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Introduction

It was pleasing to see some very good scripts from some well prepared candidates on this unit. In
contrast there were many candidates who, while displaying good calculation and application skills in
the last two questions, were lacking in knowledge of halogen and organic chemistry in questions 13
and 14. Careful study and learning of the chemical reactions is essential to success in this unit.

The multiple choice section seemed to give few problems to most candidates, except for the
questions applying knowledge of intermolecular forces 6(a) and (b).
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Question 13 (a) (i)

Many candidates seemed unfamiliar with separating flasks. The most commonly drawn container was
a sealed test tube, which only lost the first mark. Ideally the separating flask should be drawn with a
stopper. A tap is essential.

The less dense layer is the upper layer, and this is, of course, where the iodine is dissolved, though a
number of candidates labelled the aqueous layer as containing the iodine.

Diagram
N
) cos°
'
Put Q¢
Colour of hydrocarbon layer PUJ.( p\ﬂ’. !

[

Examiner Comments

The drawn funnel has no tap.
The funnel has no stopper, but would not have been penalised.

vy

Examiner Tip

Always check that apparatus drawings would work.
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Question 13(a) (ii)

This question was an exercise in balancing redox equations. Many candidates had seen the reaction,
which is in the specification (2.7 2 b i), though those who had not could still gain full credit if Fe3*was
reduced to Fe. Nearly all knew iodine was formed.

The common error was failure to balance for charge.

Write the ionic equation for this reaction. State symbols are not required.
(1)

QI+ &7 — T+ T

[ Plus

Examiner Comments

The candidate has the correct formulae, and has balanced for each
element, but they have not balanced for charge.

Examiner Tip

Always check ionic equations by adding up the total
charges on each side. As it is written this equation
has a total of one positive charge on the left and
two on the right.
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Question 13(b) (i)

Good candidates realised that sulfuric acid oxidizes iodide to iodine, while phosphoric acid does not,
or does so to a lesser extent.

A significant proportion of sulfuric acid candidates confused ioidide and iodine, suggesting sulfuric acid
oxidizes iodine. Some even thought reduces iodide.

(1) Suggest why phosphoric(V) acid is used in this preparation rather than
concentrated sulfuric acid,
(1)

mew% T
k) »@mymmww’m

[

Examiner Comments

This would have beeen an excellent answer. It is fine to refer to iodide
reducing sulfuric acid. The candidate even knows the products of
reduction. All this is spoiled by the iodine doing the reducing.

Examiner Tip

Be very careful in using chemical terms, like
iodide, the negative ion and iodine, the molecule.
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Question 13(b) (ii)

Less than 10% of candidates answered this correctly, in spite of the rather generous marking, which
allowed 'the hydrogen iodide dissolving'.

It was clear few candidates remembered doing this experiment, though ‘describe and carry out the
reactions of...hydrogen halides with water" is clearly in the specification (2.7 2 c iii).

(ii) Describe what you would see if a test tube of hydrogen iodide gas was inverted
in a beaker of water.
(0

Tle..  kesk L'“. e Ly H’l A !’l .‘.’.’I{fg‘_ weles .

[

Plus

Examiner Comments

The fully correct answer.

Examiner Tip

If you miss an experiment, try and catch up with the
lesson, or to see a video clip showing what happens.
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Question 13(b) (iii)

Many candidates could not begin the equation because they are unfamiliar with the formula of
ammonia and/or ammonium iodide, though ammonia and ammonium ions feature in the section on

shapes of molecules.

The correct equation with states is given in all three text books recommended for the specification.

T et W, = N, T

oy

Examiner Comments

The formulae in the equation are correct but the states, which are
difficult to read, are all gaseous.

Examiner Tip

Think of what you saw when you did this. Clouds of
white smoke and remember smoke is tiny particles
of solid in this reaction.
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Question 13(c) (i)

This was one of the hardest questions. Though clearly in the specification, candidates only meet
it once, and only the most able knew the products. It is a very important method of preparing

iodoalkanes.

(i) Complete the following equation for the formation of 1-iodobutane.

Ph+. . D CHOH- 3C, H,T + B R «

4

Plus

Examiner Comments

The candidate has done most of the work, recognising that three moles
of iodine atoms are involved, and three moles of hydrogen atoms
displaced, but they have forgotten the three moles of oxygen atoms.

vy

Check equations for balancing of each element.

Examiner Tip

(n
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Question 13(c) (ii)

There were some good responses to this recognising that both London and permanent dipole-
permanent dipole forces are present.

(ii) Identify the intermolecular forces present between molecules of 1-iodobutane.
(1)

Condon. Xoras
Revionent dicle, - Noe. Wk

’ Plus

Examiner Comments

A typical correct answer

A few very good candidates also recognised that the C-I bond is only very slightly polarised.
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Question 13(c) (iii)

Most candidates knew that a yellow precipitate forms when an iodoalkane reacts with hot silver

(iii) 1-iodobutane reacts with hot aqueous silver nitrate solution. Describe what you
would see when this reaction takes place.

l“,.,)lm}' 17’4?”‘_5.,\] . (1)
p b g frmod

[

us

Examiner Comments

The candidate has muddled the colours of silver bromide and silver iodide.
ni,

It is useful to learn the sequence coming down Group 7 of the Periodic Table.
Siver halide precipitates are coloured as follows:
chloride is white; bromide is pale yellow; iodide is yellow.

Examiner Tip
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Question 13(c) (iv)

Only half the candidates answered this correctly.

Though amines are only met once in AS, they are very important in A2, so candidate must spend time
to carefully study names and formula of the simpler compounds.

It is helpful for candidates to remember the similarities between reactions of halogenoalkanes with
(iv) Give the structural formula for the organic product of the reaction between
[-iodobutane and ammonia.
(1)

s . ) o
CHy Clt, CHy NH. [ //“fi = -

=~

A - 0 L
s XSt
. 4 / / 1+

H o H 7“H A /

(Total for Question 13 = 12 marks)

Examiner Comments

There are a number of instructive errors in this answer.

The candidate begins by drawing a displayed formula - for many,

part of the thinking process. At this stage there is just one error, the
protonated form of the amine was allowed, providing the charge was
shown but the iodide ion, I, was needed as well. Unfortunately, even
the charge was lost in the final structural formula, when the candidate
decided to reduce the length of the carbon chain as well.

Examiner Tip

Check the detail of formulae of products of organic reactions.
Learn ‘to count’ in organic chemistry:
meth, eth, prop, but etc.
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Question 14(a) (i)

About three quarters of candidates got this right. The commonest error was to omit the non-bonding

14 This question is about methanol, CH,;OH, and ethanol, CH;CH,OH,

(a) (i) Draw a dot and cross diagrapa-fgr methanol, showing outer electrons only.

Examiner Ti
P lectrons. Though this was not penalised on this

It is a good idea to first write the outer electron bnalised in future.
arrangements for all the atoms involved, here C, O,
and H, with four, six and one electron respectively.
Then it is less likely that the non- bonding
electrons will be forgotten.
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Question 14(a) (ii)

The first problem here was remembering the values for the bond angles. Many were successful in this.
The justifications proved more demanding.

For the HCH angle, many described the shape correctly, but failed to explain why the tetrahedral
shape was adopted. The key point is that bonding pairs of electrons repel each other and try to get as
far apart as possible to adopt the position of minimum repulsion.

For the COH angle, the key point is that non-bonding pairs of electrons repel more than the bonding
pairs.

(i) Give the approximate values for the HCH and COH bond angles in methanol.
Justify your answers.
(4)
A e~©
HCH angle | U\ D
_l-" A ~ i v f"l ' i. | .
Tetohadrod mp& (wbon s U femdap

poes Gﬁ ALUTONS.,... D N0 A paurs LI ( m\m

Justification

COH angle [0 Y
M ' A

Justification 1{'& ((.\*[ L t)L”i {}L( n}(lrl.ur I\ \ f!.ﬁ.' WI;T
ot \um,q J\u A5 0N Aue done_ ] 8IS | { olochyons.

g

us

Examiner Comments

Both bond angles are correct.
The first justification is all true, but misses the key point.
The same is true of the second.

Examiner Tip

When a justification is asked for, always give all the relevant information.
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Question 14(a) (iii)

Very weak candidates attempted hydrogen bonds involving one or more methyl hydrogens or formed
them between two OH hydrogens. Nearly half the candidates used a correct hydrogen atom with
oxygen, and clearly identified the hydrogen bond.

Though the angle of 180° was often given, the problem was where to put it, and to ensure that the
0O-H...O were in a straight line.

(iii) Using displayed formulae, draw a diagram to show a hydrogen bond betweés/ " —“
two methanol molecules. On your diagram, show the bond angle around the
hydrogen atom of the hydrogen bond and give its value.

u (2)

b sO - CH

“

n

Examiner Comments

The displayed formulae are fine, the correct atoms are involved and the
hydrogen bond is clear - the label is a good idea.

The bond angle is known but it is in the wrong place - straight lines, like
bonds are at 180 °- the angle must be around the central hydrogen.

Examiner Tip

Hydrogen bonds are to a hydrogen directly attached to, and
formed from, a fluorine, nitrogen or oxygen.
Bond angles are always around a particular atom in a molecule.
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Question 14(b) (i)

Many candidates confused the reaction of an alcohol with sodium with the corresponding reaction
of water. The examiners were generous this time and did not deduct marks, but they may not be so
generous in future.

Similarly a white precipitate, for a white solid, forming was allowed, though this is not really correct.

(b) Methanol reacts with sodium.

(i) State what you would observe in this reaction.

(2)
B owgent  reacxusty ke Py anel..... e Pewy

& :,YW'«“--{- 2 Yoo

s

Examiner Comments

The mark was awarded for fizzing, even though the reaction is not violent.

Examiner Tip

In revision, try to recall what was seen when
experiments were carried out.
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Question 14(b) (ii)

The problem for many here was the formula of the organic product. It is like the reaction of sodium
with water, in that an O-H bond is broken. The convention in organic chemistry is to give the organic
part of the formula first.

Some candidates, on finding that the equation did not balance when hydrogen, H,, formed, attempted
to change the organic formula.

(1i) Write the equation for this reaction. State symbols are not required,

CHgor & Mo —3 URGONeT & KW,

’ Plus

Examiner Comments

All formulae are correct, but no attempt has been made to balance for hydrogen.

Examiner Tip

Always check that equations balance for elements,
if they do not it is often simplest, as it is here to
use a half instead of doubling everything else.
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Question 14(c) (i)

Many candidates were aware of the chemicals needed and gave either their correct names or
formulae.

Some lost marks by giving both names and formulae and getting one wrong.

(c) Ethanol can be used to make ethanal.

(i) Identify, by name or formula, the two chemicals you would use to make ethanal
from ethanol in the laboratory.

Wl ddondle () acsdfisd H A P

’ Plus

Examiner Comments

The fully correct answer, with the oxidation number of chromium specified,
and the appropriate acid strength for favouring aldehyde formation.

Examiner Tip

Learn names and formulae of chemicals used in
organic reactions and the conditions for reactions.
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Question 14(c) (ii)

Weak candidates drew a reflux set up, confusing this with carboxylic acid preparation. It was common
to omit a source of heat (a labelled arrow was sufficient) or to leave the still head open at the top,
allowing the vapours to escape rather than pass through to the collecting vessel.

Some sealed the collection, so the apparatus would explode, while others did not place the collecting
vessel under the delivery tube.

(ii) Draw a diagram of the apparatus you would use to prepare ethanal from ethanol
in the laboratory and collect the product.

“Hoat and dithll 4}

Examiner Comments

An example of sealed apparatus, that would explode.
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(ii) Draw a diagram of the apparatus you would use to prepare ethanal from ethanol
in the laboratory and collect the product.
(2)

naat £ oo\

Plus

Examiner Comments

The still head is open, so the vapours would escape.

r

Always check a diagram to see if the set up would work.

Examiner Tip
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Question 14(c) (iii)

It was best to begin by answering the question, with a clear statement that ethanal has the higher
boiling temperature. Good candidates went on to recognise that this was due to additional permanent
dipole-permanent dipole forces in ethanal, and both had London (or dispersion) forces.

(iii) Both ethanal and propane have a molar mass of 44 g mol™', but their boiling
temperatures are different.
Suggest which substance has the higher boiling temperature. Justify your

answer by comparing the intermolecular forees in each compound.
(2)

EHaml... hasc...a hzgwf ) .b&.{lhr-ﬂ _fm Lot

Ae. 1t AN \n rm.. hgﬂ}g.‘h 0.4.84) ._L”om.’:\ haore. as [ o) P.-_\_m..
J . | L

£an o | j Y}.J Lm 1”_—.- 1A ’L'f{.ﬂl.'. Qs f-" | {m A !l'i ole '{_'--'VL_ [
i J »

L

(Total for Question 14 = 16 marks)

Examiner Comments
THis here is the most common error for this question. Ethanal is correctly identified as having
the highest boiling temperature, and the intermolecular force in propane is given correctly.
Ethanol cannot form hydrogen bonds to itself.

Examiner Tip

Hydrogen bonds can only form when a hydrogen atom
is directly attached to fluorine, oxygen or nitrogen.




GCE Chemistry 6CHO02 01

Question 15(a) (i)

Use of a pestle and mortar was not remembered very well.

(a) (i) What should be used to crush the tablet?

(i1 Nama a anitahla indicatar far the titration State the calonr chanee van wonld

g

Examiner Tip

It is a good idea to note names and spelling of
apparatus especially when used for the first time.
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Question 15(a) (ii)

Only weak candidates used inappropriate chemicals like litmus and universal indicator which do not
give sharp end points.

Most used methyl orange or phenolphthalein. Some spellings were very poor. Candidates should be
encouraged to learn correct spellings of important chemical names.

The acid colour of the indicator needed to be given first, as acid is in the titration flask.

(i) Name a suitable indicator for the titration. State the colour change you would
expect to see.

Indicator P]'?Cn OP L\QL'.J\J-

Colour change from PV\ k to . colovrleas

’ Plus

Examiner Comments

The spelling of phenolphthalein is just about recognisable. The
candidate has failed to understand that the acid is in the titration flask.

Examiner Tip

When asked for an indicator, check the solutions in
the flask and in the burette.
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Question 15(b) (i)-(viii)

The structured titration calculation on a less familiar '‘back titration’ did not trouble good candidates
with most achieving full marks.

Those who kept going, despite errors could still gain most of the marks.

(b) (i) Select appropriate readings and calculate the mean titre,
(1)

j\_f{-o + (1.20
2

— \l %O Qpn%

(ii) Calculate the number of moles of sodium hydroxide used.
(1)

Mmeled = Jol x cone

(OO

= 0.00% 39 meles
(iii) Use your answer to (ii) to write down the number of moles of hydrochloric acid
left in 10.0 em? of the solution used in the titration.
(1)

=My | =0.008
GO0
0.00§ - 0.007T34

- 0, OOl

(iv) Calculate the number of moles of hydrochloric acid left in 100 ¢cm® of solution.
(1)

O.001\ # X O =0.O\\
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(v) 50.0 cm’ of 1.00 mol dm™? hydrochloric acid contains 0,0500 mol of
hydrochloric acid,

Use this and your answer to (iv) to calculate the number of moles of
hydrochloric acid that reacted with the indigestion tablet.

0O0OSx2Z= Q| (1)

o.l — 0.0l =0 O%4

(vi) The equation for the reaction between hydrochloric acid and calcium carbonate
is:

CaCOx(s) + 2HCl(aq) — CaCly(aq) + CO4(g) + H,0(l)

Use this, and your answer to (v), to calculate the number of moles of calcium

carbonate in one tablet. e e

QOB _ ~ 0o4as

—2
e

(1)

(vii) Calculate the mass of calcium carbonate in one tablet.

[Assume that the molar mass of CaCOs is 100 g mol™!)

MASS = Makens X M M

- 0.044&S X OO
= A'Q&gc:)

us

Examiner Comments

This a typical moderate answer. The mean titre and the amount of sodium hydroxide are
correctly calculated.

The first error comes in (iii), but this is correctly transferred to (iv).

Though the value in (iv) is used in (v) the value of 0.05 mol of HCl is strangely doubled.
However, the candidate perseveres, and correctly transfers the error to (v) and (vi).

Examiner Tip

In a calculation like this check each step, to try to avoid errors.
If you think you have made a mistake and can’t see it, carry on.
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Question 16(a)

Many candidates were comfortable in applying rules for assigning oxidation numbers, but some did not
know the rules sufficiently, and thought oxygen changed oxidation number.

(a) For each of the first three reactions, state the initial and final oxidation numbers of

any elements that change their oxidation numbers. Hence decide which are redox
reactions.

Reaction 1 .[nufral . axcdabion. swmbers. of. Q. = =1
ol oxickadron. nucmbes of. 0.7 "2 .
i Oscdlakhon .. —> REDOY
Reaction 2 .. /nabrod. oxidabion nuwmbes. of (.=.4.1.
inal. exidedhon.. aumber. of-C.rt o

I Ra.&&‘fﬂ.o.a’l _—-—-—)|€9 box.

Reaction3 ... AJ o _CANLye. T om'nfmjf.'a .0 beds

[

Examiner Comments

A number of common errors are shown here.

Oxygen only changes in oxidation number if the element itself,
peroxides, or oxyfluorides are invoved in a reaction.

Only one oxidation number change is given for each reaction.

The statement for reaction 3 should have continued with ‘this is not
redox reaction’.

Examiner Tip

In redox reactions something is oxidised and
something else must be reduced.
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Question 16(b)

In part (i), many good candidates scored full marks, giving the effect of each condition on both yield
and rate with appropriate explanations.

Common omissions were some of the reasons, and occasionally, the effect of conditions on rate.
Weaker candidates wrote contradictions late in their answer.

In part (ii) it was important to focus on the percentage conversion of methane. The ready availability
of water was more often recognised.
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*(b) (i) Discuss, with reasons, the conditions of temperature and pressure that would
favour the production of hydrogen in reaction 1, You should consider the effect
of the conditions on both yield and rate,

ﬁ cwff presswe. wauld norease i
ot H, as Hre equilibnium
dy SuFt b e, rght hand side.

Roweve, G deceate in
mxd Aocs: C’% the @ke amm

So e clakively. lav etessWe is He,
bk sl Wwgh enaugh fo- an caqisz\c,_.____
(QXC. ofF (eochan. Pn indreaseé 0.
kevpookwe wond also fawour bgdr __.60
praduakan. a8 the ceachan i€ &
so.equilibnm Lould shat o e ngM
\ﬂmd side. ’WW e NTense. N tﬁr\?f:aaah/é
oA elso. (naeose the oke of (eathin
So averad) e high kbem pﬂahfe el

dalidy la, g@%%m%@ fhe produghir

All the conditions are correctly given, but only one reason is given - for

the increased yield at higher temperature.
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(ii) Excess steam is used in reaction 1. State why an excess of a reagent is used
and suggest why steam, rather than methane, is chosen.

S 45 a.MM Qi CEsie— 7o, prenke
b, Thoe pradte W/em,mmaz /deexmsx-
18t wrded . . betor Lo dinsh fle. chapae
/W%W & s SR FEr RE  am  CXCERS O
/%ﬁwé el rosalt. MWWM
pasel  cotecdl ol e a S4Z ézw

(2)

Plus

Examiner Comments

The candidate has given the reason why steam is used, but failed to
answer the first question.

Examiner Tip

After writing the answer check to ensure that all
parts of the question have been answered.
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Question 16(c)

This question was well answered with about three quarters of candidates gaining both marks. Some
only mentioned alternative route, while others only mentioned lowering activation energy.

(c) Copper is a catalyst in reaction 2. Explain how a catalyst increases the rate of a
reaction,
(2)

BU fmu{dlnﬁ a._ e ﬁ' Jrei‘ He ceackor o take.
Qom. on i, #e  aafalyst lowers e

oal—iuaf{mu ngk&af o reuch Ws me:-ns

molecoles . owe QMUBL. emxaj .. fo. .raad-, _aqd
0k 0& A 7= 1<) < (Y T _{nc@mde

[

Examiner Comments

This is a good answer but it only refers to lowering activation energy, there
is no specific mention of providing an alternative route for the reaction.
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Question 16(d)

Most good candidates correctly recognised the regeneration of potassium carbonate as the economic
advantage in part (i).

Nearly all realised carbon dioxide in global warming but there was a serious lack of understanding of
the greenhouse effect, often confusing it with ozone layer depletion.

In environmental effects, it was important to focus on the effect of rising temperature, like melting
polar ice caps, and the resulting rising sea levels.
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(d) (i) State one economic advantage of reaction 4.

(1)
e ... pdHuSsl L 00 16 R.geENeaknd. . s ICK. .

o RS AN cobt. (e08. mmuay%v Weli-Teiila-]

v INLAS . JREATABE NN COAND LR

*(ii) Reaction 4 contributes to global warming. Identify the substance formed in this
reaction which is likely to be responsible and explain the processes that lead to
an increase in global temperatures.

Suggest two effects an increase in global temperatures might have on the

environment.
4)

e KRN O GRENINOIIO GO | was mACh.. PRSI ...
e IS OADAOS ORI AR oS RS ﬁ.rx@m&:ﬂ....r@dic&.ﬂcm
e (A CORAAALD | o, AR OIRNN.. Of. Tne, | B ang, ..[CL.%(.CF’. .
whaeeh i duon. . BddesadS. . naong J...VCL/HLS. o fXCALY......
Tl &N, 1 LN TAG... S AN . St
COAAME. CRRINCDL.0p ANED... IF COUUNRRA. TN PCAC ...

..... L2 CecRs. . 1. naa it Mrﬂa e 1Se LN
S 7-7- W X L

Plus

Examiner Comments

Part (i) is fine.

CQ, is correct in (ii) but there is confusion in its role. It does absorb
infrared, but this does not affect the ozone layer so the second mark is lost.
Though two correct effects of global warming are given, one wrong effect
is also given -there is no evidence that global warming causes skin cancer.

J

D ENE )

Do not muddle the two environmental issues;
global warming and ozone layer depletion.
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Advice to candidates

1 Learn the work on intermolecular forces thoroughly, and practice applying it each time you meet a
new functional group in organic chemistry.

2 Learn the work on Groups 2 and 7.

3 Learn the organic chemistry, including reagents and conditions, names and formulae of reactants
and products for each reaction.

4 Include experimental details in revision.
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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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