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Introduction

The paper seemed fully accessible to all abilities of candidates. It seemed demanding to
a few candidates as they were often placed in less familiar situations in calculations and
explanations. However, overall their performance was still good giving the paper quite a
high mean mark, with a reasonable standard deviation.

There was no evidence of any candidate being short of time to finish the paper.
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Question 9 (a-c)
This was a fairly straightforward section of entropy calculations and questions. As usual care
was needed in looking up data and execution of the calculations.

In part (i) common errors were the wrong data for the entropy of magnesium chloride or
magnesium, and choosing the wrong column or the wrong row. A ruler is helpful to avoid
this.

In part (ii) there was the usual confusion between moles and molecules. For example ‘Two
molecules go to one molecule’

In (b) many answers were given to four or five significant figures.

In (c¢) the sign was often lost. More serious were the candidates who confused total entropy
with entropy of surroundings.

Mg(s) + Cl(g) = MgClis)  AS =+2152  mol K"

Remember to include a sign and units in your answers to the calculations in this
question,

(a) (i} The standard molar entropy at 298 K for 1 mol chlorine maolecules, CI, Is
+165 J mol™ K. Use this, and appropriate values from your Data Booklet, to
calculate the standard entropy change of the system, A5, for this reaction,

a :t6S Mg »3.7
MGt g6

89:¢ — (165+3>1) = ~10g 1 Jmdf’

(2}
/97.7

*(ii) Explain fully why the sign for the standard entropy change of the system,
AS IS as you would expect.

A sychm i nagarue docotlle o
number g 1moleg g gl o 69 Nght hané
mgwmmwwﬁ Jo_thor?
U g5 cisorclt and e gey olgareifls

(b) Calculate the total entropy change, A5, in J mol™' K", for this reaction, giving
your answer to three significant figures.

(2)

121

As tdkdd = T 2182 + l09-1)
=+ 2043 .9
=+ 2044 Jui K]

() Use the standard entropy change of the surroundings, A5 to calculate the
standard enthalpy change, AH", in kJ mol-', for the reaction at gﬂ K.

2182 =000 = 2z-(52 K2q8"

S+ 641296
=+ 6y kymd
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ResultsPlus

Examiner Comments
(a)(i) Is fine.
(ii) This is a reasonable alternative to gas going to solid, so worth 1 mark.
(b) The value is correct but given to 4 SF, worth 1 mark.
(c) The value is correct but the sign is wrong.

Examiner Tip

It is important to read the question carefully, even in straight
forward calculations. (Read the question twice - RTQ?)

Mgis) + Clg) — MgCl(s)  AS. ___ =+2152)mol K"

Remember to include a sign and units in your answers to the calculations in this
question.

(@l {il The standard molar entropy at 298 K for 1 mol chlorine molecules, Cl,, is
+165 Jmol" K, Use this, and appropriate values from your Data Booklet, to
calculate the standard entropy change of the system, A57_, for this reaction,

355q§m= S proouoCt - reaCtaMs
(8a-e) - CREC l'gq,j) %
§Q-6 - N5 .9

= =156 QYmo €7

(2)

*(il} Explain fully why the sign for the standard entropy change of the system,
L‘l.!-'lr",m. Is a5 you would expect,
(2)

eNDEY. oeceasts . as. .1 moL.of OQS. PIOtLXSS......
1 moe. OF  SDWC

{b} Calculare the total entropy change, AS

L
your answer to three significant figures,

In J mal K-, for this reaction, giving

(2}

~15:6 + U5 = & TILe U R) mg - el
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[c) Use the standard entropy change of the surroundings, AST . to calculate the
standard enthalpy change, AH™, in ki mal™', for the reaction at 298 K.

SRATU..A’{HI'S L N :|.:[‘j{:?'
T
= Sullak Jworv k7

(2]

ULNSY >

t4as

a)(i) The candidate has halved the entropy of chlorine
molecules, but still receives some credit as this is the only error.

(ii) This is a reasonable alternative to gas going to solid, so
worth 1 mark.

(b) The value is a correct TE but given to 5 SF, worth 1 mark.
(c) The value is correct but the sign is wrong.

ResultsP

Examiner Tip

us

As well as RTQ?: Check for Signs, Units and Significant figures. (SUS!)
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Question 9 (d)(i-iii)

Though the first part was made particularly straightforward by telling candidates they need
to use the volume of solution, this was often not read. The volume of solvent was used.
Some incorrectly converted the volume to dm3.

In (ii), due to a minor error in the stem of the question, answers based on 0.03 mol and
0.05 mol were both acceptable. However, neither seemed to disadvantage candidates. Even
candidates who did both methods seemed to finish the paper strongly and were not affected
by the extra time spent.

There were many who attempted to set up new, incorrect Hess cycles. The sign was often
omitted.

Part (iii) seemed an unfamiliar calculation to most candidates, but they were not put off,
and those with the confidence to apply their skills were successful. It was a good idea to
label the cycle with appropriate symbols and apply Hess from there.

Many candidates either left this part blank or left an unintelligible jumble of numbers.

(d) 0.0300 mol of magnesium chloride, prepared by burning magnesium in chlorine,
is added to 51.5 cm® of water,
50,0 cm? of 1.00 mol dm™* solution is formed, and the temperature rise, AT,
is 22.5°C.

(i) Calculate the energy transferred in joules for this process using:

Energy transferred in joules = volume of solution x 4.2 x AT

SOx 2Ly 8 m
3128 3
=t 725 ks

(i) Calculate the enthalpy change of solution, AH
kJ mol-',

0 Elemy
Msolautien = ,
= k325
0-.05
=167 ks onol ™

of magnesium chloride in

solution”

(2)

GCE Chemistry 6CHO04 01
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*[ili) The enthalpy change of hydration of Mg*ig) Is 1920 kJ mol-",
Use this, your value frem (d){il), and the experimental lattice energy from your

Data Booklet, to calculate the enthalpy change of hydration of Cl-(g).
(3)

Mg**ig) + 2CI(g) Mitolowhen = —LE 4 [Hbuydebien.
H1§31 8 = 2626+ 192642 ¢
(ERMUz-252b  418F b=fob+2x

=g U = 2%
el X = -2262
i L 4
Mg*laq) + 2CI(ag) Answer ~224 2 ) mol

<» ResultsPlus

Examiner Comments

(i) This is fine with answer in kJ.

(ii) The value is fine but the sign is incorrect, so worth 1 mark.

(i) This is a well set out calculation, carrying through the transferred error from part
(ii), and fully deserves full marks.

(d) 0,0300 mol of magnesium chloride, prepared by burning magnesium in chiorine,
is added to 51.5 cm® of water,. —
50,0 cm® of 1.00 mol dm™ solution is formed, and the temperature rise, AT,
Is 22.5%C.

(i Calculate the energy transferred in joules for this process using:

Energy transferred in joules = volume of selution = 4.2 = AT

]!
SO _
- 4,125 JijL'UJJ Mol
(i) Ejalcul'afe the enthalpy change of solution, AH_, . of magnesium chloride in
mod . R
(2)

Disoln = lind —>0f) %LUQOM NS
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“{iil) The enthalpy change of hydration of Mg**(g) is —1920 kJ mal".

Use this, your value from (di(ii), and the experimental lattice eneargy from your
Data Booklet, to calculate the enthalpy change of hydration of Cl-(g),
(3]

Mgi(g) + 2Cl(g) Atlsiln = - (016 en21g y « 5 Attbgd .
1-@:#*"3; " ~p = -CUb) 4¢
ffﬁ — || g —A
-' | ¢ Shind = - Eq.u‘f
| Macis) = = 25% -

W

-~ 2615

b
1 [ P2
Mg*iagq) + 201

EEW - 954S

Answer k) mol™!

ﬁ ResultsPlus

Examiner Comments

(i) This is out by a factor of 1000 as it is not in kJ.

(ii) They have first divided by 10, then divided by 0.05 (which
alone would be fine, of course), but their answer does not agree
with that, and the sign is not given.

(iii) The only error is failing to divide by 2 so worth 2 marks.

A

OO ResultsPlus

Examiner Tip

Practise this type of calculation.

GCE Chemistry 6CHO04 01
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Question 9 (d)(iv-v)

(iv) Though quite simple, this diagram seemed unknown to most candidates. Common
errors were to omit the charge on the chloride ion, to include full charges on oxygen and
hydrogen in water, or to bond chloride ions to the oxygen of water.

(v) Many seemed unaware of these changes. However, some were able to work out the
correct reasons. There were many incorrect statements about energy changes in bond
making and bond breaking. There was confusion between water molecules and ions, like
‘the ions are closer in solution’”.

(iv) Draw a diagram to represent a hydrated chloride ion.

) (1)
f T
\-m v / ||
Cf ‘ %@HL J
| "o |
—
(v} Suggest why the addition of anhydrous magnesium chloride to water results
in an increase in temperature and a decrease in volume,
(2)

Temperature increases..........\A oker Q.\.ﬂclfcr JLQ:Q‘T‘P& c.-lc\}\‘\:.e _________
_....Lct?c:.[s__....l:::z_h_u_@p N CET  ana. H C;Ehrgwl')rcklﬁ,“d’w;\,

ek wmr%? 562020300l
WA rC S

Volume decreases ... »’\‘ ux,, SG.,CLI’L{J mfj“"""""”‘

ﬁ ResultsPlus

Examiner Comments

(iv) This is an instructive incorrect response. The charged ion is
shown bonded to water molecules, but bonded through the non-
bonding oxygen electrons.

(v) This includes two common errors. First bond breaking does
not release energy, it requires an input of energy.

Also, the idea that magnesium chloride is a drying agent does
not cause evaporation of water.

A

ResultsP!

Examiner Tip

us

Remember bond making releases energy.

GCE Chemistry 6CHO04 01



(iv) Draw a diagram to represent a hydrated chloride ion.

(v} Suggest why the addition of anhydrous magnesium chloride to water results

in an increase in temperature and a decrease in volume,

(1)
A
"
et
#
( .‘3 ,””""\ nt
. lf’ @
(2)

Temperature increases. e bods....coealid) bemtin. o M > wma g

L o ”MW% Mwm“"k““ﬁu

Volume decreasesH.LhaiQ/Y“d&wl@M k4.

ordored b te

ResultsPlus

Examiner Comments

An example of two good answers.

GCE Chemistry 6CHO04 01
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Question 10 (a)(i)

Common errors were the omission of any reference to sulfuric acid or omission of the
conditions of reflux or distillation.

A few gave incorrect oxidation states or formulae for dichromate.

(a) (i) Give the reagents and conditions for Step 1.
(2)

ResultsPlus

Examiner Comments

Sulfuric acid and potassium dichromate(VI) is fine.
The acid concentration could be dilute, concentrated, or omitted on this occasion.

A

Plus

Examiner Tip

‘Distil” was fine for conditions, as was ‘reflux and distil’.

(a) (i} Give the reagents and conditions for Step 1.
(2)

WMW _i s LU conehechiony

<I:P ResultsPlus

Examiner Comments

No sulfuric acid so no reagent mark was given.

This was sufficient for the conditions mark, where any mention
of dichromate with the correct condition gained this mark.

A

Examiner Tip

Always learn names and formula of reactants and
details of conditions, for organic reactions.

GCE Chemistry 6CHO04 01



Question 10 (a)(ii)
A few weak candidates gave the state of the product in either part as a solution.

The detail of the second test was often lacking. ‘Iodoform gives a yellow precipitate’ was
typical and gained the fourth mark but not the third.

Question 10 (b)(i-ii)

In part (i) common errors were the omission of the charge on the attacking cyanide ion
or the negative charge on oxygen in the intermediate. Some arrows went in the wrong
direction, particularly from hydrogen to the oxygen in the final step.

In part (ii) many said butanone is planar, which is not true. A few thought a racemic mixture
would not form.

(b) (i} InStep 2, butanone undergoes an addition reaction with HCN in the presence
of CN- ions.

Glve the mechanism for this reaction.
it p- (3)
- -

L - A Ly
I‘l 1|'!. y ! I H =
h_.[‘—q___,-c.r—{--fu"l —3 - - - =C -h

| [} I [
I . [ C

b ' ok

¢

=

[}

l h
i

h
e o~

*[ii} By considering the mechanism of the reaction, explain why the addition of
hydrogen cyanide to butanane gives a solution which has no effect on the

plane of palarization of plane-polarized light.
3}

Tz’ﬂ'—f*w-"’f butarore A I'..jlll'--.---«:\u'r =Y U.-fjn.r-«'l:J‘_D.
L O ey egimed  Chance P athacke ot Eifla SieAo,,
o o prelugas  bof ) dmasd e A Ma@aay
Adilfag A ke r-quﬁA? 50 bl pus b
e Poloodeol - LpU G D egand (y Rleted bl oA,
So w0 abvun B (o AJe areer

ResultsPlus
Examiner Comments

This is fine, but for the statement in part (ii) that butanone is planar.
S

Examiner Tip

The key feature of this nucleophilic addition is the planarity of the bonds around the
carbon of the carbonyl group.

GCE Chemistry 6CHO04 01
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Question 10 (c)(i)

As usual there were many candidates who confused reaction types giving answers like
nucleophilic substitution.

More instructive were those who gave hydration.

The difference between hydration and hydrolysis needs to be understood. Hydration only
involves bond making. Hydrolysis, as the ending implies, is bonds breaking and making.

Question 10 (c)(ii)

(i) Explain why the presence of the alcoholic hydroxyl group cannot be
confirmed in the infrared spectrum of 2-hydroxy-2-methylbutanoic acid.
(1)

l’éfﬂultw o XA IEAAA AL O CR

Plus

Examiner Comments

This was the most common insufficient answer.

A

ResultsPlus

Examiner Tip

Check to see that each question is answered as fully as possible.

Question 10 (c)(iii)

Incorrect values between 10 and 13 were quite common.

14 GCE Chemistry 6CHO04 01



Question 10 (c)(iv)

The answer should say that there are no hydrogen atoms attached to the adjacent carbon

atom.

(iv) Explain why, in high resclution nmr, the peak due to the hydrogens of the
2-methyl group in 2-hydroxy-2-methylbutanoic acid is a singlet.

(1)

T b tluded b o b wiotecds i 84t
WQMJ oo Hydugen - Deefot.. duss b tho. .10

<EP ResultsPlus

Examiner Comments

reference to the adjacent carbon molecule, rather than atom.

this in the lined space, to ensure the examiners know.

There are two instructive errors in this response. The first which costs the mark is the

A minor point is writing outside the space provided. If this happens it is best to signal

A
J/ ResultsP!

Examiner Tip

us

Signal responses which overrun the space given with ‘please
see below’ or ‘please see page xx'.

GCE Chemistry 6CHO04 01
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Question 10 (d)

(d) Molecules of i‘-‘ﬁydrnxy-z-ﬁ;ethyl butanoic acid react together to form a
condensation polymer.

Draw a displayed formula for this polymer, showing two repeating units.

(2)

"\
LI
y

H
M \
)
— —_— C)-'
(- ¢ k
H

—

::_("w-'-‘

Ius

Examiner Comments

This answer illustrates two typical mistakes.
First the connection between molecules is by a ketone group.

Second the carbon framework is incorrect.

A

OO ResultsP

Examiner Tip

us

Practise writing polyester formulae.

16 GCE Chemistry 6CHO04 01



Question 11 (a)

Some errors occurred in balancing the equation. Some added or removed electrons.

1 Persulfate ions, 5,0,*, oxidize iodide ions in aqueous solution to form iodineand g .
sulfate ions, $O,2, lerz-t -2 + (-%

(a) Write the ionic equation for this reaction. State symbols are not required.
- 2z > (1)
144 R % s 7 5 S g
z- - 2 - -

o

-l

ResultsPlus

Examiner Comments

A common error - the entities are correct but two extra electrons are added.

A

ResultsP

Examiner Tip

us

If oxidation number changes balance, so do electrons.

Question 11 (b)(i)

This with the other parts of (b) was very discriminating. Colourless was the most common
response.

GCE Chemistry 6CHO04 01
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Question 11 (b)(ii)

The key was to mention the immediate change of colour.

(i) What would happen if the reaction was carried out without the addition of
sodium thiosulfate?

(1
LooBosisivle | cotour enange  WIW NOE oceur

ﬁ ResultsPlus

Examiner Comments

This candidate deserves some sympathy. They have answered
the question in part but failed to give sufficient detail. The
reason no change would be seen is because the blue-black
colour would form immediately.

Question 11(b)(iii)
A reasoned chemical answer was needed here.

Ideally this should have been something about the thiosulfate reducing iodine to iodide as
soon as it formed.

(iii) Explain why the concentration of iodide ions remains constant until the
mixture changes colour.

{1
W}ngtmanéﬂam{ow We. . vodine.  lLons bﬁf}méb
rach . WCH ... oodia. HACOSGAPOME s e

ﬁ ResultsPlus

Examiner Comments

A typical muddled response. Notice the reference to iodine
rather an iodide ions. The second part of the answer is totally
wrong. The reaction changes colour when all the thiosulfate ions
have reacted.

GCE Chemistry 6CHO04 01



Question 11 (c)

In part (c)(i) the axes were usually the correct way round but labels or units were missing.
Scales were often too small or running in the wrong direction. The points were sometimes
incorrectly plotted or a straight line not drawn.

In part (ii) weaker candidates gave ‘zero order as the graph is a straight line’ which gained
no credit.

In part (iii) the rate constant was often missed. The unit had to be consistent. A transferred
error was allowed from part (ii).

(c) The results obtained from the experiment in part (b) were tabulated as follows.

(5,0,1 Time 1/time
/mol dm-? /s /s
0.0100 40.0 B 0.0250
0.0090 44.4 0.0225
0.,0075 533 0.0188
0.0060 66.7 0.0150
(i) Plota graph of 1/time on the vertical axis against the concentration of the
persulfate ions.
(2)
h—!—- a i I - - t O\ 5 M
Ll T . - ! AJ2)E g
tre 51 PR : : b: - T
: ! B.plar~0e s
0.0lo0 = ’ g i / - L‘B
T r ! :
0.061%0 :
0.%8§0 - -

G0 {25, C.odrs 0-aloo
Crentolin f nok 1473
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(i) 1/time is a measure of the initial rate of the reaction.
Deduce the order of the reaction with respect to persulfate ions.
Justify your answer,

(iii) The reaction is first order with respect to iodide ions. Write the overall rate
equation for the reaction and deduce the units for the rate constant.

Rate = Cut) ﬁl“‘*‘j

3,07 SN
Units for tf{:;‘?at constant . MGLL‘-M I T

ResultsPlus

Examiner Comments

(i) While the axes are the correct way round and correctly
labelled, the scales are too small. The points are incorrectly
plotted and a straight line is not drawn.

(ii) The order is not second.

(iii) The rate constant is missing and the terms are wrong. The
unit is not consistent with the terms.

A

OO ResultsPlus

Examiner Tip

Practise different types of graphical determinations of rates.

GCE Chemistry 6CHO04 01
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Question 11 (d)(i)

Though this question was set slightly differently to the usual as only two values were given,

the majority of candidates knew how to find the gradient of the line between them.

Some correctly solved two simultaneous equations.
Both methods were acceptable.

Both required care with signs, powers of ten, and units.

T'{"févr;lperature} 1/time 1T In(1/time)
/K /s /K .
293 00250 341 x 1000 [0 =369 o
303 : 0.0500 330.x10%" | ~3.00

Remember to give a sign and units with your answer.

Lk )~

E, 1
In rate = ——2 x.— + constant
R T

o = t+8984.5227
Ea = FB8IB4.5

(i) Calculate, without drawing a graph, the activation energy of the reaction.

(R =8.31Jmol ' K™

- ?1 "1, Saa7 = - £¢.

Py I£

(3)

ﬁ ResultsPlus

Examiner Comments

This was a common error to ignore the constant in the relationship, and
attempt a simple substitution. It showed a total lack of understanding and
gained no credit.

Of course, if the constant had been included, the second equation written
and the simultaneous equation solved then full marks were possible.

A

OO ResultsP

Examiner Tip

us

Practise activation energy calculations.

GCE Chemistry 6CHO04 01
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Question 11 (d)(ii)

(i) Suggest how the reliability of the activation energy determination could be

improved, without changing the apparatus, solutions or method.
(1)

SEPROE  expevimbak . onel  sodee o Gueeeo [eR TN L —

(Total for Question 11 = 14 marks)

TOTAL FOR SECTION B = 49 MARKS

ResultsPlus

Examiner Comments

This was a sufficient answer.

Question 12 (a)(i)

A great many candidates tried to work this out from K for ethanoic acid, which could not be
done and gained no credit.

Many calculated the mass of 0.04 mol correctly but gave 2.4 cm? which gained no credit.

The relationship between density, volume and mass is crucial to Chemistry and should be
thoroughly learned with each quantity as the subject.

(a) (i) Using data from the Data Booklet, calculate the volume, in cm?, of 0.0400 mol
of ethanoic acid. =

o

(2}

O-0F  $1000 = 2.350om?.
L~ F %0

ResultsPlus

Examiner Comments

This is a typical attempt to use K.

22 GCE Chemistry 6CHO04 01



(@Jsing data from the Data Booklet, calculate the volume, in cm?, of 0.0400 mol
of ethanoic acid.

(2)
+0e T

004 = VX [-049 Vilume = 0 0 3&IRZ am’
3R s

ResultsPlus

Examiner Comments

Division of 0.04 by the density is not sufficient for the second mark,
and this is even worse here as 0.04 is multiplied by the density.

A

ResultsP

Examiner Tip

us

Learn the relationships between density, mass and volume.

Question 12 (a)(ii)

The apparatus used to measure out 2.29 cm? of liquid accurately is a graduated pipette or

syringe.

Most omitted the word graduated and failed to score.

GCE Chemistry 6CHO04 01
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Question 12 (a)(iii)

There were several acceptable answers to part (iii). The best gave a full explanation of
the reason, for example, ‘to prevent reaction with oxygen present in air’, or ‘to prevent
evaporation of the volatile organic chemicals’.

(iii) Suggest a reason why the test tubes were sealed.

ResultsPlus

Examiner Comments

This was the most common insufficient answer.

ResultsP!

Examiner Tip

us

When a liquid evaporates below its boiling temperature it becomes a vapour.

24 GCE Chemistry 6CHO04 01



Question 12 (a)(iv)

Many chose unfamiliar indicators, which was fine if they would work and the correct colour

change given for the titration of an acid by addition of alkali.

The reason mark was independent but difficult to score for an incorrect selection. Clearly

methyl orange would not change at the end/equivalence point of the reaction.

(iv) Suggest a suitable indicator for the titration of the equilibrium mixture in
either test tube, with the expected colour change. Justify your suggestion.

Mm@# ff’f”@] & M'f

Indicator ..

(3)

Justification. .. ;'LH . ’/ fw CB—"’ CA""I’ o C{‘Gﬁ /Q

Colour change from .. l/f,*’ G W to... (fW

U] fer Jreny ocidl F ey doge

<Eﬂ ResultsPlus

Examiner Comments

This answer gained one mark for the correct colour change for
this indicator which is just out of range.

Notice the reason omits mention of the weak acid involved.

A

OO ResultsPlus

Examiner Tip

It is best to go with what you have learned - phenolphthalein is the obvious selection.

(iv) Suggest a suitable indicator for the titration of the equilibrium mixture in
either test tube, with the expected colour change. Justify your suggestion.

(3}

Indicator .. W AL

Colour change from .. u}.IMAW to. YAAL

WYY

Justiﬁcation._.,?.ﬂ..__.,.,.w.,...,};ﬁ. B"q'h o Dads . viabvea wa
AL Mkmbml mvmwm fnk. becamnt. Barnat...

o

A

ResultsP

Examiner Comments Examiner Tip

An example of an excellent answer.

Practise selecting indicators.

us OO ResultsPlus

GCE Chemistry 6CHO04 01
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Question 12 (b)
(i) A few candidates gave the formula for methanol or were unable to give an ester formula.

(ii) Very few realised that the titre for hydrochloric acid had to be subtracted before finding
the amount of ethanoic acid in the mixture.

(iii) Few did not give the same amount here as in (ii).
(iv) Many candidates could not use the equation for the reaction to work out this amount.

(v) Though most could write the expression for the equilibrium constant, many had already
given up, or gave up after writing it.

(vi) Almost everyone realised that the units would cancel, even if they had given up on the
calculation. A few wrongly gave just ‘there are the same number of chemicals on each side
of the equation.

(vii) Very few realised that concentrated hydrochloric acid contains some water despite HCI
being a gas.

(b) In this experiment, the following titres were obtained.
—

| ~ Volume of 0.200 mol dm-
L Titration sodium hydroxide solution/om® |
|

Contents af first test tube

Contents of second test tube 7105
0.20 cm* concentrated hydrochloric acid 11.70

(I} Write the equation for the reaction bﬂweemt!#iifjfﬂiudmm
form ethyl ethancate and water, using structural Tormulae. State symbols are
not required.

(H3 (g OH + CHRCOOH = 0 ()
HS . + (Rz@0URUY

(i) Calculate the nuerﬂmmmm_Mt edquilibrium in the
first test tube. 11l raA0 0T woor to eranac f%ﬁd

o
770 X 0.000= 01543
1 600 med .

(iii} Deduce the number of moles of ethanol present at equilibrium in the first test
tube. = T

OB ey O ISLQA—0.004
= 0 lI%a mel.

(Iv} Calculate the number of moles of ethyl ethanoate formed at equilibrium in
the first test tube,
e e

(1)

fy—=axem i CO0% el

(v} Write an expression for the equilibrium constant, K, for the reaction.
Assuming the number of moles of water and ethyl ethanoate present at
equilibrium are the same, calculate the equilibrium constant, K.

e —

bt
e (CH300CHH 2]
[(CH3ty oH] (€2 C0OH]

(2]
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{vi) Explain why the equilibrium constant for this reaction has no units,
(1)

(vii) Why, in fact, is the number of moles of water present in the equilibrium
mixture greater than the number of moles of ethyl ethanoate?
(1

Se=tse—pm——peres: (- (S O
eensdile  readhay

ﬁ ResultsPlus

Examiner Comments

(i) The equation is fine

(ii)This gains one mark as the total amount of hydroxide ion and
hence oxonium ions are found, but those from the hydrochloric
acid are ignored.

(iii) and (iv) have nothing of value.

(v) The numerator is missing the concentration of water. There
is no attempt at a calculation.

(vi) This is fine.
(vii) An answer to a later question!

A

OO ResultsP

Examiner Tip

us

Practise equilibrium calculations based on experiments.
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Question 12 (c)(i)
These reaction types were generally well known.
A few gave them the wrong way round.

The hydrolysis reaction was the less well known.

(c) (i) What is the type of reaction that took place in each test tube?

Second test tube.... N € "‘fm'.SQaht on

{(2)
L8 A" 1
First test tube......... QS'WFFPCM O .
)
Results+lus
Examiner Comments
The first part is fine.
The second is not true.
r
@(i] What is the type of reaction that took place in each test tube?
(2)

ResultsPlus

Examiner Comments

This gains the second mark only.

Examiner Tip

It is unwise to give two answers unless certain both are correct.
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Question 12(c)(ii)
A common error was to say the values were the same, which they were not.
It is best to say they are concordant, or they are within tolerance of each other.

Many talked about equilibrium being a dynamic state, which was not accepted as it missed
the key point demonstrated by this experiment, that equilibrium reaction are reversible.

Question 12 (c)(iii)

A straightforward finish where most recognised the catalytic role of hydrochloric acid as a
source of protons.

GCE Chemistry 6CHO04 01
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Paper Summary

To improve their performance candidates should draw on both theory and their practical
work to:

e practise calculations of entropy changes, hydration energies, activation energies and
equilibrium constants.

e practise plotting rate graphs.
e always consider the reasons and explanations for result of practical work or calculations.

e learn the organic reactions, with names and formulae of reactants and products,
conditions, and tests for and uses of products.
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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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