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Introduction

It was pleasing to see many scripts of a very good standard. Nearly all candidates completed the
paper, with many writing extensively on the final question. However, the paper did prove to be long
and demanding for a proportion of the candidates who clearly were under time pressure. Some
answers were difficult to follow, and candidates need practice in expressing clear, legible and well-
reasoned arguments, which are focussed on the question so that time spent on them is not wasted.

This paper involves selecting data from the data booklet, and familiarity with using this booklet would
also help to save time in the examination.

Questions involving calculations were well done, but knowledge of organic reactions was less good,
and the reasons for carrying out a rate experiment in a particular way were poorly understood.
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Question 17(a-c)

It appears only a tiny minority of candidates did not have a data booklet, and most found the correct
data for (a), though a few used enthalpy values, or added the values for the individual elements in
each compound. The relationship between the entropy change in the surroundings and enthalpy was
well known, but common errors were to miss the negative sign or the units in the answer.

In (c) a few candidates subtracted the values in (a) and (b) to find the total entropy change instead
of adding them, and those who added the entropy values based on joules in (a) to the value based on
kilojoules in (b) did not get the first mark. It was well known that the reaction was not spontaneous
because the value of the total entropy change was negative.

CHa(g) + H:0(g) = CO(g) + 3Hy(g) AH 354 = +206.1kJ mol™!

Use these values:

the standard entropy of 1 mol of Hy(g) is (2 x 65.3) = 130.6 Jmol ' K™!
the standard entropy of 1 mol of H;O(g) is 188.7 J mol ' K!

You will also need to refer to the data booklet in the calculations which follow.

(a) Calculate the standard entropy change of the system, AS jyem, for this
reaction at 298 K.

ASsysrean = Kgxbg‘g) + (L“\?‘LDB —
Lss ) + L 186 - 2) .

s a)+md Wy 32 S o

(%8 ’%3% Lfi’co.g\-_ g‘gu(-"] 1% G mel | €

(b) Calculate the standard entropy change of the surroundings, AS {iroundings » for this
reaction at 298 K. Include a sign and units in your answer.

o

“““Fo = —Al 2 Omel
[~ S - (=4 &)+ (-9¢ &)-
. . - 266 .

(2)

(2)
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(c) Calculate the total entropy change, AS qq, for this reaction at 298 K.

Explain why this value shows that the reaction is not spontaneous at this temperature.

QS'Y{:)H'«'{ = A&gﬁ% 4 MMMS (2)

- . ). +SE3
DA = (?ﬂ$ﬂ7§+[' 3\ ’:jmo,”y_-'

LR e reackamn o endotnes nall, oongd..wo. K wekuodda
_smfol.ﬁuL...fmm.t.&mpu.M.we__,...__

Examiner Comments

In (a) the correct data has been found scoring the first mark but the calculation is incorrect. The
enthalpy change should not be rounded in (b) before doing the calculation, and the units are
incorrect. Then a second incorrect calculation follows, which would disallow the mark if the first
calculation had scored it.

In (c) values stated to be in kilojoules should not be added to values in joules. The final explanation

does not answer the question as it does not refer to the value of the total entropy change.
|\ J/

Examiner Tip

Enthaply changes are usually quoted in kJ mol™ and entropy changes are usually
in Jmol-1K'. Values must be converted to the same units before adding them.
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Question 17(d)(i-iii)

This unstructured calculation was very well done.

Only a few candidates treated it as a K_calculation. Some included square brackets when writing

the expression for K but then calculated partial pressures correctly. The most common errors were

in calculating the total number of moles present, and in dealing with the three hydrogen molecules

by multiplying partial pressure by three instead of cubing it. There were also some errors in rounding
values of mole fractions and in deducing the units. Calculating the total entropy change in (d)(ii) was a
simple exercise, but rearranging the equation to find the temperature in (d)(iii) was more difficult.

A significant number of candidates did not convert the enthalpy change to joules here and got an
answer of about 1K. Attention to detail would have suggested that this was wrong, and that a factor of
1000 was missing somewhere.

CHy(g) + HO(g) = CO(g) + 3H,(g)

Amount in equilibrium  0.80 0.80 1.20 3.60 W ¢y
mixture / mol

*(i) Write the expression for the equilibrium constant, K, of the reaction and calculate
its value. Include units in your answer.

RGP P

(6)
Ke= PCo) x Pldy
({CHLO XCHZ.O.)
. - 5 He* 338
cuy moun> @ %0 y20 22O o 3 39
‘ a4 S\ o = 86X INFS
HLO Moy = 0 FO 2.0 = 0.5 Hp< o ﬁ‘:_i’ w0 LS
G4 = 20.25 mol dm

| 20 20~ O3FS e« -
120

€4
(Plesiy - 269 w207 |VEIWE

O ragee
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(ii) The total entropy change in J mol™' K™ is related to the equilibrium constant by
the equation

ot = RInK, or  ASigu = 2.3Rlogk,
Calculate the total entropy change at the temperature of the reaction.
[R=28.31Jmol’ K]
(D
25+ ¢3! 103(10 28) = 2 24 QEYUFOSS

—

»  (iii) Calculate th@t which this equilibrium is reached using your
answer to(ii) Tor AS(;,. Assume that AH is still +206.1 kJ mol™' and that
AS uem = F225 J K™ mol™'. (This is not the same as the value for ASyjem
calculated in (a) which is at 298 K.)

(.'-_\J_(-':[_&LUN"‘D =%TLS - AH = 206 |

Plus

Examiner Comments

This candidate did not know how to find the partial pressure of the hydrogen
as there were three moles of it. The total number of moles is correct and the
use of the total pressure is also correct. The units of the equilibrium constant
are wrong. The value of the total entropy change follows from (i), but having
calculated this, the entropy change of the surroundings should have been
calculated in (iii) and hence the temperature of the reaction.




GCE Chemistry 6CH04 01

CH.(g) + H,0(g) = CO(g) + 3Hz(g)

Amount in equilibrium 0.80 0.80 1.20 3.60
mixture / mol

*({) Write the expression for the equilibrium constant, K, of the reaction and calculate
its value. Include units in your answer.

3 6
P = F((_O)P(Kl) "
( (1) P(H,0)
U 4+ o 2 Co A 3O
S SR (e
t 24
¥ o3 12 3L <6 ¢
AT~ o e« -
PTY 011 0137 o.§eif

@wﬂ“) 00431  o-2dlt

L 0-0bLS 0-06Y

(A

J
k B o~o"\37f K(o.'szls')
r - ' O-O(:szr . 0-0625—

- ©- 53343 = 0S¢ atm

(ii) The total entropy change in J mol™' K™ is related to the equilibrium constant by
the equation

ASiom = RInK, or ASg. = 2.3Rlogk,
Calculate the total entropy change at the temperature of the reaction.

(R=8.311Jmol" K]

AR

benk(
53 bn (0 @ 536)
521 Tma™

1)

]
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(iii) Calculate the temperature at which this equilibrium is reached using your
answer to (i) for AS;,,. Assume that AH is still +206.1 kJ mol™' and that
ASuem = +225 1 K™ mol™', (This is not the same as the value for AS e
calculated in (a) which is at 298 K.)

-$.21 - 15 +'[_5__ij

g
—SIZI' - 22 —-ZC)G'l*{U
IPETR — O, (0
2302 -

Examiner Comments

This answer made errors in (i) and (ii), calculating the total entropy change as
-5.21, but earns full marks in (iii) by using the value correctly.
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Question 17(e)

*(e¢) Use the magmitude and signs of the entropy changes to explain the effect of a o e
temperature increase on the equilibrium constant of this endothermic reaction. ¥y
=T21e

(2)
DA i ponbive fod Mt endohasnc eaon e . A5 S
A Mﬂa@)\’\\«»& §o t¢aUnan U NeH Spontoigons dk 20K .
{_\JQWM M. pdhhw Gl /35 Jute /\{%&,ﬂh\ﬁ{_
{\Y\ m WA (A Le!‘«_,“)('?iw Caunty N §C e o B¢ et
(15 negunvt  Cantring e vatsee g A% o
A AeBL . D‘( Uada— 6} h"'{f €-7u.u'(f DN, condrent k',m

MU—(@Lik 7 by AN 14 ¢ i k’mtﬁuzduﬁ t/} AN ndolean ¢

Mo thé~

Plus

Examiner Comments

This scores the first mark, though the candidate could have saved time by starting the answer on the
fourth line. The total entropy change is not linked to the equilibrium constant for the second mark.

*(e) Use the magnitude and s1gns o1 the entropy changes to expiain the errect or a
temperature increase on the equilibrium constant of this endothermic reaction.

Pocas Ale reackzon i W PPy Py A«W
hiihe..... et miwé & &j&‘ax Bmetﬂlmtﬂ
. d ik oill be ik Lo
%LW%MW M rrerad.. ;:U
w’vd R TRPP 27 % S, 7 S ﬁéd-.«-e uHrd . /4.«-5@«—
twamber  en. 4;{«1 ‘tsf oﬂ W‘J»ﬂv W

Plus

Examiner Comments

This answer does not explain the effect of temperature increase on the entropy change,
or the relationship of total entropy change and equilibrium constant, so scores no marks.
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Question 18(a)

The calculation of the pH of a strong acid was straightforward for most candidiates.

Question 18(b-c)

The calculations were well done in this question. In (b)(i) a few answers gave the approximation for K_
but the complete expression was required. There were occasional errors in the chemical equation in
(c)(i) such as missing oxygen atoms. Many calculations in (c)(ii) were correct, the main error being a
lack of understanding that in a mixture of an acid and a base the concentration of H* ions is not equal
to the concentration of the ions from the salt. Only a few candidates used the log method in their
calculation.

In (c)(iii) most candidates realised that a buffer had formed. However many referred to hydroxide ions
combining with propanoate ions, or even with sodium ions. Others said there was a large reservoir of
hydrogen ions which neutralised the added alkali. It was also common to say, correctly, that hydroxide
ions combine with hydrogen ions, but then continue to say that “the equilibrium then moves to the
right” without specifying that the equilibrium in question was the dissociation of propanoic acid.

The titration curves in (c)(iv) were usually close to the correct shape with a vertical section at 25 cm?.
However, many looked more like curves from the titration of a strong acid with a strong base, as the
vertical section was much too long, and others looked like weak acid/ weak base curves.

The comment made about bromocresol green in (c)(v) had to be consistent with the curve

drawn. Although candidates appeared able to locate the correct data concerning bromocresol green
some omitted to state this data. Others failed to give an appropriate reason why it was an unsuitable
indicator, referring to equivalence without stating that the indicator range must coincide with the
region where the pH of the titration curve changes sharply.

A very large number of candidates used the term “equivalence point” when they probably meant the
vertical section of the graph. A common misunderstanding was that the mid-range of the indicator
must coincide with the equivalence point. This would mean that, for example, phenolphthalein could
not be used in strong acid / strong base titration because its pK. of about 9 is very different from
the pH at the endpoint, 7. Also the equivalence point of a weak acid / weak base titration cannot
be detected with an indicator whose range includes the value because there is no sharp change in pH
at this point. The question could also have been answered in terms of pK. values, though very few
candidates did it this way.
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(b) Propanoic acid, CH;CH,COOH, is a weak acid with K, = 1.3 x 10~* mol dm™
at 25°C.

(i) Write the expression for K, for propanoic acid.

WW chidt | Whok teo Il

C‘H\g(“l‘&(’a: Pﬂ

v

(ii) Calculate the pH of 0.25 mol dm™ propanoic acid at 25°C.

2)

S
_\zms?@wi
- [Lp (1326°%) = 4.9

(¢) During a titration, 10 cm? 0.10 mol dm™ sodium Kydroxide was added to 10 cm’
of 0.25 mol dm™ propanoic acid.

(i) Write an equation for the reaction which occurs. State symbols are not required.
(n

Na OH A+ CA;CH, 00l — CHy CHPON. + O

H T

(ii) At this point the titration mixture contains 1.5 x 10~* moles of propanoic acid
and 1.0 x 10~ moles of propanoate ion.

Use your expression for K, for propanoic acid to calculate the pH of the mixture.

gy - (Lone”) ]

6-5%\5 °)

6& O 9( | sl Uﬁs> -~ [Hj
(x6”) (el ms;nﬂ{—i &7\

(2)
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*(iii) When a further small amount of 0.10 mol dm ™ sodium hydroxide is added in
the titration, the pH changes very little. Explain why the pH change is small,

(3)
A Slebme foimed  n @ weak  acel ond
.Om . df* ks salk S (Le Solufan _..c:*_c..f..s OB
a. b«/??f Saluhm gael wll ........r:‘.ﬁ,.d'..e;?ff;.....C.ﬁw:ﬁﬂ.“._.f._‘m

.. ?ﬂ e o lc:«f e_ [)wLJ o He  ccll, and

=

&5 g Selt.  odfng wwe  OW ipes sa e
world  Couge Hhe # ke disecete fo fmn

(iv) Draw the titration curve showing the change in pH when 0.10 mol dm™ sodium
hydroxide is added to 10 em® of 0.25 mol dm™ propanoic acid until present in
excess. The equivalence point is 25 cm’.

3)

pH 8

.4. ] .:._ -+ I _ | _,:.l. 1
HH R

144+ ]
aasas L
PR wamms nt TR
10-ff HH
;L_.__

40 50

Volume of sodium hydroxide solution/om’
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(v) Explain, referring to your data booklet, whether bromocresol green would be a
suitable indicator for this titration.

(2)

bocade e icdicabtor  (Quers. a. Mide 1«2--5»&
On ot Cee, Wi inc il Cquilt leace.
ot on. H Wt s o Shos (e
Q1o * G ct L (wvie L v o e (e

(. f:, 1) Ey@ L-\-L{'{f\ _ }lL{ : ({ . (\,u‘"g ‘{\I an 1/ (o Ir )r'( [e

Plus

Examiner Comments

(b)(ii) is incorrect as the concentration of propanoate does not equal the
concentration of propanoic acid. The equation in (c)(i) has errors in the formulae
due to missing C atoms. (c)(ii) is correct. In (c)(iii) the hydroxide ions are said to
cause the salt to ionize more which is incorrect though the other two marks were
scored. The finishing point on the pH curve is too high, though the starting point
follows on from the earlier error. The range of bromocresol green is not given, and

it would change colour before the vertical section of the curve which was drawn.
o

J/

Examiner Tip

It is useful to learn where the pH changes sharply in titrations of acids and
bases of different strengths.
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(b) Propanoic acid, CH;CH,COOH, is a weak acid with K, = 1.3 x 10* mol dm™
at 25°C.

(i) Write the expression for K, for propanoic acid.
e
0 _ CCHs U, (oo [H
a = — _. .
v Cdy CH, COOH |

(1

(i) Calculate the pH of 0.25 mol dm- propanoic acid at 25°C.
1 2y 405 — C+*I%
0. 25
[+i*] = Aa8 x40~ 3
—> PH - 2. %

(c) During a titration, 10 cm® 0.10 mol dm sodium hydroxide was added to 10 cm®
of 0.25 mol dm™ propanoic acid.

(i) Write an equation for the reaction which occurs. State symbols are not required.
()

CH3 0N, COOH + NaOH — CHilH, WO Naet + H, O

(ii) At this point the titration mixture contains 1.5 x 10~ moles of propanoic acid
and 1.0 x 107* moles of propanoate ion.

Use your expression for K, for propanoic acid to calculate the pH of the mixture.

: - 2)
T e e i |
CCH; G, OO
-5 (/a3 .
- 4.3 x 4O x 4.8 x A0 _ 1,95 %0 S
0O x 1O 3 |

PH: L., +
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*(iii) When a further small amount of 0.10 mol dm™* sodium hydroxide is added in
the titration, the pH changes very little. Explain why the pH change is small.
(3)

L Becare , there o o _bt.«»ﬂ{fr. sobubion. Jomed. . o}
Prepahas acd. ousd ks wnjugale. boase.. .
_ ....@ddi)\_ci__mu_uﬁ A .anwimﬂ. ORI, . the OHT. reacts.
(M, G COOH. . OHT s CHzCHoCEO ™t O
. resisk. e pH cl.-wuwﬂ_, Haocobo Sy ek

CHsH, ool e lhvanar weuck
o taece are. P.GLF(}I*PMMUW _.aj___bp _m____pmpcm;ﬁ?ic{_. .

e AL, B SOCUUMNN... PITPAMAROLE

(iv) Draw the titration curve showing the change in pH when 0.10 mol dm™ sodium
hydroxide is added to 10 em’ of 0.25 mol dm™ propanoic acid until present in
excess. The equivalence point is 25 cm’.

3)

=
|
¥

pH 8

-
0 10 20 <7 30 40 50

Volume of sodium hydroxide solution/cm’
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(v) Explain, referring to your data booklet, whether bromocresol green would be a
suitable indicator for this titration.
(2)
. Bromeccescd green. s mot o swatcdofe. vadicaton
_ {m’ Aen. T dvahion
o Rt caust.. Mre oH rauge.. Ao ik (38285 4). 4n. . mot
t 1 .
per fect Lca. A Mae ertead cechion of .4t

Abkahion. cuacve..,

us

Examiner Comments

This is an example of a good answer, the only error being that the finishing
point of the titration curve is too high.
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Question 18(d)

The knowledge of these organic reactions was limited in many cases.

In (i) water alone would not be a suitable reagent, and a dilute strong acid is needed. Some
candidates suggested using a mixture of KCN and HCN, probably thinking of the reagents used to make
a nitrile. Sodium hydroxide would produce the salt of propanoic acid, not the free acid so would not
be suitable in either (i) or (ii). The colour change in (iii) was usually known, though a few got it the
wrong way round.

CH,CH,CN '"“““--H-H____x Reaction 1

Reaction 2
CH;CH,COC]I —

CH3CH,COOH

vy

R f[{-cactinm.l
CH,CH,CHO -~

(i) Suggest a reagent which could be used to carry out reaction 1.

15 R o
(11) Write an equation for reaction 2. State symbols are not required.
q Y 1

: . . (1)
C MO, Lok MO = CHa Gy CoOH 4 H CA

(iii) What would be observed if reaction 3 was carried out using potassium
dichromate(VI) and sulfuric acid?

O ronog 159 Jellows colows Change. .

Plus

Examiner Comments

These are typical errors.
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CH;CH,CN

~—__ Reaction 1

—

Reaction 2 e
CH,CH,COC] ——

CH;CH,COOH

——

" Reaction 3
CH;CH,CHO — eaction

(i) Suggest a reagent which could be used to carry out reaction 1.
{1

(i) Write an equation for reaction 2. State symbols are not required,

(1)
Uyt ol + H, 06— ChlatH, coon + HU
(iii) What would be observed if reaction 3 was carried out using potassium
dichromate(V1) and sulfuric acid?
(1)

{{ui L&Jéui._t.i‘ cdnau \.cif,f (,‘d LLp (J'L_. (.74_ (M——t{'—i‘s

us

Examiner Comments

(i) was accepted. The colour change should be stated in (iii).
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Question 18(e)

This question was well answered. The formula LiAlH, is probably an easier option than the name
lithium tetrahydridoaluminate.

(e) What type of reagent would be used to convert propanoic acid to propan-1-ol?
Identify a suitable reagent for this reaction.

(2)

l..l( L\w-m (..L_"(ﬂ. 1 ~Jt["if{t' 1."\[_L__.w_(_.,1(. (/t fu ”q) I f':j!
f’“u‘. VA ﬁ ;}(J'Lu ¢ M Carboy K‘J'-ﬁ" Cerdd 7o

& ;TI" 1A C"--'-') (2 ((,'CJ "

’ Plus

Examiner Comments

The solvent for the reducing agent was not required. The
mark was given if the reaction was described as a reduction.
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Question 19(a)

Despite the reaction in this question being one of the specified core practicals, some candidates were
unaware of the purpose of adding the reaction mixture to sodium hydrogen carbonate. Many answers
stated that quenching occurs, but did not explain the use of sodium carbonate to neutralise the acid.
Some candidates used the word quenching, but did not appear to understand it, as they said that the
sodium carbonate was quenched. Stating that the reaction was stopped was equally good for the first
mark.

(a) Explain the purpose of adding the reaction mixture to the sodium hydrogencarbonate.
(2)

Th wedd < nedelise  Yhe hgdregen.  iend

}(\\%\' Lare. .._ac\iﬂﬁb LS. e Cel L-6\3\' . ﬂ.«\i‘.- ‘"‘3()9*‘?.

S\-u(:fan. Me  reackion gl X¥hak  povenk 8 Yime So
D tkr" Ceon tal?. qmako'&td-

(b) What indicator should be used in the titration?

us

Examiner Comments

This is a good answer.

(a) Explain the purpose of adding the reaction mixture to the sodium hydrogencarbonate.

Ak hre e, Pudic .
Addif 0 0], foditae Mugtpacohinats ¥ M A foon acd
~ b bles (4, ﬁgﬁﬁl

(b) What indicator should be used in the titration?

ENEEI NG

The candidate knows that sodium hydrogen carbonate reacts
with acid, but does not make the point that it stops the
reaction by removing the acid, so doesn’t score the mark.
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(a) Explain the purpose of adding the reaction mixture to the sodium hydrogencarbonate.
(2)

"M_rl € gu{,ﬁ *lf! € e Lt oVl [/4/’%‘3{; ttj _
' v -
lu{;_ l‘;.‘,\ k;‘\i’ L \ .\ 2y _1_4 }[? \ "’l ¥ }\ QAN k\.

J

owndtee e el

FATR R §  » NI LSRN RN N B B SR NSRS Y. U - ) |

Examiner Comments

This candidate does not understand the purpose of using sodium hydrogen
carbonate to stop the reaction.

Examiner Tip

When you follow an experimental procedure, make sure you understand
why things are done in a certain way.
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Question 19(b)

Acid-base indicators were often suggested instead of starch.

Question 19(c)

The reason for choosing these concentrations was poorly understood, and the most common answers
were that propanone and sulfuric acid had to be present in excess, or to be sure that all the iodine
reacted. Few candidates stated that the change in propanone or sulfuric acid concentrations would be
insignificant, or that any rate change would only depend on the iodine concentration. Some potentially
good answers lost the mark because they did not refer clearly to the concentration of iodine.

*(c) In this experiment the concentration of the iodine was 0,020 mol dm™ and the
concentrations of propanone and sulfuric acid were both 1.00 mol dm™. Why was
the iodine solution used much Iéss concentrated than the propanone and sulfuric
acid?
(2)

o Codine i ek ____?n_u-rJ__v_QL_?_n___Jck____f_fJIZ_____o_lﬂ-kerr':-""’j Sog .
o5 . 15200, AR S5 dork.. 0ol exChos. OF Ik,

s

Examiner Comments

This assumes the order with respect to iodine, rather than explaining how to design
the experiment to find the order with respect to iodine, so did not score any marks.

*(c) In this experiment the concentration of the 1odine was U.020 mol dm™ and the
concentrations of propanone and sulfuric acid were both 1.00 mol dm>. Why was
the iodine solution used much less concentrated than the propanone and sulfuric
acid?
(2)

Jo ek e Malhp did N drun

ho m,{a\.o% S0 b PRl Gl ferdtT
(owda\ be  Potured  oad (onety hrt prnods
(AN bt fimen O It Cem@ahmvh on dn (ORI

Plus

Examiner Comments

This was a common misunderstanding.
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*(c) In this experiment the concentration of the 1odine was U.U020 mol dm™ and the
concentrations of propanone and sulfuric acid were both 1.00 mol dm™, Why was
the iodine solution used much less concentrated than the propanone and sulfuric
acid?

Un ks Wl e s . e _'(_ﬂl\gwsmrf._f .
SO Were dosrved . g 05 ade lved
boe ok dattyicwing Shf Aean T and

|4 ;;_anuﬁmlc, Lw»c.‘m |

Examiner Comments

This confuses the reagents which should change in concentration when the
order is being investigated.

*(c) In this experiment the concentration of the 10dine was U.U20 mol dm™ and the
concentrations of propanone and sulfuric acid were both 1.00 mol dm™. Why was
the iodine solution used much less concentrated than the propanone and sulfuric
acid?
(2)

P pon one. OVALUA PUmANC. ALAA. (1. £ACRAS. $8..0m
B lept s\ SV

Plus

Examiner Comments

This is an example of an answer which scored both marks. The final word was
assumed to mean constant.




GCE Chemistry 6CH04 01

Question 19(d)

There were many correct answers for the order with respect to iodine. The comments that followed
suggested that this was a fact which candidates remembered as their comments about the graph were
often not relevant, and commonly just said that a straight line graph meant zero order.

For credit, candidates had to link the order with the fact that the rate of reaction was not changing.
Many thought the thiosulfate was involved in the reaction rather than being used to determine the
amount of iodine remaining.

(d) The shape of the graph obtained from the results of the experiment is shown below.

Volume of
sodium thiosulfate
used in titration/cm?

Time/s

Use the graph to deduce the order of reaction with respect to iodine, explaining your
reasoning.

Examiner Comments

This scored both marks. The constant gradient shows
that the rate of the reaction is not changing.
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(d) The shape of the graph obtained from the results of the experiment is shown below.

Volume of
sodium thiosulfate
used in titration/em’

Time/s

Use the graph to deduce the order of reaction with respect to iodine, explaining your
reasoning,

(2)
R\ (,xc(e«; . S }L{ g oSV S S/mc? b
_ ____Liff_1 W A Fo g)'\c WS..... /?H’ - é:;’_Lzs-.i:j_ |
B0 Choge. in.. hall fle “olume . Sedivan...

32 T~

Plus

Examiner Comments

Many candidates did not look carefully at what was being

plotted when interpreting the graph.

Examiner Tip

The graph of rate against concentration is a straight line when reaction is first order,
but this graph is of volume of thiosulfate (which is proportional to the concentration
of iodine) against time. it is important to check which variables are being plotted.
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(d) The shape of the graph obtained from the results of the experiment is shown below.

Volume of
sodium thiosulfate
used in titration/cm’

Time/s

Use the graph to deduce the order of reaction with respect to iodine, explaining your
reasoning.
(2)

The. el O Fenctn S280. oS Orese.
e s o o« D and = Not c>< Da]‘{
TRERRCTE. PEE 1S MO CROnEE
mmmcmmxre Qs U\e_

Plus

ENEHEI N nE IS

This scores the first mark only. The iodine concentration does change during
the reaction. It is the rate of change of concentration which is constant.
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Question 19(e)

In this experiment, samples for titration are normally removed by pipette, as an accurately known
volume is required for the titration calculation. Solutions present in excess are normally measured
by measuring cylinders for speed. Candidates often said that measuring cylinders were “easier”,
presumably thinking of the technique needed to use a pipette filler, but this was not allowed. Other
answers appeared to be referring to the use of dropping pipettes. Candidates trying to give a reason
for the use of the measuring cylinder often failed to appreciate the context of the experiment, giving
reasons such as the use of measuring cylinders for larger volumes.

Candidates are not necessarily familiar with different types and sizes of pipette, but the idea of
choosing the instrument for accuracy or for speed still applies.

(e) The solutions used in this experiment could be measured using either measuring
cylinders or pipettes.

Give one advantage of using a measuring cylinder and one advantage of using a

pipette.
b€ ety Lem MM’N"D skl (2)

MQO\JWMC)
UJ"Q[ PV‘-{E-;UH& W‘l' O e Gl

Pipdha G were pesnag . mert. atmedn  weadung. 0{ Aoms. of ..

Examiner Comments

This is making the same point twice i.e. that a pipette is
used when accurate measurements are needed.
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(e) The solutions used in this experiment could be measured using either measuring
cylinders or pipettes.

Give one advantage of using a measuring cylinder and one advantage of using a
pipette.
(2)
A arm 4. el 1) (el P peap ..
[C’\’T % b’gﬂftt NLJ . _
The e 4 g PP Load ol e in o a bty
W iF 1) v, .more  PIaR Wetprrrg apprifis Pren. .

A ATy glnds

Plus

Examiner Comments

This was a typical response scoring one mark.

Question 19(f)(i)

A substantial percentage of candidates did not understand that volumes of reagents are only
proportional to their concentrations if they are in the same total volume of reaction mixture, and this
is why water is added. Many thought that water was a reagent, or that it provided hydrogen ions, or
that it was needed to dilute the solution because the colour of iodine is dark.

(i) Explain why water is added in experiments 2 and 3.
(1)

5() h/\d'f AU M Joa h ovs
Vil g 3?,(;4/“ o e

mm A awumfc A Lol U&&TWJW uged (N Cab-
LA plartnt.

(ii) Show how vou would use the data in the table to deduce the order of reaction

Examiner Comments

This scored the mark.
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_

(i) Explain why water is added in experiments 2 and 3.

ﬂ? LJ‘«J(\I\ Aﬁ AFP(EL 'z’/(}““
Plus

Examiner Comments

(1)

This was a typical misunderstanding.

Question 19(f)(ii)

The orders of reaction were usually deduced correctly. It was surprising that, after a successful
explanation and derivation of the orders of reaction the rate equation was sometimes missing, thus
losing the third mark. Some candidates gave their explanation in terms of volumes and experiment
numbers but failed to quote the orders. Some candidates thought that the propanone was zero order
by incorrect use of data for experiments 2 and 3.

An error in writing the rate equation was to omit the rate constant. If an incorrect order with respect
to iodine was included it was ignored, as the order with respect to iodine had been marked earlier in
the question.

(11) Show how you would use the data in the table to deduce the order ot reaction
with respect to propanone and hydrogen ions. Write the rate equation for the
reaction. —— r—

earfgm NAnA o | 3
2 oot | pre [ 0t win 19gpect Fo pofroop,
D) () WM Lo ga 9, N g 1 holved | ee
QLQ Nal uy pr t_;.{"h'w@l,l:;

U el | g 3 gt (0 ik reapat hy propemene
o wWwen M comeniin o 9 prpre— U holwed e rafta
alwe) ,om\oamf/wﬂxj |
B@@M@ oot = K [Ungcoens) [ 1)

0 U [\?lexh n = 2 M _(Total for Question 19 = 13 marks)

us

Examiner Comments

This scored full marks.
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(i) Show how you would use the data in the table to deduce the order of reaction
with respect to propanone and hydrogen ions. Write the rate equation for the
reaction.

o
}O_)ﬂ"( “ve (%’p-’der @) Aa,bLCJ (L, Lot  Kodey
YA sy (ed 2. e en  See fub Aoy N.5%%.,
o h’yﬁ"t l")ﬁ*")‘-\ P o L'J-""“r'f Pt h‘ "“.L J . b 'U.U--’ h 3}({:}‘:’"

Fom U 3 e e Se Mot .L«.‘J.j P popaes. . bbb dedy
P by St o g ok se. Do Shos [LF bl bt

.!?g, { ()fr ‘_L,
Plus

Examiner Comments

Examiner Tip

This candidate has selected the correct data but made errors in
deducing the orders. If a rate equation had been written based
on these orders, the final mark could have been scored.

Read the question carefully so that
if there is more than one task to be
completed you do not miss one out!

(ii) Show how you would use the data in the table to deduce the order of reaction
with respect to propanone and hydrogen ions. Write the rate equation for the
reaction,
(3)
The  OMder (olta  vasRch Yo Fhgopn Ion Can

5 dotled g b HEHR corcentrotion of
 propnong s ket OMSiank. Herg, fhe reds also douskas
So i is St oler Lita  reyeck ko HT
L The odlen  with  pegeck to prpame  an b -dacluced

| MM in_ mha when [P\l kgt goadtank e
Cnantrakn # poioroe & pigph ajred. Lo Hals fake
M order M W‘b W 6 1?{‘"‘_?" for Question 19 = 13 marks)

Plus

Examiner Comments

The two orders are deduced correctly, but the answer does not state the factor by which the
propanone concentration was changed which caused the change in rate. The rate equation is missing.
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Question 20(a)

Marks were lost here by not specifying bonds clearly. Sometimes names were given, sometimes more
than one bond was give e.g. by drawing out a full ester link with both a C-O and a C=0 bond.

20 An organic compound X is an ester found in orange peel and has the molecular formula
CsH 00,

(a) Identify the bonds responsible for the peaks labelled Q and R in the infrared
spectrum of X shown below, referring to your data booklet.

(2)
100
-
‘E 50..
7]
B
=
Q
R
0""!""I""T""I" Y  F T T ™
4000 3000 2000 1500 1000

Wavenumber/cm™’

Plus

Examiner Comments

This way of writing the O-H bond is recommended as it is
clear and unambiguous.

Examiner Tip

If you write the bond as -OH it means the bond to the OH group,
not the bond between O and H.
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20 An organic compound X is an ester found in orange peel and has the molecular formula
CSHIGO]-

(a) Identify the bonds responsible for the peaks labelled Q and R in the infrared
spectrum of X shown below, referring to your data booklet.
(2)

Transmittance/ %

4000 3000 2000 1500 1000

Q. 4&Z Meshol oo
R.. Gwbhexlic . .Br,[d‘,. B

Plus

Examiner Comments

The bonds are not identified here.

The carboxylic acid functional group contains more than one
type of bond. Each peak in the spectrum is for one type of bond
only, so you have to select the bond which produces the peak.
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Question 20(b)

X was produced during hydrolysis of the ester. This gave a clue that it was an alcohol or an acid, but
this clue was sometimes missed. This led to answers containing elements other than C,H and O. Many
candidates seemed to think that the tallest peak, at mass/ charge ratio of 31, was due to the parent
ion rather than the peak at 32. The absence of a peak at 17 for OH worried some candidates. When
the parent ion fragments to produce the methyl ion, the other product is a hydroxyl radical which is
uncharged and so does not appear in the mass spectrum.

Methanol produces two peaks in an nmr spectrum, though some candidates thought each hydrogen
would produce a peak. Interpretation of the chemical shift data in the data booklet requires care and
some practice. Many correctly predicted the shift value due to the H in OH, but thought that the H

in the methyl group would produce a peak at the value for an alkane. As the methyl hydrogen is on

a carbon connected to an oxygen atom the shift corresponds to the H-C-O data. Alternatively, the
specific value for this shift for methanol is in the booklet and could have been given.

(i) Identify Y, by name or formula, using the information available. Use two
pieces of data from the mass spectrum to support your answer.
(2)

rd/a}’/a-{’ mblﬂzw{w i :-7; l‘{ ul.m }’)m @ F,w,l{ wle
lT’ Lu\"ln{l/'\llr U’L{ M,l/kjl j/&JM CM; ];0/}(‘,} )JID}IUM g ’é
O‘Lﬁv \']L\A Qa (;wﬁ uJ( 50 vi“‘*‘“"*ﬂo‘tﬂ”ﬁ. \COH thin ](/LL I 1/“1;1 Lﬂzbhw\#
(ii) The identity of Y could be confirmed using nmr spectroscopy. Predict the

number of peaks in the low resolution proton nmr spectrum of Y. Give the
chemical shift range for each peak, referring to your data booklet.

U\M’Q Lvou) b \'ﬂ :)\ m
| pwdk uk L0 ib(f't&zmt(ﬁ J()\.e a)wm k&ogﬁ
chd pw ok %SVWrgs%t%mP\LULUKQwW

(2)

Plus

Examiner Comments

This scored full marks.
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(i) Identify Y, by name or formula, using the information available. Use two
pieces of data from the mass spectrum to support your answer,

pek N = CNg o (HaQH

(ii) The identity of Y could be confirmed using nmr spectroscopy. Predict the
number of peaks in the low resolution proton nmr spectrum of Y. Give the
chemical shift range for each peak, referring to your data booklet.

Examiner Comments

The methanol was identified, but the peak at 32 was not, and there was no
peak at 17 so one mark was scored in (i).

The nmr shift at 0.05-1.95 is for H atoms in alkyl groups in alkanes.
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Question 20(c-d)

The level of chemical knowledge shown in this question was sometimes disappointing. Many
candidates missed the reference to two moles of phosphorus(V) chloride and simply said that an OH
group was present. Surprisingly few realised that the reaction with sodium carbonate shows that Z is
an acid.

In (iii), most assumed that Z is a ketone, rather than realising that Z reacts to make a ketone. The
iodoform test in (iv) gives a positive test with both a methyl ketone or a methyl secondary alcohol, the
second alternative being less well known.

In (d) candidates who made errors would have had to base their answers on conflicting evidence, and
allowance was made for this in the marking. Candidates who used all the information in the question
realised that hydrolysis of an ester produced an acid and an alcohol, and this was helpful in deducing
the structure of Z.

(c) A second product from the reaction of X with hydrochloric acid is Z, which has the
molecular formula C,HgO;.

What can you deduce about Z from the results of the following tests?

(i) One mole of Z reacts with two moles of phosphorus(V) chloride, PCls.
\JC (§ o Mcwbob)[{( ded

(ii) When sodium carbonate solution is added to Z, effervescence is seen.

(1)

(1)
0N O°M ap (T PRk

(i1i) Z is warmed gently with potassium dichromate(VI) and sulfuric acid. The organic
product of the reaction gives a yellow precipitate with 2,4-dinitrophenylhydrazine
(Brady’s reagent) but does not react with Tollens’ reagent.

(1)

U\W ¢ & cor ’?Dm)_%fvt‘w. Prtawmt whidaor Nge
(SNANGY M\@)JI 10 ﬂ’_Lu-.&E l:-!( AN /(waru

(iv) Z reacts with a solution of iodine in sodium hydroxide to produce a yellow
precipitate with an antiseptic smell.
(1)

“’ We ¢ a bor \_IJ. 3!.“}:‘(:’..’ - t [ ar " “73} Cﬁ "/.U‘TO'
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(d) Use the results of these tests to deduce the structural formula of Z and hence the
structural formula of X.

(2)
Z _' Ci-\;}LC'(MI(_OUl'1
."l' -:3,' WA I-r_t'
w-C ~ (- (‘- - N (314
‘LI? b

..-Q*M'YWE\L@W C H_,j CoCH, o0l H \

e
LA o W p O
i f ! P &
¢ -C T8N '
W=
. % \ 6] C W
A .
LA

Examiner Comments

The reactions with phosphorus(V) chloride and sodium carbonate have been confused here. The
candidate thinks that Z is a methyl ketone, rather than the ketone forming on oxidation, but
goes on to make a sensible prediction on this basis. This scored three of the six available marks.

The iodoform test is positive with both ketones containing CH,C=0 and CH,CH(OH) groups.

(c) A second product from the reaction of X with hydrochloric acid is Z, which has the
molecular formula C4HzO;.

What can you deduce about Z from the results of the following tests?

(i) One mole of Z reacts with two moles of phosphorus(V) chloride, PCls.

Twe Aca\n.o\ Pvougs .

(i) When sodium carbonate solution is added to Z, effervescence is seen.
(0

frduas Wl
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(iii) Z is warmed gently with potassium dichromate(V1) and sulfuric acid. The organic
product of the reaction gives a yellow precipitate with 2,4-dinitrophenylhydrazine
(Brady’s reagent) but does not react with Tollens’ reagent.

i1)

Porasn & wakna.

(iv) Z reacts with a solution of iodine in sodium hydroxide to produce a yellow
precipitate with an antiseptic smell.
M
]
CH3 - é' t.gsmjr

(1)

(d) Use the results of these tests to deduce the structural formula of Z and hence the
structural formula of X.

]
8,
.-.c_-c-}'—c’
] | N
c 0~y

Examiner Comments

This scored three marks. The OH groups which react with phoshporus(V) chloride can be in
alcohols or acids, but the deduction in (i) was allowed. The candidate did not know that

a methyl secondary alcohol gives a positive iodoform test in (iv) but used the molecular
formulae to come up with the correct structure of Z. However X is not the methyl ester of Z.

J/
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Question 21(a)(i)

About half of the candidates recognised the reaction as transesterification. Esterification,
saponification and most other organic mechanism names also appeared as answers.

Question 21(a)(ii)

Many answers said that water would react with ethanol, or that hydrogen bonding with ethanol would
prevent the ethanol reacting.

(i) Suggest why water must not be present when this reaction with ethanol is
carried out.

(M
beave wakweodd Nyl be s and ek
Spoe. hem Mpw.t.@b. Lot be o it 0ds 00D aleohds

Plus

Examiner Comments

This was one of the acceptable answers.

(ii) Suggest why water must not be present when this reaction with ethanol is

carried out.
(1)

Becouse  Hhe  yadRr oodd replace He  ehhanel.

Plus

Examiner Comments

This was too vague to score the mark.
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Question 21(b)

There were many good answers based on the idea that photosynthesis occurs when plants grow, and
this helps to make use of biodiesel more carbon neutral. Assertions about the energy needed to
produce biodiesel or the amount of carbon dioxide produced on burning being less than in burning
diesel were not allowed, as they were not based on evidence. Indeed, a surprising number of
responses suggested that biodiesel does not produce CO, when used as a fuel.

The answer that biodiesel is biodegradable is irrelevant even if true, as fuels are not produced with
degradability in mind.

(b) Give one reason why biodiesel is considered a “greener” fuel than diesel produced
from crude oil.

: X | 11 . - g ! " —gn
%mrht_m‘ Ly rwcn\.uuc'ﬁ %fmw h‘u{"ui' uh ut‘& ToUNA A H—q. N, m.AMW’- .I:i

awts less _r‘{};__@? ) ik counbushom ._-L-N('(MJ' “o diesel fowma Clarohg ol .

us

Examiner Comments

Referring to “natural oils” is not good enough to indicate that biodiesel
is made from renewable sources, so this did not score the mark.

(b) Give one reason why biodiesel is considered a “greener” fuel than diesel produced
from crude oil.
(1)
becowne  &eo Crope. . %Q_d o molge e b.rrjacsct
d)m 7 COL- Wwhen amwx/\ d}'d LS ﬂfeﬁél

When b€ no  more  exkra <O,y 15 V‘#(md'

Plus

Examiner Comments

This was given the mark for explaining why use of biodiesel is close to being carbon
neutral, even though there is room for improvement in the quality of language used.
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Question 21(c)

There were some excellent succinct answers to (c). However the first mark was given least often, as
the explanation of the principle involved in separating a mixture was often poorly expressed.

There is a misconception that substances are separated simply by difference in size or mass. Many
discussed retention times at great length without giving any explanation of why they might vary for
different substances. Answers which referred to intermolecular attractions sometimes implied that
the mobile phase attracted the stationary phase, and did not refer to differing attractions of the
substances being analysed to one or other of these phases. A significant number saw no incongruity in
discussing the movement of the stationary phase.

Some candidates did not clearly specify the nature of the phases used in each type of
chromatography. They described the tubes which are used, the substances which could be separated
and other details without answering the question.

*(c) The products of the type of reaction shown with ethanol can be separated and
identified using gas chromatography (GC).

In chromatography, compounds are separated because of the difference in
distribution between a mobile phase and a stationary phase.

Explain why this difference in distribution occurs, and contrast the phases used in
gas chromatography (GC) and high performance liquid chromatography (HPLC).
(3)

b fj"ﬁfﬂmw,, oLV IQUM Me yodewles
_mﬁ\b ﬁww\ujm ane d\ﬁvwxr P o Intemdelg
J)afw_:, ’ﬁ% More. Mu\ lh‘! M{‘dwﬂdw_u{u g
Bon Mo Socer it movs Wﬂ“g‘“ the
d«rw%_fm{a\r wahine .l GC g 8
lbiclegl HM o gaveit.  In r‘Y“'J @ I%a‘/[
§ fbsm}\ e"‘m’t) ot vath el teb
/_ wm}n\of Wby m il vel,

Plus

Examiner Comments

This answer does not make the point that the relevant intermolecular forces are
those between the components of the mixtrue and the substances making up the
phases in the chromatography. When describing the phases the answer should
have referred to the mobile and stationary phase in each type of chromatography.

J
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*(c) The products of the type of reaction shown with ethanol can be separated and
identified using gas chromatography (GC).

In chromatography, compounds are separated because of the difference in
distribution between a mobile phase and a stationary phase.

Explain why this difference in distribution occurs, and contrast the phases used in

gas chromatography (GC) and high performance liquid chromatography (HPLC). o
Fad . compund 0. Mo samele . odocks 1. the ST ey phile by dyHferen.......

Qo TreagHs o Londor Ficter. . dartaront)  Melouy.. k. foker. .. Cmpid,

lesee. Hon Oher . pus. Hheagh. Yo Sotiaey. prut L dittece. Tervdi....
0000t ... gou.... hatog g, .. iy phle ... Mo Mapnk... o0l

Yho ke AR . Chn... ANCE AUV, . BT il JUCA... 8. L0 ... ... L He.
bk phae o doluarer... Mad . (hogh. . e Shrary. phase. v, hujh
predisce. s Mo Maticocy. . phase. (1. Sonsdd... piaeides... . ol . Wivaty. Iz
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Examiner Comments

The first mark was given for the explanation that the components of the mixture
being separated adsorbed differently to the stationary phase.

Full marks were given for contrasting the phases. The liquid mobile phase in HPLC
becomes a solution when the mixture dissolves in it.
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The paper allowed all the candidates to show what they knew. Question 20, on organic identification,
was the most demanding and allowed the most able to demonstrate their understanding.

The recommendation to read the question carefully appears in nearly every examiners report.
Unfortunately it is still needed, and writing irrelevant material is one of the causes of time pressure
for the candidates.
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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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