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Introduction

This paper was evidently accessible to all candidates as seen by the wide spread of marks

and it also served to differentiate effectively between candidates of different levels of ability.

There was scope for both the less and the more able to demonstrate their knowledge

and understanding. There was no evidence seen that candidates lacked sufficient time to
complete the paper. The mean of the multiple choice was just under 14, with questions 16
and 17 proving the most challenging. The questions on the paper were from a wide variety

of topics and some novel situations that required candidates to apply their knowledge and
understanding.
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Question 21 (a)

Although it was generally well understood that the titration results needed to be
concordant, many candidates went on to write about the third titration and so lost the mark.
It was surprising how many students used words such as close, near, similar or in close
agreement instead of concordant and so scored no marks. This serves to emphasise the
importance of using correct chemical terminology.

(a) State why it was not essential to carry out the third titration.
(1)

_________________________________ The meon_titre keeps the Sowme .

ResultsPlus

Examiner Comments

This is an example of a response which did not score because it
does not address the reason why the third titration was unnecessary.

A

Examiner Tip

This question includes a good practical tip, namely that if the first two
titrations are concordant then there is no need for further titrations which
may help candidates when carrying out experiments.
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Question 21 (b) (i)

The colour change with starch was not known as much as was expected. Some candidates
gave the colour change with indicators such as phenolphthalein. Shades of colours were
ignored so references to 'dark’ or suchlike for the initial blue colour were not necessary.
Candidates should be well aware of the colour changes in titrations and know those
changes for all of the respective situations.

(i) State the colour change observed at the end-point with starch.
(1)

Examiner Comments

This is example of an incorrect starting colour and this
response did not score.

ResultsP

Examiner Tip

Learn all of the indicator colour changes and familiarise yourself with
them to avoid confusion.

(i) State the colour change observed at the end-point with starch.
(1

+IUS

Examiner Comments

The shading of the initial colour is ignored but the final colour is
incorrect and so this response does not score.
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Question 21 (b) (ii)

As in the previous question, it was expected that more candidates would be aware of
the substance that starch reacts with. Aside from answers containing iodine, there were
answers that incorrectly referred to sodium thiosulfate and potassium. Clearly this is an
area where centres would benefit from a review with their students.

(i) Identify the substance in the titration mixture that reacts with starch.

Tedide (ong -

ResultsPlus

Examiner Comments

This response illustrates the need to use the correct chemical term
because the correct answer is iodine (molecule) and not iodide (ions).

A

ResultsPlus

Examiner Tip

Take care to use the correct species term for the halogens,
e.g. use of iodide for iodine is not correct here.

ResultsPlus

Examiner Comments

This is an example of a response which has two answers. In this
particular case one is incorrect and one is correct. The incorrect
answer negates the correct one and so this response was given zero.

A

ResultsPlus

Examiner Tip

Never give two answers to one question because an
incorrect answer will negate a correct one.
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Question 21 (c) (i)-(iv)

Titration calculations continue to serve as effective discriminators and this question
produced a wide spread of marks. There was frequent evidence of candidates rounding up
values during the steps of calculation, but this should be done at the end of a calculation
to avoid introducing a wider degree of uncertainty. Candidates are very good at giving
values to the correct number of significant figures but the molar ratio of three moles of
iodine to one mole of iodate(V) was often missed. This resulted in a tablet value that should
have been nonsensical to candidates seeing as it was larger than the original tablet value
but this point was either overlooked or not appreciated. Credit was given in part (iv) for a
sensible comment on the suitability of the tablets which enabled many to gain at least one
mark. Very few candidates considered the possibility that the breakdown products could
themselves be toxic.

(c) The equations for the reactions involved are
[ I0;(aq) + 5I(aq) + 6H'(aq) — 3I,(aq) + 3H,0(l)
25,03 (aq) + L,(aq) = 5,07 (aq) + 2I"(aq)

() Calculate the number of moles of sodium thiosulfate that reacted.

(1)
= 1agph x0-0©
[lelel=
= Jqixio> e
(i) Calculate the number of moles of iodine that reacted with the thiosulfate. - \ 2
Moleratho 2510371(1)
191 X107* .
2
— 5 gbb X(071 maes
(iif) Calculate the mass in milligrams of potassium iodate(V) in each tablet.
Give your answer to three significant figures.
o= (-3 (3)
Halerahon Joz -
= X0~ 9 1)
Mo - of moles 303 = 2@_{__ el <
>
. ::j)
| - 7 1869 t Uex
tHolarmass ot Jeoz =
1799
a'j 000

preten— 749 X BM X/

-_—
—_—

MMass of do3

3
 eediz $1F I

==
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(iv) In a radiation emergency, the recommended adult dose is 170mg of KIO,
every 24 hours.

Using your result to (c)(iii}, suggest whether or not the old tablets of

potassium iodate(V) are suitable for use. Justify your answer.
(2)

LOpsuHak\e. . as . Yoe.. less.. K Ten,. mass.. indablet—,. canpot ...

.......... (EACH. YOOI A .l S ettt

<?/Zl?esultéi@lus

Examiner Comments

Parts (i) and (ii) are correct for both marks.
Part (iii) has an incorrect molar mass value but otherwise the method

is correct and so two marks were awarded.

In part (iv) the candidate has correctly worked out the number of tablets
that would be required to reach the recommended dose and then stated
that these tablets would supply less than they should do. Hence both
marks possible were awarded.

Examiner Tip

Transferred error is applied where possible and so a calculation should
always be continued until the end because oftentimes credit can be given
for the correct methodology following from an incorrect step.

(c) The equations for the reactions involved are
10;(aq) + 5I"(aq) + 6H*(aq) — 31,(aq) + 3H,0()
25,0i(aq) + I,(aq) = $,0; (aq) + 2I"(aq)

(i) Calculate the number of moles of sodium thiosulfate that reacted.

0.0600x (0.01985 *

(1)

| 00012100 mo
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(i) Calculate the number of moles of iodine that reacted with the thiosulfate.

0.00900 + 2 =
[0.0005a5500 mol

(1)

(iili) Calculate the mass in milligrams of potassium iodate(V) in each tablet.
Give your answer to three significant figures.
(3)

0.000505% x (9.1 + 269+ l6t16+16)=
0. 127437
0.12343%F X 1000+

| 2% 431

|r IZ:F- mg l

(iv) In a radiation emergency, the recommended adult dose is 170 mg of KIO,
every 24 hours.

Using your result to (c)(iii), suggest whether or not the old tablets of

potassium iodate(V) are suitable for use. Justify your answer. .
Tﬁeymmtaumbtcasone tablet _has ...
........ less. than. the regom. recommended dese
Lonly.. 123 mg)... 2 fablets can't. be faken .. ...
......... at the. . same. fime. as.it. would. be. . way. uer . .

I'T'Om\qﬁlmblc‘rs—*z,!ilrrrg)
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In part (i) the candidate appears to have copied down the number,
0.001191, incorrectly because the answer to part (ii) is the correct
answer in the mark scheme.

The answer in part (iii) is worthy of two marks. The multiplication

by the M_of 214 is correctly carried out and then the value has been
multiplied by 1000 to convert to milligrams. However the molar ratio
of 3:1 has been omitted and so this mark has been lost.

In parts (iii) and (iv) the candidate seems not to have noted that the
stem of the question stated that the tablet originally contained 85mg
and so the answer of 127mg cannot be correct because the content
should have decreased over time. Hence this made the answer
problematic in part (iv) with a tablet value of 127mg but a maximum
mark of one was awarded for the suitable comment.

Hence the score for this responseis0-1-2-1.

¢ ResultsPlus

Examiner Tip

It is worth double-checking the working and writing down from the calculator
to make sure that mistakes such as this are avoided.

Always make a note of the information given in the stem, especially numerical
values which are likely to be drawn upon in the subsequent questions.
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Question 21 (c) (v)

Many candidates left their answer in cubic decimetres but did not include units and so lost a
mark. Additionally, the question asked for a minimum volume that should be added, namely
a suitable volume in excess and this was a very effective discriminator for the stronger
candidates. It must be stressed that an awareness of the practical equipment that would

be used was required and so a volume of only 13cm? from a calculated volume of 12.9 cm?
would not be appropriate because a measuring cylinder would not be able to able to read to
this value. Likewise a volume of 13.5cm? would also be inappropriate.

Candidates may have benefited from reading the question more thoroughly as once the
calculation was done, many simply moved on. This prompts a reminder that in the pressure
of the exam setting, candidates should pause and make sure that all of the question has
been answered.

(v) The experiment was repeated with a different batch of tablets. The conical flask
contained 2.15 x 10~ mol of potassium iodate(V).

Calculate the minimum volume of 0.100 mol dm™ hydrochloric acid that
should be added to ensure that all of the potassium iodate(V) is converted to
iodine and hence suggest an appropriate volume to use.

mole of  Hel = R\5 X 10 A x 6 (3)
= 2oy X 10 T2 o)
D-—."':'
yoluwm @ Cmf'-n’n-muw) e -2 x|

0|

0. 0129 Am >
3

L]

|2 + A Crn

lus

Examiner Comments

This is an example of a nicely laid-out response which scored full marks.
The volume of 19cm? is a rather unusual value but was within the range
that would work and be appropriate thus credit was given.

IAL Chemistry WCHO02 01
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Question 21 (d) (i)

This was a high scoring question which allowed candidates to demonstrate their
understanding. However one relatively common mistake was to multiply the oxidation
number of the iodide ion by the number of moles but this is incorrect. The oxidation
number of the individual atom in the species is always required.

The spelling of disproportionation clearly needs to be practised and, although some leniency
was given, at times the attempt was just too poor.

(d) Potassium iodate(V) can be produced from iodine and potassium hydroxide.

(i) Give the oxidation numbers of iodine in the iodine-containing species in the

following equation. Hence classify the reaction.
(2)

6KOH + 31, — S5KI + KIO, +3H,0
Oxidation

-5
Number 0. =4 <xh.

Type of reaction....... 1. Fsp.po. poxtimnadiems, . TR sBIOM . oo

ResultsPlus
Examiner Comments

An example where the correct value of -1 has sadly been crossed
out and replaced with an incorrect one.

Examiner Tip

Remember that the number in front of the species is only used
as an aid when balancing equations but is never used to multiply
the oxidation number if the value of the element in the species is required.
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Question 21 (d) (ii)

A significant number of candidates did not understand this question because a definition of
disproportionation was given. The question clearly asks for the 'conditions' that would be
expected for this reaction. The similar reaction with chloride requires heat and concentrated
alkali but due to the more reactive nature of iodide, only heat was required. Some examples
of wrong conditions that examiners commented on were: use of an alcoholic solvent and
UV light. One response even suggested that the conditions needed were 'acid’ but this is
forgetting that alkaline conditions are necessary for this reaction.

(ii) State the conditions necessary for this reaction to occur.

(1)

\m‘“/\

Plus
Examiner Comments
An example of an incorrect attempt to define disproportionation. For the

definition there would need to be reference to the element but regardless
of this the question requires conditions and so no credit was given.

(i) State the conditions necessary for this reaction to occur.
(1)

__________________________________ The;KDHSbou\dbed:saolved\neﬂfl&hol(m%luhw
___________ swu\d\oc_c\icﬁrwhc,)

ResultsPlus
Examiner Comments

An example of incorrect conditions given. Alcoholic alkali is used with
halogenoalkanes to produce alkenes which is an entirely different topic.

IAL Chemistry WCHO02 01
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Question 22 (a)

The drawing of skeletal formulae continues to prove challenging for many candidates and
so it is always wise for centres to spend some considerable time practising drawing such.
There were the usual errors such as drawing formulae with the wrong number of carbon
atoms or drawing the wrong type of formulae. In addition there seems to be an increase in
the number of candidates writing a truncated form of the name of molecules, for example
prop-1-ol. This practice needs to be avoided because it is ambiguous since either an 'an' or
an 'en’ could be in the stem of the name. In addition propanol is not equivalent to propan-1-
ol. AlImost all of the classifications given were correct, with occasionally tertiary given instead
of secondary.

(a) There are two alcohol structural isomers with the molecular formula, C,H,0.

Give the skeletal formula of these isomers, their systematic names and the
classification of the type of alcohol in each case,

(3}

OH
/\ P"opcm— 2-of Qﬁmﬁdqhy
/\OH ProFcam-j_-O' Pr“im&’f“_\j

Examiner Comments

<%Zl?esultsfw@lus

Note the illustration in the second row of how it can be easy to get skeletal
formulae incorrect. This candidate has given the name and classification of
propan-1-ol but drawn the skeletal formula for an alcohol with only two carbons.
This response was awarded 2 marks.

A

OO ResultsP!

Examiner Tip

us

Remember that each apex is a carbon atom.
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(a) There are two alcohol structural isomers with the molecular formula, C,H,0.

Give the skeletal formula of these isomers, their systematic names and the
classification of the type of alcohol in each case.

(3)

[y ¥ l-ol | primay
-0 -C—n nopant=i-0 il
NI aleohol
H
PMPW ""2"'0’ ggcon

loohel

<?Zl?esults?ﬁlus

Examiner Comments

This is an example of the candidate either not understanding what
skeletal formulae are or not being confident in drawing such and so
doing displayed formulae instead. There was no credit given for
displayed formulae and so this response was awarded two marks.

? ResultsPlus

Examiner Tip

then give skeletal formulae.

Always answer the question set so if skeletal formulae are requested

IAL Chemistry WCHO02 01
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Question 22 (b)

The equation in part (i) was quite well known, with the balancing of the species occasionally
proving problematic for some candidates.

The description required in part (ii) was not always so well done with many statements
made about the equipment without reference to how the equipment would actually ensure
that the ethanal would be further oxidised.

Candidates may have benefited from reading the question more thoroughly as many did
not give sufficient detail. The most common omissions were oxygen lone pairs of electrons,
or if they were drawn it was not uncommon for them to be incorrectly drawn outside of
the hydrogen bond. The linear nature of the hydrogen bond and the clear drawing of such
is a useful indicator of how well a candidate is doing. This type of diagram is always worth
centres practising.

The mark in part (iv) was frequently awarded as the majority of candidates understood this
well.

() Completathe iégic haif-equzlion forth. ofthe fichromate(vlons
to -Wb ate symbols are not required.
(2)

Cor+. 18 H+ . 6067 —>2CT3++:}HAO ......

(i) Describe how the feflux apparatus ensures that any éthanal initially produce
s frther oXded to efhanolc achy
(1

)

pparatus effectiv tes(ethanal f om@w;ol bec
ce inboiling temperatures, Which is a result of the

ge differe
between the molecules in

hanol,

Ethanol, CH,CH,OH 79

Ethanal, CH,CHO 21
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. rly indicate any
“Tabel the @r@
(3}

>
) 180° (linewr shage )

H \ —
p-¢ - C=°
\ 1
W H
(iv) Explain why h@ds @t form between ethanal m@
©h'+ awn v

v BRy B cessmia o B B il
_______________ 0-4  loond I etaneld  so.watey. oS

<E£ZResults@|us

Kove 00 Wyare qew bona

Examiner Comments

The species and balancing given in part (i) are correct for two marks.

In part (ii) the response does not describe how the ethanal produced

is further oxidised but states that something happens in a piece of
laboratory equipment.

The diagram in part (iii) is not good. There is an extra oxygen atom which
is bridging the two ethanol molecules and the hydrogen atoms of the OH
groups have two covalent bonds. In addition the angle is labelling that
between two atoms and not a bond angle. No credit was given.

The answer to part (iv) is a bit messy but it does make the correct point
that ethanal does not have an OH group, only C=0, and so cannot form
hydrogen bonds. The reference to water was ignored because it does not
negate the correct observation that hydrogen bonding, with water or with
another ethanal molecule, cannot form because there is no OH group.

OO ResultsPlus

Examiner Tip

Hydrogen bonding diagrams are an important part of chemistry as
they help to illustrate many properties and so time spent practising
drawing them is well worth the investment.

IAL Chemistry WCHO02 01
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(i) Complete the ionic half-equation for the reduction of the dichromate(VI) ions
to chromium(lll) ions. State symbols are not required.

(2}
B ‘
cror+. % H*+é€—>‘9—-Cf5+—lHa.D

(i) Describe how the reflux apparatus ensures that any ethanal initially produced
is further oxidised to ethanoic acid.

i tialty i Loty Gonclent®iy)
T ethanal \Q)med wll be Uanrh/nswl ang. "E'Ttum$ me
mfﬂﬂzftmkﬁrﬁw

(i) The distillation apparatus effectively separates ethanal from ethanol because
of the large difference in boiling temperatures, which is a result of the
hydrogen bonding between the molecules in ethanol.

v et

O
Ethanol, CH,CH,OH | 79 I C e V4
Ethanal, CH,CHO 21
\f
Draw a hydrogen bond between two ethanol molecules. Clearly indicate any
relevant dipoles and lone pairs of electrons. Label the bond angle about the
hydrogen involved in the hydrogen bond and give its value.
(3)
Ho
Lo
H - C1 -0, E)
H H H H
| S+
O — C‘ -~ —MH
|
H H
Pond andle
- S 3
Hdoho‘é O > (30
bord
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ﬁ ResultsP

(iv) Explain why hydrogen bonds do not form between ethanal molecules.

(1)

us

Examiner Comments

The species and balancing of the equation in part (i) are correct for two marks.
The response in part (ii) correctly describes the condensing of the ethanal and
subsequent return to the flask for further oxidation and so is worthy of the mark.
The hydrogen bonding diagram was given two of the three marks available.
Although the dipole given on the ethanol molecule to the bottom right is between
the carbon and oxygen instead of the hydrogen and oxygen of the double bond,
there is a correct dipole on the other ethanol molecule O-H group and so in this
instance the dipole mark was awarded. However there is no lone pair of electrons
drawn on the oxygen which are involved in the hydrogen bond and so this mark
was not given. The hydrogen bond is correctly drawn linear for the O ------ H— O
shape and the bond angle of 180 degrees is also correctly indicated.

The comment in part (iv) is incorrect because the oxygen atom of a carbonyl group
has the same number of lone pairs of electrons as that of a hydroxyl group.

IAL Chemistry WCHO02 01
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Question 22 (c) (i)

The equation for the reaction of phosphorus(V) chloride with an alcohol is well-known and it
was pleasing to see so many correct responses.

(i) Write the equation for the reaction between methanol, CH,OH, and
phosphorus(V) chloride, PCl,,
(1)
— Ha &+ Plly ¥ HCL +)
CH30 Hygr Pllg, > CLLH3, g Yy %2 0:.7)

(3')

.

Resultst
Examiner Comments

An equation which correctly balances for atoms but unfortunately is incorrect.

A

ResultsP

Examiner Tip

us

Learn the correct equation
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Question 22 (c) (ii)

A similarly good performance by candidates on the experimental observation from the use

of phosphorus(V) chloride to that of the equation. This is clearly an area of chemistry which
is understood well.

(i) State the experimental observation from this reaction.
{1)

.......................................................... 3&-eambps.4hnes@§‘—|-l£'_l

ﬁ ResultsPlus

Examiner Comments

The question merely asks for the experimental observation and not for
the identity of the substance responsible. If the substance is given then
it must be correct. In this instance the comment is correct and so the
mark was awarded.

A

ResultsP

Examiner Tip

Save time by just answering the question set and do not give additional
information that may negate a correct answer.
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Question 22 (c) (iii)

The general understanding of the reducing and oxidising power of the halogens was
understood. The best candidates gave full descriptions with balanced equations to illustrate
their points. The marking point which was seen least often was the reaction of HCl with
ethanol to produce chloroethane which should have been evident from the wording of the
question.

e

*(iii) Chloroethane can be made from a mixture of ethanol, potassium chloride
and concentrated sulfuric acid. Explain why chloroethane can be made
in this way, but iodoethane cannot be made from a similar mixture using
potassium iodide instead of potassium chloride.

You may use equations to support your explanation.

® kel + H, 504 2 KHSOL‘ +HC| (3)
T

@ g1 4 POy o kWO, t M

T3 5 T
_ @ #HL {THSOy o 4In 4 Had “H.0

C\ art \.Ofec."b w:)uc.;h 31.-1-‘5‘ c.-.c,l qﬁclwou o\(ar\cwmtﬂ-}‘
veec Ko wily,  conwatated HISOq,, I ™e Q1 Fom el en

ok e a melopmle fo L Mooehert Hoevy bbbl

""" it oneatvaded W80, M5t of the jodide joas ae omiclized

(oo io(,hn?_,. Hine wo jodide (o0 \lﬁ--f t qdq} & Wc]g_or'h;h_
When M3 fomdl g [ ocidined 4o e by BusDe.

<?/\ZResultsﬁlus

Examiner Comments

T are 6‘»::{ *'&"Wl'j :«)m\s el um)lfjotﬁ omclq‘l;im Ohen ceachen

This response does not give the equation for the reaction of HCl with ethanol
to form chloroethane but does make the other three marking points available
from the mark scheme and so does score all three marks. There is an equation
to show the formation of HCl and then there is an equation to show how the
iodide ions are oxidised to iodine and that the sulfur in sulfate ions is reduced
to sulfur in hydrogen sulfide. There is a lot of good chemistry here which is
worthy of credit.
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Question 22 (d) (i)

The majority of mechanisms seen were of a high standard with great care taken to give the
details required in the question. Those candidates that were more casual in their drawing of
the mechanism tended to lose marks for omitting dipoles or lone pairs, or drawing the curly
arrow from the hydroxide ion to a bond rather than the carbon atom with the delta-positive
charge. Occasionally the charge was missing on the hydroxide. All of these observations
stress the need for candidates to double-check their work. It is worth reminding centres

and candidates that the difference between S 1 and S 2 is an A2 topic and would not be
required on an AS paper. Transition states were ignored.

(i) Draw the mechanism for this reaction with 1-bromopropane. Show the lone pair
involved in the mechanism and any relevant dipoles and curly arrows.

H H (3)

e — Heg —#
| l
l“l"'C""H| — A’_C,--‘f.'r ‘/"

' I
al-v

TR
“ '
OH™

ﬁ ResultsP

Plus

Examiner Comments

The question specifically requires three key things, namely the lone pair,
relevant dipoles and curly arrows. In this response the lone pair is absent
and so one mark is lost. It is also rather ambiguous as to whether the curly
arrow from the hydroxide is going towards the C-H bond or, as it should be,
towards the delta-positive carbon. Greater attention to details such as
these are advisable.

A

ResultsP

Examiner Tip

Double-check that all of the details required in the question are given
so that all of the marks achievable are addressed.

IAL Chemistry WCHO02 01
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() Draw the mechanism for this reaction with 1-bromopropane. Show the lone pair
involved in the mechanism and any relevant dipoles and curly arrows.

(3)
I'_“'__"""'_'
ol CHy r’ ey _H

\ R &
SRR s H.D«-\:\C/---Qpp (Ro
v \ ”5‘_\—-6'0“ + e

CH CH J '

', | 3 cH,
Yoorrn b

Ch Mo
CaM

This response is one of the examples where the mechanism has been
correctly drawn but unfortunately the wrong starting substance has
been used. In this particular example 2-bromopropane has been used
instead of 1-bromopropane. An otherwise correctly drawn mechanism
such as this was penalised by one mark so that two marks overall
were scored.

A

ResultsPlus

Examiner Tip

Make sure that the correct substance is used in the answer to ensure
that all available marks can be awarded.
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Question 22 (d) (ii)

The name of the reaction of a halogenoalkane with alcoholic alkali was answered well and

for the most part so were the displayed formulae of the product of this reaction. The main
error was giving one of the carbon atoms in the double bond too many bonds to hydrogen
atoms.

(i) The reaction of 1-bromopropane with concentrated alcoholic alkali forms a
different organic product. Name the type of reaction and give the displayed

formula of the product.
(2)

P! {
Name of reaction...... El}mlnafb]@” .................................................................................................................................................................................

Displayed formula of product
S RY

e i
tt \?J[ !

%,
Resultslus
Examiner Comments
An example of a response with a pentavalent carbon atom.

A

ResultsP

Examiner Tip

us

When drawing displayed formulae, remember the basics of the number
of bonds that each element can form.
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Question 22 (e)

The specification clearly lists the reactions of alcohols that candidates are required to know
and the prevention of the reaction with phosphorus(V) chloride made many candidates
struggle which suggests that the other reactions had not been learnt. There was a tendency
for a sizeable number of candidates to suggest use of acidified dichromate(VI) but of course
this would not work with the tertiary alcohol in the question. The reaction of alcohols with
sodium and the observation of effervescence or bubbles or fizzing was the expected answer
and centres should reinforce this reaction.

(e) How would you test for the OH group in 2-methylpropan-2-ol without using

phosphorus(V) chloride? A
Name the reagent and state the observation for a positive test. o
(2)
3 ¢ @ = O b l-w
........... Add K ly, 0y eme H S0y o orapa

............................. —

2 Opsenvokon 5= Vo colovre L‘\G‘“-\Je oCLry g_'lrowf"j

ol A oAlonoely wowe O |4 %,DJ

A somewhat unusual response because this candidate clearly appreciates

that the alcohol in the question is a tertiary alcohol and so is resistant to
oxidation. However the question specifically requires a “positive test” and

so the candidate has not answered the question set. No credit was given for this.

A
Q ResultsPlus
Examiner Tip

Candidates would benefit from reading the question more thoroughly to
ensure they are answering the question set.
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Question 23 (a) (i)

It was pleasing to see that this novel equation was exceptionally well done and showed that
candidates have been well-taught to write balanced equations drawing on the information
provided and from their subject knowledge.

(a) (i) Write the equation for the formation of boron nitride from boric acid, H,BO,,
and ammonia.

State symbols are not required.

U, B0, + NH, — BV + 3K, O

(1}

ResultsPlus
Examiner Comments

One of the many correctly drawn equations with the correct formula
for ammonia and balancing of the equation.
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Question 23 (a) (ii)

Many candidates seemed not to appreciate that the unreactive nature of the nitrogen gas in
the air around us means that it can be used to provide an atmosphere for reactions such as

this.

(ii) Suggest why this reaction is carried out in an atmosphere of nitrogen.
(1)

It would appear that this candidate has misunderstood the question and

is under the impression that the nitrogen for the boron nitride comes from
the atmosphere rather than ammonia. This is despite the previous question
requiring the equation for the reaction between only boric acid and ammonia.
It is worth reinforcing that questions in the same part (a) or (b) etc do follow
on from each other.

A

ResultsPlus

Examiner Tip

Remember to check previous questions to see if any help or direction
on the answer needed can be seen.
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Question 23 (b) (i)

Unfortunately there were many blank responses to this question regardless of the overall
ability of the candidate as seen on the rest of the script. Candidates seemed to skip the
first part of the question and went straight to answering part (ii). It would be beneficial for
candidates to ensure that all parts of a question are addressed.

(i) Inthe left hand box, the diagram shows a section of the diamond structure,
where each black circle represents a carbon atom.

In the right hand box label all the nitrogen and boron atoms in the diagram of

cubic boron nitride.
' (1)

Diamond Cubic boron nitride

ResultsPlus

Examiner Comments

An example of a suitably labelled diagram. There is no key provided for
the symbols but in this case there is no ambiguity. The circles are correctly
labelled alternately with N and B.

A

OO ResultsP

Examiner Tip

us

A key for the meaning of symbols used is always advisable.
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Question 23 (b) (ii)

The shape and bond angle were largely done correctly, but the wrong angle for the
tetrahedral shape was occasionally seen.

The electron repulsion theory is a chemical theory that is clearly well-known and was
applied very well by most candidates. There was a tendency for candidates to omit
reference to 'electron pairs' and use the term 'bond pairs' instead. It's always advisable that
this is the application of the "electron pair" repulsion theory and so reference to electrons
should be made. Candidates would have benefited from selecting from their knowledge
base what is required for a particular topic as statements such as "lone pairs repel more
than bonded pairs" were frequently seen but were not needed for this question, because by
the candidates' own admission, there were no lone pairs of electrons!

(i) State the bond angle and shape around the carbon atoms in diamond and

fully justify your answer.
(4)

Bondangle ... lUcTSb ............................... Shape keifa]f\eﬁlf“a{ ....................
Justification..... Thex€ 9.7 < | ’FDW' ____________ r(:cj:om& .............. 0(? .......... elecbors

ﬁ ResultsPlus

Examiner Comments

The bond angle and shape are both correct for two marks. This candidate has
started their justification correctly by stating that there are four regions of electron
density or four bonded pairs which is worthy of credit. However this an insufficient
justification because how does the presence of four areas of electron density result
in the shape and bond angle? Reference to the repulsion of the electron pairs is
required for the fourth mark.
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Question 23 (c) (i)

This was one of the more challenging questions on the paper and aimed at the higher-
performing candidates although it did allow opportunity for all candidates to gain some
credit and so was a very effective discriminator.

There were two aspects to the question, namely temperature and pressure. The answers
with respect to temperature were generally done the best. Many candidates appreciated
that the forward reaction was endothermic but needed to state that as a consequence of
high temperatures the equilibrium position would shift to the right. Only the more able
candidates appreciated the significance of the very low enthalpy change quoted such that
this would mean that only very high temperatures would have any significant effect on

the equilibrium. The most common error candidates made when discussing the effect of
pressure was to refer to an increase in rate and to miss that the second piece of information
provided in the question after the enthalpy change was the densities of diamond and
graphite. The effect of a high pressure would be to force the carbon atoms closer together,
i.e. to make the substance more dense and hence towards diamond formation. Only the
more astute candidates appreciated this point. The other common error was to refer to

the equilibrium moving to the side with more moles of gas but this is irrelevant with two
giant structures such as diamond and graphite. Here candidates would have benefited from
selecting from their knowledge base what is required for the particular question as opposed
to everything about the topic in general.

*(i) Suggest why a very high temperature and high pressure are needed to
convert graphite to diamond.

()
......... T Sarenn-Cafoen. . leandh. o l‘bmp“-u'm Nty ® *a"ﬁc"\-x covolend

berdin DO “ﬂu) ...... THROUAA e Yole oS SO o brale . Tuo

el 3_5 Cotas, From B Rwﬁmhd‘f_ __________ . e ';Mju
{_}ﬂ‘_}h?h-\.)»(ﬁ.. \S. Ay L OShAT Rl Ax oband Ty foceeld  taawod of
T b R, L TS NN S AR S Qe Aty

e L S—

This response has an alternative approach to the effect of temperature

and one mark was awarded for the reference to the need for a high temperature

to break the strong carbon-carbon bonds. In addition one mark was awarded

for reference to the greater density of diamond and thus the increase in yield when
high pressure is applied, inferring a shift in the equilibrium to the right. This inference
is arguable and serves to illustrate the challenging nature of judgement required when
marking questions such as these.
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Question 23 (c) (ii)

The definition of a catalyst was well-known and many candidates scored full marks.
However at times some candidates referred to the increase in energy of particles/molecules
which is not correct when considering the effect of a catalyst.

(i) The use of a catalyst in the conversion of graphite to diamond has been

reported. Describe how the addition of a catalyst can lower the temperature
required for a reaction.

(3}

This is a response which makes two clear points, namely that a catalyst will lower
the activation energy and that this will be achieved by the provision of an alternative
reaction pathway, thus scoring two marks. The third mark was for reference to the
increase in proportion of particles/molecules which will then have or exceed the
activation energy. The number of marks for this question and the number of lines

provided for the answer should have suggested that more detail was required than
was given in this response.

A

ResultsPlus

Examiner Tip

In order to maximise the score always make sure that the number of
points made equals the number of marks available for the question.
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Question 23 (d)

Approximately 70% of candidates were correctly able to identify either carbon dioxide

or carbon monoxide as one of the combustion products. A small minority of candidates
suggested substances such as hydrogen which possibly shows lack of chemical knowledge
and understanding.

Question 23 (e) (i)

This question proved to be a good discriminator among the top scoring candidates because
the only way to correctly draw the dot and cross diagram was to include a dative covalent
bond between the nitrogen and one of the boron atoms. This bond could have been either
as part of the double bond or as one of the single bonds. It was not uncommon for the
wrong number of electrons to be given either for boron or for nitrogen so that the diagram
'worked' but obviously this is not appropriate.

(e) The structure of hexagonal boron nitride corresponds to that of graphite.

(i) The simplified diagram in the left hand box shows the bonding in hexagonal
boron nitride,
In the right hand box, complete the dot and cross diagram showing only the
electrons around the nitrogen atom which is Jabelled with an asterisk (*).
Use (x) for the nitrogen electrons and () for the boron electrons.

lus

Examiner Comments

Although there are no electrons outside the overlapping areas, and
nitrogen has a total of 8 electrons, only four crosses are shown for
the nitrogen electrons but of course there should be 5.
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(e) The structure of hexagonal boron nitride corresponds to that of graphite.

(i) The simplified diagram in the left hand box shows the bonding in hexagonal
boron nitride.
In the right hand box, complete the dot and cross diagram showing only the
. electrons around the nitrogen atom which is labelled with an asterisk (*).,
Use (x) for the nitrogen electrons and (e) for the boron electrons.

(1

This response did not score because of the lone electron in the outer shell
of the central nitrogen atom which means that nitrogen has nine electrons

in its outer shell. Elements of period 2 cannot ‘expand their octet’ because
the 3d orbitals are unavailable.

Examiner Tip

Remember the possibility of dative covalent bonding when
completing dot and cross diagrams.
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Question 23 (e) (ii)

This should have been a straightforward question for most candidates and yet it provided
a wide spread of marks and the responses reflected some points which centres and
candidates need to address. Candidates should not be using the term ‘free electrons’: the
appropriate term is ‘delocalised electrons'.

At least one mark will be lost for the use of the wrong term. The understanding of the term
'delocalised' also needs to be clarified by centres because some candidates incorrectly
asserted that boron nitride was a non-conductor because its delocalised electrons were
unable to move. Candidates should have realised from earlier questions that boron nitride
does not have delocalised electrons but that the electrons are localised in bonds which
results in non-conduction. In addition some candidates did not state the actual number

of bonds that each carbon has in graphite, and simply stated that there are delocalised
electrons. This detail was required for one of the marks.

*(ii) Describe how each carbon atom is bonded in the graphite structure and
hence explain why graphite is a good conductor of electricity. Suggest why
hexagonal boron nitride is an electrical insulator.
(3)

The written English in this response is not good but can be understood.

Like many other candidates, this candidate refers to a single delocalised
electron which is a concern for the perception of the graphite structure but
was not penalised on this occasion. The number of carbon-carbon bonds for
each carbon atom is not stated and the comment about boron nitride is
insufficient. Hence this response scored one mark.
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*(li) Describe how each carbon atom is bonded in the graphite structure and
hence explain why graphite is a good conductor of electricity. Suggest why
hexagonal boron nitride is an electrical insulator.

(3)
. Each.. cockem. . otem...£loonds mith. dhree adjesent
eorken.. atmms.. Wit Mo Aaree. . Xalemoe electroms. .. The. ...
Sourth.._eleciran  ib. unbonded. .. whith...o.~fee.. o mover .
Thus. . com.comndued.  @LeerleA o e
._:i_m........hﬂ.:c.ma.nm.ﬁl _______ borewn. .. midride..  Here. are me..umbended ...
~f..electroms. .. shich.. com _mmove freely. . .8 oAb eend
c!nﬂd,mn?fele,c,h:'mhj ................................................................................................ R

ResultsPlus
Examiner Comments

An example of a response which does not use the term ‘delocalised electrons'.
The term “free to move” is not equivalent. Hence this response scored 2 marks.

OO ResultsPlus

Examiner Tip

Use appropriate terminology for A level and not that which might
be suitable for GCSE.
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Question 23 (e) (iii)

Only a small minority were unable to name the intermolecular force correctly but thereafter
only about half of the candidates were able to gain credit for an explanation for how
London forces arise. The most common omission was that the candidate did not explain
how the momentary imbalance in electron density results in a temporary dipole. The simple
reference to "instantaneous dipole-induced dipole" did not score both additional marks. At
times the abbreviation IMF was seen but this is not a universally accepted abbreviation and
so should only be used if an explanation of its meaning is given.

(iii) Graphite and the hexagonal boron nitride are both used as lubricants because
of the weak intermolecular forces between the layers of hexagonal rings.
Identify these intermolecular forces and describe how they arise.

(3)

Examiner Comments

One mark was awarded for the naming of the intermolecular force.
The statement that there is an unequal electron distribution was insufficient
to score because this is true of a permanent dipole.

(lii) Graphite and the hexagonal boron nitride are both used as lubricants because
of the weak intermolecular forces between the layers of hexagonal rings.
Identify these intermolecular forces and describe how they arise.
(3)
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W
Results+lus
Examiner Comments
An excellent answer that the candidate and their teacher can be proud of.
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Paper Summary

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

Read the question again after it has been answered to make sure that all of the points
required have been made. This includes the information in the stem which may include
relevant details that are required to answer the question effectively;

Use the correct chemical terminology such as delocalised electrons, and in the
appropriate places;

Avoid giving more than one answer to a question as an incorrect response can negate a
correct one;

Always check calculations several times because it is easy to make an error when
copying down a value from a calculator. Check that the appropriate number of
significant figures has been used for the final value, that rounding up has not been done
during a calculation but only at the end and that the final value is the one that directly
answers the question;

Likewise check the formulae written so that errors such as pentavalent carbons atoms
are avoided and that skeletal formulae have the correct number of carbon atoms;

Do not use non-standard abbreviations such as IMF without giving an explanation of
their meaning;

Make sure that all of the questions are answered, including all sub-parts;
Practise the spelling of such terms as disproportionation;

Chemistry is a practical subject and carrying out experiments will undoubtedly help you
in your understanding and grasp of this subject.
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Grade Boundaries

Grade boundaries for this, and all other papers, can be found on the website on this
link:

http://www.edexcel.com/iwantto/Pages/grade-boundaries.aspx
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