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Introduction

The majority of candidates were very well prepared for the examination. High marks were
recorded, displaying the quality of learning and teaching which took place prior to examinations.
Many candidates demonstrated a sound knowledge of the specification and showed this in their
explanations and descriptions. A minority of candidates found the questions challenging and need
to express their understanding of Chemistry more clearly. The calculations were generally well
attempted, with the main errors being made were significant figures. There were no reports of
candidates running out of time and the majority attempted the last question.

Section A
The mean mark on the multiple choice questions was 14.

The highest scoring questions were Q06 (Brgnsted-Lowry acids), Q14 (forming ethanoyl chloride),
Q15 (forming an amide) and Q12 (expression for RInK). Over 85% of candidates chose the correct
answers for these items.

The least accessible question was Q19 (transesterification). Here, candidates' answers were spread
evenly across the distractors and only 29% chose the correct answer. Q09 (relative pH of
compounds), Q07 (choosing an indicator) and QO5 (signs for entropy) also presented difficulties for
the candidates.
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Question 21 (a)

This question presented little challenge to most candidates, however, some incorrect balancing was
occasaionally seen. The most common reason for not gaining the mark was forgetting to balance
the elements on both sides. Forgetting to balance the elements on both sides proved to be the
most common mistake, resulting in failure to achieve the mark.

21 When nitrogen(ll) oxide, NO, reacts with hydrogen at high temperatures, the products
are nitrogen and water.

(a) Write an equation for this reaction, State symbols are not required.
(1)

NO + U, — N+ U0

AN

i =7 _
4 / Resultsilus

VN Examiner Comments

This response does not gain credit as the equation is not balanced.

\ ResuitsPlus
| Examiner Tip

Always ensure that your equations are balanced.
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A L

N
<L / Resultsilus
lV’N Examiner Comments

This response scores one mark as multiples are acceptable.

\ ResultsPlus
| Examiner Tip

Always leave space before the species in an equation for balancing.
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Question 21 (b) (c)

This question proved to be a challenge for some candidates and a wide range of marks were seen.

In (b)(i) candidates were required to deduce the orders of reaction, using the data to explain their
reasoning. Correct orders alone scored 1, however if these were incorrect, candidates could still
gain explanation marks. Most candidates were able to conclude the order of reaction for NO and
form an explanation, though they found hydrogen more challenging. For the final mark, candidates
were required to use the concentrations of both NO and H, in their reasoning.

A transfer error (TE) was given from the orders in (b)(i) to the rate equation in (b)(ii) so most
candidates gained this mark. A further TE was awarded from the rate equation to the value of k and
its units so it was usually algebraic errors that led to a loss of marks in (b)(ii).

Q21(b)(iii) had few correct responses. Many candidates explained the rate determining step as
being a slow step here.

Part (c) also presented difficulties. Common errors included using two hydrogens in their suggested
equation, and failing to use the N,0, given in the question or reproducing the equation from
Q21(a). This led to a great deal of confusion in the justifications. There appears to be a
misconception among candidates that the rate equation describes the exact species involved in the
rate determining step, rather than the comparative ratio of each reactant in the rate determining
step as a result of all previous steps up to that reaction.

(b) The table shows the results of a series of experiments to measure the rate of this reaction.

r

1 0.0020 0.020 55x 107
2/ 00040 > oo & aaxi0t
3 \) 0.0080 0.020 SYRLE 107

| g 2

X s
(i) Deduce the order of reaction with respect to nitrogen(ll) oxide and to hydrogen.
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Order with respect to NO Smd Ofdef |
Order with respectto H, ... "F\\ ES\' ddej.

Qu}emmmahm% K % ?«Q”‘s &

\_._._._. S
« { Resultsilus
y. Examiner Comments

This answer scores three for part (i) and shows how annotating their
tables can aid candidates' answers when calculating orders of reaction.

,~) .
@ ResultsPlus
Examiner Tip

Make full use of the material given in the question. Annotate tables and
graphs.

K=l

Underlining is a great way to bring focus to your answer.
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(i) Deduce the order of reaction with respect to nitrogen(ll) oxide and to hydrogen.

Justify your answers by referring to data from the table.

(3)

Order with respect to NO 2

Order with respectto H, ...

Justification .. B‘qﬁ

N %}LM\‘\. o \I\-hm\ .
ng 1 Xeerefore | aecond mbar m-r’( [MO 1
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(ii) Write the rate equation for the reaction.

(m
are =K Luojzl'_\rl;l

(iii) Calculate the value of the rate constant and give its units. _

- 2
.50 > = k(e.002) [0.02]

(2)

-) 24 -7 -
et & s k= @5TISOLM  wal

NS - =
(ot dwt ) Coisodm Ra s

(c) There is more than one step in the reaction’mechanism.

(i) Suggest why the reaction is unlikely to take place in a single step.

(i) The first step of a three-step reaction mechanism is shown.
2NO(g) — N;O,(g)

The second step of the mechanism is the rate determining step.
Suggest an equation for the rate determining step.

Justify your suggestion.
. 2
Soont oy 1 MNa% ¥ Yz —> RO+ N0 @

e dcend. ep w0 as . Samon....oed el
......... W Gl Yoo RINOYTCHT oS  MoQp 3¢ en.
...... eedReke. SIS BT\ - oqpenr.. 0. Kat... h&& tpnﬁ"“")
....... ot e WO PPEE L. S Aae w&e. ﬁpuq}&nm&d-\t'

mfanébh ) PR U LAed Giep N0
&Qfﬁ'@r w‘\“'x }h o~ T ,form N2.. qm&.“zﬁ ..................................

IAL Chemistry WCHO04 01



10

/ ResultsPlus
'/"*‘ Examiner Comments

This candidate scored three marks having illustrated a concise method for
part (i). This is a concise way to express their understanding of the orders
of reaction.

The rate equation is correctly written for (ii) but the units are incorrect in
(iii) so only one mark can be awarded here.

The answer in (c)(i) does not gain credit as it is not clearly expressed;
although their reasoning is close to a correct answer.

The candidate scored two on part (c)(ii) which was quite unusual. The
equation is a good suggestion and the explanation links the first step to
the overall equation and the rate equation. Though the words from the
mark scheme are not stated per se, the candidate's understanding is clear.

"\ ResultsPlus

\ Examiner Tip

Double check your units on each answer.

Practise working out units for k for rate equations with different orders of
reaction.
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(c) There is more than one step in the reaction mechanism.

(i) Suggest why the reaction is unlikely to take place in a single step.
(1)

between
............. 4 .._._......Eequirg.ﬁ.,....m]lisi.m.‘.....ﬁ..;..._..mgm.,...frh.q..n......,im.*...mQ.Isculea.......g,.J.t....:"hg.....s.amg......:l.-i.mr_.....
RS for. the.. rgn.chnn'{n{nkflmmmsmjlc.shp

(i) The first step of a three-step reaction mechanism is shown.
2NO(g) — N,0,(9)

The second step of the mechanism is the rate determining step.
Suggest an equation for the rate determining step.
Justify your suggestion.

(2)
N,_G;fs‘) +H;(3'} —> N,0 (3? + H:-O {j)

.............. mFl‘omﬂ\em{‘ger{uﬂm&mknnwnﬂq:l-ﬂahhs
_part_in_the rate delermang step, M= s o dhe rote . ming

ResultsPlus

Examiner Comments

This is an example of an answer which gained credit for (c)(i). Alhough the
candidate does not state that it will be three molecules, "more than two" is
sufficient.
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Question 22 (a) (i)

Most candidates gained credit on this question with only the occasional use of curved brackets or
use of ethanoic acid and ethanoate losing marks. A few candidates wrote the equation for the
reaction rather than a K, expression.

22 Propanoic acid is a weak acid with K, = 1.30 x 10”°moldm™.

(a) (i) Write the expression for the acid dissociation constant, K,, of propanoic acid.

- Jr)
K& = C\'\'S(,\)"\r(-‘w) ('“

(1)

N
<L / Resultsilus
lV’N Examiner Comments

This candidate did not gain a mark as their brackets are curved instead of
square.

\ ResultsPlus
| Examiner Tip

Practise writing out equilibrium constants using correct notation: K. and K,
must have square brackets for concentrations.

12 1AL Chemistry WCHO4 01



Question 22 (a) (ii)

This question was well answered by candidates of all abilities. Occasionally, candidates forgot to
find the square root, not gaining a mark, however, the vast majority gained all three marks.

(Ii) Calculate the pH of a solution of propanoic acid with a concentration of
0.120moldm™,

(3)
CHT1?

;.3510'5: —

o.12

CH*Y = 0 0012489996 maldm™ >
pHz - 24 CH"] @M

™

il = N
4 {/ Resultsilus
VN Examiner Comments

This response scored three and clearly shows all of the steps in the
candidate's answer.

\/\\\3 ResultsPlus
Examiner Tip

Emphasising your final answer is helpful to examiners.
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(3)
b M= AV rmkSrous
L1ty= p2sxsg0™d
W = : 1)
f L 1ﬂawﬂ 2Ux Yy

A

Jf\

| N— i
<Y {/ ResultsPlus

w Examiner Comments

This candidate only scored two marks. Although their working is correct,
their final answer is rounded to one significant figure and so is over
truncated.

A\ ResultsPlus
\"\3 Examiner Tip

Never give answers to 1 significant figure, use the numbers in the question
to help you decide how many you should use.
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Question 22 (b) (i)

This was anticipated to be a straight-forward calculation for candidates, however, many failed to
realise that the pH would be the pK, and failed to achieve any marks. No TE was awarded here so
candidates who performed long calculations using the concentrations of the solutions did not gain
credit. A pH of 4.98 was a very common incorrect answer.

(b) 25.00cm’ of propanoic acid, with a concentration of 0.120mol dm™, was pipetted
into a conical flask.

This solution was titrated with sodium hydroxide of concentration 0.150 mol dm™,
CH;CH,COOH + NaOH — CH,CH,COONa + H,0
() Use the value of K; to calculate the pH of the mixture in the flask when

enough sodium hydroxide has been added to react with half of the acid.
(2)

AY  halb muhﬁ\iiq{lb‘n' e\'\ : P’v\n

pH = oo Tk
Dew : —\oat\-%nv.\.ﬁsl

pH 2 WA NI = g

A
< {’ Resultslus

Examiner Comments

This answer is succinct and clear, scoring both marks.

T S
//""'u

&4\ ResultsPlus

Examiner Tip

Use the space provided on the paper as a guide; a long calculation will be
given over a half a page to allow for your workings.
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Question 22 (b) (ii)

This question was not answered clearly by many candidates. Usually the second marking point was
awarded, as several options were available, but a lack of precision often meant that the first mark
was not merited. Many candidates wrote about the acid and conjugate base being in excess which
did not achieve credit for mark point one.

Only the most able candidates mentioned the ratio of propanoic acid and propanoate although
some stated that it remained constant, which negated the mark.

*(ii) In the region where the acid is half neutralised, the pH of the titration mixture
changes more gradually than it does when the end-point is approached.

Explain the reason for this gradual change in pH.

(3)
_____ h’_t_________'_'no_\lE_________ng.ui;.ml.i..m.cmtion..3.,..........imz......_m‘.sx"iime....._.__g.a.'.ts..____...q.é....__......o........hm.%ﬂ..ﬁ._._a_ﬂuﬁm.
s seans. A teateNs g.hﬂs..‘n.%g ...... ATOO - B whe_m.........&mc.\.m.......Qm.{l.u..d’?........ﬁ{f.._._.._._..
...... NoadH NS ... .odded.. .. . Woen. . sceal  amowak of ot S8 added. .
______ y m____._.%ug_w:_m_%_.._...:s__g.qh..q’stm..... T S
_______________________________ Erathy cooh (43 & oW () —> Chgemyend” (04) 4 w,o0(O
..... ﬂ';......?lm.......mh’mm........ﬂnﬂm:m&........}&9&‘..tage_______‘_lT__e___xg..ﬁ__'r{e__&__......n.k__.....'&;.-::'.'!t.h..........f‘:ﬁ.g,@ﬁ.l@??ﬂ..._._..__
..... and. EMa0,0007 \aqey  Ahe . soMa... aadd] B
Teanjugode Sase|
.thug;\.%u. ....... .‘.\.F}..';.?x%nﬁ.ﬂchs ..... Ve DS % hqn%m ......... L1 T 5 W ‘m&“m\ﬁ&(qmﬁ

ResultsPlus

Examiner Tip

Include relevant equations in your explanations.
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The.region.is._known as the buffer. pegion It resists.
Pp’chanae,Luhen.amauamouhi-Q-FH+arkioH_l%
..added Yo fange amoond of dcid and base. ...
........ When H* ion is added. CH,CH,CH,LCOB + H = CHCH,CH, (0o
_hen OH_ ion (5. added . CHyCHyCH, COOH OH =D CHsCH, CHAOG +
__H,0. Since _only small_amoord of HY and ott™
mru;aﬁea.dded,thep”chanae!aﬁoﬁmaﬂ'thaf _____
s cc:m.i.c{e.med....ne8£.}a£.bl.e......a.n.;:L......h.ﬂn.c.e,____._:lbg._....grq#{m._.______....

:.,.......,..o%..ﬂtm.ﬁon...miKh}.r,e.,..chanﬂeza..,.mom...%.naduoﬂ%.......

\_._._._. S
« { Resultsilus
y. Examiner Comments

This answer scored one for the explanation of the buffer region resisting a
change in pH.

The "large amounts of acid and base" omits the "conjugate".
The equations given here are for butanoic acid.

There is no reference to the ratio of propanoic acid and propanoate.

A |
g(/" ResultsPlus

Examiner Tip

Carefully check the number of carbons when writing shortened structural
formulae.

IAL Chemistry WCHO04 01
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Question 22 (b) (iii)

This question was answered well. The calculation was well done and marks were only very
occasionally not awarded for incorrect or absent units.

(iii) Calculate the minimum volume of sodium hydroxide required to react with
all of the propanoic acid.

(2)
-ﬂ‘,"" Vl ﬁ'f L VI'L c_,.rl-

5 2% ¢ 0. .
7;900’(0 Ito = ¥, % 06.150
D N, : e 0.0 dm®

= 20 ﬁﬂ"la’

290 em” of NaOW 1o re,q,uiﬂd( to feark with ol Cliyth coop,

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This response scored two marks.

p> \\ ResultsPlus

Examiner Tip

Setting your calculations out neatly allows examiners to follow your steps
easily.
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™

i =7 _
4 / Resultsilus

w Examiner Comments

This response scored one mark for its workings but has not included units

for the second mark.

A\ ResultsPlus
\\ Examiner Tip

Always include units in your answers.

IAL Chemistry WCHO04 01
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Question 22 (b) (iv)
The modal mark for this question was one with candidates often misunderstanding the total
volume of solution. Transfer errors were available but answers had to be alkaline and to at least 1

decimal place.

Some candidates used their answer to part (iii) to calculate the pH which was acceptable.

(iv) Calculate the pH when 40 cm® of sodium hydroxide (an excess) was added.

) (3)
. =D
C.oncentration af NaOH 5 - SN0 = 0:046 moldm?
Yelala]

[wrllon] = g '

-4
Hae — X0 B .
P \oa( = = 2.7

AN

i =7 =
N4 ( Resultsilus
VN Examiner Comments

This candidate scores all three marks and used the K|, route.

\/\\\3 ResultsPlus
Examiner Tip

Start each step of a calculation on a new line.
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- (3)

niveM) = Cv= ﬁtif‘;t mw‘ byl el
n(CHyCHaooH? = 3\0 7 )
M(OH.TMH(;\)%.W(&’Z;):& [0~ } e = Sl e |

2,167

?H;?PW"?}OH =7 ,FH:D‘H:?.PE‘
_ )2btA A2

< {/ ResultsPlus

Examiner Comments

This is an alternative route to the mark scheme, using the answer to (b)(iii)
via pOH. This response scored all three marks and is clearly laid out.

& r\ ResultsPlus

Examiner Tip

Writing down your intermediate steps will allow you to gain credit if you
make an arithmetic error.
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Question 22 (c)

This question was poorly answered.

For (c)(i), the curve was not expected to start too low or end too high for the first mark. The second
mark was given for the inflection passing through 7 at about 25cm?. Frequently, candidates' curves
passed through pH 7 at 20cm? - in the middle of the grid. If candidates started at an alkaline pH and
ended at an acid, they could still gain the second mark. Some candidates plotted graphs for diprotic
acids which could not gain credit, or drew lines for strong acid, strong, base or both. Many
candidates did not appreciate that ammonia is a weak base. Obvious verticals negated the

second mark.

The most frequently seen answer for (c)(ii) was "no vertical region". This was not an accepted
answer and credit was only given for gradual changes in pH or indicator colour.

(c) In another titration, a solution of aqueous ammonia with a concentration of
0.120 moldm™ was added to 25.00 cm® propanoic acid with a concentration of
0.120moldm™,

(i) Sketch the shape of the titration curve on the grid.

(2)

14

10.5
pH / -
7

)

0 10 20 30 40

]
35 —

volume of ammonia / cm’®
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(ii) Explain why an indicator cannot be used to determine the end-point of this reaction.
(1)

.............. K mmk:(ﬁna\ [

{ ResultsPlus

Examiner Comments

This graph scored both available marks.

The explanation also scored a mark.

b

&R\ ResuitsPus
\\_} Examiner Tip

Carefully rub out any misplaced lines on graphs or clearly label the line
you want to be marked.
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” i

10.5 v4

pH

3.5 // /)
/]

0 10 20 30 40

volume of ammonia / cm’

(i} Explain why an indicator cannot be used to determine the end-point of this reaction.
(1

 Becamse. the. coloun change <t the ena

polnt S fro graclual .

.
< {/ Resultslus

Examiner Comments

This graph cannot gain any credit as it starts too low and ends too high for
mark point one.

There is an obvious vertical section which negates mark point two.

Despite the incorrect graph the candidate scored a mark for their
explanation.

o

&OA\ ResultsPus
\\J Examiner Tip

Consider the pH of the acid and alkali before you start to draw a pH curve
for a titration. Consider the concentrations given in the question when you
choose the volume at which neutralisation will occur.
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Question 23 (a)

This question was answered well, with most candidates scoring full marks. A wide range of colours
for the precipitate were seen and any in the yellow-orange-red part of the spectrum were accepted.
Crystals and solid were allowed as alternatives to precipitate.

(a) Ethanal is a carbonyl compound.

Describe the test for a carbonyl compound and give the result.

AN

i =7 =
< {ResuitsPlus
VN Examiner Comments

This response scores two marks.

a ’/ “\‘ B
L4\ ResultsPlus
\ Examiner Tip

Short sentences can show a clear understanding.
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B W O A qfrpm blue o md |

/ ResultsPlus
VN Examiner Comments

This response does not gain credit as the candidate has not stated that a
precipitate will form with the Fehling's solution. Only one mark was
available for the use of Fehling's or Tollen's as the question emphasises
that the test should work for all carbonyl compounds, not just aldehydes.

\ ResuitsPlus
| Examiner Tip

Include all observations in your answers, not just colour changes.

26 IAL Chemistry WCH04 01



Question 23 (b)

This question did not cause any problems for most candidates. Many added the conditions "in dry
ether" which was not required and was ignored (although aqueous solution would have negated
the mark). Both names and formulae were seen. Some responses confused the numbers for
aluminium and hydrogen in the formula which lost the mark, but phonetic spellings of the names
were allowed.

(b) Identify, by name or formula, the reagent needed to carry out Reaction A.
(1)

_____ Llﬂkl‘klhdwof

i~

f
N
/

w/’*‘“ Examiner Comments

This response scored one mark.

&34\ ResuitsPlus
\1 Examiner Tip

Remember that incorrect conditions could negate your mark so check
whether conditions are required in the question.
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Question 23 (c) (i)

Most candidates gained one mark here. Common reasons failing to achieve the second mark
included; giving sodium ethanoate instead of methanoate (or ethanoic acid instead of methanoic
acid) and confusing the numbers of hydrogen and iodine atoms in iodoform. If names and
formulae were given, then both had to be correct in order to earn the mark, however, very few
candidates stated the names of the compounds.

(c) (i) Identify the two organic products of Reaction B.

w/’*‘“ Examiner Comments

This response scored both marks, the charges on the sodium methanoate
were allowed.

28 |AL Chemistry WCH04 01



Question 23 (c) (ii)
The majority of candidates gained a mark here with only a few forgetting that a precipitate was
formed. A "yellow solution" did not gain credit. Occasionally, white precipitates was seen but not

credited.

(i) State what you would see when Reaction B is carried out.

AN
<L / Resultsilus
lV’N Examiner Comments

This response gained a mark for the inclusion of yellow precipitate. The
antiseptic smell is ignored.

\ ResultsPlus
| Examiner Tip

Read the questions carefully, especially words in bold.

IAL Chemistry WCH04 01 29



Question 23 (d) (i)
Over 70% of candidates achieved this mark with the most common incorrect response being
"nucleophilic substitution". Phonetic spellings were allowed. Heterolytic was ignored but homolytic

was rejected.

(d) (i) Name the reaction type and mechanism that occurs in Reaction C.

AN
<L / Resultsilus
w Examiner Comments

This candidate scored one mark after changing their mind.

\ ResultsPlus
| Examiner Tip

Incorrect answers should be clearly crossed out when new responses
are added
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Question 23 (d) (ii)

Mechanisms were generally well drawn and understood and most candidates gained three marks.
Common errors included:

* no charge on the cyanide ion

* forgetting the partial charges on the carbonyl carbon and oxygen

* putting a lone pair on the cyanide nitrogen instead of the carbon

¢ drawing a transition state intermediate with dashed bonds

* omitting the second arrow from the H—CN bond to the CN.

(i) Draw the mechanism for Reaction C.

Include curly arrows, and all the relevant dipoles and lone pairs.

@)
o T”\H_QN
_ 5 .
HaC C\*w\ — je—C—o
A |
SN
H
OH
J + QW

[

/

|
A

V/N Examiner Comments

This response scored four marks, the +6 and -6 were allowed.

\ ResultsPlus
| Examiner Tip

Drawing longer bonds on mechanisms gives you lots of space for
annotations

IAL Chemistry WCHO04 01
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Question 23 (d) (iii) - (iv)

The majority of candidates stated what a racemic mixture was but the explanation of the
mechanism posed more of a challenge.

A variety of descriptors were allowed for part (iii) and these are given on the mark scheme. Some
candidates chose to write about racemic mixtures not rotating plane polarised light which was
unanticipated.

In Q23(d)(iv) the first mark was frequently lost for the statement "ethanal is a planar molecule". A
variety of language options were deemed acceptable for the second mark, "above and below", "top
and bottom", "from either side" or "from both sides" and "CN™, "cyanide ion" or "nucleophile" but
some candidates discussed the carbocation or intermediate being attacked rather than the
aldehyde group which negated the mark.

(ili) The organic product of Reaction C is a racemic mixture.
State the meaning of ‘racemic mixture.

(1)
A racemic mixktvre Contains equal amevnts of

both enantiomers.

*(iv) By referring to the mechanism of Reaction C, explain why a racemic mixture
forms in this reaction.

(2)

The C=0 is _planar about the carboryl grap.
$o Lhe pv clfaoph le cah attac) €rom beth
Sides with @q/VC\i Pi’obqlon ity and st Q.
..... racemc mixtuvre wovld be formed.

A
< ‘\/ ResultsFlus

Examiner Comments

This is a great answer, gaining full marks in both parts.
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. (Orpownd.is.plonos. ebork. the .. CArLomyd Grove., 5o... e LN T

o hes on eavel  chante  to attack the carbocation Lrewa both. sieles, ...
i e Fovms  eanah  amounts ot AwWe. enon oW S

A
< {’ Resultslus

Examiner Comments

Mentioning a carbocation which is not present in the mechanism does not
score a mark.

Y
|
| 4

\ ResultsPlus

Examiner Tip

y

Refer back to your mechanism if you are instructed to do so in the item.
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(iii) The organic product of Reaction C is a racemic mixture.
State the meaning of ‘racemic mixture’

{1)
.............. Roceoiis... oiinbuce.... Ts o R0\ QAT e B
................. g.nml—?mwk; ﬁ. GPE“C&.\ n.EE—HQ,“
*(iv) By referring to the mechanism of Reaction C, explain why a racemic mixture
forms in this reaction.
(2)

M}Q&Q\;\R« ey - P aﬁ&m@)ﬁ&h ........ eﬁ»\-ﬁrﬂ.‘s ......................
Qeq,;dlﬁq‘mhak\._mm .......... o...cg_\:alm ............ ‘B.».a.

eqpin~alar

plaae ?np&.a.m ............ o nae X amnets. . Yok cokate. ta

.p\ma:, 'QG ‘F“""‘"’“‘*’_ la.r\'s.ecg, ‘\-.&\(&Mﬁwm%&e‘reé'm
Rk qeis k-

(Tatal for Question 23 = 14 marks)

/ Resultslus

Examiner Comments

There are many ways to answer both parts of this item.

"Equimolar mixture of enantiomers" was fine here. The "optically active"
was ignored, as it is not required by the question. It is not clear here if the
candidate is referring to the enantiomer or the racemic mixture.

Here the candidate refers to the shape of the structure and the cyanide
ion attacking from above and below. The candidate then unnecessarily
clarifies the optical rotation of a racemic mixture.

ResultsPlus

Examiner Tip

Do not add unnecessary details to your answers.
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Question 24 (a) (i) - (iii)

Transfer errors were available here from both part (i) and part (ii) into part (iii). This allowed many
candidates to gain credit and resulted in 4 being the mean mark.

In both part (i) and part (ii) credit was given for using the correct values from the data booklet and
the vast majority of candidates transcribed these correctly to gain one mark in each part. The
calculations proved trickier especially as each second mark could be lost for incorrect units. In part
(ii) the most frequently seen incorrect answer was 57.3, when the entropy value for oxygen had not
been multiplied by three.

In part (iii) a common error was to forget to multiply the AH found in part (i) by 1000 which led to
some very low temperatures! Using or stating the principle gained a mark here which benefitted
the less able candidates, some of whom ended up with minus temperatures in Kelvin.
24 This question is about compounds of iodine,

(a) Potassium iodate(V) can be decomposed by heating.

KIO,(s) — KI(s) + 1%20,(g)

(i) Use data from your Data Booklet to calculate the enthalpy change for this reaction.
(2)

Q“wmelﬂ‘oﬁ - [;.32;(_5 ﬂ - E— SOI.Ll]

2 +132.5 kI mel™

(iii) Use your answers to (a)(i) and (a)(ii) to calculate the minimum temperature for
this reaction to be spontaneous.

Show your working clearly.
(2)
855 + AS50r =0

s &55,900,3 - 2L

T
2
3 Ta 13,5 %o
252,93
2T = g6 K
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< ResultsPlus
/""“‘" Examiner Comments

i
BN
|

This response highlights a common mistake made by a more able
candidate. They correctly calculated the enthalpy and entropy but then
forgot to round up their answer to three significant figures when giving
the temperature. As AG and/or AS,,, would be positive.

\ ResultsPlus
, Examiner Tip

Remember to round up answers if you are reducing the number of
significant figures.
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24 This question is about compounds of iodine.
(a) Potassium iodate(V) can be decomposed by heating.

KIOs(s) — KI(s) + 1%0,(g)

(i) Use data from your Data Booklet to calculate the enthalpy change for this reaction.
(2)

Kio, =-> k1 A 110,

- oLy - 31:‘?"‘ ° /‘7

AW - 501" Y = -227.8 O
D AW 2 -227.9 +501-Y

AW 2 4 1F3.5 Kol )

(i) Calculate the standard entropy change of the system, Asg,m

[The standard molar entropy of %:0,(g) is102.5Jmol ™' K™
(2)

A S&g_a‘*w_ 2 <l‘-—‘t"' —_2n
- 106- 3 + (15 x1025) - o1- S

- ~)
= A+ 108'55.31“.0‘ l k
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(ill) Use your answers to (a)(i) and (a)(ii) to calculate the minimum temperature for

this reaction to be spontaneous.

Show your working clearly.

&
B, rvonding > — tlru

_35 7; 10R+ 565 2 A LIS xw00°
1

D 1 . VF35XWOP
108 .55

¥ 159 8.3 I .

(2)

"rl\\_,_,_,_.
< {/ ResultsPlus

Examiner Comments

This response highlights how an incorrect calculation of entropy does not
necessarily have to lead the loss of marks in the calculation in part (iii).
This response only scores 1 in part (ii) but achieves all other available

marks.

2
Ve

&34\ ResultsPus
N Examiner Tip

Follow through all calculations to the end, even if your answer seems
wrong; you may gain some marks for your approach.
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Question 24 (a) (iv)

Nearly two thirds of candidates achieved this mark. References to temperature were rejected
without mention of activation energy.

(iv) Explain why some reactions which are thermodynamically favourable do not
occur spontaneously.
(1)

‘ﬁe.m .=t ‘r‘ml—E LAYC . Vg“""‘i}'ll OONNAA
7m er+ QA o N A n ot om

N
B
<4 {ResuitsPlus

Examiner Comments

This response scored a mark as the candidate continued on to mention
activation energy. "Reactants are kinetically inert" alone would not have
been sufficient for the mark.

& oy
o :\

&4\ ResultsPlus
N Examiner Tip

Fully explain your answers.

IAL Chemistry WCHO04 01
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Question 24 (b) (i)
Many candidates showed limited working on this question but still scored both marks.

If no other mark was awarded then -608 or +648 could score 1.

(b) Some data about potassium iodide and its ions are shown.
Enthalpy change of solution of KI = +20.3 kJmol™

K'(g) -320
I'(g) - ~308

(i) Use these data to calculate the lattice energy of potassium iodide. .

AHsln = — AW + > DHnyd
FO0.3 = —DH i H(-320)+(-300

AHg = — 443.3 Kdmol™

(2)

ResultsPlus

Examiner Comments

This candidate has written a correct equation for mark one and performed
the calculation for mark two.

0) |
Q ResultsPlus
Examiner Tip

Showing all your working can help you get the sign for your answer
correct.
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(i) Use these data to calculate the lattice energy of potassium iodide.
(2)

1<y IS

I-‘(s-rl'.a.?) +1 _me)

_1_2_003

[z -320- 20 8~ 2003

==(l8: 3 kImol™'

.
< {/ Resultslus

Examiner Comments

This candidate has constructed a labelled cycle which gains mark one.

The calculation gives the correct answer for mark two.

//.

& r\ ResultsPlus
\\}

~ Examiner Tip

Drawing out energy cycles can help you construct your calculation

IAL Chemistry WCHO04 01
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Question 24 (b) (ii)

Most candidates were able to state that the sodium ion is smaller than the potassium ion. Some
candidates failed to gain mark two by describing endothermic reactions breaking the lattice or
referring to the relative covalency of the compound.

A small number of candidates neglected to use the word "ion" (or give the formula) so could not
gain any credit.

*(ii) Explain why the lattice energy of sodium iodide is more exothermic than that

of potassium iodide.
(2)

Sﬂum ........ on...hao..o. .Fm//d’m;' _______ fx/w#mgfmm

.............. Eh,ﬁﬁﬂ/{am‘/éfjam(ﬁ/agz

e ta{mm.._.___mm ________________ 4 Yo i and il son
don. Yol bebion /wm

................... o llh.  dadhied—
dOnaid..... Iéb/né' ..... on.. é(é,cj ............. .maff:: zﬂ M.«’ ________ !’% b

< {/ ResultsPlus

Examiner Comments

This response scores full marks. The difference in the ionic radii is
described for the first mark and the attraction between the pairs of ions is
compared for the second mark.

i
2 A

& r\ ResultsPlus

Examiner Tip

Be careful when describing bonds breaking or forming in terms of energy
being absorbed or released.
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< {/ Resultslus

Examiner Comments

This response highlights a common error; where the lattice breaking
energy is discussed rather than the lattice energy.

& \ ResultsPlus

Examiner Tip

Revise the definitions of the different terms for enthalpy cycles.
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Question 25 (a) (iii)

Scores for this question were quite polarised, with many candidates scoring two or zero marks.
Where candidates stated that the reaction was endothermic, they could still be awarded the second
mark if they continued with their line of reasoning, however, this rarely occurred.

(iii) The value of K, is greater when the reaction is carried out at a lower temperature.
Use this information to deduce the sign of AS,oundings fOr the forward reaction.

Give your reasoning.

(2)
............ W, tusperatuns... dBCreanen. , Ko, Inex e@netfh o ..o
................... .
ASpren™ Mhm--*"&sswwndan& L L ——
............... kp..increansn., 50, ASipumy ANCECANL..\ 40 ... ASgpp ieunit — Increames.......
...................... &"”"""A'SMFW 1% fn'iHu.*...........A.S_,W“,M = _'é.':.'—-"

"rl\\_,_,_,_.
< {’ ResultsPlus

Examiner Comments

This response scored one as the candidate has not mentioned the sign for
the enthalpy, the progress of the reaction, or stated that the reaction is
exothermic. The fact that K, increases is given in the question, therefore,
information other than this must be required for the second mark to be
awarded.

5
al

&34\ ResultsPlus
N Examiner Tip

Don't waste time rewriting the question.
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........................... Mo ve tom....... 5. xothenar EQ_,MMM
-‘em.pamﬁmg'ia ......... reduted Ahg.. @iﬂa ....... *%’Cl\aﬁﬁ ________ Y. \mamsoadd -

------------------------------ ASaMumévna Sy 'ﬂ—_ﬁ_ SO}4SWW"¢8{5

ResultsPlus

Examiner Tip

Try to structure your answers to clearly explain your reasoning.
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Question 25 (a) (i) - (ii)

The mean mark for this question was four out of the six available.

Most candidates could write the correct K, expression and transfer errors on incorrect expressions
were allowed in part (ii). Occasional upside-down expressions were seen but most marks for part (i)
were lost by the use of square brackets.

Candidates who did not arrive at the correct final answer still usually scored three marks for part (ii)
as transfer errors were allowed throughout. The most common error was in calculating the partial
pressures; this was sometimes from incorrect moles at equilibrium, by dividing an incorrect
number of total moles, or from finding the wrong total volume. The calculated partial pressures
were usually substituted correctly into the K, expression and a value was calculated. Some
candidates expressed the units as mol? dm®, which did not gain the final mark.

Truncation of answers during intermediate steps was ignored except when 1SF was used. 8.30x107
was allowed as a final answer but not 8.3x107°. Some candidates ignored the instruction about
significant figures and units.

25 This question is about the chemistry of methanol.

(a) Methanol can be synthesised by the reaction of carbon monoxide with hydrogen.
CO(g) + 2H,(g) = CH,0OH(g)

A mixture of 18.5 mol of carbon monoxide and 13.5 mol of hydrogen was allowed
to reach equilibrium at 550K and 60atm pressure.

At equilibrium the mixture contained 5.5 mol of methanol.

(i) Write the expression for the equilibrium constant in terms of pressure, K, , for

this reaction. K y [CH;OHJ (1)
P TP[CO] X F[H:D7L

f
/

<L / Resultsilus
LV/N Examiner Comments

This candidate does not gain credit for their K, expression as they have
used square brackets.

\ ResultsPlus
) Examiner Tip

Practice writing out K, expressions for different gaseous equilibria.

IAL Chemistry WCH04 01




(i) Write the expression for the equilibrium constant in terms of pressure, K , for
this reaction.

Xp = Pevaona
Pc-o @ @“2

(M

e

@)

(i) Calculate the number of mol of carbon monoxide and hydrogen remaining
at equilibrium.

Hence calculate the value of K, at 550K.

Give your answer to three significant figures and include the units.
(5)

¢ W, oda0H
TWKally tnd) &5 435 o
wole no of CO &%‘1 = 4%5- 55 = 13 mo \
ak ecp.ﬁ\fbﬁum
m\e no- Og Hz_ m\md@é - \3§- (5-57"&3 = ¥5 mo\

ok qu\ﬁaﬁu«n
55 < 60

R)
(%gxéé) A (%xé@j-

Ke =

=99 %163@;‘}

N

b
,

y {/ ResultsPlus

Examiner Comments

This candidate gained full credit for both parts.
"P"s, in all capitals or lower case, were accepted in the expression.

The candidate has the correct answer for part (ii) to three significant
figures and has included the units.

A
/[
L

&AA\ ResultsPus
\\_} Examiner Tip

Show all steps in your calculations.

IAL Chemistry WCHO04 01
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Question 25 (b) (i) - (iv)

A variety of functional groups were stated for part (i) which then led to confusion when drawing the
final structure. Similarly, those that chose their mass spectrometer peak in part (ii) as a propyl
fragment found themselves in difficulty when it came to drawing the structure. C=0O was a very
common incorrect answer as a functional group; this was not allowed as the structure contained a
ketone and not an aldehyde.

Some candidates gained credit for stating that there were four proton environments but continued
to draw a structure with a different number of labelled proton environments. A correctly labelled
diagram could gain all four marks for part (iii) as long as the splitting patterns were explained.

A transfer error was awarded from part (iii) to part (iv) so the corresponding acid to the drawn
structure could gain credit. The main reason for a loss of marks here was due to candidates
neglecting to balance the equation with a molecule of water.

The mean mark for this question was five out of the nine available.

(b) An organic compound, P, has the molecular formula C;Hg0;.

W
A molecule of P has a carbon chain that is not branched, and contains , f_‘i ) - ©
two different functional groups. - ‘f;- TN e
(i) P reacts with sodium carbonate solution, forming bubbles of a colourless gas.
There is no colour change when P is warmed with a mixture of
potassium dichromate(VI) and sulfuric acid.
Use all the information provided to identify, by name or formulae, the
two functional groups present in P.
(2)
............................................... Ketme and. . rbexylic. acid: ... .
2 B B
rﬁj 1 | ' [t
Ww-C-C-C —(-¢
| ¢ [0 | ~ ol
4 Ly
(i) The mass spectrum of P has a strong peak at m / e = 43.
Suggest the structural formula of the fragment causing this peak.
(1)

C,H'3 t=p *
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*(iii) When P is heated with methanol, in the presence of dilute sulfuric acid, a
pleasant smelling compound, Q, is formed.

The high resolution proton nmr spectrum of Q is shown.

The numbers show the relative areas of the peaks.

3 3]

2] [2]

L J\A’U\(\A )\

I 1 1 I 1 1 I 1

44 4.0 3.6 3.2 28 2.4 2.0 16

5/ ppm

Draw the structure of Q. Justify your answer by consideﬂng the relative areas
of the four peaks, and their splitting patterns

o-F 1808 e
@ & O

BHere | due Yo peak A, dhere. 123l be A....&..ﬁ.nglcl
Lonee no. adjacent. Caxbon s present . Area..

w‘“"k‘“giﬂ&ﬂhgld$l”bt-%e_ml,jar¢ﬂ+
LCaxyon  has me. hydvogen ... Area. L. and. Prea
CDlwigive. a diplek  sthe . sinee  both | the
Caglvn. OYoms. ave  attached to. e adjacen}

oo atom  conYaifing ywe laydioge n .. abms..
_The splitirg  paten padern Wil fllow (n+ D} rvh'

IAL Chemistry WCHO04 01

49



i
BN
|

< ResultsPlus
/""“‘" Examiner Comments

This response gained full marks for all sections.
The functional groups are correctly identified.
The mass spectrometer fragment is worthy of credit.

In part (iii) the structure has been correctly drawn and labelled to justify
the reasoning.

\ ResultsPlus
, Examiner Tip

Labelling diagrams is a great way to show your understanding.
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*(iil) When P is heated with methanol, in the presence of dilute sulfuric acid, a
pleasant smelling compound, Q, is formed.

The high resolution proton nmr spectrum of Q is shown.

The numbers show the relative areas of the peaks.

3] 3]

1 I 1 I I | | 1

44 4.0 3.6 3.2 28 24 2.0 16
6/ ppm

Draw the structure of Q. Justify your answer by considering the relative areas
of the four peaks, and their splitting patterns.
(4)

H—t— bt

. bo %emmm lllllllllllllllllllllllllllllllll

e cmﬁm ..... Jie oy m&?ﬁw
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(iv) Write an equation using structural formulae to show the reaction of P with
methanol in the presence of dilute sulfuric acid to form Q.
(2)

(Hy COCHLCR,COOH  + ChaOH  —CHLOC hooey
T H)_O

Jf\

.-J[ ‘\\'H_F-' o
<Y {/ ResultsPlus

VN Examiner Comments

This response achieved two marks on part (iii). The structure is correct and
the candidate has identified that there are four proton environments but
there is no attempt to consider the splitting patterns either by annotation
of the structure or in prose.

The response to part (iv) gains both marks. The acid given is consistent
with the structure given in part (iii) and the equation has been balanced.

\/\\\3 ResultsPlus
Examiner Tip

Always check your equations are balanced
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Question 25 (b) (v)

Any acyl chloride was credited here, whether it was written as a name, displayed or illustrated as
skeletal formulae. Molecular formulae were ignored as they do not allow the structure to be seen.
There were a few answers in which candidates had drawn an acid or had written the functional
group as —COOCI.

(v) The reaction of P with methanol does not give a 100% yield of Q because of
the equilibrium position which is reached.

Suggest the formula of a compound which would react with methanol to
form Q in a reaction which is not reversible.

(1)
v, <0 C)
C Hbcocuzc P

™

i =7 _
4 / Resultsilus

VN Examiner Comments

This response scored one as a shortened structural formula is enough to
show the acyl chloride.

\ ResuitsPlus
| Examiner Tip

Practice drawing organic molecules using different types of formulae and
structures.
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<L / Resultsilus
L/N Examiner Comments

This response scored one as the candidate has drawn the formula of an
acyl chloride. This matches the structure asked for earlier in the question
but the system used for marking meant that examiners could not see the
items above so any acyl chloride was accepted.

\ ResultsPlus
) Examiner Tip

Do not give a molecular formula unless this is specifically requested.
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Paper Summary

Based on their performance on this paper, candidates are offered the following advice:

* read the questions carefully, underlining or highlighting key words. Use this to successfully
structure answers

* record answers for calculations to appropriate numbers of significant figures, using values stated
in the question as a guide

* always give units with the answer
* practise deducing and explaining the orders of reactions from rates data

* practise sketching the pH titration curves for different concentrations and types of acids and
alkalis and use the data booklet to choose appropriate indicators

* practise explaining splitting patterns for different organic molecules and be able to predict the
observations for molecules in different chemical tests.

IAL Chemistry WCHO04 01

55



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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