in ethanol. There were various ways for candidates to
express this condition which were acceptable. The question was focusing primarily on the
choice of solvent compared to that used in Question 16(b) so other conditions such as
pressure were ignored. Temperature and concentration of potassium hydroxide were
ignored as candidates were told to ignore these in the question. About half of the candidates
were able to score this mark. Some who did not score the mark confused the conditions here
with those required for substitution reactions needed in Question 16(b).

4 R
SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

16 This question is about the reactions of halogenoalkanes.
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(a) When halogenoalkanes are heated with potassium hydroxide, the products §
depend on the conditions. 3
:

3
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g
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(i) State what condition, other than a suitable temperature and concentration
of potassium hydroxide, would give a high yield of but-1-ene and but-2-ene
from 2-chlorobutane,

(M

y / ResultsPlus
/--.‘: Examiner Comments

One way of scoring the mark was to state that the reaction was carried
out in ethanol. Here the candidate says that the potassium hydroxide
is in ethanol and scores the mark.
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
16 This question is about the reactions of halogenoalkanes.

(a) When halogenoalkanes are heated with potassium hydroxide, the products
depend on the conditions.

() State what condition, other than a suitable temperature and concentration
of potassium hydroxide, would give a high yield of but-1-ene and but-2-ene
from 2-chlorobutane.
(1)

...... Rondlc) alcohel ¢ ondmomondh\c}f\

g oG8y
|'II\— -
%{ ResultsPlus
Examiner Comments

Here the candidate has stated alcoholic conditions and clarified by
including ethanolic in brackets. Either of these answers on their own
would have been acceptable. The reaction does not require a high
pressure, but this was ignored in this case.

5 IAL Chemistry WCH12 01
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SECTIONB
Answer ALL the questions. Write your answers in the spaces provided.

16 This question is about the reactions of halogenoalkanes.

(a) When halogenoalkanes are heated with potassium hydroxide, the products

depend on the conditions.

(i) State what condition, other than a suitable temperature and concentration
of potassium hydroxide, would give a high yield of but-1-ene and but-2-ene
from 2-chlorobutane.

ResultsPlus

Examiner Comments

Phosphoric acid, or its formula as in this case, was a common wrong
answer. Phosphoric acid is used to eliminate water from an alcohol to
give an alkene, not eliminate a hydrogen halide to give an alkene, as in
this case.
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Question 16 (a)(ii)

There was only one correct answer for this question. A number of different suggestions were
given by candidates, but only one answer was acceptable.

(i) Give the type of reaction occurring in (a)(i).
(1)

e EIPANSHON. SO H O e

N 2{ ResultsPlus
/'--.. Examiner Comments

The reaction is an elimination reaction which eliminates hydrogen
chloride from 2-chlorobutane, so this scores the mark.

N\

(A ResultsPlus
\ Examiner Tip

Learn the conditions and types of reactions for each of the process in
the specification.
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Question 16 (b)(i)

This question contrasts the conditions required to convert halogenoalkanes into alcohols
instead of alkenes in Question 16(a). The difference is the choice of solvent. Water is used as

the solvent for this substitution reaction.

(b) (i) State what condition, other than a suitable temperature and concentration
of potassium hydroxide, would give a high yield of buton-1-ol from

1-chlorobutane.
(1)

.J::\ o
3/ 1{ ResultsPlus
/--.. Examiner Comments

Aqueous is a term which is synonymous with solution in water, and so
this scores the mark.

(b) (i) State what condition, other than a suitable temperature and concentration
of potassium hydroxide, would give a high yield of buton-1-ol from

1-chlorobutane,
(1)

P!QWQWSKDHS¢f%f19ﬂHgnTWszPEHM

[xalels sihn sl s Er R e ahs B ey s o]

JAN
y / ResultsPlus

Examiner Comments

As in Question 16(a)(i), we are focusing on the solvent required so the
heat under reflux was ignored here. This scored the mark.
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Question 16 (b)(ii)

The mechanism for the substitution reaction is now quite a well known question with most
candidates scoring both marks. The important features in this reaction are the lone pair of

electrons on the oxygen of the OH™ and the dipole on the C-Cl bond. Two curly arrows show
the transfer of pairs of electrons in this one step process. All four of these points correct gave
two marks, while 2 or 3 correct points gave 1.

9 |AL Chemistry WCH12 01



It was quite unusual, but very sensible to avoid clutter, that candidates put the top curly
arrow around the C-H bond as this candidate has done.

(i) Complete the mechanism for the reaction of potassium hydroxide with
1-chlorobutane to form butan-1-ol.
Use curly arrows and show relevant dipoles and lone pairs.

5 A o - O

L] .
H—C—C—C—C—0 + ct

I
HHHH

N { ResultsPlus
/‘--. Examiner Comments

The lone pair on O and the top arrow both are correct, scoring 1 mark.
The charges on the C and Cl should be partial charges, d+ and d-,
rather than full charges and the arrow to the chlorine should be from
the C-Cl bond.

V \ ResultsPlus
\

| Examiner Tip
Curly arrows should always start from lone pairs or from bonds, not
from empty spaces.
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Some candidates put a lone pair on the oxygen atom, but then started the arrow from
somewhere else. Since the arrows show the movement of this pair of electrons it should start
from the lone pair.

(i) Complete the mechanism for the reaction of potassium hydroxide with
1-chlorobutane to form butan-1-ol.
Use curly arrows and show relevant dipoles and lone pairs.

OH"
T H/

|
H—c—c—cc &

I
HHHH

HHHH

|1 "
H—C—C—C—C—OH + cr

I
HHHH

e
\( { ResultsPlus

Examiner Comments

The lone pair of electrons is correct and the arrow from the C-Cl bond
was on the borderline of what we find acceptable so scores. These
arrows should start from the bond. The arrow from the O is not from
the lone pair, it points towards the C though it is a long way from it.
This is excused by the + charge, though this, in itself, is incorrect.

' . ResultsPlus
\

Examiner Tip
Start curly arrows from lone pairs or bonds and the arrow points to
where the electrons are going.
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Candidates should not be afraid to cross out and redraw if they make a mistake or think their
diagram or mechanism is too unclear.

- \

(i) Complete the mechanism for the reaction of potassium hydroxide with
1-chlorobutane to form butan-1-ol.
Use curly arrows and show relevant dipoles and lone pairs.
(2)

HH HH

|1
H—C—C—C—C—0H + cl

’Y/KResuﬁsﬁus
Examiner Comments

The mechanism here shows all four points very well after this
candidate has very sensibly redrawn the structure after making a
mistake.

< ResultsPlus

| Examiner Tip
Redraw diagrams if they have become cluttered or if a mistake is made
SO your answer can easily be seen.
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Question 16 (b)(iii)

This question looks at the two reasons for the different rate of reaction of these two
halogenoalkanes. These are the structure of the carbon chain and the strength of the bond
between the carbon and the halogen which is being removed. The tertiary halogenoalkane
reacts more rapidly than the primary, and the C-I bond is weaker so the iodoalkane reacts
faster than the chloroalkane. While many candidates were clearly aware of the factors
involved, some found it difficult to express themselves with enough clarity and accuracy to
score one or both of the marks available.

The best answers focused clearly on two reasons for the different rates of reaction, the
structure and the bond strength.

(iii) Give two reasons why, under the conditions used in (b)(ii), the reaction
between potassium hydroxide and 2-iodo-2-methylpropane is faster than the
reaction between potassium hydroxide and 1-chlorobutane.
(2)

: “A2:10d0 -7 - methyl propane o dochory  paloguoalians  whk
= =T \ord . hove bond el thaa =0 80 €T

\( / ResultsPlus

Examiner Comments

This candidate has clearly expressed both differences and scores both
marks.

¥\ ResultsPlus
\ Examiner Tip
Read the question carefully. Bold script is there to provide indications

of what is needed.
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Here two reasons are given, but the second lacks the necessary detail and accuracy to score
the mark.

(iii) Give two reasons why, under the conditions used in (b)(ii), the reaction
between potassium hydroxide and 2-iodo-2-methylpropane is faster than the
reaction between potassium hydroxide and 1-chlorobutane.
(2)

oo s Saske dfor 2 jode2awahy | pro@A™

o bond. behoeen L and  C s wealser than bond

ot bronohed  hydeocarbon pakes. leas_hind, to reuct  eed 2-rodo-2ncthylproprt

.-""'d---lI

Y { ResultsPlus
/---.. Examiner Comments

The first bullet point scores a mark. The second does not give the type
of the halogenoalkane, and although 2-iodo-2-methylpropane is more
branched that the 1-chlorobutane, it is the position of the iodine
relative to the branching which makes it more reactive, and that is not
expressed in this answer.

P4\ ResultsPus
<\

) Examiner Tip

Make sure you make your points clearly and precisely.
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This candidate has recognised the significance of the type of halogenoalkane, identifying that
2-iodo-2-methylpropane is a tertiary haloalkane. Unfortunately, they have linked this to the
relative boiling temperature of the compound rather than its reactivity. Points of contact
were seen commonly in this session. The phrase is not particularly common but is used to

refer to the relative packing together of molecules when talking about melting and boiling
temperatures due to the strength of London forces.

(i) Give two reasons why, under the conditions used in (b){ii), the reen:ﬂ%n“5
between potassium hydroxide and 2-iodo-2-methylpropane is faster than the
reaction between potassium hydroxide and 1-chlorobutane.
(2)

......... QPth'?meMY\thmﬁxsm.krharycfﬁmfmjen— 5
.................................................. aﬁkanesoﬁq%'/m,awngdfamcf
.................... ran.... o Pl butane...a0d.....50....ceaker.... (andoa........
R:rce.a, ........ 7o S a&'f;m' ....... - Soate.. theces....So. A
BoRGA..... CCACA ... I OB e

N\

|
=

N ' i{ ResultsPlus

/'--. Examiner Comments

This does not score as the discussion is about boiling temperatures
rather than reactivity.
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Question 17 (a-c)

This question was concerned with a thermometric titration. A very wide range of marks were
seen, with all possible marks being scored. The most common marks were 7 and 8 out of the
9 available marks for this question, so it proved accessible to candidates. The average mark
for this part was just over 5 marks, with 10% of candidates scoring all 9 marks.

The first part deals with the graphical processing of results and the use of lines of best fit to
find the temperature rise and the volume of ammonia added to neutralise the ethanoic acid
present. The other two parts dealt with the use of these values to determine the enthalpy
change of neutralisation of the reaction.

In 17(a), there were two common mistakes in the plotting of the lines of best fit. One was to
simply join the points, which were generally straight except where the temperature change
stopped being upward and started going downwards. The second was to use two straight
lines but to have them meet at the highest temperature. This meant the line for the falling
temperatures was not a line of best fit. A common mistake in the identification of the points
was to misunderstand the term 'end-point'. In acid-base titrations this is the same as the
point of neutralisation, but many candidates thought it meant the point for the last addition
of ammonia.

In 17(b), some candidates calculated the number of moles of ammonia in each 5cm?3
addition.

in 17(c), common errors were to not include the 30cm?3 of the ethanoic acid solution in the
mass of water being heated and to use the final temperature rather than the temperature
rise. The final answer was usually given correctly as negative, though some candidates gave
more than 2 or 3 significant figures so did not score the final mark.

IAL Chemistry WCH12 01
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This is a fully correct and succinct answer.

17 In a titration between a weak acid and a weak base indicators do not give a distinct
colour change, so other techniques must be used.
One technique is thermometric titration.

Procedure

Step1 The temperature of 30.0cm’ of dilute ethanoic acid in a polystyrene cup
is recorded.

Step2 Ammonia solution of concentration 1.30moldm™ is added to the acid in the

polystyrene cup in separate 5.00cm’ portions.
After each addition the mixture is stirred and the temperature measured.

A student carried out the experiment and plotted the graph shown.

29.0 T

28.0

27.0

26.0

25.0
Temperature 7

/°C 24.0

23.0

22.0

21.0

20
00 5.0 10.0 150 20.0 25.0 30.0 35.0 400

Volume of added NH;(aq) / cm’
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(a) Find the end-point volume and the maximum temperature by adding appropriate
lines of best fit to the graph.

(b) Calculate the number of moles of ammonia added at the end-point.

1 (1
[ X ge = 0017 mef

(c) The reaction that occurs is shown.,
CH,COOH(aq) + NHs(aq) —» CH,;COONH,(aq)
Calculate the enthalpy change of neutralisation for this reaction, in kJ mol™.

Give your answer to an appropriate number of significant figures and include a
sign with your answer.

[Assume that the density of all solutions is 1.00g cm™ and that the
specific heat capacity of all solutions is 4.18Jg™' °C™')

qeay tastae)t (27,7220.1) X T, (ﬁXGOH’T]
/ < 140 T

==

ZS{'{Z PAALEEY — sy 7 [T ol
0.027%
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\ !

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

This response matches the mark scheme in all respects. Two straight
lines are drawn and acceptable values are read from the graph for

Q17(a).

In Q17(b) the value for the end-point volume is used correctly to
calculate the number of moles.

The volume is used to find the mass at neutralisation in Q17(c) along

with the temperature rise, both of which are used in the recalled
equation giving a value for the energy transferred. The molar enthalpy
change of neutralisation is calculated with the correct sign and number
of significant figures.

T\ ResultsPlus
\ Examiner Tip

It is good to show intermediate steps or parts of calculations, for
example the (27.7 - 20.7) and (30 + 21) shown here as these things
make calculations easy to follow
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Question 18 (a)(i)
This question focused on chlorine dioxide, ClO5, and its synthesis.

In Q18(a) the bonding in chlorine dioxide was considered. This dot-and-cross diagram was
rather more challenging that these usually are, as the candidates first needed to recognise
that this compound is a radical, as indicated by the dot on the structure. Then they had to
realise that chlorine would exceed the octet in its outer shell and finally deduce that there
was one double bond and a dative covalent single bond with the oxygen atoms. This proved
a challenging question, and although some excellent answers were seen scoring on this part
was quite low. Only 6% of candidates were able to score both marks. Two common answers
which were not fully correct were to have two double bonds between the oxygens and the
chlorine and one with a normal covalent bond replacing the dative covalent bond. This made
the oxygen atom the one with the unpaired electron. Both of these answers scored 1.

This is a typical example of a structure deduced which has two double bonds. This is a
perfectly correct alternative structure for CIO2 but does not match the bonding shown in the
diagram as it has two double bonds, so this scored 1 of the 2 marks.

IAL Chemistry WCH12 01 20



18 Chlorine dioxide, ClO,, can be used to treat water to make it safe for drinking.
The molecule is a free radical. One suggested structure is shown.

{(a) (i) Complete the dot-and-cross diagram for this structure.
Use dots () for oxygen electrons and crosses (x) for chlorine electrons.

N

ﬂﬂesuﬁsﬂm
Examiner Comments

The electrons did not need to be shown in pairs. This scored 1 mark as
described.

(A ResultsPlus

\ Examiner Tip

It is possible for atoms in Period 3 and above to exceed 8 electrons in

their outer shell, for example in compounds like PCls and SFg which
leads to their characteristic shapes.

21 IAL Chemistry WCH12 01



This example shows the structure with the covalent rather than dative covalent bond
between the chlorine and oxygen. This is also an alternative structure for CIO2, but has the
unpaired electron on the O rather than on the Cl. This also scores 1.

18 Chlorine dioxide, ClO;, can be used to treat water to make it safe for drinking.
The molecule is a free radical. One suggested structure is shown. -

VRN O,

(@) (i) Complete the dot-and-cross diagram for this structure.
Use dots (+) for oxygen electrons and crosses (x) for chlorine electrons.
(2)

I\

Y ‘{ ResultsPlus
b/----._ Examiner Comments

The electrons in the overlap can be shown on the curves, like this
example, or in the space between them. This diagram is particularly
neat and easy to understand.

\

| Examiner Tip
Try to work out your structure first before starting to place the
electrons to avoid crossing out where possible, which can make the
diagrams difficult to understand.

IAL Chemistry WCH12 01
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At first glance, this looks like both of the common one mark answers, but actually it is neither
and does not score.

r Y

18 Chlorine dioxide, ClO,, can be used to treat water to make it safe for drinking.
The molecule is a free radical. One suggested structure is shown.

(a) (i) Complete the dot-and-cross diagram for this structure.
Use dots (+) for oxygen electrons and crosses (x) for chlorine electrons.

—
N o A R R W W N

(2)

B R e N W o W o 5

¥ &{ ResultsPlus
/'--.. Examiner Comments

This has the normal covalent bond between Cl and O, and the correct
single electron for the oxygen that would result. Unfortunately, this
candidate has perhaps realised the chlorine should have an unpaired
electron and has removed one from the top of the atom. This structure
is not correct as there are only 6 crosses, representing electrons which
originally belonged to chlorine, which should have 7.

V \ ResultsPlus
\

| Examiner Tip
Count the electrons in the final structure to make sure that you have
the correct number that came originally from each atom.
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This final example has the correct electrons in the bonds and the correct non-bonding
electrons on the oxygen, but the structure is missing one electron and has a positive charge
as a result. There is no indication of a positive charge on the structure given.

4 "

- Wk
18 Chlorine dioxide, ClO,, can be used to treat water to make it safe for drinking.

The molecule is a free radical. One suggested structure is shown.

(a) (i) Complete the dot-and-cross diagram for this structure.
Use dots (=) for oxygen electrons and crosses (x) for chlorine electrons.

(2)

_1—

A A I I e,

N

Y 1{ ResultsPlus
/--.. Examiner Comments

This example has had the unpaired electron from the chlorine
removed resulting in the positive charge. This can score 1 for the
electrons in the bonds.

\

| Examiner Tip

Once again, count the electrons. The chlorine here has only six.
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Question 18 (a)(ii)

The repulsion of electrons, in this case the non-bonding electrons of chlorine and the
bonding pairs of electrons in the C-O and C=0 bonds, results in the shape of this molecule.
Typical errors on this type of question include talking about the electrons repelling the
attached atom, in this case the oxygen or the lone pairs of electrons on that atom rather than
the bonding electrons. Many candidates just said there were non-bonding electrons without
justifying the no-linear shape being discussing repulsion between electrons.

The actual number of electrons involved in the repulsion was ignored as this was tested in
the previous item. The expected answer from the correct structure would be the lone pair
and single electron on chlorine repelling the electrons in the chlorine to oxygen bonds.

(i) Give the reason why chlorine dioxide is not a linear molecule.
(1)
________________ lonc_pair ot eletkron in Cl i repeling
o Ahe L bendd PACS e B
N
\/ { ResultsPlus
/--.‘: Examiner Comments
This scores the mark for the lone pair repelling the bond pairs
(i) Give the reason why chlorine dioxide is not a linear molecule.
' (1)

e has o lbne. elecon i

M,
\-\.

N / ResultsPlus

< Examiner Comments

The lone electron repelling would be enough if it said what was being
repelled, so this did not score.

25 |AL Chemistry WCH12 01



Question 18 (b)(i-iii)

The first three parts of Question 18(b) looked at oxidation numbers in compounds in the
synthesis of ClO,. The first was often scored by candidates, though one common mistake
was to say that the Roman numeral represented the oxidation number of the chlorate ion
rather than the chlorine in the chlorate ion. Finding the oxidation number in chlorine dioxide
was well understood. The final deduction was understood by many candidates, but often
they were not able to express their answers accurately enough to score both marks. Some
assumed the starting compound had a chlorine with the oxidation state of 5, or used their
answer to Question 18(b)(iv)-(v) to deduce this, rather than say that it could be 5 or 6 from
the information available.

In the first part of this set of three items we are looking for the oxidation number of the
chlorine in the chlorate ions.

The second part, Question 18(b)(ii), should be +4 and the final answer should be +5 or +6
because the oxidation state of chlorine goes to +4 and +7 so the oxidation state of chlorine in
A should be between these two values.

IAL Chemistry WCH12 01 26



»5
(b) Chlorine dioxide can be made from potassium chlorate(V), KClO;, in a

two-step process.

Step 1 Potassium chlorate(V) reacts with concentrated sulfuric acid to form
compound A.

Step 2 Compound A then undergoes a dlsproportionatlon reaction to form
chlorine dioxide and hydrogen chlorate(VIl), Hclo, ™

(i) State the meaning of the Roman numerals in chlorate(V) and chlorate(VII).

(1)
lrkmmhr QS: Tﬂnhinfkunhm\a_ ..........
(i) State the oxidation number of chlorine in chlorine dioxide
(1)

||||||

(i) In Step 2, compound A undergoes disproportionation.
Deduce the possible range of oxidation numbers for the chlorine in
compound A. Justify your answer.

)
----------- Chlesn. .. @uidatren.... cad  reduckren 10 1””5 reaction

its... osrdatra numbrmfﬁq}fksw‘{u ln

chlesre, dresk T4 L"«% vleck omygen...aul. caves. 4. oeh

------------------------------------------
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\/ { ResultsPlus

Examiner Comments

This scores a mark for (b)(ii).

In (b)(iii) the candidate assumes that the starting material is +5, which
is true, but does not address the possible values it could be. The
reasoning that it goes to +4 and +7 is correct so scores 1 mark. This
was a common type of answer.

5\ ResultsPlus
\ Examiner Tip

Read the question with care so you answer the question rather than
something similar.
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Question 18 (b)(iv-v)

The calculation in Question 18(b)(iv) was very high scoring, while Question 18(b)(v) proved
very challenging.

In (b)(iv), it is important with empirical formula and molecular formula calculations to show
all your working. Some candidates deduced the molecular formula was the same as the
empirical formula without demonstrating this in their answer, so only scored 3 instead of 4
marks.

For the final equations, both of the acceptable answers for the first equation were seen. In
the second equation some candidates recognised the correct chlorine containing compounds
for the second equation but did not balance the change in oxidation state of the chlorine or
did not recognise that water would also be produced. Very few candidates scored this final
mark.

29 |AL Chemistry WCH12 01



The calculation here is very clearly laid out. This approach means that marks can easily be
awarded. The calculations being done are labelled so it is clear what the candidate is doing
and this candidate has remembered to show working for the final step, the determination of

the molecular formula.

(iv) Compound A has M, = 84.5,
Cl=42,01% and the remainder is oxygen.

and a composition by mass of H = 1.18 %,

Deduce the molecular formula of compound A, showing all your working.
I3+ U201= 4319
100- U3 1A= 56817 of oxygen

(4)

H C\ O
moR o mag| 1°18 Y201\ 56 3\
ratio = RamM |+ T T 256 6 -0
13 V=13 3.6
SENe | A0 222 e Hao
\ \ 3

P HCh 03

MF = EFn

C ne

State symbols are not required,

2KCI0, ¥ M, 50, —=2HCI0, + k,30,

Bu-5=(1+35-5 +Bxk))p
gu-S: 3u.5n
34-5

845
=\
(v) Write an equation for each of the two steps in the formation of

e, using your answers in_(b).

(2)

IAL Chemistry WCH12 01 30
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N / ResultsPlus
/'--.‘: Examiner Comments

This scores 4 marks for 18(iv).

The first equation is correct showing one of the two possible correct
answers.

The second equation has the three correct chlorine containing
compounds, and it balances for the atoms, but not for the changes in
oxidation state. Chlorine is +5 in HCIO3 and goes to +4 in ClIO, and +7
in HCIO4. The change of 2 from +5 to +7 must be balanced by a change
of 2 from +5 to +4. Therefore, the products must be in a 2:1 ratio of
C|02: HC|O4

ResultsPlus
<

Examiner Tip
In redox equations, balance the charge as well as the numbers of
atoms. It is usually best to balance the charge first.
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The calculation here is neatly laid out in columns, though with no explanation. It is still easy
to see what has been done, so 3 marks can be awarded.

The first equation is one of the correct possibilities so scores 1. The order of the atoms in
hydrogen chlorate(V) is ignored.

(iv) Compound A hasnd a composition by mass of H = 1.18%,
Cl=42.01% and the remainder is oxygen.

m Dec_iuce the molecular formula of compound A, showing all your working.

. O H ClI (4)
u& S6.8 | V-1 & “420!
16 ) CRRR
= 3-8 =118 _ SRR
P — 1-18
EE) 1) 8
- 3 =z | < ]

rite an equation for each of the two steps in the formation of
lorine dioxide, using your answers in (b).
State symbols are not required.

KClO, + H CIHO. + K HSO .
3 Q\%Oq.—‘-‘f- 3 I

CHHO, + > — He1o, relo,

b ¢
H D 6D

50 A4C)
LK
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N / ResultsPlus
/'--.‘: Examiner Comments

There is no justification for the molecular formula, just a statement
that the mass is 84.5.

This needs a clarifying statement or calculation to score the 4th mark.

The second equation has the correct substances but does not balance
for charge. The addition of HCl on the left does balance the atoms but
this is not the correct equation.

7\ ResultsPlus
\ Examiner Tip
Balance the charges on the chlorine containing species, then add

water on the product side (in this case) to balance the equation.

33 IAL Chemistry WCH12 01



Question 19 (a)

Question 19 concerned the industrial preparation of ethanol. As a rule, this question proved
quite challenging, with candidates finding it hard to express themselves with sufficient
accuracy to demonstrate their knowledge and understanding. Care should be taken when
describing how changes of conditions change equilibria. The idea of the equilibrium shifting
to the left or the right, while perfectly valid, is often misunderstood by candidates whose
answer can prove contradictory.

The first part, Question 19(a), required the recall of the catalyst used for the reaction
between ethene and water to produce ethanol.

The expected answers were either phosphoric(V) acid or sulfuric(VI) acid. The oxidation states
of these were not required. Formulae were also acceptable answers. All these were seen, but
phosphoric acid was the most common.

. “

19 One industrial preparation of ethanol is by the catalysed hydration of ethene via a
reversible reaction.
~ 9

H,O + CH;/~=CH, = CH;CH,0OH AH=-42 k) mol™

(a) The hydration of ethene requires a catalyst which is coated onto a solid
silicon dioxide support.

Ideﬁtify, by name or formula, the catalyst used.
(1)

m’rrqtecliph.map}\oﬁ‘e_a.qfddsrc : m.ﬂ’tr_d,&%i...

S0\turToe ouey

[,

\/ / ResultsPlus
/'--.E Examiner Comments

Both answers here are correct and would score on their own. Had
either been incorrect, no mark would have been scored. The
concentration was ignored.

&  ResultsPlus
<D

Examiner Tip
It is usually best to only give one answer if the question requires only
one. The mark may be lost if the second is incorrect.
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Many different answers were seen including a range of substances, many of which are
catalysts which candidates would be aware of.

=

19 One industrial preparation of ethanol is by the catalysed hydration of ethene via a
reversible reaction.

H,0 + CH,~CH, = CH;CH;OH AH=-42k mol’

(a) The hydration of ethene requires a catalyst which is coated onto a solid
silicon dioxide support.

Identify, by name or formula, the catalyst used.
(1)

g A Mikel

N,

%Resultsﬁus
Examiner Comments

This was a very common incorrect answer, either on its own or stated
as being under pressure. The incorrect spelling 'nickle' was also often
seen.

35 IAL Chemistry WCH12 01




Question 19 (b)

In many industrial syntheses the product yield is initially low. There are a number of reasons
why reactions run at low yield, which appears quite contradictory to what is required. In this
case, it is because the product can easily be obtained by cooling the mixture, at which point it
liquifies, and the reactant ethene, which remains as a gas, can be recycled and used again.
Each step yields only 5% ethanol, but continued cycling ultimately means that 95% of the
ethene is successfully converted to ethanol.

The two correct parts to the answer, that the ethanol is removed from the mixture by cooling
and that the ethene is recycled, were seen.

& (b) Under these conditions, the conversion of ethene to ethanol is 5% at equilibrium

< but the overall yield of ethanol for the process is 95 %.

€

g Suggest what happens to the equilibrium mixture containing ethanol so that the

2 overall yield of ethanol becomes 95 %.

: ()

¢ , . .

(| the unvied ethene ispared  Havaugh the reackion mixhwe again so thot He
% .......... yild of ethonol inoreares P peewwe
%

z

2

§

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

This answer was the more common way of scoring 1 mark, for the
recycling of the unreacted ethene.

lf \ ResultsPlus
\

Examiner Tip

When 2 marks are available, two points need to be made.
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The idea that the equilibrium would shift to the right was often suggested, but usually this
was associated with changes in the temperature or pressure.

(b) Under these conditions, the conversion of ethene to ethanol is 5% at equilibrium
but the overall yield of ethanol for the process is 95%.

Suggest what happens to the equilibrium mixture containing ethanol so that the
overall yield of ethanol becomes 95 %.
(2)

Sl b s&f"sfvﬂcwrfh*‘ﬁ“‘”fﬁw
s el 0y rtmedl w Seen an if P
rand e s j)'w anCntratiom '{ H 0 ond Gl ...

e o A e o S D o D Cr G D o D N

.JII:\ —
i{ 1{ ResultsPlus
/--.. Examiner Comments

This example links the shift in the equilibrium to the removal of
ethanol as it is formed scoring 1, and correctly identifies that water is
also removed.

The removal of water does not score here, but is useful in later
qguestions.
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Question 19 (c)(i)

In most industrial processes, a compromise of the conditions is used. Question 19(c)(i) looked
at the balance between the highest possible yield and the rate of reaction.

The shifting of an equilibrium to left or to the right is often used to describe the change in
equilibrium. It is actually misunderstood by some candidates who think shifting the
equilibrium to the left means that the left hand side of the reaction is dominant, and so there
is more of the right hand side. This can be seen sometimes in the explanations given, but
often it is unclear if this misconception is present. Shifting to the left means more of the left
hand side is present.

(¢) The temperature used is 300°C and the pressure used is 7 MPa. These, and the
amount of water present in the reaction mixture, are all compromises.

(i) Explain why the temperature used is a compromise.
forwavd ()
mjdne/pw,hm 6 txothemi 0. baving }ugh Qefng eyt

B IR

fo%mﬁtsflfmqpfﬂwe Mwefqy[e*ldqndmkof
Veachen.

T TSI S S AT
<3
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':I""
:Jr;'
°3
&
Q“
6"‘
<
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::.r
i %_q
~
~
:J_
5
- T &«
& ]
Pq.
S‘
S
° |
3

N
\( / ResultsPlus

< Examiner Comments

This candidate uses shifting to the left correctly as it is linked to a
reduced yield of ethanol. The answer also correctly discusses the rate
of reaction so this scores 2.

“ .':f"" . ResultsPlus
\

Examiner Tip
Always try to link shifting the equilibrium to what this means. As in this
example, shifting to the left resulting in a lower yield of ethanol. This
will avoid confusion.

The idea of compromise will require the answer to be in two parts, explain the two aspects of
the compromise.
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(c) The temperature used is 300°C and the pressure used is 7 MPa. These, and the
amount of water present in the reaction mixture, are all compromises.

(i) Explain why the temperature used is a compromise.
(2)

L fee wigh o tquiliyrish  weuld shift te LHI (endothermic )

b

.'\_ -
ResultsPlus

Examiner Comments

This answer clearly explains why a temperature that is too high is not
desirable, but does not explain why it needs to be as high as it is in
terms of reaction rate, so this scores 1.

- V ResultsPlus
ey

) Examiner Tip
Consider both sides of an answer if it is required, for example a
compromise like this.

(c) The temperature used is 300°C and the pressure used is 7MPa. These, and the
amount of water present in the reaction mixture, are all compromises.

(i) Explain why the temperature used is a compromise.
(2)

TE ot Le  Reakd o WA an JAwenred
ook of  fempeatoe  povld | feresse
‘%LL @L“L &"L Hac k\"j/\

.'\_ -
ResultsPlus

Examiner Comments

Similarly, this answer considers the effect of temperature on rate of
reaction but not on yield, so scores 1.
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Question 19 (c)(ii)
This question considered the effect of pressure on the equilibrium yield of product.

An increase in pressure results in a shift of the equilibrium to the side which has the fewer
moles of gas, in this case the products side. This results in a higher yield of ethanol.

i N

(i) Explain why a manufacturer might suggest a pressure of greater than the
compromise pressure of 7 MPa.

(2)
o Increxse o pressure will move she  equiliborium. to Ehe side

with less number £ qoles, ZRAS

N,

ﬂ( < ResultsPlus
/--.. Examiner Comments

This answer gives the reason for the equilibrium shifting, but does not
say which way, or that the yield of ethanol increases so this scores 1
mark.

The rate of reaction was mentioned often in answers.

[ N

(i) Explain why a manufacturer might suggest a pressure of greater than the
compromise pressure of 7 MPa.

N,

~ < ResultsPlus
/--.. Examiner Comments
A higher pressure will result in an increased rate of reaction at the

beginning, but it does not score any marks here. The link here to the
shifting of the equilibrium does, however, and both marks are scored.
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Question 19 (c)(iii)

This question asked candidates to consider an unusual situation. The idea that a waxy solid
might not have a single melting point required the recognition that this solid might be a
polymer, which do melt over a range of temperatures.

Very few correct answers were seen. Polymers are one of very few things which melt over a
range of temperatures.

(iii) At pressures greater than 7MPa, a waxy solid forms which melts over a range
of temperatures.
Identify, by name or formula, this solid.

4]
S e PEOOBRRL S

.
\-\.

\/ / ResultsPlus
/--.‘: Examiner Comments

This candidate correctly identifies that the substances is a polymer, but
has picked the wrong one. A good try, but unfortunately no marks.
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Question 19 (c)(iv)

Higher pressures often favour an increased yield in industrial reactions, and this was the case
here. This question requires candidates to realise why higher pressures are not always
achievable.

The two major factors for not having higher pressures are safety considerations associated
with plant failure primarily and the need for specialist equipment to contain these high
pressures. Here, we were focusing on the second of these.

(iv) Give one other reason for not operating the process at a pressure greater than §
7 MPa. Do not include safety considerations in your answer. §
(1) :
o speoiolict equiprent vequired | specialst  equiprent s exponsiv@ |
_pressure _areate than % 7 MPa diffcalt fo camtain |0
&
&
N\ 7
K( ( ResultsPlus
/'--.. Examiner Comments
The cost on its own would not be enough, but this answer explains it is
the cost of specialist equipment so scores the mark.
(T ResultsPlus
\ Examiner Tip
Cost without explanation is rarely enough to score a mark. Cost is
important in industrial processes, but you must usually explain what
the high price is for.
(iv) Give one other reason for not operating the process at a pressure greater than %
7 MPa. Do not include safety considerations in your answer. ﬁ
(1) g
_______________________________________ high cot t e d g
.......................................................................................................................................................................................................................................... g
:

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

This example does not explain the high cost, so does not score.
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Question 19 (c)(v)

The final part in Question 19 once again looked at equilibrium, but also how changing this
equilibrium would change the equilibrium mixture.

This question was also about compromise. The two parts of this question were the increased
yield as a result of water being added, but also the fact that this would increase the amount
of water present in the reaction mixture at equilibrium and make it potentially more difficult
to separate. The second problem associated with damage to the catalyst, though a very good
answer, was not seen.

(v) Increasing the amount of water in the reaction mixture, without changing the
pressure, might also be suggested.

Suggest one advantage and one disadvantage of increasing the amount
of water.

(2)
"lwmw%neqMa"ruﬂ\*«(w‘ﬂﬁl@mmm«wmhwpﬂf
e, \(Lq esiben ok egeleieen oWk b fle qcl, Cmtesty eptbiae
Ldd A efhan) . Hewene, nGrtasing M, ansounk R ek
o e T ok selede ndatwreauee vk, and
Mg hodec b s e efhu), uMmongww

I T

y ‘{ ResultsPlus
/--._ Examiner Comments

The response explains clearly the advantage and disadvantage and so
scores 2.
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Sometimes it is obvious that a question has a number of parts which must be addressed.
This is one of these questions asking for one advantage and one disadvantage being
required.

(v) Increasing the amount of water in the reaction mixture, without changing the
pressure, might also be suggested.

Suggest one advantage and one disadvantage of increasing the amount
of water.

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

This candidate recognises the need for the two parts, but is unsure of
the advantage of adding water.

CT\ ResultsPlus

\ Examiner Tip

It is useful in questions such as this to make it clear what you are
addressing in your answer. The labelling of advantage and

disadvantage is useful!
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Question 20 (a)(i)

The final question on the examination paper focused on groups of organic molecules called
terpenes and terpenoids. These are an unfamiliar context for some familiar chemistry, the
reactions of alkenes and alcohols.

These compounds are linked by their structure to a common basic component, the
compound isoprene. The first question asked for the IUPAC name for isoprene.

The correct answer was 2-methylbuta-1,3-diene. There were a number of slight variations
allowed.

Y - ]
SECTIONC

Answer ALL the questions. Write your answers in the spaces provided.

20 Terpenes and terpenoids are groups of chemicals found in plants.
They contribute to the smell and taste of the plant, and so are used in flavourings
and perfumes.

Both terpenes and terpenoids have carbon skeletons based on one or more units of
the compound isoprene.

isoprene

Terpenes are made up of two or more isoprene units joined together, while
terpenoids have additional functional groups, often containing oxygen.

Limonene and myrcene are both terpenes composed of two isoprene units.
Menthol, linalool and citronellol are terpenoids containing an =OH group.

(a) (i) Give the IUPAC name for isoprene.
(1)

D -yl b - 4 3 - diew e

Y ‘{ ResultsPlus
/--._ Examiner Comments

This is correct and scores 1.
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This response was a common one.

r

SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

20 Terpenes and terpenoids are groups of chemicals found in plants.
They contribute to the smell and taste of the plant, and so are used in flavourings
and perfumes. ' -

Both terpenes and terpenoids have carbon skeletons based on one or more units of

the compound isoprene.

isoprene i .
] .

Terpenes are made up of two or more isoprene units joined together, while
terpenoids have additional functional groups, often containing oxygen.

Limonene and myrcene are both terpenes composed of two isoprene units.
Menthol, linalool and citronellol are terpenoids containing an —OH group.

(@) (i) Give the IUPAC name for isoprene.
(m

a\ o
ResultsPlus

Examiner Comments

The answer here is correct except for the absence of the 'di' in front of
the - ene at the end of the name.

Pl

/\Vj ResultsPlus

| Examiner Tip
Practise the naming of organic compounds in the specification.
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

20 Terpenes and terpenoids are groups of chemicals found in plants.
They contribute to the smell and taste of the plant, and so are used in flavourings
and perfumes.

Both terpenes and terpenoids have carbon skeletons based on one or more units of
the compound isoprene. o

WY
3 |

. G corne

isoprene

Terpenes are made up of two or more isoprene units joined together, while
terpenoids have additional functional groups, often containing oxygen.

Limonene and myrcene are both terpenes composed of two isoprene units.

Menthol, linalool and citronellol are terpenoids containing an -OH group.

(@) (i) Give the IUPAC name for isoprene,
(1)

N\

i( ResultsPlus
Examiner Comments

This has the correct name of the diene, but does not have the methyl
side group identified in the name, so does not score.
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Question 20 (a)(ii)

The next question focused on the mass spectrum of isoprene. Two peaks were required in
the answer, one the molecular ion peak and one the result of removal by fragmentation of a
methyl group. The candidates who used displayed formulae for the structures of the species
were most likely to score the marks. Those using condensed structural formulae were much
less likely to score the first mark as if they did not use brackets around side chains, this mark
could not be scored.
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This is a very clear example showing both structures correctly using displayed formulae.

(i) The peaks wwmin the mass spectrum of isqprene are at
m/z=68andm/z=33.
Identify the species responsible for these two peaks.
(2)
m/z=68 U H 4
T ¥
t+ i 7
L O~ -0~ H
H-C |
% H
m/z=53
DW W g e
T 4
.
~C=C
N
. H
~ M

N,

~ < ResultsPlus

/--.. Examiner Comments

Candidates using displayed formulae showing all the bonds were more
likely to score 2 marks, as here.

"’ 4 \ ResultsPlus
\

| Examiner Tip
Drawing structures of organic fragments of ions as fully displayed
formulae will help to get the correct structures. Drawing the structure
of the molecule and then working out which bonds have broken will
help, or using a structure on the paper if one has been given.
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A common error on mass spectrometry questions is to forget to include the charge on the
ion which is being detected.

(i) The peaks with the highest intensity in the mass spectrum of isoprene are at
m/z=68andm/z=53. '
ldentify the species responsible for these two peaks.

- CHyD (2)

WiXeheh,
m/z=68 )
V2 202X 342 v V2 & 8
& C ¥, *
m/z=53

12L& 24(T +| 412 $12+2 =573

CHo G C13 Ch,

N

N 1{ ResultsPlus
/---. Examiner Comments

This example has the methyl side group in a bracket in the molecular
ion so could score the first mark and has a correct structure for the
fragment, but neither has a charge. This was penalised once so this
scores 1.

\

| Examiner Tip
Remember that the species detected in a mass spectrum are positively
charged.
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It was common to see molecular formulae for the ions. These were penalised once if seen.

(i) The peaks with the highest intensity in the mass spectrum of isoprene are at
m/z=68andm/z=53,
Identify the species responsible for these two peaks.
(2)
cu [ cew Cly CH U
m/z=68
+
H +
c S g DL/' ]
m/z=53
=2
+
(U]
+
H
c 4 5
. )

N { ResultsPlus
/---.. Examiner Comments

This example shows the molecular formulae of the species concerned,
which on their own would have scored one mark, but here they are
clearly being used as working to find the correct structures which then
follow. Skeletal structures were perfectly acceptable, though perhaps
harder to work out whether they are correct or not.

This scored 2 marks.

4 \ ResultsPlus
\

| Examiner Tip
Unless you are very confident, displayed formulae are probably easier
to work with than skeletal formulae for structures.

" J
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The use of condensed versions of displayed formulae which did not show all the bonds
required use of brackets for the molecular ion fragment.

(i) The peaks with the highest intensity in the mass spectrum of isoprene are at
m/z=68and m/z=53.
Identify the species responsible for these two peaks.
(2)

m/z=68

CHg €= (chy) CH=(H, T

m/z=53

t
C -.':(C Hy)CH = CHy

.ﬂ"'j‘\

N 1{ ResultsPlus
/--.. Examiner Comments

Here the brackets are not quite in the right place. The bracket should
include the double bond in both species. Apart from that slip, both
structures are correct.

This was awarded 1 mark since the mistake is the same in both ions.

&4\ ResultsPhus
<

| Examiner Tip

Multiple bonds should be included in the brackets for a side group.
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Question 20 (a)(iii)

Question 20(a)(iii) considered the infra-red spectrum of isoprene and required the use of the
Data Booklet. Despite being given the structure of this hydrocarbon, many candidates
attributed the peaks to bonds containing atoms which could not be present, for example
C=0 bonds, when no oxygen was present in the molecule. These answers were surprisingly
common. Diagrams, when seen, were very helpful and tended to score well, but few
candidates used them. The question asked for the origins of the peak, and in infra-red
spectroscopy the source of the peak is the presence of a particular bond. For all three
answers, the bond responsible needed to be identified. These come from the Data Booklet.
The answers needed the bond to be accurately described. The peak at P is for a C-H bond
where the carbon is part of an alkene functional group, whereas the peak for Q is for a C-H
bond where the carbon is single bonded to another. The expected responses were C-H in an
alkene and C-H in an alkane respectively. Since the only C=C in the molecule is from an
alkene, this was not required in the answer, so C=C was enough to score the mark for R.

The bond causing the peak and a description of its environment were expected in the
answer. The candidates were expected to know the structure, since they were given it earlier
in the question.
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(i) The infrared spectrum of isoprene is shown.

[

Transmittance 3 P Q
/ % ]

ll_l_l_l.lllll‘_l.l.l Il
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3000 2000 1000
Wavenumber / cm™

State the origins of the peaks labelled P, Q and R. You may use a
labelled diagram.

Use the Data Booklet as a source of information,
(3)
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N 2{ ResultsPlus
/'--.. Examiner Comments

If both P and Q were identified as being due to C-H bonds, 1 mark
could be scored if no environment was given.

The peak for R needed only the bond, so this response scored 2.

‘f’ \ ResultsPlus
\

Examiner Tip
The Data Booklet is helpful for identifying a peak, but is also very
helpful for providing information about that peak.
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This example shows one where a peak has been identified by use of the Data Booklet which
is not possible for this structure. Amide was commonly given for peak P and carbonyl groups
of various sorts identified as being responsible for peak R, but isoprene contains neither

nitrogen or oxygen atoms. This candidate has clearly drawn the diagram of isoprene (with no
nitrogen!) but, unfortunately, has not then used it.

IAL Chemistry WCH12 01 56



(iii) The infrared spectrum of isoprene is shown.

Transmittance
1%
1.5 - - II
: T i Tt L| -l ET ¥ | LI L .l_l' L ] LI LI L] Ll L | Li l L L 1 L]
3000 2000 1000

Wavenumber / cm™’

State the origins of the peaks labelled P, Q and R. You may use a
labelled diagram.

Use the Data Booklet as a source of information.

(3)
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N / ResultsPlus

/'--.‘: Examiner Comments
Peak P does not score. Peak Q has the correct bond identified, but is
not the correct environment, so does not score. Peak R is correctly
identified. The fact that it is an alkene C=C was not required, but is
correct. Arene C=C was commonly seen and this was not awarded the
mark.

A ResultsPlus
ey

Examiner Tip
Where this is a large space with no lines this is because we are
expecting either a calculation or, in this case, a diagram. If the question
does not specifically ask for one then it is not necessary, but if a space
has been left it is because we think it might be very helpful. Consider a
diagram if you see a space like this.
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Question 20 (b)(i)

The main target of this question was to test the ability of candidates to deduce a molecular
formula, and hence the empirical formula, of a compound from a skeletal structure. This has
been asked very commonly in recent years, but the presence of the double bonds appeared
to confuse candidates who often had the wrong number of hydrogen atoms in their
molecular formulae, or who had oxygens, presumably assuming the double bond was a
carbonyl group, C=0. In either case, this proved more challenging than expected. Those that
could correctly deduce the molecular formulae often scored the second mark for the
deduction of the ratio between the formulae and that of isoprene.

Candidates often wrote molecular and/or empirical formulae under the structures. This was
a very sensible working area and they got credit if this happened.
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(b) (i) Show that myrcene and limonene are terpenes by comparing the molecular
and/or empirical formulae of myrcene, limonene and isoprene.

oo O

rquH'h,

Co Hy
G
limoner

myrcene onene isoprene

(2)

....................... boeth mytrene and limonemp wej mofecylam formulng CygHuy

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

| Jtyrent kag moferutare frrmulae (¢Hy

Howevgr
s ..* ----------------------------

...'f (g He?

_ ResultsPlus

Examiner Comments

This candidate has used the method of identifying that the empirical
formulae of all three is the same to score both marks. The molecular
formulae of isoprene, myrcene and limonene are clearly given both
below the diagrams and in the text.

Limonene is cyclo (presumably cyclic was intended) was ignored.
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Some candidates had trouble deducing the molecular formulae. There was enough
information in the question to deduce that the molecular formulae of both myrcene and
limonene should be multiples of isoprene, and that they should be the same.

r

(b) (i) Show that myrcene and limonene are terpenes by comparing the molecular
and/or empirical formulae of myrcene, limonene and isoprene.

.'\1 . \ s N
) ' 4
\ Fd | ‘ \ \/ :‘ l ﬂ/ ——
I ] N [
myrcene isoprene
nas (2)

~.OP.3oprene) _hence one nlfGlh Ferpenes. . B

N

ﬂ( < ResultsPlus
/---. Examiner Comments

It looks as if this candidate may have used this information to refine
their molecular formulae. Though they are actually incorrect, the
method for the deduction of both limonene and myrcene being twice
the molecular formula of isoprene is logical and can score the second
mark.
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Question 20 (b)(ii)

Question 20(b)(ii) required recall of the conditions for the hydrolysis of alkenes. Answers
given included many conditions, but the correct answer was reasonably common.

This reaction requires a catalyst, which is usually nickel, and heat.

(i) Both myrcene and limonene can be completely hydrogenated by reaction
with hydrogen.
State the conditions required for hydrogenation of alkenes.

\/ / ResultsPlus

Examiner Comments

This answer includes the hydrogen necessary for the hydrogenation,
but this has been given in the question so was unnecessary.

Nevertheless, this scored the mark.

(ii) Both myrcene and limonene can be completely hydrogénated by reaction
with hydrogen.
State the conditions required for hydrogenation of alkenes.

\/ / ResultsPlus

Exa miner Comments

This answer included the fact that the nickel was present acting as a
catalyst. This is absolutely correct, but again was not required. No
particular temperature was required with heat being the expected
correct answer, so this scored the mark.

' . ResultsPlus
\

Examiner Tip

Learn the reagents and conditions for all the organic transformations.
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Question 20 (b)(iii)

The final question was a relatively accessible calculation. Most candidates were able to make
a start on this, though there was some confusion as the structure of the two terpenes,
myrcene and limonene, which arose from misunderstandings in Question 20(b)(i). The
candidates suffering from this were still able to score good marks, however, when their
errors were transferred through the calculations. There were two common methods. One
was to calculate the number of moles of hydrogen required to hydrogenate each terpene
and hence the volume. The other was to find the volume of hydrogen required to
hydrogenate one terpene double bond, and then multiply by the number of double bonds.
Most candidates who found correct answers did all the steps for both terpenes, but
considerable time could be saved by recognising that the volume required for limonene was
2/3 of that required for myrcene.
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(iii) 5g samples of myrcene and limonene were completely hydrogenated.
Calculate the volume of hydrogen required to hydrogenate each sample.

Include the unit with your answer.

Assume the volume of 1 mol of hydrogen = 24000cm’

Cotie 1TOHL > Goba

13k
(xw)rle~
Il?;fa-l
| %6
X 5
X
e B = 0.0%68mMmo)
136
1»3

=) 3(0,0368) * 0.1 0% ol

\ 24 0©0

N x = 14000% 0.110%

o. 103 }
- tzadﬁ cm""1

- 2647 ,.053&1_‘-]

(4)

ﬂ ResultsPlus
Examiner Comments

been stated) and hence the volume of hydrogen required.

This scored 3 marks for the 3 correct calculation steps.

This method has correctly started by calculating the number of moles
of hydrogen required to hydrogenate myrcene (though this has not
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This candidate finds the number of moles of hydrogen required for each terpene and hence
the volume of hydrogen, carrying out all the steps to calculate both volumes.

— B . —

(ili) 5g samples of myrcene and limonene were completely hydrogenated.
Calculate the volume of hydrogen required to hydrogenate each sample.
Include the unit with your answer.

Assume the volume of 1 mol of hydrogen = 24 000cm’
(4)

. = 0.0506%
O\ L\

rylre 0.026¢ X 5 =0 Mo
0 .NOLX 14000 = 2650 cm:

\wsrne & 00564 K 21> 0.0736
0.0 XL4000 = V770 ¢ia”

P e N P W A P R AT AT BAE F A FAEE B SR BN A R A AL RS AR R

N &{ ResultsPlus
/'--. Examiner Comments

This example is very clearly laid out, but would have benefitted from
explanation of each step in case an error was made. Everything here is
correct, however, so full marks were scored.

'/ \ ResultsPlus
\

) Examiner Tip
Label each step of your calculations saying what is being calculated.
This helps work through the calculation and makes seeing transferred
errors when mistakes are made so marks can be awarded for the
processes being carried out.
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Candidates quite commonly did not recognise that limonene and myrcene were isomers so
had the same molecular mass. In such cases, both calculations were considered and marks

awarded on either of the two strands.

Examiner Comments

’\/ /i ResultsPlus

three correct steps.

o ™
(i) 5g samples of myrcene and limonene were completely hydrogenated.
Calculate the volume of hydrogen required to hydrogenate each sample.
Include the unit with your answer.
Assume the volume of 1 mol of hydrogen = 24000cm’
P g+ O @
C"\ th ¥ 2“"- =2 (‘“t H'-L'J Cie H‘la +2H, - Cw “,.o
! L
o 5
M—ﬁ
s al — 2 ]-5é P ST T
MYt }
& J
Q.«ﬂb’ﬂgl wal ol C?H"b ().045‘7 ) 4‘¢ CMHL
J“ L 04 H l .
oL.ofleh 2 U
Q.073%G ns) oL )}
) | *
T A3
0-030b x290mn = [ 1935 .43 e 0 .07%5 x 2hannz
ot
H'#fﬂ)‘g‘

The calculation for limonene uses the correct molecular mass and
finds the correct volume for limonene. This scores 3 marks for the

For myrcene there are two errors, the molecular mass and the

multiplication by 2 instead of 3 to find the number of moles. On its

own, this would have scored 1 mark for the final step, but that mark
has already been awarded in the limonene strand. This scores 3.
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Question 20 (b)(iv)
This question asked for the IUPAC name of the product of hydrogenation of myrcene.

The root of the name here, decane, possibly comes from the fact that there are 10 carbon
atoms in the molecule, and the two methyl groups have not been taken from the 10, which
would give the correct answer.

(iv) Give the IUPAC name of the product formed by complete hydrogenation
of myrcene.
(1)
b fuoe V- dimdyl e
.-:-\\l

N { ResultsPlus

Examiner Comments

The methyl side chains have the correct numbers, only the main chain
is wrongly named, so this does not score.

A . ResultsPlus
)

Examiner Tip
Learn how to name compounds from the specification. Most papers
have marks available for this skill.

67 IAL Chemistry WCH12 01




This response has found the molecular formula correctly and has used this to find the name,
unfortunately incorrectly.

'

(iv) Give the IUPAC name of the product formed by complete hydrogenation

of myrcene.

| an"’*u""u‘*—"—)t’oﬂn-

!
s Deoan@

(1)

N

Y ‘{ ResultsPlus
/--.. Examiner Comments

The straight chain molecule with this formula would indeed be decane,
but this is an isomer of decane, so this does not score.

” V \ ResultsPlus
\

) Examiner Tip

"

Remember that molecular formulae only tell you the number of each
type of atom in a molecule, not the structure of that molecule.

J

The naming of multiple side chains or functional groups of the same type as di-, tri-, etc. is an

important part of IUPAC nomenclature for larger molecules.

(iv) Give the IUPAC name of the product formed by complete hydrogenation

of myrcene,

(1)

N

Y ‘{ ResultsPlus
/--._ Examiner Comments

did not score.

This answer is correct but for the missing di - in front of the methyl so
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Question 20 (¢)

The final question was the 6-mark open response question. These questions need reading
with even more care than usual, to ensure candidates understand what is being asked and so
what is required. This centred on the context of three students using three different tests to
identify the presence of an - OH group in three terpenoids. Each student carried out one test
on all three compounds. The context was to identify which, if any, of the three tests would
indicate correctly the presence of the - OH group. Indicative points were split between the
tests, with one for each of the observations expected when getting a positive result with
these tests and the second for how the observations related to the context.

For tests 1 and 2, many candidates recognised the importance of the structure of the
alcohols played in the reaction with the two oxidising agents, potassium dichromate(VI) and
potassium manganate(VIl). Some, however, believed that menthol was a tertiary alcohol,
whilst linalool was a secondary alcohol. These candidates were still able to score good marks
despite this error. Many candidates either assumed that the potassium manganate(VIl)
would behave in exactly the same way as potassium dichromate(VI) or recognised that it
would react with the double bonds to form diols, but few realised it could do both. The
candidates who did not could still score for the correct observation. The most appropriate
test was the use of phosphorous(V) chloride, PCls which would react with all three giving

misty fumes of HCl as the expected observation.

A common mistake was to misunderstand the question and have student 1 only testing
compound 1, menthol, and student 2 only testing linalool with student 3 only testing
citronellol. Some of these still scored good marks for the test results and often some
background theory.

There were a number of very good responses which knew the importance of the structure of
the terpenoids in the first test and that PCI5 was the reagent used to test for an - OH group
and the expected results. Potassium manganate(VIl), as expected, was the hardest of the
tests to score well on.
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*(c) Three students were asked to carry out a single chemical test to unambiguously
identify the presence of the —OH group in the three terpenoid compounds,
menthol, linalool and citroneilol.

gecod Tov ey Primen

" )\/\)\/\
)\\/\X/ \ OH

menthol linalool citronellol

The first student tried using acidified potassium dichromate(Vl) to oxidise
the alcohols.

The second tried acidified potassium manganate(VIl), an oxidising agent similar
to potassium dichromate(VI).

The third student tried using phosphorus(V) chloride.

Criticise the three students’ suggestions by linking the expectedresults| and the
Gcrual obsenvationskhat would be made, for each test and thelsttucturas 3 the
three alcohols.

(6)
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ﬂ ResultsPlus
Examiner Comments

This candidate scores 2 indicative points on each of the first and third
tests. For potassium manganate(VIl), they have identified the correct
result but only concerned themselves with the oxidation reaction of
the - OH group. Perhaps realising there must be some difference in
this test and that with dichromate(VI) other than the different colour
change, this candidate suggests all the alcohols are oxidised, which is
not correct.
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This is a well laid out answer, with sections for each of the students. Answers like this
undoubtedly helped with the application of reasoning and logic between the tests.

e . —_

*(c) Three students were asked to carry out a single chemical test to unambiguously
identify the presence of the —OH group in the three terpenoid compounds,
menthol, linalool and citronellol.

| Ho )\A)\A
S
OH W OH

menthol linalool citronellol

The first student tried using acidified potassium dichromate(Vl) to oxidise
the alcohols. X '\{tha

The second tried acidified potasslﬁm manganafe(Vli), an oxidising agent similar
to potassium dichromate(VI). add ot GV

The third student tried using phosphorus(\r‘) chloride. -~ m\ ™A SNy M

Criticise the three students’ suggestions by linking the expected results, and the
actual observations that would be made, for each test and the structures of the

three alcohols.
(6)
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i( ResultsPlus
Examiner Comments

This candidates recognised that potassium manganate(VIl) reacts with
the double bonds to form a diol, but did not remember that it would
also oxidise the - OH group. This response scored 5 marks having
scored on 5 of the indicative points.

.—"'_\.
—

5/ ResultsPlus
\_/ Examiner Tip
A structured answer will help to organise the ideas within the answer
and lead to the best result.
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Many candidates went into great detail about how oxidation of primary and secondary
alcohols differed, which although usually quite correct, was not relevant to the context of
testing for the presence of an - OH group and so did gain any credit. This may have led some
candidates to believe they had written enough to score marks when actually they needed to

more carefully address the question.

*(c) Three students were asked to carry out a single chemical test to unambiguously
identify the presence of the —OH group in the three terpenoid compounds,
menthol, linalool and citronellol.

14 ¢t
" )\/\)\/\
AN
OH )\/\X/ OH
3

menthol linalool citronellol

The first student tried using acidified potassium dichromate(VI) to oxidise
the alcohols.

The second tried acidified potassium manganate(VIl), an oxidising agent similar
to potassium dichromate(VI). Bl
$

The third student tried using phosphorus(V) chloride.

Criticise the three students’ suggestions by linking the expected results, and the
actual observations that would be made, for each test and the structures of the

three alcohols.
(6)
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~ / ResultsPlus

/'--.‘: Examiner Comments
This answer was extremely good at linking the tests and observations
with the context of the tests and the identification of the - OH group
and the significance of the structure of the alcohols. Unfortunately, the
observation for test 3 was not mentioned (indicative point 5) and the
test with potassium manganate(VIl) was not mentioned at all.

ResultsPlus
ey

Examiner Tip
Read the question carefully to make sure all parts have been
addressed. This answer makes no reference to potassium
manganate(VIl) and provides more information than is necessary
about oxidation products.

75 1AL Chemistry WCH12 01



Paper Summary

Based on the performance seen in this paper candidates should:

o Take every opportunity to apply their knowledge of chemistry in unfamiliar situations.

e Remember to start their answers with basic information and work up to a conclusion
which addresses the question, ensuring all the points are covered.

e Take time to learn these reagents and conditions as this paper almost always has some
marks for knowing reagents and conditions required to complete particular organic
chemistry reactions.

e Watch out for bold text. This usually indicates something important about the
requirements for answer the question, for example, give two reasons why...

e Practise producing the different types of graphs associated with thermodynamic
practicals, such as thermometric titrations, in this paper, or similar activities such as metal
displacement reactions. The results of these different practicals are processed in different
ways in the graphs.

e Express answers describing changes in equilibria by referring to increases in the
concentrations of products or reactants rather than equilibrium shifting to the left or the
right. The change in direction is easily misunderstood or badly expressed, and many
candidates give answers which are contradictory. An answer like 'the equilibrium moves so
that amount of product present increases and the amount of reactant decreases' is easily
understood.

e Practise balancing ionic equations and half-equations, balancing the atoms present and
the charge and oxidation state changes.

e Practise naming organic molecules including the use of di-, tri - etc. for molecules relevant
to the specification.

e Read the questions with care to ensure they understand what is required rather than
assuming the question will be the same as a question in a previous paper.
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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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