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Introduction

This paper provided opportunities for the whole-ability range to demonstrate their
knowledge and understanding. There was no evidence of candidates 'running out of time'
and any blank spaces were due to a lack of understanding of what was required rather than
there being a shortage of time to attempt the question.

The successful candidates were able to:

apply their knowledge and understanding to the context of the question set, for example
stating that a sample would need to be divided into separate portions for repeats to

be possible or how the addition of an acid to a system in equilibrium would affect the
position of equilibrium;

recall and explain practical details in relevant examples, such as the type of solvent
required for a particular reaction and how group 2 carbonates would differ in their
thermal decomposition;

correctly complete calculations all the way through to the end, keeping in mind the units
involved and using the appropriate significant figures.

The less successful candidates were unable to:

express themselves clearly enough to effectively make the point required, such as when
explaining the hydrogen bonding results in a higher-than-expected boiling temperature;

write in a legible way that could be easily understood;

include crucial details such as a state symbol or the different colours that would be
observed in a colour change.
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Question 21 (a) (b)

A sizeable minority of candidates seemed unaware that barium is a group 2 element from
the formulae of some of the compounds that were given, for example BOH. They could
possibly be reminded that there is a copy of the periodic table at the back of the paper. It
was not uncommon to see BaO as a product or a barium compound without any hydrogen
being produced. State symbols were sometimes missing from one of the four species and
so the second mark was not awarded. In addition a significant number gave H,0(aq) as a
reactant.

On the basis of only penalising an error once there were opportunities of transferred error in
parts (a)(ii) and (b) from an incorrect barium compound in (a)(i). In this particular situation
the consequence of transferred error did seem to make the equation required for (b)
somewhat easier but balancing of the equation was still required.

The part (a)(ii) question on oxidation numbers was generally answered well but many
candidates focussed their efforts solely on the barium and giving the oxidation change

of this element. Candidates should always appreciate the number of marks allocated to

a particular question and it is unlikely that two marks would be given for two oxidation
numbers. In addition a proper understanding of the concept behind oxidation numbers
should prompt a candidate that if one element is oxidised and the oxidation number goes
up, then there needs to be another species which is reduced and where the oxidation
number goes down.

21 (a) (i) An alkaline solution Is produced when barium reacts with cold water. Write
the equation for this reaction, including all state symbols,

@C”Q + 2H00) ‘7'7%(()%”;(&5) 1 Haqy :

)

(ii) The reaction in (a)(i) is a redox reaction. State the initial and final oxidation
number of any element that changes its oxidation number.
\'._‘ 26ck) [2)

@C‘f.‘“"."\. ,f C.Orn= D ‘F" *O . 2— + i .&%.(.UH)}&@;) .......

(b) Dilute hydrochloric acid is added to the solution produced in (a)(i). Write the
equation for the reaction which occurs. State symbols are not required.

BO\(OHJJ(%) + 2H(\m> - RLUI ¥ 2H.0

A
<DA ResultsPlus Q ResuitsP

(1

us
Examiner Comments Examiner Tip

This candidate has clearly expressed the state Read the question carefully to
symbols in part (a)(i) which is important as an 's' ensure that all the marking points
and a 'g' can be difficult to distinguish at times. The are addressed. In this question it
equation is balanced and so scores both marks. clearly asks for the candidate to
In part (a)(ii) this is an example of a candidate who state 'any element that changes
appears to know exactly what is going on but has its oxidation number’ and so this
only given the information for the element, barium, can be both a decrease as well as
experiencing an increase in oxidation number. Hence an Increase.
this will only score one mark out of two.
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Question 21 (c)

Most candidates correctly gave the observation that a white precipitate was formed.
However a significant number omitted the colour 'white' and so did not score. In addition
a sizeable number of candidates referred to the solution going cloudy or forming a
suspension, which also failed to score.

The second marking point was for an explanation for this appearance. As a minimum the
candidate needed to explain that the barium sulfate produced from the addition of sulfuric
acid was insoluble. The able candidates did do this while others gave the solubility trend
going down group 2 as if it was something that had been learnt by rote instead of applying
the knowledge to the question asked.

(c) Dilute sulfuric acid is added to another sample of the solution produced in
{a)(i). How would the appearance of the resulting mixture differ from the mixture
produced in (b)? Explain this difference.
(2)

Appearance \Xiht‘]LE Pft(u()l,"'&%&
Explanation . becauge. bwrwn ?u/‘f:lnl{& hx(c?o,;, jﬂl‘ﬂ'lﬂa{ M...18 ﬂa’f— E?b{ti’(fl Q.
wodes . shergs WBQCCQ ({@rmcf . is elible. i weater. oo

ﬁ ResultsPlus

Examiner Comments

This candidate has given an excellent
answer stating not only that the
barium sulfate is insoluble and so will
be evident as a white precipitate but
also that barium chloride by contrast is
soluble.
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Question 21 (d)

The evidence from scripts is that the candidates answered the questions as intended. Credit
for both parts (i) and (ii) was accessible in either place on the paper to ensure that
candidates were not disadvantaged.

In part (i) the thermal stability trend of group 2 carbonates was generally well known

but some candidates referred to the metals 'barium' and 'magnesium' rather than their
respective carbonates. Certainly precision in expression is vital for success in examinations.
In addition the stem of the question stated that practical details were not required but a
sizeable number of responses gave descriptions of bubbling through limewater etc. which
was not wrong but would have taken unnecessary time. It was a little surprising that a
significant number of equations for the thermal decomposition of carbonates included
oxygen either as a reactant or a product. Occasionally Mg(CO,), was seen.

In part (ii) the flame tests were also well known with the vast majority recognising barium
producing a green flame. However, it was disappointing to see 'bright' or 'white' for the
result with magnesium carbonate so often in the candidates' answers. Presumably the result
with the metal was envisaged rather than the actual result with the carbonate.

(d) (i) Two white powders are known to be barium carbonate and magnesium
carbonate.

How could you distinguish between the two powders by heating them?
[No practical details are required.]

Include the equation for the action of heat on one of these carbonates. State
symbols are not required.

’l’ﬁﬁf;éw‘.j c/W\3 @j«;s _...wbuﬁﬂ _________ Sl ... Tﬁm ______________________ S - —

WAL WINA 8 g

_m@uwﬁt Ceioxed (Do WMo widl digwpos
WV INT-7 IV NV " wik .

Equation:
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(i) Suggest another test, other than heating or the use of an acid, which could be
used to distinguish between magnesium carbonate and barium carbonate.
State the results for both compounds.

Test ... g\U\U\fb % ......... e S S

Result with magnesium carbonate ....... o \JS“\M B 1 & i \/\fu\& - M ........
CSQAM |

ﬁ ResultsPlus

Examiner Comments

This is an example where the candidate in part (i) has
stated that magnesium alone will decompose to give
carbon dioxide, instead of the compound magnesium
carbonate.

In part (ii) the answer for the flame with magnesium
which gained credit was either colourless or clear.
Remember that sodium metal ions can be said to give a
yellow colour and so the answer here is incorrect. One
mark was awarded however for the correct colour of the
barium flame.

A

J/ ResultsPlus

Examiner Tip

Lack of precision like this can result in the loss of valuable
marks and ultimately a drop in grades so candidates
should take extra care that their answers clearly refer to
the substance that they actually mean.

GCE Chemistry 6CHO02 01
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Question 22 (a) (i)-(iii)

These parts were high scoring and demonstrated good understanding by most
candidates. However, a common error in part (i) was to state "ethanoic" instead of
"ethanolic". Other errors frequently seen were 'high pressure' and 'heat under reflux'.

22 (a) The products of the reaction when 2-chlorobutane Is heated with sodium
hydroxide depend on the conditions.

() What condition, other than a suitable temperature and sodium hydroxide

concentration, would produce a mixture of but-1-ene and but-2-ene?
(1)

o Peesence. ok ethand . to. ad a>. oo cowvent ..

(ii) What type of reaction occurs in (a)(i)?
(1)

(iii) What condition, other than a suitable temperature and sodium hydroxide
concentration, would produce butan-2-ol in the reaction of 2-chlorobutane

with sodium hydroxide?
(1

ﬁ ResultsPlus

Examiner Comments

Parts (i) and (ii) are fine but part (iii) is
perhaps a 'stock answer' referring to the use
of reflux which does not score. The stem of the
question clearly states that something other
than temperature is required but it seems that
this was not noted.
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22 (a) The products of the reaction when 2-chlorobutane is heated with sodium
hydroxide depend on the conditions.

(i) What condition, other than a suitable temperature and sodium hydroxide
concentration, would produce a mixture of but-1-ene and but-2-ene?

(1

H OL O AN NO«DH m\ »\ & H:-\ [
gr‘n&&w \'\NLO r;@éa\r\ IE\'\‘:&) Q‘%W% @\UC\B 'ﬁfl\oct f@&fﬂr‘aﬂw\?&

(ii) What type of reaction occurs in (a)(i)?

F\\jrv\‘ir\ox\ﬁ()m e

(i) What condition, other than a suitable temperature and sodium hydroxide
concentration, would produce butan-2-ol in the reaction of 2-chlorobutane
with sodium hydroxide?

(1)

NN% .......... (3.0 .......... e % E,Q;o\mm L\dokrm“i&(
% . N v .

_ N,
ﬁ ResultsF

173

us

Examiner Comments

The space of a single line for an answer should
suggest that the answer required is brief. Here
the candidate has written more than is required
for parts (i) and (iii) and the danger is that any
additional comments could negate the correct
response.

In part (iii) the reference to solution is not
sufficient since the point of the question is that the
hydroxide ions have a different effect depending
on the solvent used and so simple reference to
solution rather than the nature of the solution did
not result in the mark being awarded.

A
J/ 00 ResultsP!

Examiner Tip

us

Take note of the space provided for the answers
to questions. If there is only one line given then
the answer will be simple. If multiple lines are
provided then a more in-depth answer is required;
although sometimes more lines are provided to
enable space for corrections to answers.
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Question 22 (a) (iv)

The mechanism was fairly well-known but by far the most common score was 1 out of 2
due to errors which would have been easy to correct, as seen in the two examples below.
Another common error was a lack of a charge on the transition state if drawn; this was not
essential but if drawn it had to be correct.

Considerable latitude was allowed for the curly arrow coming from the hydroxide ion since
legitimately it could come from the negative charge or a lone pair if drawn. However the
head of the two curly arrows did need to be much more carefully placed. The curly arrow
from the hydroxide ion needed to clearly go to the carbon with the chlorine attached and
the other curly arrow needed to go from the C-Cl bond to the chlorine.

( (iv))5uggest the mechanism for the reaction of 2-chlorobutane with hydroxide
" ions to form butan-2-ol. Use curly arrows to show the movement of electron

pairs.
-+ +4 rary
woon 1 (2)
] 41 ol 4 ey
_,1-1-_=c‘_—c,‘.~f'—“" \ ) i
_ _ —_— = M
} | \ o A c- < &
sy . @ .
" ™ gc\S' 41 \ -
o r
g
7~ -
=

ﬁ ResultsPlus
Examiner Comments

Very nicely drawn reaction mechanism with
clear curly arrows but note the sudden
disappearance of the chlorine. This resulted
in the loss of one mark and was by far the
most common error.

A

%

Results#
Examiner Tip

Candidates should check and double-check

to make sure that 'silly little errors' like this
have not been made.
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(iv) Suggest the mechanism for the reaction ot 2-chlorobutane with hydroxide

ions to form butan-2-ol. Use curly arrows to show the movement of electron
pairs. SrbShtwien m\(-\{_c.\&'vu'l'\t-
(2)
¥ W [T T
\ “l \ kc " ( \ \ l .
- -7 — — - —-C - —
by DAY vy oY)
Wy cL Y. 4 O ™
)
e W
OMW

ﬁ ResultsPlus

Examiner Comments

The curly arrow from the OH to the
carbon with the chlorine is fine but
note that the OH does not have a
charge. This omission resulted in the
loss of the mark.

OO ResultsP!

Examiner Tip

Check that charges are where they
need to be.

GCE Chemistry 6CHO02 01
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Question 22 (b)

This was a high-scoring question with the vast majority scoring both marks. This seems to
be a test which is well-known and even the possibly tricky POCI, presented few problems.
There was the occasional molecular formula given for the halogenoalkane but this was very
rare and did not gain credit.

CH, CLOR

(b) Phosphorus(V) chloride, PCl,, can be used to test for the ~OH group.

Describe what would be seen when phosphorus(V) chloride is added to
butan-2-ol. Give the equation for the reaction. State symbols are not required.
(2)

Observation .\~ RN ... FL)N\SLE) e _
CHACAERIACH, + W= CRACR(R YR Oy RO
—_—N_— VRN

Equation

C

ﬁ ResultsPlus

Examiner Comments

This candidate obviously had to re-write their answer in
order to get it right. Crossed-out work is OK as long as
the answer which is requiring marking is clear and this is
the case here. However if the organic product is carefully
checked the halogen has suddenly become bromine but
both of the phosphorus substances have chlorine. This is
a different substance from that produced and so will not
score the equation mark.

The observation mark still scores one mark.

A

Examiner Tip

Candidates should check every detail to make sure that
they have not made elementary mistakes!
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Question 22 (c) (i)-(iii)

Part (i) was a also a high-scoring question but at times candidates again lost marks for lack
of precision in their answers. For example, 'no reaction' was allowed because this is itself
an observation but to state as an answer 'no observation' is clearly incorrect. The fact that
there is no reaction or no change is an observation.

Part (ii) presented more difficulty since the structural formula was asked for but the wiser
students often drew out the displayed formula as their working and then correctly gave the
structural formula. Pentavalent carbons were not that common but were seen.

Part (iii) also highlighted the need for careful choice of words in answering questions. Many
candidates identified the presence of the -OH group but failed to state HOW the presence
would be identified. Secondly, it is the O-H bond which is the key point here and simple
reference to the OH group or the ketone group was insufficient to score. There needed to

be explicit reference to the bond involved, although this could be drawn, as in C=0. In
addition a sizeable minority got confused with mass spectrometry and incorrectly referred to
molecular fragments.

(¢) A tertiary alcohol, A, is an isomer of butan-2-ol.
(i) Butan-2-ol and A can be distinguished by warming separate samples with a
mixture of potassium dichromate(V1) and sulfuric acid. State the observations
which would be made with each alcohol.
(2)
Observation with butan-2-ol .24/ rcrin. - 2.7l AL L RE XL
U2 LD LD RLLL2UA
Observationwith A .. (7.5 A (10 7 ccleciioe crleodiad
D 2A LY derd bl C O LA SOLULLC ML S L vzt o
(ii) Give the structural formula of the organic product which forms when
butan-2-ol is oxidized.
(1)
=7 1 j
~C
(iii) Explain how infrared spectroscopy could be used to detect whether
butan-2-ol has been oxidized.
(1)
£ T8 Tl o S SR D B8
WAl O 4 & / p r aled...clisli VT =S
[ e s ————

Examiner Comments

Part (i) is fine for 2 marks. Part (ii) has an additional hydrogen on the
carbonyl carbon which meant that the mark was not awarded.

Part (iii) does not refer to the bond of the OH group and in fact the last
line of the answer could be interpreted as a hydroxide ion. Hence this
did not score.

GCE Chemistry 6CHO02 01
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Question 23 (a) (b)

The vast majority of candidates correctly identified the intermolecular forces in part (a).
Only a minority erroneously gave dipole-dipole forces.

It was surprising that even many of the higher ability candidates got part (b) wrong, with 34
being a common answer from the use of mass numbers. Candidates should know that the
number of electrons is equal to the number of protons in a neutral atom.

(a) A molecule of F, has 18 electrons.

Which intermolecular force depends to a large extent on the number of electrons
in the molecule?

(1)

(b) Calculate the number of electrons in a molecule of CH,F.
(1)

+IUS

Examiner Comments

A number of different alternatives were allowed
in part (a), in addition to the expected answer of
'London forces'. This example shows one answer
which was given the mark and note that the
spelling of the name is correct which was not
always the case. Phonetic spellings are allowed
where there is no confusion between other
chemical concepts or compounds.

A

%
ResultsPlus
Examiner Tip
Abbreviations such as IDID and VDW for the

intermolecular forces in part (a) are not allowed
unless first explained,

GCE Chemistry 6CHO02 01



Question 23 (c) (d) (e)

In part (c) it was common to see one of two incorrect statements either that CH,F had more

electrons or that it had hydrogen bonding. In addition some candidates correctly identified

that the bonds in CH,F were polar but failed to then go on and state that the intermolecular

forces were permanent dipole-dipole forces.

The lack of clarity in part (d) frequently severely hindered candidates. The vast majority
referred to hydrogen bonds but it was often not clear whether these were within the
molecule or between the molecules. Certainly candidates need to have it stressed that if
they want to be sure to gain the marks for questions on intermolecular forces then they
must be careful how they express themselves. Explicit reference to the forces between
the molecules is required. A significant nhumber of responses salvaged their answers by
reference to hydrogen bonding being the strongest intermolecular forces which illustrates
what was required for the second mark, namely some comparison to other weak
intermolecular forces. Generally only the better candidates gave such a comparison.

Part (e) sadly continued the theme of imprecise language. A very significant number of
candidates answered in terms of 'Cl not being electronegative enough to have hydrogen
bonding'. This was not credited because in the stem of the question one of the molecules
quoted was chlorine itself and the trend in boiling temperatures differs with HCI not CL..
Candidates needed to express clearly that it was hydrogen chloride that didn't have
hydrogen bonding and not just chlorine.

(€) Explain wny the boiling temperature of CH,F Is greater than that ot k,, reterring to
the intermolecular forces present.
(1)
o 00\y has londen. (orcen. W\TMJ&,\_ bond2. el

29 Syl fR0(8a. . L. AU Nm. balvesn. . iy teeyn. cro.. Elaronal...
Mokl F\M&\M o e Masx .‘E.Jf.(;{fmw.......Qx.._r.mo& b B ] -
Moo e inedr . Gasea. .. So.. ik, fema Sheng. dupeatyen. frtea...
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(e) Explain why the values of the boiling temperatures for Cl,, CH,Cl and HCl do not
follow the same trend as F,, CH,F and HF.

_M’LW@&*MW&’%@? bopdn bretieen .

H.‘.\;t [SPUSTNIS b0, fromy Lefheen f.l..l..z.(—wp_r‘f CNChn. .

LK\JI[J\-‘/DB{A" (“d’ NAS™) 4 Chl&m‘% nd “ v L-_‘x.-r_;{} PN

ﬁ ResultsPlus
Examiner Comments

This response in (c) illustrates a fairly common misconception.
Fluoromethane does not have hydrogen bonds because the
fluorine is not bonded to a hydrogen. Hence this does not score.

In (d) this candidate is attempting an explanation which is
what the question was requiring. However in this part there
is no reference to hydrogen bonding between the molecules.
The only reference is to dispersion forces in comparison to
other elements in the period; it should of course be period 2
and not period 1! The series actually referred to is that of the
compounds of fluorine given at the beginning of the question.

The answer to part (e) does refer to hydrogen bonds but it
really is not clear whether these are between a hydrogen of one
molecule and a fluorine of another molecule, or between the
hydrogen and fluorine within a molecule. The comparison then
with hydrogen and chlorine similarly is not clear and so did not
score. As highlighted above candidates must be very clear in
their expressions exactly what is being referred to.

16 GCE Chemistry 6CHO02 01




Question 24 (a) (i)-(v)

Candidates answered parts (i) - (iv) very well, generally gaining all the marks. There were
rare times when a zero was lost when moving between parts of the question.

However, in part (v) the performance of candidates was much more varied and allowed
those of the higher ability range to demonstrate their ability. The question in part (v)

asked for the percentage of tin in the rock and so the relative atomic mass of tin, 118.7,
was required. A significant number used the value for tin(IV) oxide, namely 150.7, which
illustrates the need for candidates to make absolutely sure that they have read the question
carefully and have given the answer required. Provided that the percentage was correctly
calculated for tin(IV) oxide these candidates did score one mark out of two since they had
only made one error.

(a) Thiosulfate ions react with iodine as shown below.
25,0,"(aq) + I,(aq) - 5,0,*(aq) + 2I(aq)

(i) Calculate the number of moles of sodium thiosulfate which were used in

Step 4.
= -6 X’ -5
mo= TOXOL |y "

(ii) Calculate the number of moles of iodine which reacted with this amount of
sodium thiosulfate,
(1)

- -6
I"iﬁo — §. g¥xO
2

(ili) Calculate the number of moles of iodine added to the solution of Sn?* ions in

Step 3.
MORS= 50 X0-%5 _ )

. o015

|00

(iv) Use your results from (i) and (jii) to calculate the number of moles of iodine
which reacted with the Sn** ions from the rock.
(1)

0 Ol S & S-exio |
- O O\30Y \

GCE Chemistry 6CHO02 01

17



18

(v) Hence calculate the percentage by mass of tin in the rock.

(WOAS - MO = .0l30L x IL§ -3
= |- 6‘-}83

f!fl7

|- Su§ ?Q{OO —_ | 5. /.
088

ﬁ ResultsPlus

Examiner Comments

The first three parts of this question are carried out
correctly. There are no units given by the candidate but
they are referred to in the question so that is fine. If
units are given the obviously they have to be correct or
they will be penalised once.

Part (iv) incorrectly has an addition rather than a
subtraction and so does not score.

However the principle of transferred error is applied
here in part (v) and both marks were awarded for a
correct calculation and result from the value used.

A
Q ResultsPlus
Examiner Tip

Even if a candidate is unsure about part of a calculation
it always makes sense to have an attempt and then to
continue the calculation because transferred error can
result in marks being awarded.

GCE Chemistry 6CHO02 01
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Question 24 (b) (i)-(iii)

This was a very discriminating question and only the more able were able to score any
points at all and even those of higher ability were spread out in terms of the marks
awarded.

Part (a)(i) - The vast majority of candidates realised that for reliability to be improved an
experiment needs to be repeated. However this alone did not gain any credit because in the
context of the question as set there was only one sample of the rock to analyse. What was
required was for the candidate to express, in some way, that the sample would be divided
or split into several portions, and then each of these would be analysed so that repeats are
then created. Only a minority of higher ability candidates appreciated the situation and gave
this answer.

Part (a)(ii) - This was the mark that was the most commonly achieved but even then
relatively rarely. Candidates need to remember that when carrying out a titration there are
two readings of the burette, the initial and the final. Hence the burette error needs to be
doubled and this results in an answer of 0.86%. The answer of 0.43% for a single burette
reading was frequently seen but gained no credit.

Part (a)(iii) - Similarly to above many candidates appreciated that there was a need to
increase the titre to reduce the percentage error but the question asked for HOW this could
be achieved. The most common correct answer was to decrease the concentration of the
sodium thiosulfate solution and the more able did at times state this. Alternatively a larger
volume of excess iodine could have been given as a suitable answer.

{b) (i} What change could be made in Step 4 to improve the reliability of the result?

apent i/ [ sl o

Viedeee ¢ /’Zﬂff-" L8l 5"2 Nf’/ézﬂ ¢ elin ﬁ;-('Ze,/'
ANl  Aealtbe A

{il} The error each time the burette was read was + 0,05 cm®. Calculate the
percentage error in the titre value of 11.60 cm?,

o.08
,-——?whoa =2 0.3 ¢y
L -

(1)

(i) How could the percentage error in the titre value be reduced without using a

different burette?
}

ﬁ é¢7 #%f A Mm@m /;twt e /rl'/:»«a -
Bisuncsmust Q ResultsP

Examiner Tip

us

In all three parts of this question the candidate has shown

some understanding but not enough for any marks at all. Percentage error calculations
In part (i) there is reference to the need for repeats but are commonly seen in

no statement about dividing the sample into separate coursework tasks but they can
portions that would be required for repeats. be seen in examination papers

too. Hence all types of practice
from coursework and practical

activities do need to be revised
for theory papers.

In part (ii) the correct type of calculation has been done
but of course in a titre there are two measurements, the
initial and final. Hence the error needed to be doubled.

The correct understanding is shown in part (iii) in that the
titre needs to be increased but without an explanation of
how this is achieved there is no credit.

GCE Chemistry 6CHO02 01
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Question 24 (c)

This was another question which discriminated well. The question had two words highlighted
in bold in order to help candidates, however it appeared as if these were not always noted.
For example the second emboldened word was 'not' referring to the point about an indicator
not being used. There were still some candidates who gave colours associated with common
indicators such as starch and phenolphthalein.

The first emboldened word was the main one that differentiated between ability. The
question specifically required the colour 'change' that would be observed without an
indicator and so the answer "pale yellow to colourless" was looked for. Many candidates only
gave one of these and so did not score.

In addition, a significant number wrote "brown to colourless" but this was not given credit
since the question was asking for the colour change at the 'end-point' and this answer refers
to that seen for the whole experiment.

(c) The titration can be carried out with or without an indicator. What colour change
would be seen at the end-point if an indicator was not used? The tin ions are
colourless.

ﬁ ResultsPlus

Examiner Comments

(1)

This is an example of the initial colour being correct but
because there is no final colour given for the 'change’
as in the question, this response did not score.

(c) The titration can be carried out with or without an indicator. What colour change
would be seen at the end-point if an indicator was not used? The tin ions are

colourless.
(1)

e Colowy (221N

ﬁ ResultsP

Examiner Comments

It was quite common to see the initial colour as "straw"
yellow and this was perfectly acceptable to accompany
a change to colourless.
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Question 25 (a) (i)

There were a number of different ways that the calculation that was required in this
qguestion could be done and all were seen. This meant that it was vital for candidates to
clearly lay-out their working out and to make sure that the units were given. If the units
were not given then the comparison was meaningless.

(i) Show by calculation that a solution containing 2.2 g dm™ of bromine is richer
in bromine than one containing 60 ppm.
[Assume that the mass of 1 dm? of the bromine solution is 1000 g]
(m

bo x (000
A, = O. D&r&
>0 000 8

2.13&‘“-% > o, Oéadm-g

. -3
e SQ L\A—*‘of\ CQ[\-‘-Q{(\% 2-).3 d‘\ CDj
broomiv s tichas M Bromiag .

ResultsPlus

Examiner Comments

A high quality answer which clearly lays out the two values
with the same units and makes it clear which is the larger.

(i) Show by calculation that a solution containing 2.2 g dm™* of bromine is richer
in bromine than one containing 60 ppm.

[Assume that the mass of 1 dm? of the bromine solution is 1000 g]

| 60 oW W) pes vy
" % B Ao _22X(000= 200 o

Yer e o
ﬁ ResultsPlus

Examiner Comments

(1)

This is another of the ways that the numbers could be
compared, i.e. both having the 'ppm' units. This was one of
the more common ways that the mark was achieved as it was
not necessary from the way that the question was phrased
for the candidate to 'spell out' which was the larger. However
candidates should always be advised to be clear in their
answers because in this way the question was not the norm.
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(i) Show by calculation that a solution containing 2,2 g dm™ of bromine is richer
in bromine than one containing 60 ppm.

[Assume that the mass of 1 dm® of the bromine solution is 1000 g]

Z-T9 A - 2200,
J

60

g

{ ooV 00

ﬁ ResultsPlus

Examiner Comments

How can 2.2 g dm3 be equal to 2200g? Surely if this
candidate had re-read their answer they would have
realised that it doesn't make sense and made some
changes. However this is how the response was given
and obviously it gains no marks.

GCE Chemistry 6CHO02 01
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Question 25 (a) (ii)-(iii)

The vast majority of candidates scored one mark for an ionic equation which included all
the correct species. The second mark required balancing, mostly correctly done with the
2's occasionally missing, and state symbols which is where the problem commonly lay. In
part (iii) the observation of a brown/orange vapour of bromine was credited because this

is something that can actually be seen given a suitably high concentration of solution;
however the predominant species for bromine is obviously the aqueous form. Hence the
state symbol required for the bromine was aqueous and this was the predominant response
except for the more able candidate. Thus this question did discriminate well and allowed
only the better candidates to gain both marks.

(i) Write an ionic equation, including state symbols, for the reaction in which
chlorine gas reacts with bromide ions in solution to produce bromine.

Cla@+ 2B (ag) = Brylag) + 2CV

(2)

(iii) What would be observed when the reaction in (i) occurs?
(1)

TMsoiwhongoesbmmr\

ﬁ ResultsPlus

Examiner Comments

Note that the chloride ion on the right hand side is
missing a state symbol. This results in the second
mark not being awarded for part (ii).

Part (iii) is an example where a single colour was
given instead of a colour change as asked.

A

ResultsP

Examiner Tip

us

Always, always double and triple-check work for
such 'minor errors' as missing state symbols and the
like.

GCE Chemistry 6CHO02 01
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Question 25 (a) (iv)-(v)

Part (a)(iv) was a 'stretch and challenge' question and proved to be understood only by
the very best candidates. There was a lot of incorrect chemistry suggested by candidates
and only the more able appreciated that an acid is a proton donor and so the addition of
an acid will increase the concentration of H* ions. Many thought that it was significant that
it was hydrochloric acid and had the chloride ions reacting in all manner of different ways,
presumably as a follow-on from their answers to part (a)(ii). This question was actually
trying to get candidates to appreciate the effect of a change on a system in equilibrium
and thus the second mark was for the movement of the position of equilibrium to the left
to counteract the afore-mentioned increase in H* ions. Only the higher-ability candidates
showed that they understood this. It would be good for candidates to look at a number of
this type of equilibrium questions to increase their understanding.

The responses to part (a)(v) were much better, presumably because the question had
told the candidates that there was an effect on the equilibrium position. The vast majority
correctly gave the shift to the right, i.e. towards the endothermic hydrolysis of bromine so
that the additional heat energy could be absorbed.

(iv) Explain why the addition of an acid, such as hydrochloric acid, prevents
hydrolysis of bromine.

(2)
The  halvde in. hyadrechiacic.  acicl s nox. a.. ...
ek s lny
%i_ro_nms___..e:n_ouxjk méd/l.kxwf,j’ aacin .16 Cauvye. the
~hydroiys(s. o broraine.. The halde should. be.
_____ more.. powertvl  than  the  hals FEs
(v) Assuming the hydrolysis of bromine is endothermic, explain how an increase
in temperature would affect the equilibrium position for the hydrolysis of
bromine.
(2)

An._.inerease. ___.i_m_____&cm_p_e:rm_ufﬁ:__..__ ot cavse. the

| ____u{__ui_‘&_i_b_r_\_‘_u__m____________\pcns_{_&_r_o_n_, ______ A6...mave.  n. Fhe endedigem<
. . /o ,
difeckion drﬁg&(mlﬁ‘dt« e opees<....the

inertase. an.. {““’"‘Jf@ rafvere..

ﬁ ResultsPlus

Examiner Comments

Part (iv) is an example of some incorrect
chemistry that was suggested for this
question.

Part (v) scores one mark for the reference
to movement in the endothermic direction
but alas does not state clearly which
direction this is.
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Question 25 (a) (vi)

This was another high-scoring question with a large majority of candidates giving the
textbook explanation for the effect of temperature on reaction rate in terms of an increase
in the proportion of particles that have or exceed the activation energy. There were a
significant minority of candidates that did not refer to the activation energy despite it being
asked in the question and simply stating that the energy of the particles would increase.
This did not score. Alternatively a rather worrying assertion that the activation energy

was changed, normally lowered, was given but this is the effect of a catalyst and not
temperature.

Candidates frequently wrote far too much and ended up writing outside of the three lines
provided. It would be good to remind them that this is really not good practice. There was
only one mark for this question and three lines should have been more than adequate. It
seemed that many candidates starting writing before they had got their thoughts clearly in
mind. This led to waffle or a re-statement of the question which was unnecessary.

(vi) Use your knowledge ot activation energy to explain why an increase in
temperature increases the rate of hydrolysis of bromine.
(1)

Qcbwakion  trme, s Greakar  goc. bhe.  And&liare ey,

be

ﬁ ResultsPlus

Examiner Comments

An example of the clear misconception by
some candidates that the activation energy
is changed either by temperature or as
expressed here by whether the reaction is
exothermic or endothermic.
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Question 25 (a) (vii)

This was generally done well and it appears that the use of oxidation numbers is something
that candidates find fairly straight-forward. The most common errors were often those of
omission. For example, all 3 oxidation numbers for the bromine were given but the species
with these numbers were not identified. Or the number changes and the species were
given but there was no reference to oxidation or reduction which was really the point of the
question as an illustration of disproportionation.

Occasionally marks were 'rescued' from annotations above the equation in that this allowed
the species and the oxidation numbers to be identified. This should not really have been
necessary and candidates should be reminded to always make it clear what they are
referring to.

(vii) Use the equation for the hydrolysis of bromine to show that itis a
disproportionation reaction.

Br,(aq) + H,0(l) = 2H*(aq) + Br(aq) + BrO-(aq)

L@pmm S,

ﬁ ResultsPlus

Examiner Comments

This candidate has correctly identified
the bromine species with the oxidation
numbers for one mark but has not

then gone on to explain that this is
disproportionation because bromine has
been both oxidised and reduced.
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Question 25 (b) (i)

By far the most common mark awarded was for the same reaction rates for both the
forward and backward reactions. There were a sizeable minority that omitted the word rates
and simply stated that the reactions were the same which of course is incorrect.

There appears to be some misunderstanding by a significant minority of candidates of
one of the features of a dynamic equilibrium, namely that of the constant concentrations
of products and reactants. It was not uncommon to see a response which stated that

the reactants and products have the same concentration. This is incorrect. However the
replacement of the word 'have' with 'remain' how becomes correct. This somewhat subtle
change in the expression used was not always appreciated by candidates.

In addition awareness of the situation being asked was lost on some candidates who simply
stated the textbook definitions of dynamic equilibrium features. This was evident by those
candidates who stated that one feature was that the system was 'closed'. The context of this
question is "the surface of the sea" and so this is not a closed system. Clearly appreciation
for the context of the question is needed by candidates.

r )

(b) At the surface of the sea, there is a dynamic equilibrium between carbon dioxide
gas in air and dissolved carbon dioxide in the surface sea water.

CO,(g) = CO,(aq)

(i) State two features of a system which has reached dynamic equilibrium.
(2)

1. Tne | foomoid. ona . DOCKINGIA._eachions....0CCOC. oL e samg. (0¥ - concTant

2. .Same..0mavnd  of. L0 .On. horn . SiA¢s: . LN oo and 000

ﬁ ResultsPlus

Examiner Comments

This is an example of how the second
feature was stated incorrectly. The
concentrations are not 'the same'

but they do 'remain the same/are
unchanged'.

GCE Chemistry 6CHO02 01

27



28

Question 25 (b) (ii)

This proved to be a challenging question for the candidates and lack of precision in
expression again contributed towards many not scoring both points. In this question there
were in effect two types of carbon dioxide, the aqueous form and the gaseous form and
the distinction was not always clear in the answers given. If the candidate referred to the
equilibrium position shifting to the right hand side which then resulted in a decrease in the
amount of carbon dioxide in the atmosphere, gaseous, then this was awarded one mark.
What was additionally needed was a comment as to how these two were actually linked.
The addition of carbonate ions does result in a shift in the equilibrium position to the right
and this results in a decrease in the carbon dioxide dissolved in the water, aqueous. This
then will affect the earlier equilibrium stated at the beginning of question (b) such that the
position of equilibrium will also shift to the right and result in a decrease in gaseous carbon
dioxide. It was this second point that was rarely awarded because candidates often did

not clearly state that the carbon dioxide that they were referring to was the dissolved or
aqueous type.

*(il) Carbon dioxide dissolves more easily in seawater than in pure water because
seawater contains carbonate ions, CO,*(aq), and the following reaction
occurs.

CO,(aq) + H,0(l) + CO,*(aq) = 2HCO,(aq)
Explain how an increase in concentration of carbonate lons in sea water
affects the amount of carbon dioxide gas in the atmosphere.
(2)
AN e ia e cencanttaken...ok. Codoanale icas........
teducn. e asaunt.. of Caben... ek (d€..gpa.ia. Hae...
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ﬁ ResultsPlus

Examiner Comments

This candidate gains the mark for the decrease
in atmospheric carbon dioxide due to the shift
to the right of the equilibrium system. However
there is no second mark because there is no
reference to the reason why this happens,
namely the dissolved or aqueous carbon dioxide.

A
Q ResultsP
Examiner Tip

It is common for a later question in a multi-part
question to require information that is needed

at the beginning of the question. Hence opening
information should be carefully noted and kept in
mind for subsequent questions.

us
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Question 25 (b) (iii)

The majority of candidates clearly understood the point of this question and easily gained
the mark. However there was a significant minority that incorrectly either referred to the
molecule vibrating instead of the bond, as asked in the question, or that the bonds would be
broken by the IR radiation.

(iii) Carbon dioxide and water vapour both contain polar bonds.

What effect does infrared radiation have on the bonds in these molecules?
(1)

Hlus
Examiner Comments
Since the bonds are the subject of the

question this is sufficient to score the
mark for this question.
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Question 25 (b) (iv)

One important point that was evident from a significant number of candidates answers

was that there is considerable confusion over where the IR radiation comes from which is
absorbed by such gases as water vapour and carbon dioxide. While the radiation originates
from the sun it is incorrect to state that these molecules absorb IR from the sun's rays. The
radiation from the sun is re-emitted from the earth's surface as IR and it is this radiation
that is absorbed by these molecules. It is a somewhat subtle but significant point. This is a
bit like CFCs do not break down ozone but it is the chlorine free radicals that come from the
CFCs that do. This key distinction is important when answering exam questions.

r 3

*(iv) Outline the mechanism by which molecules such as carbon dioxide and water
cause global warming.
(2)

Slaamdna.. O 266 S o Ll ATl D oA I R G D A
4 > &

ﬁ ResultsPlus

Examiner Comments

This is an example where the candidate
certainly appears to know the subject.
However there is no explanation for HOW the
heat is trapped. Hence only one mark was
awarded. This was frequently the case with
candidates' answers.

Heat was allowed as an alternative to IR.
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Question 25 (b) (v)

Many candidates wrote confidently on this subject and included some excellent information.
At times lack of precision resulted in a lower score than otherwise might have been the case
and it was not uncommon for some candidates to restate the same point several times.

The mark scheme allowed up to two marks for explaining exactly what anthropogenic and
natural climate change were. The former was done much more effectively than the latter.
However many considered that natural climate change is due to water vapour and that
carbon dioxide is entirely a man-made problem. This is a point that centres will certainly be
advised to make sure that their candidates are clear about.

Candidates could then score a maximum of three marks (up to a grand total of 4 for the
question) for comments on climate change which varied from why CO, was increasing,

with most candidates writing about a relevant cause such as the use of fossil fuels or
deforestation, to the result of climate change such as rising sea levels/flooding or melting of
the ice packs.

The outcome of this was that the vast majority of candidates could gain some credit for
their answer and also allowed for the more able to achieve high scores.

*(v) Without water vapour in the atmosphere, the earth would be many degrees
colder than it is at present. Why are many climate change scientists more
concerned about warming due to carbon dioxide in the atmosphere, than
warming due to the presence of water vapour? Refer to the difference
between anthropogenic climate change and natural climate change in your

answer.
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ﬁ ResultsPlus

Examiner Comments

(Total for Question 25 = 22 marks)

This candidate has wisely broken down the question as set into
different parts and is attempting to address each part in turn
and doing it successfully. One mark was for a fairly constant
water vapour concentration in the atmosphere and of course
this can be expressed in a range of different ways. In this
instance it is expressed by way of a contrast with the increase
in the level of CO,. The marks for explaining anthropogenic
and natural climate change are both clearly stated here so
another two marks awarded. Finally the reason for the increase
in carbon dioxide is given as the burning of fossil fuels which is
correct. Hence a total of 4 marks gained.

*(v) Without water'vapour in the atmosphere, the earth would bé many degrees o
colder than it is at present. Why are many climate change scientists more
concerned about warming due to carbon dioxide in the atmosphere, than
warming due to the presence of water vapour? Refer to the difference
between anthropogenic climate change and natural climate change in your
answer.

(4)
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ﬁ ResultsPlus

Examiner Comments

Sadly not until about half way through this answer is there any
comment which can be given credit. The opening comment
about carbon dioxide having a greater GWP than water does not
score because it needs to refer to a comparison of the individual
molecules, otherwise the concentration of each has to be taken
into account and water is the greater.

This answer gains marks for defining anthropogenic, reason for
the carbon dioxide increase and finally for the effect of climate
change, namely the melting of the ice caps.

Q ResultsPlus

Examiner Tip

If abbreviations are used then good practice dictates that
the full expression is given first and then the abbreviation in
brackets. Thereafter the abbreviation is fine. This is not the
case in this answer.
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Paper Summary

On the basis of their performance in this paper the candidates would be well advised to
spend more time revising the following topics in order to improve their marks:

e The writing of reaction mechanisms with curly arrows, making sure the arrows go from
and to the correct places and that any species removed is included in the mechanism.

e Answering questions on intermolecular forces, paying particular attention to hydrogen
bonding in such a way that it is clear that the forces discussed are between the
molecules and not the covalent bonds within the molecule.

e Understand that titration results can be improved through increased reliability and a
reduction in percentage error but making sure that any suggestions are feasible in the
context given.

e Recall reaction observations such as colour changes, evolution of gas, changes in
physical state etc.

e Writing chemical equations so that they are balanced and that all the state symbols, if
asked, are given correctly.

e Understand the impact of changes on a system in equilibrium.

e Understand that climate change can be anthropogenic or natural, the causes of both of
these and their outcome.

e Carry out lots of molar calculations with units to ensure appropriate comparisons.
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Grade Boundaries
Grade boundaries for this, and all other papers, can be found on the website on this link:

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