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Introduction

This paper tested a wide range of Unit 2 material and provided good opportunities for
candidates to show their knowledge and understanding of the Chemistry covered by the
Specification. There was no evidence that candidates were short of time. With a mean
score of 14.2/20, Section A was clearly accessible to almost all candidates. In Section

B and C candidates generally set out their work clearly and 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 and there was an improvement

in the use of significant figures. 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 quality of the
diagrams in 22(f)(ii) was typically rather poor. Candidates were most comfortable when
dealing with questions that mainly required repetition of learned material and questions
requiring them to demonstrate their understanding, notably the organic mechanism
question, proved much more challenging. The practical dimension of this paper still seemed
to surprise many candidates.
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Question 18 (a)

There were many excellent answers to this question demonstrating a clear understanding

of the nature of the intermolecular forces involved and the factors which affect their
magnitude. Problems arose where candidates failed to distinguish clearly between
intramolecular bonds and intermolecular forces and some clearly believed that boiling
molecular substances involves the breaking of covalent bonds. Another area of difficulty was
in identifying the relevant particles with many references to bromide and iodide ions and to
the electronegativity of ions and of molecules.

SECTION B

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

18 The boiling temperatures of some hydrides are given below,

Compound Boiling temperature / K
HF 293
HCI 188
HBr 206
HI 238
H,0 373

*(a) Explain, by comparing the forces involved, why HI has a higher boiling temperature
than HBr.

3
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ﬁ ResultsPlus

Examiner Comments

This candidate correctly identifies the main intermolecular force involved and the factor
which determines the magnitude of the force in these examples. Strictly speaking, van
der Waals forces is a general term that encompasses London forces and permanent dipole
interactions but its use was allowed for London forces in the mark scheme. Note that the
candidate only makes two points so scores two marks.

OO ResultsPlus

Examiner Tip

Make sure that the number of points in your answer
corresponds to the total marks available.
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SECTION B

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

18 The boiling temperatures of some hydrides are given below.

Compound Boiling temperature / K
HF 293
HCI 188
HBr 206
HI 238
H,O 373

*(a) Explain, by comparing the forces involved, why HI has a higher boiling temperature
than HBr.
(3)

AL ko a,htxﬁwr o bettin/ DS me Phaun Hér
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Examiner Comments

This candidate gets off to a good start with the first three lines
of the answer but then spoils the answer by confusing the
intermolecular forces and the covalent bond.

OQ ResultsPlus

Examiner Tip

Great care is needed with this type of question where
incorrect statements can negate correct answers.
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ﬁ ResultsPlus

SECTION B

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

18 The boiling temperatures of some hydrides are given below.

Compound Boiling temperature / K
HF 293
HCI 188
HBr 206
N HI 238
H,0O 373

*(a) Explain, by comparing the forces involved, why HI has a higher boiling temperature

than HBr.
(3)
The vander waal’s  adlor  Lowde, forces  grecamkt v Bae WL
ave  mucdk Mt Poam  floce  an HBOTRE L due wr
oo sk o e MR fenn B B 1.-._
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Examiner Comments

This answer also starts well but the reference to the 'molecular
size of the anion' reveals serious confusion about the nature of
the particles present in these molecules.

Understanding the distinction between the basic
particles that make up chemical compounds (atoms,
ions and molecules) is fundamental to answering this
type of question.
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Question 18 (b)

Generally this question was more accessible to candidates than 18(a) as most were aware
that the main intermolecular force in HF is hydrogen bonding. It was generally appreciated
that hydrogen bonding is a particularly strong intermolecular force but few candidates
showed any awareness that in HCI the London forces are much larger than the permanent
dipole-dipole interactions. As in 18(a) difficulties arose due to a lack of clarity about
particles and where candidates failed to distinguish bonds and intermolecular forces. This
led to discussions about the electronegativity of molecules and ions. There were many
answers that included detailed explanations about the formation of hydrogen bonds which
were not required by the question.

*(b) Explain, by comparing the types of forces involved, why HF has a higher boiling (o s e
temperature than HCI. M&jﬂ
hY

(3)

ResultsPlus

Examiner Comments

This candidate makes four good points but note the incorrect
statement that HCI has only dipole-dipole bonds.

A
Q ResultsP
Examiner Tip

The use of the phrase 'dipole-dipole bonds' is technically
correct but it is generally a good idea to refer to
intermolecular interactions as forces to make clear the
distinction between these and ionic or covalent bonds. The
exception to this is, of course, the hydrogen bond.

us
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*(b) Explain, by comparing the types of forces involved, why HF has a higher boiling
temperature than HCI.

..HOU.\QI«.QE. . )ﬁ e S J[L? . .wwsjr chLﬁnij'vﬁ rw@} | TLS
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ﬁ ResultsPlus

Examiner Comments

There are some typical confusions in this response, notably the
reference to the fluoride jon being the most electronegative
element and the suggestion that HF is ionically bonded.

)

OO ResultsPlus

Examiner Tip

Only atoms have electronegativity.

*(b) Explain, by comparing the types of forces involved, why HF has a higher boiling
temperature than HCI,

ASHF J’M-ﬁ [’W 60"%(«? whish o maidh Sz-rﬂg,b-
Y. P Uhe, Amda«yrwm HCC, hemce HE. b
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ﬁ ResultsPlus

Examiner Comments

There are only two statements in this answer that can gain
credit, the final phrase being just a re-statement of part of the

question. Thus, although both are fully correct, the maximum
score is 2.

)

OO ResultsP

Examiner Tip

us

Do match your answer to the marks available.
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*(b) Explain, by comparing the types of forces involved, why HF has a higher boiling
temperature than HCI.
(3)

" .
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ResultsPlus

Examiner Comments

The use of the word 'bonds' in the latter half of the question
introduces an ambiguity about the forces under discussion that

weakens the answer.

J@ ResultsPlus

Examiner Tip

Do read through your answers to check that the
meaning of what you have written is clear and is what

you want to convey.
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Question 18 (c)

There were many good answers to this question although too many candidates suggested
that the individual hydrogen bond in water was stronger than that in hydrogen fluoride.
Other candidates attempted to hedge their bets by referring to the stronger London

forces in water. A surprising number of candidates explained that the different numbers of
hydrogen bonds in the two molecules was due to the fluorine atom having fewer lone pairs
than the oxygen atom. As elsewhere in question 18 there was confusion about the particles
present.

(c) Suggest why H;O has a higher boiling temperature than HF.
(1)

Ho O cam  form  +oo bﬁdr:ﬁ:h bornds corthin
keelf duve 1o toe presernce of too highly

elechro negative oOxyger atene , Lot HF car form
only o bydregen bond . 80 rmere cnapy

;‘jd:%'@d ek e ST Moy M i s TS

(Total for Question 18 = 7 marks)

L) A
Resuitslus p.
. Examiner Con.1ments | o Results lus
It is hard for an examiner to consider Examiner Tip
the reference to two oxygen atoms in
water as just a slip. Do read through your answers!

(c) Suggest why H;0 has a higher boiling temperature than HF.
(1)

Hy0 fans e, bands o{ hn&m.am wilh. ax. lma]H-j zie.m‘.wne.cj.aii.ﬁ"-
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ﬁ ResultsPlus

Examiner Comments

This is an all too typical confusion of covalent bonds and
intermoleculat forces. The candidate may know the correct
answer but what is written is ambiguous.
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Question 19 (a) (i)

The first half of question 19 was intended to test the practical understanding of candidates
by considering an experiment that could easily be carried out in a school laboratory.
However, many candidates envisaged experimental methods that were far too complex,
such as monitoring the mass of the carbonate or the degree of cloudiness of the lime water.

19 The carbonates of Group 2 in the Periodic Table decompose on heating to form the
corresponding metal oxide and carbon dioxide. A general eqtiation for the réaction is

MCO;4(s) = MO(s) + COa(g)

The thermal stability of these carbonates can be compared in the laboratory using the
apparatus in the diagram below, The test tube on the left contains a sample of a metal
carbonate and the tube on the right contains limewater.

test tube

metal carbonate

- limewater
heat | —

N/

(a) (i) State the measurement that you would make in this experiment.
(1)

o Nolme. of. CO.Q,.G@& prodwed

ResultsPlus

Examiner Comments

The answer bears little relation to the apparatus in the diagram.
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test tube

metal carbonate

heat

19 The carbonates of Group 2 in the Periodic Table decompose on heating to form the
corresponding metal oxide and carbon dioxide. A general equation for the reaction is

MCO;(s) - MO(s) + CO.(g)

The thermal stability of these carbonates can be compared in the laboratory using the
apparatus in the diagram below, The test tube on the left contains a sample of a metal
carbonate and the tube on the right contains limewater.

limewater
/

ResultsPlus

Examiner Comments

A typical incorrect answer.
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(a) (i) State the measurement that you would make in this experiment.
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Question 19 (a) (ii)

The idea of controlling key variables to ensure a 'fair test' should be well established with
candidates but many slipped into reliance on generalities such as repeating experiments and
using the same apparatus. It was of some concern that quite a few candidates envisaged
measuring out the solid carbonate by volume or even referred to constant concentration of
the solid. The best answers were clearly based on careful consideration of the experiment
described in the question.

(ii) Suggest three ways to make sure that, when carrying out this experiment, the
thermal stabilities of the different carbonates are compared fairly.
(3)

1 AMmoual Of.....neral . Coc homatt

2 o LSE. . Sonne_ . {ernfs.k.rn{u..rﬁ .(c;r ..&.C(_."n -C_.H.(.!.Q;"..MG’H' .

3 Use. identicol. dest hge__{o._- _eaCh. . tmebol cochgnate

pesultstius @ ResuitsPlus

The first point is careless; the candidate probably Examiner Tip

intends to say 'fixed amount' but has not done so. Bear in mind that your understanding of
The second point shows some understanding practical chemistry will be tested on the
of what is required but ignores the practical theory papers.

dimension of this question; the candidate needs to Make sure that your meaning is clear in
consider how temperature would be kept constant. your answers.

(ii) Suggest three ways to make sure that, when carrying out this experiment, the
thermal stabilities of the different carbonates are compared fairly.
(3)

| Repoat e experiment

2 .. Cse some  omaunt. of. cocbenafes  in each

experiment

3. Use "fe aamehemﬁf:j L frocess .

ﬁ ResultsPlus

Examiner Comments

Once again a candidate shows an appreciation of the need to
heat the carbonates in a consistent way but fails to describe
how this will be achieved.
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Question 19 (b) (ii)

Most candidates appreciated that this was a question about polarising power and
polarisation with many excellent answers. The mark most likely to be lost was that for
identifying the species (or bond) being polarised; sometimes this was omitted although

a number of candidates thought the cation was polarised. As elsewhere in this paper
candidates lost marks through slipshod use of terminology, for example referring to ions or
even atoms rather than cations. Weaker candidates gave often extensive answers discussing
shielding and bond strength without managing to touch on relevant or correct chemistry.

(b) (i) State the trend in the thermal stability of the metal carbonates as the group is
descended,
(1)

AD\Crease@s

*(i1) Explain this trend in stability.
(3)

&St Codiom INCReeses 1A SARO B N Yo S
s ess  chiskeckon o e amion.
RN~ Y% 2720 = VIV o 05 <N SN Yo WO . o ¥ A Yo

(3. LosS aliShsclim.. Sa. .(ff...aEP,H wgiﬁ

.'-;,(;F

(Total for Question 19 = 8 marks)

~IusS
Examiner Comments
This answer covers the essential points although it does not

make it absolutely clear that the cation is responsible for
polarising the anion.
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(b) (i) State the trend in the thermal stability of the metal carbonates as the group is
descendgd.

1
z , (1)

*(ii) Explain this trend in stability.
(3)

ﬂﬂ"rﬂ(éﬁb({ ﬁb a metal def)onc'(s on. (‘f-‘i PB(‘?"BI*@

2 As g go dfovn tha group ton 190 Melius increases and

so He Ghons g aroup dwo become foss clcqonepating adSo

are foss polar

du
5 imeww% ity o folange -

%e, e(ec»ﬁ'm dobé mD’ﬂ;lz qu):eﬂpnft
. cRoreasss  clorm Al amup Ma"a{"“w
5‘}—&6)‘}-:.) Ihcr ates ([""‘"“""...... g revp

ﬁ ResultsPlus

Examiner Comments

(Total for Question 19 = 8 marks)

There are the elements of a good answer here, particularly the final
bullet point, but note the errors and imprecision that mar the first
two points. In the first point the candidate refers to the thermal
stability of the metal and 'its' polarising power. In the second point
the candidate writes 'ion' rather than 'cation' and then refers to the
electronegativity of the cations.
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16

(b) (i) State the trend in the thermal stability of the metal carbonates as the group is
descended.

(N
b b)) M A growp u duandad |, Heval Habilby of Hha wmukad

Cadonodld Y Aecreaied .
*(ii) Explain this trend in stability.

Alowly 3)
. H) ?:Grjha.m @donall ducompeeed much maw WM%M
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Avcredchel

W ’Wu.l Ll bQLﬂu,un. X\u R\u o{)i.u oaic \—d.dh mcrcajt?.l d.oum
A qrovp , m@qmmmmd\va ond 2o %Mla:nd
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(Total for Question 19 = 8 marks)

ﬁ ResultsPlus
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codovold

Examiner Comments

This is a weak answer but it is worth noting the inappropriate use
of specific group II elements in a question that clearly refers to
general trends and the extensive references to the experimental
results which gain no credit.
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(b) (i) State the trend in the thermal stability of the metal carbonates as the group is
descended.
(1

*(ii) Explain this trend in stability.
3)

~Gown . —unQ qroup....caion.. S\le Wi
lr\ne C\Amrgﬂ Same, e S xS0
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__ .G.lech_o_ D)

ResultsPlus

Examiner Comments

The final mark cannot be awarded here because the candidate
does not identify the electron cloud that is referred to.
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Question 20 (a) (i-ii)

Most candidates were able to complete this calculation correctly although some failed to use
the correct volume in 20(a)(i) and others did not use the appropriate stoichiometric ratio in

20(a)(ii).
20 Chlorine disinfectants are essentially solutions containing chlorine molecules and
chlorate(T) ions in an equilibrium summarised by the equation
Cly(aq) + HyO(l) = 2H"(aq) + ClO (aq) + Cl (aq) Equation 1

The chlorine content of a disinfectant was determined using the following procedure.
1. 10.0 em? of the disinfectant was transferred to a 250 cm® volumetric flask.

2. Approximately 20 ¢em® of nitric acid and 20 ¢m? potassium iodide solution (both in
excess) were added to the volumetric flask.

3. The solution in the volumetric flask was made up to the mark with distilled water
and then mixed thoroughly.

4. 10.0 cm’ portions of the solution in the volumetric flask were titrated against a
solution of sodium thiosulfate, concentrati 109 mol dm=’. Starch solution was
added near the end-point of the titration and the mean (average) fitre was 27.35 cm®,

The equations for the reactions involved in this procedure are
Cly(aq) + 217(aq) —» I(aq) + 2CI (aq) Equation 2
I(aq) + 28,04 (aq) — 2I"(aq) + S404> (aq) Equation 3
(a) (i) Calculate the number of moles of sodium thiosulfate used in the titration.
(2)
2255
#thmkd Orh-ﬁl“ i’}rhlﬂhﬂ -tj\hf“lf"‘": 2L bprras

=2l see—
=2.99X/e?

(ii) Calculate the number of moles of iodine, 1,, that reacted in the titration (step 4).
Voo L %0 = g O

=3
RIF
. #‘hhhbr*)—mk.w)-% = 2 Ak =/ ch‘fi‘v-"

(iii) Hence state the number of moles of chlorine, Cly, in 10.0 cm® of the solution in

the volumetric flask., :
"{’?CW&"VN(,H Ko x 3 M x/000 xelo= 29. 50 Memle ol (1)

A
ResultsPlus 2@ ResultsP

Examiner Comments Examiner Tip
The response to 20(a)(iii) 'SI‘ nlot Just Do consider your answers to numerical questions from
incorrect but is unreasonably large. a common sense perspective. 30 mol of a substance

dissolved in 10 cm? of solution is so obviously impossible
that it should prompt a review of the calculation.
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20 Chlorine disinfectants are essentially solutions containing chlorine molecules and
chlorate(l) ions in an equilibrium summarised by the equation

. Cly(aq) + H;O(l) = 2H'(aq) + CIO (aq) + Cl (aq) Equation 1
The chlorine content of a disinfectant was determined using the following procedure.

1. 10.0 em® of the disinfectant was transferred to a 250 cm? volumetric flask.

2. Approximately 20 cm?® of nitric acid and 20 cm® potassium iodide solution (both in
excess) were added to the volumetric flask.

3. The solution in the volumetric flask was made up to the mark with distilled water
and then mixed thoroughly.

4. 10.0 cm’ portions of the solution in the volumetric flask were titrated against a
solution of sodium thiosulfate, concentration 0.109 mol dm™. Starch solution was
added near the end-point of the titration and the mean (average) titre was 27.35 cm’.

The equations for the reactions involved in this procedure are
Cly(aq) + 21 (aq) = I3(aq) + 2Cl (aq) Equation 2
Iy(aq) + 28,05% (aq) = 2I7(aq) + 404’ (aq) Equation 3
(a) (i) Calculate the number of moles of sodium thiosulfate used in the titration,
ﬂ:wﬂzw — 2.98\lsxig” |
Helole | 00O S

(2)

(ii) Calculate the number of moles of iodine, I,, that reacted in the titration (step 4).

ey B {
_2-_"‘_8251‘2_ — |.40890SFS XD gr\)\f:&;m

2. R —

1)

(iii) Hence state the number of moles of chlorine, Cls, in 10.0 cm? of the solution in
the volumetric flask.

|. 3 eSS X 1077 preles

1

//____,__‘_;_____-———
A
Plus 2
Examiner Comments &

Examiner Tip

This is a fully correct answer but it
should not be necessary to write down
so many significant figures.

In multi-step calculations retain the intermediate
values in your calculator but round the answers
that you write down.
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Question 20 (a) (iv)

This calculation caused considerable difficulties. Most candidates realised that the answer to
20(a)(iii) needed to be multiplied by 100 but few appreciated that a further factor of 25 was
needed to produce the final answer. Some candidates gave, without comment, answers that
were clearly of the wrong order of magnitude.

20 Chlorine disinfectants are essentially solutions containing chlorine molecules and
chlorate(I) ions in an equilibrium summarised by the equation

Cly(aq) + HyO(l) = 2H(aq) + ClO™(aq) + Cl (aq) Equation 1

The chlorine content of a disinfectant was determined using the following procedure.
1. 10.0 cm? of the disinfectant was transferred to a 250 cm® volumetric flask.

2. Approximately 20 cm’ of nitric acid and 20 ¢cm? potassium iodide solution (both in
excess) were added to the volumetric flask.

3. The solution in the volumetric flask was made up to the mark with distilled water
and then mixed thoroughly.

4, 10.0 cm’ portions of the solution in the volumetric flask were titrated against a
solution of sodium thiosulfate, concentration 0.109 mol dm™>. Starch solution was
added near the end-point of the titration and the mean (average) titre was 27.35 em’,

The equations for the reactions involved in this procedure are
Cly(aq) + 217(aq) — Ly(aq) + 2ClI (aq) Equation 2
I(aq) + 28,057 (aq) — 21 (aq) + S406” (aq) Equation 3

(a) (i) Calculate the number of moles of sodium thiosulfate used in the titration.

2
pone Koueie 22.35%000  _ o ooqe @)

LooD

(ii) Calculate the number of moles of iodine, I, that reacted in the titration (step 4).

O TAE =S5

0.00 | 44 M\

(1)

(iii) Hence state the number of moles of chlorine, Cl,, in 10.0 ¢cm® of the solution in
the volumetric flask.

S08%FRA\
0.0014.q «8\

(N
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(iv) Calculate the concentration of chlorine, in mol dm™, in the original disinfectant.

% QU DM’

1000,
VWKW =M\ oS ﬂ%‘g—,&f‘
\ o0

(2)

t_f_>_-00”(-‘{xl.000 -0 .1 k4 no\akm-3
Lo

ResultsPlus

Examiner Comments

This is a typical answer gaining one mark out of two.
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20 Chlorine disinfectants are essentially solutions containing chlorine molecules and
chlorate(l) ions in an equilibrium summarised by the equation

Cly(aq) + HoO(l) = 2H"(aq) + C107(aq) + Cl (aq) Equation 1
: \ -
The chlor%e content of a disinfectant ‘:as determined using the following procedure.

1. 10.0 cm? of the disinfectant was transferred to a 250 cm® volumetric flask.

2. Approximately 20 cm? of nitric acid and 20 cm’ potassium iodide solution (both in
excess) were added to the volumetric flask.

3. The solution in the volumetric flask was made up to the mark with distilled water
and then mixed thoroughly. '

4. 10.0 cm’ portions of the solution in the volumetric flask were titrated against a
solution of sodium thiosulfate, concentration 0.109 mol dm>. Starch solution was
added near the end-point of the titration and the mean (average) titre was 27.35 cm®,

The equations for the reactions involved in this procedure are
Cly(aq) + 217(aq) — Ix(aq) + 2C1 (aq) Equation 2
Ix(aq) + 28,057 (aq) — 217 (aq) + S406> (aq) Equation 3

(a) (i) Calculate the number of moles of sodium thiosulfate used in the titration.

C=-"Nn - . 1098 = AT
v 11‘3%000

Moo .99 meles

(2)

(ii) Calculate the number of moles of iodine, 1,, that reacted in the titration (step 4).

299 _ (ags g, mo\es
r

(n

(1ii) Hence state the number of moles of chlorine, Cls, in 10,0 ¢cm?® of the solution in

the volumetric flask.
()]

1. 9934 moley

(iv) Calculate the concentration of chlorine, in mol dm™, in the original disinfectant.

(2)
.« 1,493 - 1995 meldm??
¢=n Ll
IV 6.0l
A

ResultsPlus

Examiner Comments

Examiner Tip

An impossibly large answer. This is an answer that should prompt a review of the

calculation that produced it.

22 GCE Chemistry 6CHO02 01



20 Chlorine disinfectants are essentially solutions containing chlorine molecules and
chlorate(I) ions in an equilibrium summarised by the equation

a a “(a a uation
Alaq 2 q q q q

The chlorine content of a disinfectant was determined using the following procedure.
1. 10.0 cm® of the disinfectant was transferred to a 250 cm? volumetric flask.

2. Approximately 20 cm® of nitric acid and 20 cm® potassium iodide solution (both in
excess) were added to the volumetric flask.

3. The solution in the volumetric flask was made up to the mark with distilled water
and-then mixed thoroughly. ¢

4. 10.0 cm’ portions of the solution in the volumetric flask were titrated against a (J_n
solution of sodium thiosulfate, concentration 0,109 mol dm™. Starch solution was .
added near the end-point of the titration and the mean (average) titre was 27.35 cm’. OOO

N\

The equations for the reactions involved in this procedure are
Cly(aq) + 21 (aq) = Ix(aq) + 2CI (aq) Equation 2
I,(aq) + 28,0,°"(aq) — 2I(aq) + S40¢ (aq) Equation 3

(a) (i) Calculate the number of moles of sodium thiosulfate used in the titration.

009X 0035 9 qeins X167 molas of
1000 ‘Sodmmﬂ\.o&ulfﬂ'f (n e
hruhiont

(iv) Calculate the concentration of chlorine, in mol dm™, in the original disinfectant.
(2)

(2)

C= “...———"‘m‘:.o = | 49 05?‘55\0—&!000 ; 5 ' q G,Lg )(foﬂmgldt;
0. 15

ResultsPlus

Examiner Comments

This answer is impossibly small.
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Question 20 (b)

Most candidates showed a good general understanding of the term disproportionation but
a lack of precision in the answers meant that relatively few were able to score full marks.
In the general definition candidates frequently failed to appreciate that disproportionation
involves changes in the oxidation state of a single element while, in the explanation of

the specific example, all too frequently neither the oxidation and reduction processes nor

the species involved were clearly identified.

24

ﬁ ResultsPlus

(b) Equation 1 is an example of a disproportionation reaction. Define the term
‘disproportionation’ and explain, by considering the relevant oxidation numbers, why

this reaction is a disproportionation.
(3)

| Di&y’mpor’@mimn Lheatkon. s e A Seeiara (S
botia.. redaced ... and. oxidned A Awe SMAL. pealiion -
g 8 0 and & weduced o =10 L™ and.
Lodbo. oxidaréd. . A A CAD

Examiner Comments

The word species is not sufficient to gain the first mark but
the subsequent explanation, despite its brevity, scores the two

explanation marks.

(b) Equation 1 is an example of a disproportionation reaction. Define the term
‘disproportionation’ and explain, by considering the relevant oxidation numbers, why

this reaction is a disproportionation.
(3)

T o Some
B oo chion Jaking. piaae. . n.o.chemicolly  closed System. .a. Simulomets

osccring . of bath oxidetion and reduction. of dhe some speties

15 YXnowmn.as od-'SpropodiohcrHon'. €, reduces o give Cl . ond. C). xidlize

+
o 3].\/6 .C-l

ResultsPlus

Examiner Comments

The use of Cl*, either as a shorthand for 'chlorine in oxidation
state +1' or in place of CIO-, is very dubious.

Examiner Tip

It is best to use the full formula of the species and to state the
oxidation number, remembering to include the sign.
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(b) Equation 1 is an example of a disproportionation reaction, Define the term
‘disproportionation’ and explain, by considering the relevant oxidation numbers, why
this reaction is a disproportionation.
3)
e DisPrepocHonation  weaction. . e@euRs .
Lwhen. e sowme  teactant | gets oseidised. ..

Lond  Keduced  simuldansously. . Tn ceaciion 4,
ehlomine geds wveduced from o6 +o -4

chionine Qets oeidiced Prom b5 40 A 4 .

Examiner Comments

Despite a good general understanding, imprecision cost this
candidate two marks. The use of 'reactant' rather than 'element'
loses the definition mark and the failure to identify the species
formed in the disproportionation costs the second mark.

(b) Equation 1 is an example of a disproportionation reaction. Define the term
‘disproportionation” and explain, by considering the relevant oxidation numbers, why
this reaction is a disproportionation.
3)

....bf\.;.p‘mfpum\f'\nn&é\m.. _raeans..one.. 2\ement. As. ool onAsed. ...
.gmc\...__.Kes\u.c.eA.-....Q}{x.An.\im..\..num\:e.m._...g%: eomiee. o Qe is On e
LEX oxdahen. owoker s, =L So . eDsmoe ;5me&ute<\'xn
LG0T, oxddaXion . Noenbet. & Ao . 18 AL So e herce . sMomine

Asooddheed

ResultsPlus

Examiner Comments

An excellent answer.

GCE Chemistry 6CHO02 01
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Question 20 (c)

It is important in an iodine-thiosulfate titration to add the starch solution very close to the
end-point, so the pale in pale yellow is important.

Question 21 (a)

This question tested knowledge of the reagents and essential conditions for some basic

organic reactions; these were generally well-known but a lack of precision often resulted in
the loss of marks.

21 Halogenoalkanes are important intermediates in organic chemistry. The scheme below
summarises some important reactions of a halogenoalkane.

C4Hg
A /_E\
C4HyBr C4H,OH
. v
C
CquNHg

(a) Identify the reagents and any specific conditions required for the reactions in
the diagram. (You may assume that a suitable temperature is maintained in each
reaction.)

(4)
A . Reagert . aleaho Ue. NaoH 3 c.mcliﬁ-."m—_hamfna_ urden- G flanc
B .F’masn*. o cqueous.. NAO H 5 conditton:. heat:

C ﬁwﬁanl‘.-. Ped phosphoris and . bromng ) Condetom — haat

D ﬂm%nnf-.— aledhalie. ammmian . eemddton— hi.?,a&in_a and . sealod apponatio

ResultsPlus

Examiner Comments

A perfect answer.
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Question 21 (b) (ii)

This question proved very challenging. While most candidates were able to draw the
tertiary carbocation, many assumed that the formation of the primary alcohol proceeded
via a primary carbocation and those who were aware of the the S 1 mechanism were often
unable to draw the transition state correctly. Some candidates simply described the S 1 and
S,2 mechanisms without attempting to answer the actual question.

*(ii) Reaction B can proceed via two possible reaction mechanisms, depending on
the structure of the original compound. For each of the two isomers of C4HoBr
shown below, draw the structure of the intermediate or transition state which is
formed during the reaction. Explain in each case why the specified structure is
more favourable.

(4)

H HHH H N

' ' ~ Gr
. /

H—C—C—C—C—Br Cpy— C
R / A\
H HHH 1_4 \H
i -
St
Intermediate or transition state ee

Explanation L?QCCLLAJQ ."\.«E#."E ASNFE eu"tu'\ﬁl’f\ [,JJKBL/ .
. (/)f\c)upﬁ . b(’(_q“w o (P RN, yoIot h’\mr:) Moaﬂfar\o

Se b 1SN L. a2 C,hwb sy e 2R, 01

S \/'LQ Caar s cokt o
T”J (¥
CH;—C—Br )
CH; l

CHy ‘e

Intermediate or transition state

Explanation . I”.ﬁ Cepas NSy M A L’.\u.LO ol leeure
hert 5.3 .%Lk.t)h._ ﬁfc_#-_af’s e red.
ho e Caren AT YPARECY, W S

f_’«f\mj)m (.. (e o Shal . Cexlas Cadven

ﬁ ResultsPlus

Examiner Comments

The S, 1 transition state is shown with five bonds to the central carbon rather
than with the attacking OH- and the leaving group Br- both partially bonded to
the central carbon atom. The candidate appreciates that the tertiary carbocation
is more stable but the explanation of this is too confused to gain a further mark.

GCE Chemistry 6CHO02 01
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*(ii) Reaction B can proceed via two possible reaction mechanisms, depending on
the structure of the original compound. For each of the two isomers of C4HyBr
shown below, draw the structure of the intermediate or transition state which is
formed during the reaction. Explain in each case why the specified structure is
more favourable.

(4)
Co
H HHH |
L o - - €
H H H \’ .Op‘# H/ \\

& |
~J
Intermediate or transition state
o, (2 sees ok e
Explanatlon dD o EDQN\% A @(\.MQ(\S Knakqaef\oa\lﬁ.ﬁﬂ\e

Do 3\\@\&?!\% g T \e'ad\d\ can.

eeeoC T\ %k@ _____a_____H%F\_%L__h@f\_________
Sxke,
o e
Vi ¥ -
CH; | Br CA::, — C {. %(
CH, \
Cla

Intermediate or transition state

Explanation ....... SM\ ( sReeles ok \”Q‘%‘““"“‘\%}
dee bm% A #ahaws \J\’a‘\cx%?j\o a.&hmt\e
e M %mQ‘& ceake A \ok o
‘L:.\mel'c!L oy S‘VQQS.. ceautied
u:\x\eif?-g. Cﬁ‘\ED (;a‘nor\ - Ts Q@(M@L

<d “/ ResuitsPlus /p\

Examiner Comments

Examiner Tip

The transition state here has two errors:
the hydrogen in the OH group is shown
bonded to the central carbon and the
transition state has no charge, the latter

When writing equations involving ions,
keep a check on the overall charge on the
system, which must be constant.

error was not penalised. The candidate has
the idea that the methyl groups stabilise
the tertiary carbocation but no real idea
how this is effected.
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*(ii) Reaction B can proceed via two possible reaction mechanisms, depending on
the structure of the original compound. For each of the two isomers of C4H,Br
shown below, draw the structure of the intermediate or transition state which is
formed during the reaction. Explain in each case why the specified structure is
more favourable,

(4)

B akack  and N doern  ¢o  bomuse. fe. Corbon.

e 26 N0% L Suvvounded . .b.:j... iyl avoves . Twd s poean. ...
ekt prodack . 1 bromo batome 2 ovimg lankmé

CH,

¢ \f‘/ﬂ 5” -
<y =

CH, 5o

Intermediate or transition state

Explanation . Wex€. e rbon (S Survownded 1(775”'@%13 |
L grovps. Se.. Mere ds. . me. Spcl. do.. adetK e awieom ..
S0 the  Br WA do. g0 Rrct  end Haen. . OH
ol AHACK A TRON e
v TS PrRLOS can onty produvee eve  Aype of

ﬁ ResultsPlus

Examiner Comments

This candidate shows a reasonable understanding of the steric
factors that influence the mechanism, the transition state

and intermediate have not been drawn. This type of response
showing the electron movements leading to the transition state
and intermediate but not the actual species was quite common.
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ﬁ ResultsP

*(ii) Reaction B can proceed via two possible reaction mechanisms, depending on
the structure of the original compound. For each of the two isomers of C4HoBr
shown below, draw the structure of the intermediate or transition state which is
formed during the reaction. Explain in each case why the specified structure is
more favourable.

Intermediate or transition state

CH3
ﬁ'![;
&N cOHT
CHy—C—Br / C@
| / %"‘bm
CH,

Intermediate or transition state

Explanation

a. . tertiary or 3°. carbocarion ,. S0
tertiary  cCarbocCabons. . are. the. . most

1h@. C-Bc bond. aQnd the -OH nuclegphile
CGn. Qttack 1nQ tertiary carbocation

formed.

us

Examiner Comments

The intermediates shown here are particularly well drawn and the candidate gains a
further mark for noting the (greater) stability of the tertiary carbocation. However,
while the candidate is aware that the methyl groups are important in determining
the mechanism, their role in stabilising the carbocation is not made clear.

GCE Chemistry 6CHO02 01

(4)
r_' T -"T.-.
H H H H
BN aiICE Lol a4
H—C—C—C—C—Br
B / N
HHHH HzCa H
- -

Explanation .. Th€ reaction aoes through a trarsition .
statewith no (arbocation, sin@ thQ. ...
carbocQtion formed  would e G  1° or primary
@rbocatioN which is the least stable.

AN inktermediate s . form€d it

SEGbLIC . Tne  electron~donQting.  Alkyl groups. .
Ffacilitote twe neterolytic bond fission Qf




Question 21 (b) (iii)

This was a straightforward question with many correct answers. Although the question
was worth just one mark, many candidates gave elaborate discussions involving
electronegativity differences often without touching on the key point. There were a
surprising number of responses which referred to the H—X rather than the C—X bond.

(iii) If C4Hsl is used instead of C4HoBr in reaction D, the rate of formation of
C4HgNH; increases. Explain why the rate of reaction increases.
(n

oo fore. o\l 2ol Ra.Swer . So. ot Heo (2.0 CHhm. ...

ResultsPlus

Examiner Comments

This answer is very much to the point.

(iii) If C4Hol is used instead of C4HyBr in reaction D, the rate of formation of
C4HgNH; increases. Explain why the rate of reaction increases.

2e % ... O, e Gwe. T

ResultsPlus

Examiner Comments

More particle confusion. Here the halogen molecules are involved.

GCE Chemistry 6CHO02 01
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(iii) If C4Hsl is used instead of C,HqBr in reaction D, the rate of formation of
C4HoNH; increases. Explain why the rate of reaction increases.
(1)

% . dadine. is.a. lar qen rnolecu Ve, with. -?--Q-_miﬁ.é’ bor "f?.h\cr[k. .
and..hence.. wea ke w. than.the bromaeal kanezo. ..
reosks ___Q..c;l...f;i._l.g__._ Thus. teate of reacBonm. inCmeasea.. .

ResultsPlus

Examiner Comments

The mark cannot be awarded here because it is far from clear
that the candidate is referring to the relevant bond.

Question 21 (c)

While there were many excellent answers to this question, there was some confusion about
how a refrigerant cools and a failure of common sense in choosing the properties that might
be desirable in a refrigerant.
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Question 22 (a)

While most candidates were able to write the correct balanced equation for this reaction, a

significant minority could not.

&L

The most frequent error in answering this question was the use
of atomic nitrogen; atomic oxygen was very rare.

Nitrogen monoxide is an unusual molecule both in its chemical structure (shown below)
and in its impact on our lives,

(o] X XX

:N:O

0O XX

Nitrogen monoxide is an important chemical messenger in all mammals and, at
appropriate concentrations, it is vital to life; however, at high concentrations in the
body, it is extremely toxic.

Nitrogen monoxide is considered a dangerous atmospheric pollutant; it is involved in
the formation of a range of toxic substances, including ozone, at low altitudes, and in
the depletion of the ozone layer at high altitudes.

Nitrogen monoxide is formed by the direct combination of nitrogen and oxygen at

high temperatures, a reaction that occurs naturally in lightning discharges, and as a by-
product of the reactions in internal combustion and jet engines. Catalytic converters
reduce nitrogen monoxide emissions from car engines by catalysing the reaction
between nitrogen monoxide and carbon monoxide to form nitrogen and carbon dioxide.

The reactions of nitrogen monoxide which involve ozone in the atmosphere are
summarised below.
2NO(g) + Ox(g) = ZNOx(g)

UV radiation

NO2(g) NO(g) + O(g)

O:g) + O(g) ———— 0Oi(g)

NO(g) + Oy(g) ———— NO1(g) + Ox(g)

When the ratio of nitrogen dioxide to nitrogen monoxide is high (> 3), the rate of
formation of ozone is faster than its rate of removal. When the ratio is low (< 0.3), the
reverse is true.

Ozone causes breathing difficulties, headaches, fatigue and can aggravate respiratory
problems. The reaction of nitrogen monoxide with hydrocarbons can also produce

other toxic compounds, such as aldehydes.

. J

(a) Write the equation for the formation of nitrogen monoxide from nitrogen and

oxygen. State symbols are not required.

N o440, — NO

(N

Results#lus

Examiner Comments

GCE Chemistry 6CHO02 01
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SECTION C

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

22 r
Nitrogen monoxide is an unusual molecule both in its chemical structure (shown below)

and in its impact on our lives.

o} X XX
(o] (o]
O X
O XX

Nitrogen monoxide is an important chemical messenger in all mammals and, at
appropriate concentrations, it is vital to life; however, at high concentrations in the
body, it is extremely toxic.

Nitrogen monoxide is considered a dangerous atmospheric pollutant; it is involved in
the formation of a range of toxic substances, including ozone, at low altitudes, and in
the depletion of the ozone layer at high altitudes.

Nitrogen monoxide is formed by the direct combination of nitrogen and oxygen at

high temperatures, a reaction that occurs naturally in lightning discharges, and as a by-
product of the reactions in internal combustion and jet engines. Catalytic converters
reduce nitrogen monoxide emissions from car engines by catalysing the reaction
between nitrogen monoxide and carbon monoxide to form nitrogen and carbon dioxide.

The reactions of nitrogen monoxide which involve ozone in the atmosphere are
summarised below.
2NO(g) + Oa(g) = 2NOx(g)

UV radiation

NOx(g) NO(g) + O(g)

0:(g) + O(g) ————— 0Ox()

NO(g) + O3(g) ——————— NO:(g) + OaAg)

When the ratio of nitrogen dioxide to nitrogen monoxide is high (> 3), the rate of
formation of ozone is faster than its rate of removal. When the ratio is low (< 0.3), the
reverse is true,

Ozone causes breathing difficulties, headaches, fatigue and can aggravate respiratory
problems. The reaction of nitrogen monoxide with hydrocarbons can also produce
other toxic compounds, such as aldehydes.

(a) Write the equation for the formation of nitrogen monoxide from nitrogen and
oxygen. State symbols are not required.
(1

N‘z_r,# 473 {‘,)'——-—9 _2 Nﬁ(ﬂ)

ResultsPlus

Examiner Comments

Despite the instruction in the question. the candidate includes the state
symbols. This does not affect the mark but is unnecessary.
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Question 22 (b) (i)

Most candidates were familiar with the terms 'free radical' and homolytic fission.

Question 22 (c) (i-iii)

Fully correct answers to this sequence of questions were quite rare. Few candidates
appreciated that unburnt fuel in vehicle exhaust emissions was the most likely source of

hydrocarbons in the atmosphere and difficulties were exacerbated by poor use of language.

Most candidates realised that the conversion of a hydrocarbon to an aldehyde was an
oxidation reaction but there were also references to the (partial) oxidation of alcohols
indicating that the question had not been fully understood. The skeletal formula question
produced a range of answers. Common errors were the skeletal formula of ethanal and full
structural formula of propanal.

(c) (i) Suggest the most likely source of the hydrocarbons that react with nitrogen
monoxide to form toxic compounds.
(n

(ii) Suggest the type of reaction that is involved when a hydrocarbon is converted

into an aldehyde.
(1)

(iii) Draw the skeletal formula of the aldehyde with three carbon atoms.

-, A

ResultsPlus

Examiner Comments

The skeletal formula here scores the mark but it is preferable to
indicate each carbon atom with an angle of about 90°.

A
Q ResultsPlus
Examiner Tip

Many candidates find skeletal formulae difficult so it is well
worth the time ensuring that you understand the principles and
practising drawing examples.

GCE Chemistry 6CHO02 01
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(c) (i) Suggest the most likely source of the hydrocarbons that react with nitrogen
monoxide to form toxic compounds.

(1)
(ii) Suggest the type of reaction that is involved when a hydrocarbon is converted
into an aldehyde.
(1)
(iii) Draw the skeletal formula of the aldehyde with three carbon atoms,
(1)
R W o
! 1 ) T
{
l H
i

ﬁ ResultsPlus

Examiner Comments

Skeletal is bold in the question but this is a full structural

formula.
(c) (i) Suggest the most likely source of the hydrocarbons that react with nitrogen
monoxide to form toxic compounds.
1)
(ii) Suggest the type of reaction that is involved when a hydrocarbon is converted
into an aldehyde.
(1)
(iii) Draw the skeletal formula of the aldehyde with three carbon atoms.
(1)

N

ResultsPlus

Examiner Comments

The inclusion of the hydrogen in the skeletal formula means the
mark cannot be awarded.
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Question 22 (c) (iv)

There were many excellent answers to this question but some candidates failed to take
account of the mark allocation and gave lengthy and elaborate responses while others
ignored the word 'explain’.

(iv) By considering the equation
NO(g) + Os(g) ————— NOx(g) + O:Ag)

explain the effect of the reaction of hydrocarbons with nitrogen monoxide on the
breakdown of ozone.
(D

Nt\.f_@..?gﬁ‘?&k.ﬁx o ook woce breddon, o

J‘\kol 0 . .

ﬁ ResultsPlus

Examiner Comments

This candidate has ignored the key word 'explain' in the
question and simply given the outcome of the reaction between
nitrogen monoxide and hydrocarbons.

OO ResultsP

Examiner Tip

us

Make sure that you identify the command word in a
question e.g. 'state’, 'identify’, 'define’, 'explain'. These
words indicate the required scope of the answer.

(iv) By considering the equation
NO(g) + 03(g) ———— NOs(g) + Oa(g)

explain the effect of the reaction of hydrocarbons with nitrogen monoxide on the
breakdown of ozone.

(1)
Nitogen  monoxide  attoeks . 4o . 020ne. ..(a,_:fe,c..

el PrOAACES O N Oy G oy DN S

O greenhauge ged.. amofmwe’{ﬁ[o!acﬁ Warading .

.\ >

ResultsPlus

Examiner Comments

This response not only ignores the essential point required by the
question but also brings in irrelevant reference to global warming.
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Question 22 (d)

Most candidates referred to the effect of UV radiation but often without mentioning that its
intensity would be greater at higher altitudes. Those candidates who discussed the effect of
the reduced pressure on the equilibrium were more likely to gain both marks. A surprising
number of candidates believed that nitrogen dioxide was too heavy a molecule to reach high
altitudes.

(d) Suggest why the proportion of nitrogen dioxide might be reduced at high altitudes.
(2)

OV dickinn b oen K ) b W wk Ao O
_)"fh rooeld Yl

ﬁ ResultsPlus

Examiner Comments

A typical answer which makes good use of the material in the
passage but fails to address the high altitude issue.

OO ResultsPlus

Examiner Tip

There were two marks for this item but the answer only
makes one point.

(d) Suggest why the proportion of nitrogen dioxide might be reduced at high altitudes.
(2)

MNO, 05 )«_e_wy 0. It weuld na—rma_lly dop.  botk tv g
\ower. lewed. , hemct. ot _lu_ah altitudes D, s rediced .

ﬁ ResultsPlus

Examiner Comments

It was surprising to find this response at AS level but the idea
that NO, is too heavy was by no means uncommon.
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Question 22 (e)

Most candidates understood the role of ozone in absorbing UV radiation and why this is
important but there were many examples of careless use of terminology. Common examples
were the idea that UV radiation is reflected back into space or prevented from entering the
atmosphere. Some candidates failed to identify the radiation as UV, referring to 'radiation’
or 'light' or UV and IR; there were many references to global warming being caused by UV
radiation.

(£)
In order. 10 prevendt. 0. muen -4 &jhrwm{/jy into..
e At mosphese. . 65 asdas 100 much W Ugnt . may..... .. .

L]

Dedk up ink Coatng odmosphect . Codsing. . Lol wamin

ResultsPlus

Examiner Comments

This response contains some typical confusion about the nature
of the atmosphere and the mechanism of global warming.

Question 22 (f) (i)

Some candidates failed to balance this equation and there was more use of nitrogen atoms
(as in 22(a)).

(f) (i) Write an equation for the reaction on a catalytic converter described in the
passage. State symbols are not required.
(n

Examiner Comments

A correct answer; using 2N, is perfectly acceptable.

GCE Chemistry 6CHO02 01
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(f) (i) Write an equation for the reaction on a catalytic converter described in the
passage, State symbols are not required.

J)CO #NO — N, +2C 0,

(1

ResultsPlus

Examiner Comments

Another fully correct answer, this time the coefficients have
been scaled up to eliminate the fraction.

(f) (i) Write an equation for the reaction on a catalytic converter described in the
passage. State symbols are not required.
(1)

Yo Yo —=N (o,

ResultsPlus

Examiner Comments

Atomic nitrogen!

Question 22 (f) (ii)

Almost all candidates had the right idea in this question; there very few Maxwell-Boltzmann
distribution curves. However, as elsewhere in the paper, marks were often lost due to a lack
of precision. The main problems were incorrect or missing labels although there were also
some endothermic systems drawn. Most examiners commented on the poor quality of the
diagrams,

Question 22 (f) (iii)

This question was very well answered with the final marking point the one most likely to be
lost.
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Question 22 (g)

Candidates usually appreciated the importance of aircraft flying close to the ozone layer
although it was often expressed with insufficient clarity, candidates frequently stating to
the effect that 'aircraft fly higher than cars'. The second mark proved more difficult to gain
with vague ideas such as the time that it would take the NO to reach the upper atmosphere

being fairly typical. There was also much vague reference to 'emissions' and 'pollutants' and
'greenhouse gases'.

(g) Jet aircraft are considered a greater threat to the ozone layer than road vehicles.
Suggest an explanation for this.
(2)

Tk el ok o polii diedly o e oic ok
) Lt b alhbadic ’ﬂs&mecms Crere ... \zc.und' qurc\m—%f\k}etﬁ,

B Pas e zone. b alfs @, wleeas ) eouel vebils
M NO N how B Tl b o pper abrrosphes by e mosk sl
hart ol P“w ' (Total for Question 22 = 20 marks)

ResultsPlus

Examiner Comments

The idea of NO being 'dissipated’ is sufficient to gain the second
mark.

e,

" Suggest an explanation for this.

(2)
jct.qxrcwt__r@\m _N\nger\ Nonoxidle.
nghae wp. un. Bre odnnaspirure Bhoun o
engines ,so aue moe WEly to Camoge Crone
T\”&m%x e SAVila's %r‘t\? =S4 N Craness

\ - e 5 Q X \ ] d
9‘5 = — \ N I G o Saatod 2220 i)

ResuitsPlus

Examiner Comments

The ideas in this response lack sufficient precision (‘higher up in the atmosphere
than car engines') and development (what exactly does the last sentence mean?)

OO ResultsPlus

Examiner Tip

Do ensure that what you have written fully
expresses what you want to say.
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(g) Jet aircraft are considered a greater threat to the ozone layer than road vehicles.

Suggest an explanation for this,
(2)

becavse  the . det.. qiccmft.. frove\s.. £oser ro. .
Cr0 . €ON®S. .. AmMoSReT..... 80....khe. .. Ihanmful gases..of..
(PENACER.EALS . QUK. the..0zone. \ayec. fASKer,
)& et ourceatts. onay. prodod. larger. amoonss. .

(Total for Question 22 = 20 marks)

ﬁ ResultsPlus

Examiner Comments

By including irrelevant reference to greenhouse gases and

a dubious statement (jet aircraft fly closer to the Earth's
atmosphere) this candidate is distracted from attempting the
question properly.
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Paper Summary

The number of marks for a question indicates the number of scoring points the examiner
will be looking for and the number of lines shows the maximum likely length of a
reasonable response. Use this information in framing your answers.

Do read your answers carefully and check that you have answered the question set by the
examiner.

The 'theory' papers will all include questions that test practical knowledge and
understanding.

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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