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Introduction

This paper tested the full range of Unit 1 material and provided good opportunities for
candidates to show their knowledge and understanding of the Chemistry covered by the
Specification. Section A proved accessible to almost all candidates and the mean score for
the section was 12.8/20. In Section B, for the most part, candidates' work was clearly set
out and they made sensible use of the space provided although, in some cases, there was
wasteful repetition both of the statements in the question and of the candidate's responses.

Candidates showed a good understanding of the core concepts underlying chemical
calculations but the correct use of significant figures still eludes some. While many
candidates used scientific vocabulary with skill and accuracy, there remain a significant
number whose use of basic chemical terms appeared to lack an appreciation of their
precise meaning; for example terms such as atom, ion and molecule can be taken by some
candidates as interchangeable.

The Organic Chemistry question was overall the best answered with candidates
demonstrating that the basic ideas were well known and understood. In contrast, the Hess's
Law question illustrated some key failings. All too frequently candidates did not appear to
have read the parts of this question with the requisite care and offered answers to questions
quite different from those on the paper. Far too many candidates showed little awareness

of the simple practical techniques involved in the determination of an enthalpy change in a
school laboratory.
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Question 16 (a)

Most candidates scored well on this definition, the most common errors were the omission
of the mole quantity, despite the units being given in the question, and the failure to
appreciate that the species being ionized is always a gaseous atom. Standard conditions
were often quoted; this is incorrect but was not penalised.

(a) Define the term first ionization energy.
(3)

) e QNN Fenfed o (RN Aode.
% Aot o A wge G an demens . WAY. Sendorh .
ndhonn @ 98¢ aneh A QWL plemdea e temee.
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PA ResultsPlus

Examiner Comments

This candidate refers to the ionization of the
element rather than gaseous atoms of the element.
Note also the reference to standard conditions.

(a) Define the term first ionization energy.
(3)

The ener
Aremn eadn. Qs . ONe.. MO G QoseOUts. & thm
do form. 4 omaks. 6 asecus 4+ tonS:

Y/l Examiner Comments

A textbook answer! The removal of electrons and the
formation of unipositive ions are equivalent statements.

I requied o yermnove ong. Mo\ Of  elechns
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(a) Define the term first ionization energy.
(3)

energy) weeched 1o vevusve leloo hm
) aAaan N

YIM LOCIA e 9*% O 9ONRASM. @tk:em
ko Qv’bzh,t@, X Lo in 3&%@&&/} s todto

Plus

Examiner Comments

This candidate has omitted to mention that
ionization energy is a molar quantity.

us

@ ResultsP

Examiner Tip

Consider the units of a quantity
that you are defining. Ionization
energy is measured in kJmol-t.

600 )4t 85 SR
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Question 16 (b)

There were many excellent answers to this question, covering the key points with admirable
clarity and conciseness; however, there were also common confusions. Some candidates
used the terms orbital, subshell and quantum (or energy) shell as interchangeable and
there were references to ions, rather than atoms, both directly and by implication from
mention of charge density. The ill-defined term 'energy level' was also quite common; s

and p orbitals are in the same quantum shell but (except for hydrogen atoms) at different
energy levels.

(b) Explain why, in moving from Na to Ar, the general trend is for the first ionization
energy to increase.
(3)

The... 3ﬂmm\ beend . % fer. the. Brst. Sentcaken . Ewer qy- Ao
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. e [] o o
Over.conne \'\rL\\_;. Arcocmon . U'\".\C!( Y s ﬁ“.sﬁ- .o\anuo&u:m Emkp\\% none

ﬁ ResultsPlus

Examiner Comments

This candidate establishes a key marking point (the increased number of
protons) but fails to explain why the 'effective nuclear charge' increases across
the period. Note also the repetition of the question and of parts of the answer.

us

(VQ ResultsP

Examiner Tip

The question should not be repeated and the use of
bullet points can clarify your thinking and ensure that
you are making distinct marking points in your answer.
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(b) Explain why, in moving from Na to Ar, the general trend is for the first ionization

energy to increase,
3

Moy occsens, Qe:\‘-‘% Nt v o ..FSU@\F.K ot e e acea
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ResultsPlus

Examiner Comments

This is a good answer but note
that the candidate has approached
the question in two parts.

Try to think carefully through your whole
answer; this can save time as well as
improving the structure of your answer.
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Question 16 (c)

The approach to this question which involved considering the effect of electron pairing on
the ionization energy was the more popular and more likely to yield both marks. Those
candidates whose answer was framed in terms of the stability of the half-filled 3p subshell
rarely appreciated that this electronic structure was present in unipositive sulfur ion. Once
again some used the terms orbital, subshell and shell indiscriminately.

(€) EXplain wny the TIrst 1onizaton energy aecreases II'OIT]GP IC{&).
(2)

TR AUst BVASOTIAIND. @NLG . ARLIeORRA. f P o S . eesaunae

N e st shella. . 8.0 woo.tne 3? aa . (et sk she M ol
fov. S k.. 3pt ol aat. sk shell .. Cauoing. aepulsion..
betmern. e 4 edechorg in. tre. 3p sub sheld .

+IuS

Examiner Comments

The basic idea is correct here but the answer is not specific

enough: the candidate needs to refer to the pairing of electrons (in
the 3p, orbital) and the fact that repulsion between these electrons
leads to the ionization energy being lower than might be expected.

Examiner Tip

Generalised statements are less likely to score than
answers that are very specific to the question.
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¢ (c¢) Expldin why the first 1onization energy decreases from P to 5.

— -m. I-(I-‘l-lll-l'_- -
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PA Resultslus

Examiner Comments
This candidate uses the terms 'shell' and
'orbital' as interchangeable. The meaning of the
last part of the answer is far from clear.

OO ResultsPlus

Examiner Tip

Do read through your answers and ensure
that you have written exactly what you
intended to convey to the examiner.

(c) Explain why the nhirst 10mzation energy decreases from P to S.
(2)

S hos. jdt Q. edectrons in. fhe. . 3.px. shell ... Here are more. rﬂfu!(lan
betueen the alectione in. that dhotl . .m.f.c...mm.:....ffk@i. less. em@j....ls. B
mqui»-ed Ao remoye..an. Qlachmﬁom thect. shall. P s stahle having.one

- ectron in each pu " Py.-and pat s momenusa m?urmd.fb..mom._m elodon.

<$ ResultsPlus

Examiner Comments
nh many ways a most impressive answer
although the effect is diminished by the use of
'shell' rather than 'orbital'.
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Question 16 (d)

The majority of candidates realised that the ionization energy of potassium had to be lower
than that of sodium and their estimate was usually above the rather generous lower limit
given in the mark scheme. A significant minority made a linear extrapolation of the graph
giving a highly improbable answer.

Question 17

Most candidates found the calculations in this question straightforward and a higher
proportion were able to round their final answer in 17(e) correctly than has been the case
with similar questions in earlier papers in this series. However, a significant number of
candidates still expressed their answers to the first three parts of the question incorrectly
with excessive and incorrect rounding being the common errors. While the stoichiometric
ratio question seemed well understood by most candidates, the mark was often lost by
either failing to make the necessary link between the calculation and the equation or looking
at only two figures, usually the magnesium and the acid.

(a) Calculate the amount (in moles) of magnesium used.

o4 .
S Q. 016kl modes

(n

(b) Calculate the amount (in moles) of hydrochloric acid used.
1.5 x 221
1000

(1

= 0 03233

(c) Calculate the amount (in moles) of hydrogen produced.

Molar volume of any gas at room temperature and pressure = 24 000 cm® mol™
YE p p

Z—LQL: =2 0 0lw? modw

(1)

(d) Show that the calculated amounts of magnesium, hydrochloric acid and hydrogen are
consistent with the following equation for the reaction

Mg + 2HCI — MgCl, + H

Ma@mda-m b HUL rebion % ) 'L

(1)

MO"{M‘-’k Ha-.'. 0.0533

wn b He raliom ||
M ea:}unm-: ojao:se? McAeo rﬁ /Vlsz 0. 016l
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(e) Calculate the maximum mass of magnesium chloride that would be formed in this
reaction. Give your answer to three significant figures.

Mrc”d M&O{.t= C[S.?)f)

0. Olo4b > q52)3 ]573

?A ResultsPlus

Examiner Comments

An excellent answer although the candidate has chosen to
use the A_of magnesium given in the Periodic Table rather
than the approximate value stated in the question.

(3)
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(a) Calculate the amount (in moles) of magnesium used.
(1)

j'-“-= 0.016F maolar «f M3

! vole af Mg — 343
x proles of Mlj —¥ 'D.ACDj

(b) Calculate the amount (in moles) of hydrochloric acid used.

‘ 1
LS wowes o wel —? oo e ? m ¢ Nd.d Kl 5 . 0.0333% ()
. violas ‘“‘— HCy — o T e PR feme | meles ti_ HC-!

{(c) Calculate the amount (in moles) of hydrogen produced.

[Molar volume of any gas at room temperature and pressure = 24 000 cm® mol™']
(nH

jdx=— 0.016F malas GF Ha

\ v ole bF Hz_ — 2 A OOy r_rﬂ‘
Zevyvoled o Hy; — AN

(d) Show that the calculated amounts of magnesium, hydrochloric acid and hydrogen are
consistent with the following equation for the reaction

Mg + 2HCI — Mg‘Clz + H;
(1)
| ol of /\,1,3 Fane Fv»ad.-.l.!:.-:::} \ vreole of W, .,
Q.c_u:md%r%h e egualtion .

rafo n{ N"'ﬁ 3 H‘L
00l% : O O\
\ |

~————-———-——‘
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(e) Calculate the maximum mass of magnesium chloride that would be formed in this
reaction. Give your answer to three significant figures.

(3
| wrole of Ma 3|v~¢_; 1 male el Maut’ occarding 4o
e equation
RFM o4 Mgu?.
a4+ (ax35.5) | mMele of Mg gives 959 o mMgcs. x = 15565
. ol A {
450 0-016F moales of Mg gle > - 159902 f)

rahio M_B.' MeCly
[T |
0. Olp* | 0.0

Arswer = fS?j (3:5!:'_)

PA ResultsPlus

Examiner Comments

This candidate clearly understands how to do

this question but in 17(d) fails to complete the
answer, only considering the stoichiometric ratio
of magnesium to hydrogen. Note also the use of a
rounded value of the number of moles in 17(e).

OO ResultsP!

Examiner Tip

us

It is good practice to retain in your calculator
unrounded values obtained in intermediate

steps of a calculation and to use these rather
than the rounded values that you write down.
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Question 18 (a)

There were many excellent answers to this straightforward application of Hess's Law but
there were a significant number of candidates who were unable to use the data provided
to construct the appropriate cycle. The most common error was to insert incorrect species,
usually the elements, in the box but both the direction and the labelling of the arrows

also caused immense difficulty. Many candidates were unable to use the cycle they had
constructed to calculate the required enthalpy of reaction.

(a) (i) Fill in the box and add labelled arrows to complete the Hess cycle to enable you
to calculate AH eyction:
(3)

l\ wction

CuS04.5H; ()(s} ————» CuSO,(s) + SH,O(1)

Sy

(ii) Calculate a value for the enthalpy change AH ¢,cqion.

AHA AR ceatven ™= AHL
A A reo chon = M‘—”AH% )
S LG _\) - 1 £\ ]

\Z Examiner Comments

It's easy when you know how! The correct
answer given with clear simplicity.
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(a) (i) Fill in the box and add labelled arrows to complete the Hess cycle to enable you
to calculate AH caction

{3

H, reaction

CuS0,4.5H,0(8) ———— (".u‘?().,(&;] + SH,O(1)

+E.6 (
U5

(.,u 5“ % ("q-'\r

(ii) Calculate a value for the enthalpy change AH c,ction-

-

15 4 GUel) A6l

\/Z Examiner Comments

Note the reversed right hand arrow with the
reversed sign on the AH value which the
candidate uses to complete the calculation
below. Again an excellent answer.
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a) (i) Fill in the box and add labelled arrows to complete the Hess cycle to enable you
to calculate AH .ciion:
(3)

reaction

CuS04.5H,0(s) —> CuSOy(s) + 5[{,0(1)

\ /»acfki !

Cot S g, 54,

(11) Calculate a value for the enthalpy change AH euetion-

s o+ (F66 1) = ng'éf‘j_nﬂi:

N
| )
’ Results#lus

Examiner Comments

This example shows some typical errors. The
constituent elements have been put in the box
rather than CuSO,(aq) and the direction of the right-
hand arrow has been reversed without changing the
sign of the AH value. However, ignoring the contents
of the box, the data in the cycle has been used
correctly in (a)(ii) so consequential marking has
been applied to the calculation.
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Question 18 (b-c) (i)

Many of the attempts to 18(b) were stock answers to a different question about sources of
error in experimental work or else plainly incorrect assertions, the most common of which
was that it is impossible to measure the temperature of a solid. Relatively few candidates
appeared prepared to think about the practical issues raised by the question.

There were some excellent answers to 18(c)(i) but, sadly, these were few and far between.
Very many candidates did not appear to have read the question with any care at all and
there were many answers which described in great detail the preparation of blue copper(II)
sulfate crystals and many more which referred to the dehydration of blue copper(II) sulfate;
a sigificant number of responses described enthalpy of combustion reactions. Of those that
did correctly identify the reaction and had some idea of the appropriate procedure, many
omitted crucial experimental details while giving extensive descriptions of the calculations
required despite being specifically told that this was not required. A number of candidates
referred to the use of a bomb calorimeter although it was far from clear that they
understood its purpose.

(b) Suggest why it is not possible to directly measure the enthalpy change for the
conversion of the blue hydrated copper(ll) sulfate crystals into the white anhydrous
crystals.

GCE Chemistry 6CHO1 01
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Wl.om.(w(t
*(c)(i) CuSO,5H,0(s) + ag — CuSO4aq)  AH, = +11.5 kJ mol"

Describe briefly the experimental procedure that you would use to obtain the
data necessary to calculate AH,, given a known mass of hydrated copper(Il)
sulfate crystals, CuSO4.5H,0(s).

You should state the apparatus that yuu would use and any measurements that
you would make. Q2 aT

You are not required to calculate the amounts of substances or to explain how
you would use the data obtained.

[wowid oy aub . celodmainy w%ﬁﬁw bawn . mana
hydadd copprs (1) soljaie coplade’ | dmkd add & specifec
e q; waker (Fr whih the mam ing i equal h e volume
M ). Asf\?ﬂfam Lup m waed jn: AL MA SR CJMA«UKJ\CM aaf
heat Jrm the sunmwadings. As e Nadhon prgncasd | weukd

o thamowehes . To rusount tha flome € wakr witd o maiwing
andar wowd ko wand (o & pipgpde o hight accusney).

g\ﬂ ResultsPlus

Examiner Comments

This candidate makes a reasonable attempt at these two
questions.

In 18(b) the candidate has appreciated that direct
dehydration of the blue copper(Il) sulfate crystals will
require an input of heat energy and it will not be possible
to discriminate between the heat supplied by an external
source and the heat absorbed due to the endothermic
nature of the reaction the reaction.

In 18(c)(i) a correct experimental procedure has been
selected but the vital importance of stirring to ensure
thermal equilibrium has not been appreciated.

18
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Question 18 (c) (ii)

As elsewhere in question 18 there were excellent answers interspersed with responses that
drew on a stock list of 'errors in practical work' without regard either to the specifics of
this experiment or, indeed, to the clear exclusions given in the stem of the question. Other
incorrect responses were based on arguments used to discuss the discrepancy between

calculated and experimental values for quantities such as Lattice Energy.

(ii) The value for the enthalpy change from (c)(i) obtained by experiments in a
school laboratory is likely to be significantly different from a data book value,

List three possible reasons for this which do not relate to the quality of the
.apparatus or chemicals used or possible mistakes in carrying out the procedure.

cured  suk. t,w::kﬁ-r a’ca.mla;dt Cswd,uhms

Cone Conlonnacker

3. Send - enflalpres | mad . nok quk& U’Jco

W/K Examiner Comments

This candidate gives two sensible practical possibilities to
answer the question and a vague proposal of the sort that might
be used in a quite different context to explain the discrepancy
between a calculated and experimental value.

(3)

7‘18&&*

» Yok M be  \esk. rawdm&s

Examiner Tip

@ ResultsPlus

required value. Avoid vague generalisations!

This type of question requires the candidate to think
about the specific experiment in the question and also
the way in which the data will be used to calculate the

GCE Chemistry 6CHO1 01
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2

3

o - S . g g

(ii) The value for the enthalpy change from (c)(i) obtained by experiments in a
school laboratory is likely to be significantly different from a data book value.

List three possible reasons for this which do not relate to the quality of the
apparatus or chemicals used or possible mistakes in carrying out the procedure.
(3)

Sthvdents SO O MALL. . MAS o PR
wivrien PQM(.AC& A N e VLMK B
S
T el S0S\Versl S ...m\'ﬁnk oL @ . ¥R A
LePr N Mg conAoine” -
Socme c b QQOLSE .. Sehmvba . Lo el
eel. SMY  oa e oo

MTatal far Nneetinn 1R = 11 marke)

ResultsPlus

Examiner Comments

Despite the clear instruction in the question,
this candidate gives an answer based on simple
mistakes in carrying out the experiment.

OO ResultsP

Examiner Tip

us

Do read the question.

20
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(1i) The value for the enthalpy change from (c)(i) obtained by experiments in a
school laboratory is likely to be significantly different from a data book value.

List three possible reasons for this which do net relate to the quality of the
apparatus or chemicals used or possible mistakes in carrying out the procedure.
(3)

1 e hrok io Y. anmé‘u,m.n.omobwja I

2 Fhera. \./rng L. ,bma.,bf.mu B ARt M B .éww_pfﬁ.;,.
wa«m.émp JMWWJ

Examiner Comments

Parallax errors in measuring a scale arise from
faulty technique and are easily avoidable. It

is unclear why accurate timing might have
been a factor in this experiment indicating that
this suggestion also has been selected from a
general list of possible experimental errors.

GCE Chemistry 6CHO1 01 21



Question 19 (a) (i)

Almost all candidates were familiar with the general formula of the alkanes with just a few
giving the formula of pentane instead.

Question 19 (a) (ii)

Again this question was usually answered correctly, some candidates specifying structural or
chain isomers.

Question 19 (a) (iii)

The majority of candidates gave a correct displayed formula. The common errors were
omission of a hydrogen atom from the structure, using CH, for the branched methyl group
and giving a bent pentane molecule.

(iii) Draw the displayed formula of compound A.

4 cju,} <4 1]1 (n
I
H ~—$-—' Ci, — ¢ —~C—Hh
ook | | '
-EL:__LT]’ 1'1 t‘l l.]\ H H M H
H“‘-* . C,h_ (""C “‘C'—' }‘i C| C”’b “
- .
R R - S
H hh PR —A=C r!
d—F—H
M \

us

Examiner Comments

Not a fully displayed formula.

Examiner Tip

The different types of organic
formulae must be known.
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Question 19 (a) (iv)

The systematic naming of compound B presented few difficulties although a small number of
candidates seemed unfamiliar with the basic principles of homenclature, suggesting names
like tetramethylmethane.

Question 19 (b) (i)

There were many correct equations but also a significant number with errors. In an attempt
to balance the equation, some candidates changed the products, usually CO to CO, or, more
rarely, CO,; others replaced O, with O. Many candidates either left the equation unbalanced
or used incorrect stoichiometric coefficients.

(i) An incomplete combustion of methane, CH,, results in the formation of carbon
monoxide and water only.

Write the equation for this reaction, State symbols are not required.

(He HP, —? (O A2n,0

ResultsPlus

Examiner Comments

A typical correct response using the
fractional amount of oxygen.

(ii1) Draw the displayed formula of compound A.

[ ' [ I
S ‘I A W
H r$h Cf ¢ ~C-Hh
h(h_ | | '
Sy L B S
HelmtmCtmtmb . S
— L | H»—hg —CT=2c
H hh B R ——A=C o
_._l — h----',_.l
M ‘

¥lus

Examiner Comments

The equally popular scaled up version to give whole numbers for the coefficients.

GCE Chemistry 6CHO1 01
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(i) An incomplete combustion of methane, CH,, results in the formation of carbon
monoxide and water only.

Write the equation for this reaction, State symbols are not required.
(2)

It is unclear whether the candidate has
overlooked the hydrogen and thinks this
equation is balanced or cannot balance it.

OO ResultsP

Examiner Tip

us

Do check equations carefully.

Question 19 (b) (ii)

The cause of incomplete combustion was well understood although some candidates simply
re-stated the question.

(1)) When does incomplete combustion occur?

‘ ResultsPlus

Examiner Comments

A typical correct response.

24
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(1) When does incomplete combustion occur?

ally bumad un Gygen”

Examiner Comments

This response just re-states the question
using a different form of words.

Question 19(b) (iii)

The effects of incomplete combustion were generally well known although some candidates
managed to confuse complete and incomplete combustion and others rolled out the familiar
environmental standbys: global warming, acid rain and damage to the ozone layer.

1 “Tax s,
Caxtoen Mg e
2 Pa ke of . the

Corhen,... monoxide..

D\ . \JU:S . -{:\.A‘E.'

(iii) State two problems that result from the incomplete combustion of alkane fuels.

U When NcE i g &LMU &)mbco,fj/

(2)

LTS S cave. .Pf.m\‘—#"-d. ﬁ.'. exavple

ProAuLt g {{3( med . Sook

Examiner Comments Examiner Tip

A
<I;/\/RGSU|tS‘ us ‘ ResultsPlus

Two scoring points made but the
second answer is negated by the
superfluous inclusion of 'very fine
carbon monoxide'.

Listing several alternative answers for
the same question is poor technique.
All the answers in such a list need to
be correct to gain the mark.

GCE Chemistry 6CHO1 01

25



Question 19 (b) (iv)

The first two marks on this question were relatively easy to score but the basic mechanism
of global warming was not well understood, even when candidates realised that an
explanation of this was required. Some candidates described the role of carbon dioxide in
the atmosphere in terms of absorbing energy from the sun (either as UV or IR) and thereby
increasing global temperature while others believed that carbon dioxide was involved

in depletion of the ozone layer which some suggested as a cause of global warming. A
significant number of candidates focused on the effects of global warming rather than its
mechanism.

*(iv) State and explain the main environmental problem arising from the complete
combustion of alkane fuels,
(3)

Te tonplte... combumtion. daker Pote. With alkene fuclls,
(Oy ond. HaO one relonpep] . COp vs extremely

~hosdalan His o ~greenhenne.. gan. Kok protects

e oot £ (O, can. hehp  abssthtion ey TR radiabion

toureen . poloy ite. Coues melbigy, Chirate shongt, sea Lovel

.

f\gffg .

J ResuitsP

us

Examiner Comments

While this response has the right idea, the
execution suffers from poor explanation
of global warming which is implied but not
mentioned explicitly.
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Question 19 (c) (i)

Precision was frequently lacking in the answers to this question. Many candidates explained
the curly arrows purely in terms of bond fission. Where the identification of the type of
bond fission was accompanied by a description of what happened to the electron pair, this
was enough to gain the marks although it does omit significant aspects of the use of curly
arrows in mechanism. Candidates referred to the electron pair being 'given' to an atom
which is correct in heterolytic fission but not in nucleophilic attack. As elsewhere in the
paper, some candidates used the terms atom, ion and molecule interchangeably.

L,
(¢) The reactions of organic compounds, including alkanes, may be broken down into a
series of steps; this is the mechanism for the reaction. The reaction between methane

and chlorine may be represented by a mechanism involving three stages — initiation,
propagation and termination.

(i) Reaction mechanisms often involve the use of ‘curly arrows®. Explain the
meaning of the curly arrows shown below,

S

Arrow | Arrow Il

Arrow 1. ke oaron. is. whin.  ow . pain . demdiey  edechrens is.
&
_olistnbuled wndy. Aehraram. . Hag £ oloms )._.l koM. fokiB o ARren vad

(2)

ResultsPlus

Examiner Comments

This response deals with the special cases of bond
fission, which is sufficient to gain both marks.

us

47@ ResultsP

Examiner Tip

Curly arrows are very important in organic mechanism
so a clear understanding of how they are used will
improve your grasp of mechanism and gain marks across
the advanced level specification.
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(c) The reactions of organic compounds, including alkanes, may be broken down into a
series of steps; this is the mechanism for the reaction. The reaction between methane
and chlorine may be represented by a mechanism involving three stages — initiation,
propagation and termination,

(i) Reaction mechanisms often involve the use of ‘curly arrows’. Explain the
meaning of the curly arrows shown below,

S e

Arrow | Arrow 11

Arrow I .. hC!moL&tio. ﬁi‘&(bn

Arrow 11 ..hewxa(ﬁ.tm .L..ﬁ_m'on

ResultsPlus

Examiner Comments

These statements are insufficient to score.

(c) The reactions of organic compounds, including alkanes, may be broken down into a

series of steps; this is the mechanism for the reaction. The reaction between methane
and chlorine may be represenfed by a mechanism involving three stages — initiation,

ma_tl_ng and termination.

(i) Reaction mechanisms often involve the use of ‘curly arrows’. Explain the
meaning of the cyrly arrows-shown below. -

| NNW ()
Arrow | Arrow 11

Arrow | N\CNQ.N\Q_M O..;. . "QJQCWDVI [ R

Amow 11 mov%wajapm(afuwvw

ResultsPlus

Examiner Comments

This is all that is needed to gain the two marks.
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(c) The reactions of organic compounds, including alkanes, may be broken down into a
series of steps; this is the mechanism for the reaction. The reaction between methane

and chlorine may be represented by a mechanism involving three stages — initiation,
propagation and termination,

(i) Reaction mechanisms often involve the use of ‘curly arrows’
meaning of the curly arrows shown below.

/\y /\
\‘\.0‘“4'5 Arrow | Arrow 11
Amw[s"sﬁsnow I 61400.5 Gale G shaced. ele claron

bebween o o afoms when
Armwm@% o U@%@@a@’mm a@Q.. sm _

pasr _30_&; __on_e__aéom whun B bond. breaks

ﬁ ResultsPlus

Examiner Comments

. Explain the

The idea of the arrows showing how electrons
are shared is, at best, confusing. The mark
awarded here is for the idea of arrow 1 referring
to one electron and arrow 2 for two electrons.
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Question 19 (c) (ii-iv)

Many candidates were able to write the initiation and propagation steps correctly but 19(c)
(iv) tested their understanding of the sequence and proved highly discriminating.

(ii) Using the curly arrow notation, show the initiation step of the reaction between
methane and chlorine.

(2)

(iii) Give the two propagation steps of the reaction between methane and chlorine.

Curly arrows are not required.
v + CHy ~> CHy e + H

CHie + Cly = CHCL + Qe

(iv) Suggest why a small amount of UV light can result in the formation of a large
amount of product,

(1)
LT (e e sl 3 twagestih b M anp. o G redin, 9 et o Ko

) aﬂt?%ﬁ&

fash Cikmemn in n tmmmn comdicnd ol dlaln ccn sl aae | o TOPERPESGPPTY SR | - —— T

ﬁ ResultsPlus

Examiner Comments

An excellent answer. The final part is particularly
noteworthy as it shows that the candidate appreciates
the role of the propagation stage in both forming the
product and regenerating the chlorine free radical.
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(i1) Using the curly arrow notation, show the initiation step of the reaction between
methane and chlorine.

el —= (-

(2)

(iii) Give the two propagation steps of the reaction between methane and chlorine.

: Curly arrows are not required.

CH +Cl-—>- CH o + HCl B
@ CH -+(,l —'-CH ¢ +Cle

(iv) Suggest why a small amount of UV light can result in the formation of a large
amount of product.

B s rdiads

ResultsPlus

Examiner Comments

This answer to 19(c)(iv) stops short of showing that the
chlorine free radical is regenerated by the sequence.
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(11) Using the curly arrow notation, show the initiation step of the reaction between
methane and chlorine.

v —_—s  C\* o+ C\*
Cl—cClI

\r

(iii) Give the two propagation steps of the reaction between methane and chlorine.
Curly arrows are not required,
CHy + Q- — CHg + WA

CHy® * Cly — CH; O + CI-

(iv) Suggest why a small amount of UV light can result in the formation of a large
amount of product.
(1)

LUV light | breakS e bondS  bekuwtin Cl »moRoUIRS | 40 naoe

Lhean, radacols

ResultsPlus

Examiner Comments

A common incorrect approach in 19(c)(iv) was to
consider how the UV light sustained the reaction.
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Question 19 (c) (v)

Candidates who had a reasonable idea of the mechanism had no problem with writing the
correct termination step forming ethane.

Question 19 (d)

Most candidates realised that the energy of the UV light was not large enough to break the
C—H bond but few of these mentioned that, because hydrogen atoms / radicals were not
formed, this prevented the formation of hydrogen gas.

(d) Scientists never detect molecular hydrogen, H,, amongst the products of the

chlorination of methane. Ha
- H-H
Use the data below to suggest why this is so, -t - 7S g
ol 243
The frequency of UV light used corresponds to an energy of about 400 kJ mol’ th . 400

A Bond | Bond enthalpy/kJ mol™'

i )

(_%%—3 C—H 435 reactant “P’bd@
S

cl—Cl 243 bxa3>

' - (2)
~Taabond erhtey ot H-W G so sma
mm@aﬁsonie CoHoor CC- Ly cannct be
- dedeckd ( also heawse a very bny amount
Ve S a0 L) . e #qChoA . —ZHO
Outrén by fg of the. other hor €00 proclultr

(Total for Question 19 = 22 marks)

us

Examiner Comments Q ResultsP

Examiner Tip
This confusion was not unusual . The

candidate appears to be thinking about
UV radiation being used to detect the
molecular hydrogen i.e that the hydrogen
may be there but not observed.

Read a question carefully and
consider how any data provided
might be used in your answer.
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<J\/L ResultsPlus

short.

(d) Scientists never detect molecular hydrogen, H,, amongst the products of the
chlorination of methane.

Use the data below to suggest why this is so.

The frequency of UV light used corresponds to an energy of about 400 kJ mol™".

Bond | Bond enthalpy/kJ mol!
C—H 435
CI—ClI 243

This answer is fine for one mark but stops

Examiner Comments

There are two marks for this question, so two marking
points will be needed.
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(d) Scientists never detect molecular hydrogen, H,, amongst the products of the
chlorination of methane,

Use the data below to suggest why this is so.

The frequency of UV light used corresponds to an energy of about 400 kJ mol ™",

Bond | Bond enthalpy/kJ mol!
C—H 435
Cl—Cl 243

(2)

NS because . ke l_\‘Jh_* _doesn) have ____:mu&k.....f’mﬁﬂ_h_._bf&?
B W bopa ..@4[1%_ So.due. ¥ W MW malecod ey ljt\mrn

GJ'\!}_* ‘Qt . .'En\m".f.}..

<J\ﬂ ResultsPlus

Examiner Comments

Again a key point in the logic of the answer is
omitted.
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Question 20 (a)

There were many high-scoring responses to this question but relatively few that showed a
clear distinction between structure (what particles are present and how they are arranged)
and bonding (how the particles are held together). This lack of clarity often resulted in
needless repetition. The mark most usually lost by candidates who otherwise scored well
was for the idea of a lattice structure i.e. an ordered three dimensional array of particles.
The most frequently scored marked was for delocalized electrons although these were all too
often described as part of an ionic or molecular structure. 'Metallic bonding' was sometimes
the sole description offered in 20(a)(ii) and some candidates appeared to be describing

the bonding between two different metals. There were many superfluous descriptions of the
physical properties of metals.

7

20 Metals are good conductors of heat and electricity and usually have high melting

temperatures and boiling temperatures. ‘"_ -
' D (o3 ©
@ &

@ @

(a) (i) Describe the structure of a metal.
- (2)

Thp SAS Chare e O metalh (EnTSes. OF Ar 15 anc
Elocolded  elechmns  arevnd then ! (umying ~h
__5??0835_6_(:_\’1&(36 . The mnadol lodbce 05 ol e o

e cowne. A Negiive @ Chions mngl_fposl%w_

oS Cicktvenck Gl cre Ol b Wedep stay o teis
POSiNers e Hhout k’{(:)-\nai-\g e electhons F-[g\_,..-f’hc_, Gl

(i) Describe the bonding in a metal,
Ccle tocatcEecl)
The  posiie tond andl neqodike EleCtens, cire b noled

‘heir O?‘JDQQS!?.E C.fqafgc.)_. Thw hieons thaxt the
lcbrdf/@ ithas, the mute (attce O Caniert-

ﬁ ResultsPlus

Examiner Comments

OO ResultsPlus

Examiner Tip

This response scores maximum marks but
there is a great deal of repetition because
the candidate seems uncertain of the

distinction between structure and bonding.

Structuring your answer to
this type of question is vital.
Using bullet points may help.
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r

20 Metals are good conductors of heat and electricity and usually have high melting
temperatures and boiling temperatures.

(a) (i) Describe the structure of a metal.
(2)

A mefal  consists ok cations _.___cl.bsd_L[________p_qr_if&l._ together

aﬁ.........b&qq o Sdarrounded. b_UJ G gea .. of the. . delocalised
Clectrons, M 5 VRrg. . desse.. bemwe_.._.@f. the gfrong

_MQJCL“iC Chonds o The structure _@
s called 10t mefallic Jattice .

(ii) Describe the bonding in a metal,
(2)

____Mekaill_c_____bomL-uy 5 the eleckrostatic  fore ol abrachon

betur  the. ’Do,nhuefg charged  cations. . .qud..  the..

delocalised ....Q.\mkmm..._. which come. . From  the  edfer.

chel | ot each. . atom, 4nat.  have a ﬂeqn_hu?-

SO

PA ResultsPlus

Examiner Comments

An excellent answer covering the key
points clearly and in good detail.
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’~

20 Metals are good conductors of heat and electricity and usually have high melting
temperatures and boiling temperatures.

(a) (i) Describe the structure of a metal,

(2)

A A0 S NaAAR VP e ioom:ive_ ‘O S (n
7\ thmw OAONNG NN ) SOnroLNALA
O See) ef Ao Calnsed  eltkvond..

ﬁ\” ResultsPlus

Examiner Comments

A good description of the particles present in a
metal and of metallic bonding but no mention of
the arrangement of the metal ions (lattice).
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Question 20 (b)

This question tested candidates understanding very effectively. Confusion often arose

between bond strength and ionization energy and between ion charge and nuclear charge.
Candidates who had a good grasp of the nature of metallic bonding, not surprisingly, scored

well on this question.

(b) Explain why the melting temperature of magnesium (650 °C) is much higher than
that of sodium (98 °C).
(3)

b goestar. Caowge dansdy. B0 WCWW
A AN Sund. @ TS n Ma ‘5‘3‘“{“\%%
reqwd o \Vadosa Naenas BWwong \'aav@‘\')

ResultsPlus

Examiner Comments

A well-constructed answer.

@ ResultsPlus

Examiner Tip

In this type of question it is
important to do more than state the
facts e.g. Mg?* has a larger charge.
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(b) Explain why the melting temperature of magnesium (650 °C) is much higher than
that of sodium (98 °C).
3

AManneSem S feice oS - dedecaliSed edechrens

hecele i heS Foo efonS n S oty Shed/ Ath
o loClame _Jwe/au Sed Ly ﬁaén S+{'of?obﬂf looa ,chL)-e"ween
e et/ jon & T‘“” S..?’L_.’__‘—__."”_._ Lovk only heS one
AtledSA  eleten ger afor

OO ResultsPlus

Examiner Tip

% ResultsPlus

Examiner Comments

This answer ignores the link between
marks available and the number of distinct Use the clues in the paper such as
points the candidate is expected to make. marks and space for an answer.

(b) Explain why the melting temperature of magnesium (650 °C) is much higher than
that of sodium (98 °C).
(3)

M%WWW&MWW&ULAM
- MRIMNR - p o gpRENA.

ﬁ ResultsPlus

Examiner Comments

Read what you have written and

The candidate makes a promising check that it answers the question.

start and then veers off into a If nuclear charge determined melting
discussion that seems to be more temperature, potassium would have a
about ioniization than melting. higher melting point than aluminium!
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Question 20 (c)

Most candidates scored well on this question although few candidates appreciated the
distinction between the ideas of electrons moving and flowing under a potential difference.

(c) Explain how metals conduct electricity,
(2)

CMakols  con conduch elachiaty  wihen at o Liquid. ev naslten
) as-well.as..a. Sotd...ow it bhao. detocalised elochons

D 3
ResultsPlus OO ResultsPlus

Examiner Comments Examiner Tip

This candidate identifies the delocalized Two marks means two scoring points.

electrons as the charge carriers but does
not provide any further information.

(c) Explain how metals conduct electricity.
2)

MLJ«ML”DMM&W&M% '

Plus

Examiner Comments

A typical answer scoring two marks.
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~ [

(c) Explain how metals conduct electricity.
(2)

aden A wvrendt 3 Givents ancedad Mo delocatised

v wmetn .

(Total for Question 20 = 9 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS

ﬁ Plus
Examiner Comments

This response confuses the current (a
flow of electrons) and the transmission
of heat energy through a solid.
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Paper Summary

Do look for clues on the question paper. The humber of marks for a question indicates the
the number of scoring points the examiner will be looking for and the number of lines shows
the maximum likely length of a reasonable reponse.

Try to ensure that you understand the basic terms used in advanced level chemistry and the
differences in meaning between terms used in a particular context; the terms orbital, sub-
shell and quantum shell in electronic structure are examples of terms each with a distinctive
meaning that need to be understood clearly.

You can expect to be tested on your knowledge of practical techniques and how to carry out
the standard experiments which are also tested in the coursework.
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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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