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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.

The mean percentage scores in the multiple-choice section were higher than for the paper
as a whole due to the presence of a number of readily accessible questions (over three-
quarters of candidates gave the correct response for the following questions (in order of
accessibility): 10, 5, 2(a), 9, 12, 1(a), 3). Only one question proved particularly challenging.
This was Question 4, the test for iodine, for which just over a third of the candidates gave
the right response, almost all the rest giving a halide test.

Question 11, the decomposition of carbonates, was the next most difficult question
(correctly answered by just over half the candidates). Despite the relatively high mean
mark, the scores on the multiple-choice section appeared to correlate well with overall
achievement and gave good discrimination particularly at the E grade boundary.

In Sections 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 in the candidates' responses. Space allocation

was only an issue in Question 20(b)(ii) where many candidates wrote far more than was
needed. 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 ability to write correct, balanced
equations remains the preserve of the better candidates. Many candidates showed a poor
understanding of the application of error / uncertainty theory to experimental situations
and the typical understanding of environmental aspects of chemistry was perfunctory. The
standard of the answers in Section C would have improved if more candidates had read the
passage with due care.
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Question 17 (a) (i)

While most candidates scored well on this question, appreciating that more ozone must
be formed and that the increase in temperature favours the endothermic side of the
equilibrium, there was a good deal of imprecise language even when both marks were
awarded. For example, candidates frequently referred to ‘the reaction’ being endothermic,
ignoring the reverse process. There were many elaborate discussions of the reaction
‘absorbing the heat’ and of the effect of temperature on the rate of the reaction which
gained no marks.

7 (a) Ozone, Os, is formed when oxygen is exposed to ultraviolet (UV) radiation or to an
electric discharge. Ozone is a blue gas whereas oxygen is colourless, When the two
gases are mixed, an equilibrium is established as shown in the following equation.

304(g) = 205(g) AH = +143 kJ mol™
(i) When the temperature of the pale blue equilibrium mixture is increased at
constant volume, the colour darkens. Explain this observation in terms of the
changes to the equilibrium,

Tha CELGAS dasleans L) Ls Wﬂm‘”\“
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ﬁ ResultsPlus

Examiner Comments

Resu

The reference to counteracting the increase in Examiner Tip

temperature focuses incorrectly on a mechanism to
explain Le Chatelier's Principle rather than the key point
which is the endothermicity of the forward reaction.

With two marks available for this item,
two points are essential.
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Examiner Comments . i,
Examiner Tip

This response is contradictory referring to
the reaction to the left being both exothermic Do check your answers carefully.
and endothermic.
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Examiner Tip
This is clearly a question about equilibrium so o
the mention of rate is superfluous. Do try to keep to the point in your answers.

<)

N om endathum reacton owhen 'Eﬂ.ff”..l’ﬁf.ﬂhrﬁ.-. "SMQM,

lfbvwfa( .fa.-r!w L~ ﬁwaf_.fmdrm.ﬁ._{ée bk . The okt
vf.fm Arn odd bt eseped and tho mxbue wanld

become oloeer - iatd o] pus ( product ) psll ke remnad .

ResultsPlus

Examiner Comments

The forward reaction is indeed endothermic but the reverse reaction
is, of course, exothermic so the language here is imprecise.
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Examiner Comments

Just more ozone or O,(g) is much better than 'more 20,(g)’, as
coefficients belong only in the equation.
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Question 17 (a) (ii)

The effect of pressure on equilibrium was more clearly understood than the effect of
temperature. A surprisingly common error was to omit the observation required by the
guestion; candidates also referred to a blue gas being formed, ignoring the clue in 17(a)(i)
indicating the best way to describe the change in appearance. Some candidates focused on
explaining Le Chatelier’s Principle in terms of absorbing the increase in pressure rather than
describing the effect.

(ii) State and explain what you would see if the pressure of the system at
equilibrium were increased.

.
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Examiner Comments : -
Examiner Tip
This response gets straight to the point
and scores full marks. Less refers to amounts and fewer to number.

(ii) State and explain what you would see if the pressure of the system at
equilibrium were increased.
(2)
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Examiner Comments

The rate of reaction is irrelevant here and
risks the second mark.
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(ii) State and explain what you would see if the pressure of the systemat T f= 1t -
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Examiner Comments

Unfortunately this candidate fails to answer the question
fully as there is no observation.

(ii) State and explain what you would see if the pressure of the system at
equilibrium were increased. o)
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Examiner Comments

The candidate confuses pressure and number of
moles and thereby loses the second mark.

OO ResultsPlus

Examiner Tip

Attempts to explain Le Chatelier in terms of absorbing
heat or reducing pressure will rarely gain marks.
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(i1) State and explain what you would see if the pressure of the system at
equilibrium were increased.
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Examiner Comments

Again, the response in terms of what the reaction is
'trying to do' fails to score the second mark.

Question 17 (a) (iii)

There were many excellent answers to this item but a significant number of candidates
failed to appreciate that the question was about dynamic equilibrium. Some focused on the
last sentence and deduced (incorrectly) that the 80 was acting as a catalyst while others
produced elaborate mechanisms for the formation of O, containing the isotope.

(iii) A small amount of oxygen gas containing the isotope '*O is added to the
equilibrium mixture. After a few hours, ozone containing '*O is detected.
Given that the equilibrium position is not affected, explain this observation,
(1)

3 Y .
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ﬁ ResultsPlus

(MVD\MQ
Examiner Comments

The attention of the candidate is directed towards

the mechanism of the process. The answer does not
address the main point of this whole section which is to
do with the characteristics of equilibrium systems.
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Examiner Comments

Despite the clear statement in the question that the
equilibrium is unaffected, the candidate insists on
assuming that the position of equilibrium has changed.

Examiner Tip

Take note of all the information provided
in the question.

(1)
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Examiner Comments

Instead of answering the question this candidate offers an
explanation for the equilibrium position being unaffected.
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Question 17 (b)

The first three steps of the calculation were familiar ground for most candidates who tackled
them confidently; the most common errors were the omission of the factor of a thousand

in 17(b)(i) and the use of a further division by two in 17(b)(iii). The conversion of moles

to volume proved more demanding with some candidates failing to appreciate that the
successive stages in the calculation were linked and started a new calculation for 17(b)

(iv), often dividing 100 by 0.024. The scaling calculation in 17(b)(v) also caused difficulties
with the omission of the division by 100 being a common error. Some candidates showed

a lack of awareness of the significance of the numerical values here and gave answers

well in excess of a million. Most candidates were able to score the first mark in 17(b)(vi),
usually by reference to the calculation of a mean value but the distinction between reliability
and accuracy was not clearly understood and the importance of relating the answer to the
specific question was often not appreciated.

(b) The concentration of ozone in the atmosphere may be determined by bubbling air
through a solution of acidified potassium iodide. lodine is formed in solution, the
concentration of which may be determined by titration with a solution of sodium
thiosulfate of known concentration. The equations for the reactions are

Oy + 21"+ 2H' = 0, + H,0 + 1, Equation 1

[ + 25,05 = 21" + §404° Equation 2

[n an experiment to determine the concentration of ozone in a sample of air, 100 m*
of air was bubbled through 100 cm? of a solution containing an excess of acidified
potassium 1odide.

The resulting solution was titrated against a solution of sodium thiosulfate of
concentration 0.0155 mol dm . The volume of sodium thiosulfate solution required
for complete reaction was 25.50 cm®,

(i) Calculate the number of moles of sodium thiosulfate that react.
D. 0158

(sY=Xo!

(1)

x 2560= 3-9625x

 ——

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

31525 x 107"

201

V/-\I"--fu.w_ t.-?-.l

= W [ 2762%x10™M

pA ————a,
(iii} Use equation 1 to deduce the number of moles of ozone that reacted with the
acidified potassium iodide.

NEREE

(n

|- 42424 x10° Y
—_
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(iv) Calculate the volume of ozone, measured in m’, present in the original sample
of air. Assume that all gas volumes were measured at room temperature

and pressure and that the molar volume of any gas under these conditions is
0.024 m* mol .

(nH

16114 26 Xlor”- 1A IOON\-S hf’ Ay

- -6
) 4H 28x 107 x 0.p28 = £+ FUIXI10 - ~

(v) Calculate the concentration of ozone in the sample of air in units of parts per
million (ppm) by volume.

- (1)
4 - ‘7453“' "s A JOOMBJ Ay

X OD ch

‘%m O-OLP"M?”.{.M

(vi) A student suggested that the 100 cm? of acidified potassium iodide should
be divided into four portions before the titration. Explain how this change
increases the reliability and decreases the accuracy of the experiment.

(3)

r , R
Increases reliability .Bﬁi?u‘bt e Wil hewe % -:-w'((.. 4;4.WJ LS .ﬂoffw’(.:z"s?

a'f-"
/m‘- "-]Tml'({ an..Mean .1[}03"'\.6\!.{/.{ 1C Al Al ._Mm,fz. W} 'a V&S& MoK
(s/{\JbL

Decreases accuracy Ne Iﬁb&lf-& Q‘F aror o0 _Vf?;.”'m.*’-- Mmen Swanend
6. Cr’eﬂ?‘@f ‘me v@u NEASM Lk 'Vt:'[i.e”"!-‘.’(_‘; . n.&[ fl*"s‘lﬁ'w,r/( «.f
J"“%J 1 Valume [.. Ke VLT‘L\_ | 0Q ¢~ } ﬂn .r'n.m?ﬁétﬁ. ,ﬂﬂ .L?Uf-’/w{ﬂ’{

s of Ne Lxpu e lmﬁm &gt it decanst
h.w( 5. euvor eadn. f'mwd. IHJA g - \f“"u'\w 15 _MMSW{A

LM
e

Resu us

Examiner Comments

This candidate completes the calculations perfectly and
gains the first mark in 17(b)(vi). However, the attempt
to explain the decrease in accuracy implies that the more
frequently a quantity is measured the less accurate it
becomes. This was a common misconception based on
the principle that errors are (approximately) summative.
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(b) The concentration of ozone in the atmosphere may be determined by bubbling air
through a solution of acidified potassium iodide. lodine is formed in solution, the
concentration of which may be determined by titration with a solution of sodium
thiosulfate of known concentration. The equations for the reactions are

0;+2I+2H' -5 0, + H,0 + 1, Equation 1
I, + 28,05 — 21" + S,04* Equation 2

In an experiment to determine the concentration of ozone in a sample of air, 100 m*
of air was bubbled through 100 ¢cm? of a solution containing an excess of acidified
potassium iodide,

The resulting solution was titrated against a solution of sodium thiosulfate of
concentration 0.0155 mol dm™, The volume of sodium thiosulfate solution required
for complete reaction was 25.50 cm’.

(i) Calculate the number of moles of sodium thiosulfate that react,
(1)

0:0l1s¢ x 25:S _ 4, 2.9¢2¢ x 107"

OO0

=2.95 x 10 mol.

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

3.95 25 «x o
2

[ 4F 628 x(0 ™

= 1-9¢% <10 el

(iii) Use equation 1 to deduce the number of moles of ozone that reacted with the

acidified potassium iodide.
(1))

3-"75 )(lO_th e L
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(iv) Calculate the volume of ozone, measured in m®, present in the original sample
of air. Assume that all gas volumes were measured at room temperature
and pressure and that the molar volume of any gas under these conditions is
0.024 m* mol ',

2-9526 x |07 x 0-02l

- O’a’%é X (O_G) mg

(v) Calculate the concentration of ozone in the sample of air in units of parts per
million (ppm) by volume.

Q. kg6yio™ " N 10090 (1
A —

‘00 gQ#oOQ

= D“Ooiq‘q ppr .

(vi) A student suggested that the 100 cm’ of acidified potassium iodide should

be divided into four portions before the titration. Explain how this change
increases the reliability and decreases the accuracy of the experiment.

Increases rciiabilily.M.w.. . "Q'Pea’{‘j v O bf’ Lofr "IeCl_

ouk, omd  He  weoam  can o be  colcolosted |

Examiner Comments

The candidate scored the first three marks but gave the
incorrect ratio of ozone to iodine. The most common error was
to halve the amount of iodine calculated in 17(a)(ii) but here
it is doubled. The next two calculation marks were awarded as
the incorrect value from 17(a)(iii) is correctly processed. The
candidate made no attempt at the final question.

Avoid leaving an answer blank.
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(b) The concentration of ozone in the atmosphere may be determined by bubbling air

through a solution of acidified potassium iodide. Iodine is formed in solution, the
concentration of which may be determined by titration with a solution of sodium
thiosulfate of known concentration. The equations for the reactions are

03+21i+2]‘]1-—)02+ H20+°lz
I + 28,05 = 21" + §,04*
i
In an experiment to determine the concentration of ozone in a sample of air, 100 m*
of air was bubbled through 100 cm? of a solution containing an excess of acidified
ke PRaL R AL,

Equation 1

Equation 2

potassium iodide.

The resulting solution was titrated against a solution of sodium thiosulfate of
concentration 00155 mol dm™. The volume of sodium thiosulfate solution requir
for complete reaction was 25.50 cm’,

D*“:j &(i) Calculate the number of moles of sodium thiosulfate that react.

25. S0

% Y xeanc
To0oo X 0.01565

[O00

Als = O. OQD%?QBZS'mﬂ

(i1) Calculate the number of Polps of iodine that reacted with the sodium
thiosulfate. \z 1o

| 2
___2 - Z
L x 000034628

4., = 0000147625 mil |

(iii) Use equation 1 to deduce the number of moles of ozone that reacted with the
%c:idifli‘ed potassium iodide,

()

s
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(iv) Calculate the volume of ozone, measured_in m’, present in the original sample
of air. Assum@ thatall gas volumes were "measured at room temperature
and pressure and that the molar volume of any gas under these conditions is
0.024 m* mol .

= 6. 000R 147625 »il I (D0m®
’ X 0,02y -

9
Ay ST IR Ans 4. -;LqulU",.

(v) Calculate the concentration of ozone in the sample of air in units of parts per

million (ppm) by volume. (OO vgm * (n
X 000 Ju,
4.7747% X 10 ppm /JOOOQK

2 p

(vi) A student suggested that the 100 cm” of acidified potassium iodide should
be divided into four portions before the titration. Explain how this change
increases the reliability and decreases the accuracy of the experiment.
(3)

Increases reliability.. ’Iar'.s_.rfs_.. Peccease..  hna. Stc! €t ol
fopectt s €APEN It and cpt- MR tiyes and)
MR CaliLalQ@ER . G, Qi VINRAUA.. htre ..
Decreases accuracy... Tra. ceia .. pAzSs . z/.m___nx:{(ﬂd.r. M’rw

dindee] o (oue. portiand ke wneam. e «r/t}w 9‘

would. be a. swaalley v oliumg.. SO cpeva/temlfag,e enmy...
AUl Nl eOse.. S0 RN Ce.. RCC(ewiie. j’ o
PLCHOUSEL oo

Examiner Comments

This response makes all the essential points in 17(b)(vi).
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(b) The concentration of ozone in the atmosphere may be determined by bubbling air
through a solution of acidified potassium iodide. lodine is formed in solution, the
concentration of which may be determined by titration with a solution of sodium
thiosulfate of known concentration. The equations for the reactions are

O3 +2F+2H' -5 0, + H,0+ 1, Equation |
I + 285,05 = 2I" + §,0¢* Equation 2

In an experiment to determine the concentration of ozone in a sample of air, 100 m’
of air was bubbled through 100 cm’ of a solution containing an excess of acidified
potassium iodide.

The resulting solution was titrated against a solution of sodium thiosulfate of

concentration 0.0155 mol dm™. The volume of sodium thiosulfate solution required
for complete reaction was 25.50 cm?,

(i) Calculate the number of moles of sodium thiosulfate that react.
0:-0189 x 00285

=9/
= 00003957 w}\%
(ii) Calculate the number of moles of iodine that reacted with the sodium

thiosulfate.
V. 7L

0.00 039587 ~ L O-OOOE“P?éP\A\_@

(1)

(2)

(iii) Use equation | to deduce the number of moles of ozone that reacted with the
acidified potassium iodide.

]

= 0.00019 D¢ w){;@

(1)

GCE Chemistry 6CHO02 01




(iv) Calculate the volume of ozone, measured in m?, present in the original sample
of air, Assume that all gas volumes were measured at room temperature
and pressure and that the molar volume of any gas under these conditions is
0.024 m* mol..

Y

(1)
.00

-6
0-01W»%0:000(976 = 8 W72 %10 M

(v) Calculate the concentration of ozone in the sample of air in units of parts per
million (ppm) by volume.

Y. 772 x:ofﬁ X TOQO O 000,000
~ 00w = W/

(1)

(vi) A student suggested that the 100 cm® of acidified potassium iodide should
be divided into four portions before the titration. Explain how this change
increases the reliability and decreases the accuracy of the experiment.

lncreasesreliabi]ity _I_j(_ QAN M jQ\-p» W U!M\
MM\A o(\e\x Sz Lw FLA\VE ,%M

@ ResultsPlus

Examiner Comments Examiner Tip
The mark in 17(b)(iv) is lost because of a transcription It is important to relate your
error (4.72 rather than 4.742) and in (b)(v) the factor answer to the specific case in the
of 1/100 has been omitted. question. So in 17(b)(vi) a further
The candidate gains a mark for the general statement mark was available for specifying
on the increase in percentage error. the volume that was decreased.
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Question 17 (c)

Many candidates scored full marks for this straightforward question, although there were
some that were unaware that the oxidation number of an element in its elementary state
is always zero. The most common incorrect suggestion as to the role of the ozone in the
reaction was to describe its part in absorbing UV radiation from the sun.

|
(c) Give the oxidation numbers of oxygen in equation 1, shown below. Hence state the
§ role of ozone in this reaction.
O, + 2"+ 2H" - O, + HiO + |5

Oxidation number of 0 .© S ‘.'.’L

Role of ozone . mm&xn% (\QQJ\}'

ResultsPlus

Examiner Comments

A perfect answer.

(c) Give the oxidation numbers of oxygen in equation 1, shown below. Hence state the
role of ozone in this reaction. '
(3)

0, + 2I" + 2H' - 0, + H,0 + I

Oxidation number of 0 O Q “2

block .
Role of ozone IrG. 3580% LDV roduabion.

ResultsPlus

Examiner Comments

A failure to read the question properly costs a mark.
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Question 17 (d)

This question proved unexpectedly difficult for candidates who were all too often distracted
by their knowledge of the role of ozone in the upper atmosphere and the effect that chlorine
compounds can have in the depletion of the ozone layer in the upper atmosphere. In this,
the distinction between highly reactive chlorine and long-lived chlorine compounds like CFCs
was lost. The need for candidates to consider each question in its specific context cannot be
emphasised too strongly.

(d) Ozone is used as an alternative to chlorine to disinfect flood damaged buildings,
to remove residual smoke odours from fires and in the treatment of drinking water.
Suggest one advantage of using ozone rather than chlorine, given that chlorine and

ozone are both toxic.
amablo
(5 % stable ard Cha s Which may. auses A{ive

ResultsPlus

Examiner Comments

This response suggests it was just a wild guess and shows
a disappointing lack of knowledge of chlorine chemistry.

A

Results#

Examiner Tip

There is a common sense element to this type of question
in which the candidate is required to apply general and
chemical knowledge to a specific, but unfamiliar, situation.

(d) Ozone is used as an alternative to chlorine to disinfect flood damaged buildings,
to remove residual smoke odours from fires and in the treatment of drinking water.
Suggest one advantage of using ozone rather than chlorine, given that chlorine and
ozone are both toxic.
(1

090 v Breadl . duse O Povwa OXYadn, MRAL uMed ond. i

ﬁ ResultsPlus

Examiner Comments

This response shows a failure to appreciate the
distinction between the chemistry that occurs in the
high energy environment of the upper atmosphere and
that which occurs under normal conditions.
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(d) Ozone is used as an alternative to chlorine to disinfect flood damaged buildings,
to remove residual smoke odours from fires and in the treatment of drinking water.
Suggest one advantage of using ozone rather than chlorine, given that chlorine and
ozone are both toxic.
(n

ODzone.... con.  .be d'cxfﬁaa\ nto Ogen (;O; whieh isnk
_ .La(m(;L o humars.  This. s beMer than }'q...z:tj risky ol
_lx;s@ L inkenicat o

ResultsPlus

Examiner Comments

The first sentence gains the mark and the misuse
of the word 'intoxicated' may be safely ignored.
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Question 18 (a) (i)

Most candidates scored both marks on this question, although many were allowed despite
minor inaccuracies such as the use of an incorrect order of substituents, the omission of
hyphens and the insertion of spaces. The most common error was to attempt to name the
carbocation, Y, rather than the alcohol, Z.

’”~

18 The steps below show the reaction mechanism for the reaction of a halogenoalkane with
sodium hydroxide in aqueous solution to form an alcohol.

(|TH_‘ CH;
l i
H;(‘—(.‘-f(?l‘ —_—  H,C—C® + Ccl®
l
/A‘H; CH;
vJa Ml
X Y
PN "
H,C—C® ‘OH® s H,C—C—OH
|
CH; CH;

Z

(a) (i) Name X and Z.

X 2=medhyl — 2 chloco . plapeate. . ...

Z. 2.nekou). = plogen.t. 2. el

Results¥lus
Examiner Comments
This answer scored both marks despite the incorrect

order of substituents, the missing hyphens and the
space between the 'chloro' and the 'propane’.
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Question 18 (a) (ii)

The use of skeletal formulae is improving and most candidates scored this mark.
(ii) Draw the skeletal formula of X.

C\

CHy

ResultsPlus

Examiner Comments

Carbon atoms do not appear in skeletal formulae.

(ii) Draw the skeletal formula of X.

L

ResultsPlus

Examiner Comments

Atoms other than carbon need to have a definite bond
showing how they are joined to the carbon atom.

Question 18 (a) (iii)

Z was generally recognised as a tertiary alcohol. The use of abbreviations (most usually 39)
was not penalised but should be avoided.

(ii1)) What type of alcohol is Z7

Tertios Y [3°

ResultsPlus

Examiner Comments

This scores the mark but the abbreviation should be avoided.
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Question 18 (b) (i)

Both marks were usually scored on this question.

(b) (i) Name the mechanism and type of reaction shown above,

nwcleghdic sobsh buhon  Sp”

/ ResultsPlus
/\ Examiner Comments

If additional information is included in an answer it must
be correct and, in this case, S, 2 cost a mark.

Question 18 (b) (ii)

While the great majority of candidates appreciated that the arrows represented the
movement of electrons, a significant number failed to specify that the arrows in the
mechanism indicated an electron pair. Given that the mechanism showed two distinct
operations, there was no scope to give credit for answers focusing on heterolytic fission,
which is, in any case, the outcome of the movement of the electron pair.

Question 18 (b) (iii)

Identifying the number of electrons in the valence shell of the carbocation proved a
challenge, with many candidates believing that a lone pair or a single electron were present
as well as the three bonding pairs. Marks were also lost through inaccurate use of terms

to describe the bonding electron pairs, by references to repulsion between the methyl
groups and through confusion between the ideas of maximum separation and minimum
repulsion. Quite a number of candidates discussed the stability of the carbocation rather
than its shape.

*(iii) Suggest the shape of the intermediate Y. Explain your answer.

wa/;m lo provida. Mecipum. Sepidudon
ettt s helin bopdad posrs of

{ ResultsP
/\ Examiner Comments

This answer is a little too terse; the number of bonding
pairs must be specified.
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*(ii1) Suggest the shape of the intermediate Y. Explain your answer.
(3)

o S = . T red

‘uﬂ'l gm'u.ff Ol ANmed. | far | AwSas

ﬁ ResultsPlus

Examiner Comments

The number of electron pairs in the valence shell is incorrect

and the error is compounded by reference to the lone pair
repelling the methyl groups.

*(iii) Suggest the shape of the intermediate Y. Explain your answer.

(3

e ng'?'_”“_’ )Dzanqr. .
The carbon (c®) % atmcked o theee m/iﬂ.[ - groups

which. _are refza»{mj_ each Other o niednuch s ;vpm‘b{p. - To. minimise
tle mFuh.iv_n . The Anj[t between The mt_ziyd grovps il #da.w
from. 4o v 120"

ﬁ ResultsPlus

Examiner Comments

The wide range suggested for the bond angle
contradicts the trigonal planar shape. Despite the
reference to the mutual repulsion of the methyl
groups, the 'minimum repulsion' mark is still awarded.
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*(iii) Suggest the shape of the intermediate Y. Explain your answer.

“The. Bhepe. LJocdd . e rieoned . pf)/&nczr- |

IOt . reped. e OHner. to e . cd. ...

Examiner Comments

This candidate describes repulsion between the bonds
rather than the electron pairs and refers to a position of 'no
repulsion’ rather than 'minimum repulsion'.

Examiner Tip

Understanding the correct technical terms
and using them appropriately are critical
factors in examination success.

Question 18 (b) (iv)

Most candidates recognised the reaction as elimination and the alternatives had the
appearance of wild guesses. Those who knew the reaction generally knew the product also
although not invariably. A common error was to have a pentavalent carbon in the product
structure.
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Question 18 (c)

The oxidation products of the different types of alcohols seemed well-known and the loss
of marks was generally due to elementary errors in writing the formulae such as omitting
atoms or presenting the same structure in a different orientation as a distinct isomer. In
general, candidates seemed less fluent with abbreviated structural formulae than with
displayed formulae and often preferred the latter.

(c) The alcohol Z (shown below) resists oxidation. However, Z has three structural
isomers which are readily oxidized. On complete oxidation, one isomer forms a
ketone and the other two isomers form carboxylic acids.

CH, C

l i
1!,C--~(|‘—-OH ¢ C —C-0-¥

(.]'i_q

z

(i) Draw the structural formula of the isomer of Z that forms a ketone.
e ——

\4 (1)
|
Ctiz) OH rog-er
| \
_ ( [
i H fj-y H
(i) Draw the structural formulae of the isomers of Z that form carboxylic acids.—
(2)
AT OV

| i, CHCh, O ; ,
1 CH?’C O ”'"CrCl-g:-C-O'H
VIR

I+
| 2 CHy (U CH,OH - ‘Qk;“ A
@nC-Cc-C O
L.L/ ( [I-Ir |

(Total for Question 18 = 15 marks)

A

+IuS

Examiner Comments

ResultsPlus
Examiner Tip

In a fairly typical response the candidate gives both
displayed and structural formulae. In the latter, the
use of brackets is slightly unconventional.

Do bear in mind that when multiple answers
are given, all must be correct.
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(¢) The alcohol Z (shown below) resists oxidation, However, Z has three structural
isomers which are readily oxidized. On complete oxidation, one isomer forms a
ketone and the other two isomers form carboxylic acids.

CHj ¢

HC -(|‘—0u;

Ll‘}-l;
z

(i) Draw the structural formula of the isomer of Z that forms a ketone. Se cowsd -q
1)

% CHLC(oHua,
L -C OO Sk

(i1) Draw the structural formulae of the isomers of Z that form carboxylic acids. Qrﬂfw--g
(2)

C Hy CH, CH, CH, (OH)

M CH,OH)CH ) CH Y CHa

04 M Y

In the first structure the carbon is clearly bonded to the
hydrogen on the OH group and therefore the mark was
not awarded. In part (ii) the same structure is repeated,
it is just oriented differently.

GCE Chemistry 6CHO02 01
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(¢) The alcohol Z (shown below) resists oxidation. However, Z has three structural
isomers which are readily oxidized. On complete oxidation, one isomer forms a
ketone and the other two isomers form carboxylic acids.

T
H;C—C|—OH
CH;

Z

(i) Draw the structural formula of the isomer of Z that forms a ketone,

(Mg Ch, CHEW)CHS

(ii) Draw the structural formulae of the isomers of Z that form carboxylic acids.

(2)

CH CH,C HZCHLCOH)

(R CH ROk, (OH)

ResultsPlus

Examiner Comments

This response scored full marks but the brackets around
the OH in (c)(ii) are unusual.
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Question 19 (a) (i)

The formula of potassium nitrite was not well known and there were frequent examples of

KNO or even KN in the equation. In both 19(a)(i) and 19(a)(ii) candidates included oxygen
as a reactant; this was not penalised if the overall equation was balanced but candidates at
this level should appreciate the distinction between heating and burning.

19 Metal nitrates decompose on heating. Potassium nitrate, KNQO;, decomposes to form |
potassium nitrite and oxygen, whereas calcium nitrate, Ca(NO;),, decomposes to form
calcium oxide, nitrogen dioxide and oxygen.

(a) Write equations for the decomposition of each of these metal nitrates, State symbols

are not required.
(2)

(i) Potassium nitrate

ENay =t ek,

ResultsPlus

Examiner Comments

This response shows two fairly typical incorrect
responses, one has been crossed out.

Question 19 (a) (ii)

The equation for the decomposition of calcium nitrate was more likely to be correct than
that for potassium nitrate. The formulae of the products were better known and the most
common problem was in balancing the equation.

| (i1) Calcium nitrate
CQ O\JC‘?).‘,_ —P . ‘L,UO + '(\JQ.l .= § Q"Z_

A

ResultsPlus

Examiner Comments

Examiner Tip

Straightforward equations are usually worth just one
mark so species and balancing must be correct.

There is no evidence of even an attempt
to balance the equation.
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(i1) Calcium nitrate

ZCa(NO) s —>2Ga0 +2N0, 40,

ResultsPlus

Examiner Comments

This is an example of a common, incorrect response.

(i1) Calcium nitrate

O+ C’O‘LNO?)L —> CaO 4-'1_'\502_ +O -

Resultst

Examiner Tip

ResultsPlus

Examiner Comments

Heating alone does not involve
combination with oxygen.

There is oxygen on the left-hand side of this
equation although the question is about heating.

Question 19 (b)

While the appearance of nitrogen dioxide was well known, very few candidates realised that
the calcium nitrate would melt on heating.

(b) State two things that you would see when anhydrous calcium nitrate is heated.

The. aldarmn bats. vl medk wdo @ (lauad v O
S and. . lowan. . gaw i g off

ResultsPlus

Examiner Comments

This is an example of a rare, excellent answer.
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Question 19 (c)

While there were many excellent answers to this question, there were also a great number
of poor responses which covered almost every conceivable error.

The chemistry required often seemed to be understood but not communicated
unambiguously. The most common issue was the precise identification of the relevant
particles. The terms atom and ion were often used as if they were synonymous and there
were frequent references to the charge density and polarizing power of atoms, molecules
and compounds. Many candidates believed that, because the potassium ion had a smaller
charge, it also had a smaller radius. A significant group of answers offered an explanation in
terms of the different numbers of nitrate ions in the two compounds.

*(c) Explain why potassium nitrate and calcium nitrate decompose to form different
products,

()

betaw (cL_ heet. éh.. Small voce v iﬂ and Cst/afffff’ c_fw.a.r?,(
y ' (th{ 'y » :
han. PoteM UM, [has. meag . thed. .. pohRs .. hud.

(C.L;‘?c £ pleces ;.‘4:3 bl ‘Lj then ély petudscem... fotuvm
Ahey ¢n.¢<7 el Chaege.., Aty toe ok Clam ol senck. Hhe N=C

LA GG lv. melie. . an. orilhe... Whirp. ai.. (e Kas

fle bbby o ek bev t Hoe. NTO bk e hmuss
and.. . spll. tha % bl tchg. . (a O

ﬁ ResultsPlus

Examiner Comments

This response illustrates the most common error from
candidates who had a basic understanding of

the Chemistry but failed to score full marks: the
terms atom and ion are not distinguished.

A

ResultsPlus

Examiner Tip

Clarify the difference between the various
particles (atom, ion and molecule) and think
carefully before deciding which one to use.

GCE Chemistry 6CHO02 01
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Question 20 (a) (i)

The idea of greenhouse gases trapping IR radiation was well-known but the point that this
radiation emanated from the surface of the Earth was often omitted. Weaker candidates
suggested that greenhouse gases absorbed UV radiation from the sun.

Fuels of the Future

Concerns aboul the future availability of rosm] fuels, and thc fact that thelr cumbusuon

A great deal of attenuon has bcen d]rccled at devclopmg the use of h_ydrqgul_gs a fucl

Sincé the orily “product of its combustion is water, hydrogen is considered to be a clean
fuel.

However, the use of hydrogx,n has major drawbacks. The small size of the hydrogen
molécule means that it is difficult to prevent leaks and, to store enough to provide

a n.asonable amount of fuel for a car, hydrogen must be compressed to around

700 atmospheres Furtj]grmor{. the main source.of hydrogcn is currently fossil fuels
such as mcﬂ]an__e, which is combined with steam in a series of reactions to form carbon
dioxide and hydrogen.

One fiuggcsted alternative to hywmomd Ammonia, which is obtained by
combining nitrogen and h)_f_d_r_o_ggn at LemLa_gLQS_m‘_O_undASO“C and Eressures of about
150 atmosphcres, also has serious disadvantages: it is a toxic, corrosive and pungent
ga=;_ which is difficult to ignite.

‘ However, burning ammonia produces only nitrogen and water and it is relatively easy
to liquefy, hawng_a boiling temperature of just ~33 °C. Furthermore, the technology

| works: ammonia was used as a fuel for Belgian buses in the Second World War and, in
2007, the “NH3 Car’ project based in Ann Arbor, Michigan, used a mixture of ammonia
and petrol to fuel a 2500 mile journey, from Detroit to San Francisco, in a modified
pickup truck.

(a) (i) Explain the term greenhouse gas.

"
(<)

A ac..s AaUn. 1S [;olw .. ahsollos. Iwy . (ed. 1R da okl on
. clfeate oA f
v KW v et AR ek w ol | oAb

*VN.F.'-\.J lheat ..

ResultsPlus

Examiner Comments

The interaction of the molecule with IR radiation is well
understood but the candidate fails to identify the source
of this radiation.
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(a) (i) Explain the term greenhouse gas.

f‘)rﬂe/\tl&m.%haﬁ Ovhe ﬁw’poﬂf\\—b \Am&ﬂ .th Uu
e S b el el it o

Mu,?;m‘l tL.‘ v»{’ﬂu/'zu.fc Acrw:w 4(.‘-1, t"ﬁ/:tu"-{)

ResultsPlus

Examiner Comments

Again the second marking point is missed.

(a) (i) Explain the term greenhouse gas.
(2)

9(%2@"&’ 7‘5‘—9 e bJ’LoSE i{,,«,c T ﬁé&f’s ’/1’7[;(1/ gz[ / ﬂfy;
O . .Sm hffd«u_ C‘l Clamgh J/{;é’g y m (,‘L j e _/?(_
E/ﬁ'ﬁ.'g.fz"i . Ja'.'/ti/ INGon el ..

ResultsPlus

Examiner Comments

The candidate incorrectly identifies the source of
the IR radiation as the sun.
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Question 20 (a) (ii)

Most candidates knew that the absorption of IR radiation depends on a change in polarity
when a molecule vibrates and that water was a polar molecule. Some candidates were
aware that water is a greenhouse gas but then simply described the trapping of heat rather
than the feature of the molecule that made this possible. Some confused the absorption of
the IR frequencies and the reflection of radiation by clouds.

*(ii) State and explain whether or not water (in the gaseous state) is a greenhouse gas.

Walar vepaw n & gcanhowar gon kecowmas (F
conkons 2 elaneat §  — Hydmdgan £ Lsqber, Becomer M
bon@as hehran  bgdegan and ek qee @elar, gt te
| bowdy  cbsece nGra-red  dolduoa  makasy (F < Greanhviac gos

[ / N
Results+lus e
/\ Examiner Comments y
Examiner Tip
The consistent use of 'water’
instead of oxygen costs a mark. Do read through what you have written.

Question 20 (a) (iii)

Despite the products of the reaction being mentioned in the passage, organic compounds,
such as methanol and methanal, were frequently seen instead of carbon dioxide. There
were a surprising number of responses which gave non-existent compounds as products or
used CH, as the formula of methane. Even when the reactants and products were correct,
balancing the equation proved a challenge for many candidates.

(ii1) Write the equation for the formation of hydrogen from methane and steam.
State symbols are not required.

CH4 + HaO—> CH, OH + Hq

-

/ ResultsPlus
/\ Examiner Comments

With methanol as a product, there is no credit for
the balanced equation.

GCE Chemistry 6CHO02 01



Question 20 (a) (iv)

This question proved difficult for candidates to interpret and many tended to put forward
generalised responses such as atom economy or global warming without any attempt to
relate these concepts to the specific situation. Some did appreciate that hydrogen would
be obtained from the water as well as from the methane but those that mentioned the
production of carbon dioxide from the combustion of methane rarely mentioned the idea of
carbon capture.

Question 20 (a) (v)

The mark for this item proved readily accessible, most often when it was appreciated that
generating very high pressure requires high energy. However, there were many responses
that did little more than reiterate the question, referring to the high cost of the high
pressure or the equipment used without any explanation for these being so expensive.

| (v) Storing hydrogen at a pressure of 700 atmospheres is a disadvantage to its use

' as a fuel because of the costs involved. Suggest why using such high pressures

is 50 expensive.

S % LR L Yecant ik ameant oo lof of LG (pisat

ek wovled  bpe. N dogl ko Wirle d2a  CondFant( N

J us
/\ Examiner Comments

This answer typifies the rather vague generalisations
used by some candidates.

Plus

Examiner Tip

Try to relate your answers in this type of question
to the specific matter under consideration.

GCE Chemistry 6CHO02 01
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Question 20 (b) (i)

The dot and cross diagram for ammonia was completed competently by the majority of
candidates although some of the diagrams showed the bonding electrons in an unusual
orientation and others showed two separate electrons rather than a lone pair. The mark was

most frequently lost by omitting the lone pair altogether.

(b) (i) Draw a dot and cross diagram for ammonia, showing the outer electrons only,

Ny .
) NEW

ResultsPlus

Examiner Comments

This is an example of a typical, correct response.

(b) (i) Draw a dot and cross diagram for ammonia, showing the outer electrons only.
(N

H

= =
L]

*®
-x Z 2
*x
L]

x

ResultsPlus

Examiner Comments

This is an unusual way to represent shared pairs of
electrons and is not recommended.

GCE Chemistry 6CHO02 01



Question 20 (b) (ii)

This question covered very familiar concepts and attracted many well-prepared answers
that were both concise and accurate. There were also the usual errors associated with
descriptions of intermolecular forces, the most significant of these being the confusion
between covalent bonds and intermolecular forces. A recurring misconception was that the
presence of a lone pair of electrons was a sufficient condition for the formation of hydrogen
bonds.

Question 20 (c) (i)

Despite the combustion products of ammonia being stated in the passage, many
alternatives were given, the most common being one of the oxides of nitrogen and, more
surprisingly, carbon dioxide. A few equations showed atomic nitrogen as a reactant and
there were a small number of Haber process equations. Even when the species were correct
or acceptable, balancing the equation proved beyond some candidates.

(c) (i) Write the equation for the combustion of ammonia. State symbols are not
required.

")”N\\\S 4 -{"/;_t 1 —> .iNlul & 31\\ 2 O

,’“, o us
/\ Examiner Comments

Nitrogen dioxide was a popular choice of product;
there was no credit for balancing this equation.

Examiner Tip

Do read the passage carefully and make
use of the information in it.

Question 20 (c) (ii)

These two marks proved fairly easy to obtain although the scoring points were often
accompanied by irrelevant material. Despite the instructions in the question, there was a
good deal of discussion about the enthalpies of combustion and possible environmental
factors.
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Question 20 (c) (iii)

Candidates who appreciated the practical aspect of this question usually gained the mark
but there were still many who looked for some broader, environmental explanation.

(iii) The fact that ammonia has a pungent smell is listed as a disadvantage of its use
as a fuel. Suggest why this might also be an advantage.
(1)

| 1 Hhere B a Jued lesk b owd o oy W yodh

+iUS
Examiner Comments

The idea of detecting a fuel leak was spotted
by most candidates.

Question 20 (c) (iv)

The idea of facilitating the ignition of ammonia was not difficult, providing the passage had
been read carefully, but many responses assumed that the range of the vehicle would be
increased by mixing the ammonia with petrol.

(iv) Suggest why ammonia was mixed with petrol in the *NH3 Car’ project.

Detesl ol help  corb. compost

a‘MMQN‘Jf}I .

/ ResultsPlus
/\ Examiner Comments

This response gained a mark, but only just. The quality
of the language could be improved.

ResultsP

Examiner Tip

Do read what you have written and try to ensure that
your answer conveys the meaning that you want it to.
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(iv) Suggest why ammonia was mixed with petrol in the "NH3 Car’ project.

s |
2t prevent . A0skny

<DP ResultsPlus

Examiner Comments

This type of response, mentioning something to do with
internal combustion in hope rather than expectation,
was typical of candidates who had apparently not read
the passage with sufficient care.

A

Resu

Examiner Tip

Section C is not intended as a comprehension
exercise but the answers to some of the questions
will be found through close reading.

(iv) Suggest why ammonia was mixed with petrol in the ‘NH3 Car’ project.

QNZJ(&\Q 75 M%O M«ﬁ JUMg @W
{D 2 MQQ Eox e,

ResultsPlus

Examiner Comments

The correct answer is here but so are two incorrect
suggestions. This type of list response should be avoided
unless you are confident that all the answers are right.
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Question 20 (c) (v)

This question was often interpreted as requiring a choice between hydrogen and ammonia
despite the fact that ammonia is manufactured from hydrogen. Correct responses were
based on the fact that hydrogen is manufactured from fossil fuels and very few candidates
mentioned the idea of using renewable energy to extract hydrogen from water.

(v) State, with a reason, whether hydrogen or ammonia can currently be considered
to be long term replacements for fossil fuels.
(1)
ﬂ«% o Bt tmgvdeatd. Al m%, N, .85 %N;‘Nﬁa
! profeck. Snawus.. Moy ¢ reed. on . pedrol and . beth fw\d_‘.

howe  Avo W’}ﬂ oLUpade\.fM,HﬁU _and. don’ t wwevie. inell erm@_f\- .

ResultsPlus

Examiner Comments

In this response there is no analysis, just some
vague generalisations.

(v) State, with a reason, whether hydrogen or ammonia can currently be considered
to be long term replacements for fossil fuels,
(1)

Af‘\mh\()\_- CONR. 1k 2 Y‘Ql: . . 36\ . =\
By Uecone. e Sy w@m%msiwﬁft
G o renethle @ 4 Vil adk k. QSW

D

Resultstlus

Examiner Comments

This is a typical response comparing the two fuels

and depending on the false proposition that ammonia
is a renewable fuel.
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Paper Summary

Candidates are advised to take note of the following in order to improve their performance
in this paper:

® practise writing chemical equations
® read carefully the passage at the start of Section C

® read through what you have written and check that it answers the question in the way
that you intend.
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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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