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Introduction

Overall, the paper seemed accessible to all candidates and there was little evidence that they
ran out of time. Students were well prepared for rates and entropy topics and calculations
were a particular strength too. The twenty multiple choice questions had a mean mark of
13.2. The easiest questions were 10a, 10b and 4 and the hardest question was 1c.
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Question 16 (a)(i)-(iii)

This part of the question proved to have a range of marks. In part ai, the majority gave the
correct K, expression often including round brackets and pp instead of p but scored the

mark. However, a minority included square brackets or omitted p so gained no credit.

Deducing the mole fractions from the % composition of ammonia proved to be quite
challenging in aii. But despite calculating the wrong mole fractions, most were able to
correctly multiply by 200 to get a transferred error mark for the partial pressures.

The calculation in aiii, proved to be quite accessible for most candidates, but common errors
included, too many significant figures, the wrong units or no units.

16 This question is about ammonia and ammonium chloride.

(a) Ammonia is produced by reacting nitrogen and hydrogen as shown.
Ni(g) + 3Hy(g) = 2NH;(9g)

(i) Write the expression for the equilibrium constant, K;,.
(1)

ke= PLNHI"
PIN ]~ pLH,T’
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(i An equilibrium was established by mixing nitrogen and hydrogen in a
1:3 ratio by volume, at a temperature of 450°C and pressure of 200 atm.
The equilibrium mixture contained 28 % of ammonia by volume,

17:xze " PFE.
Complete the table. 7;" il Joht \elee ~ TEP
[ Fiomes2s @)

e
L AETT)

v N, @ ’m '7' f ' ?z7°

*'; 547. H, 0 .vops L 7= M.

pEA d

oap2be. 7 NH, 0.28 56 ;I‘
277

(iil) Calculate the equilibrium constant.
Give your answer to an appropriate number of significant figures and

include units, Iif required.
' (3}
se * & %
——— 5«-n-- €9
F2 % | F
K= ¥ed, ¥ .57
abm= &
, ~ \

i( ResultsPlus
Examiner Comments

Although this candidate has the correct substances and powers in their
Kp expression, they have used square brackets, which equate to
concentration so do not score ai. They have got the wrong mole
fractions in aii, but have successfully multiplied these values by 200
and so score 1 mark for the correct partial pressures. In aiii they have
successfully used their values from aii to calculate the equilibrium
constant with the correct units and 3 significant figures so score 3
marks.
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A
'

(T ResultsPlus

\ Examiner Tip

Transfer error marks are available in calculations so it is important that
intermediate working is shown so credit can be given.

\. J
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16 This question is about ammonia and ammonium chloride.
(a) Ammonia is produced by reacting nitrogen and hydrogen as shown.

Nx(g) + 3H,(g) = 2NH;(g)

(i) Write the expression for the equilibrium constant, K,. -
: (1)

Etﬂﬂi)"
Ke * 3
P piNadp(Ha)d

(ii) An equilibrium was established by mixing nitrogen and hydrogen in a
1:3 ratio by volume, at a temperature of 450°C and pressure of 200 atm.
The equilibriun mixture contained 28 % of ammonia by volume.

Complete the table,
(3)
N 0.1% 36
H, 0.5% 108
NH; 0.28 56

(iil) Calculate the equilibrium constant.
Give your answer to an appropriate number of significant figures and
include units, if required.
a (3)
56

Kp = 3 % 1083

-2

-5
6.2 x 10 atm
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\-\.

< / ResultsPlus
/--.‘: Examiner Comments

This candidate has correctly used p and round brackets in ai and
successfully deduced the mole fraction and partial pressures in aii. In
aiii they have calculated the equilibrium constant with the correct units
and 3 significant figures, so full marks are scored.
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Question 16 (a)(iv)

This question required the candidate to deduce the nature of the reaction when the yield
increased as the temperature decreased. The majority appreciated the forward reaction was
exothermic, but the explanation proved to be more difficult to answer successfully. A number
also got confused between exothermic and endothermic or got the direction of equilibrium
shift the wrong way round.

(iv) When the temperature was reduced to 400°C at the same pressure, the
equilibrium mixture contained 36 % of ammonia. - -

Explain what can be deduced about this reaction from this information.
2)

\( ﬁ{ ResultsPlus
/'--.. Examiner Comments

This candidate understands the reaction shifts to the right, but they
have not stated the reaction is exothermic so only 1 mark scored.
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(iv) When the temperature was reduced to 400°C at the same pressure, the
equilibrium mixture contained 36 % of ammonia.

Explain what can be deduced about this reaction from this information.

ig ResultsPlus
Examiner Comments

Here the candidate knows the reaction is exothermic, but they have
just repeated the question by saying the amount of ammonia
increases. Only 1 mark scored.

(iv) When the temperature was reduced to 400°C at the same pressure, the
equilibrium mixture contained 36 % of ammonia.

Explain what can be deduced about this reaction from this information,

YRS - Y (W TOVSR V' . S 2SS = .S, WA

N\

ﬂ ResultsPlus
Examiner Comments

The candidate has scored both marks by stating the reaction is
exothermic and the equilibrium shifts to the right.
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Question 16 (b)(ii)

The expression for the enthalpy change of solution was successfully done by the majority of
candidates.

(ii) Complete the expression for the enthalpy change of solution using the
hydration enthalpies and lattice energy.

(1)
A= = Dypd M & Loktes gy
N
y ( ResultsPlus
/--. Examiner Comments
Although rarely seen this candidate has got the signs the wrong way
round so no mark is scored.
(i) Complete the expression for the enthalpy change of solution using the
hydration enthalpies and lattice energy.
(1)

ﬁmIH= —.hHLE‘} &Hhﬂd

ﬂ/ { ResultsPlus
/---. Examiner Comments

Here the candidate has given a correct answer. Although they have
simplified lattice energy to LE this is allowed.
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(i) Complete the expression for the enthalpy change of solution using the
hydration enthalpies and lattice energy.
(1)

AwH= — ath (e thersY % dnglH ﬂ/H"Tf 1 dﬁﬂ” f,l”

AN

~ < ResultsPlus
/--.. Examiner Comments
This candidate has broken down the hydration energies into the two

parts, which is not essential to score. The important thing is to allocate
the signs correctly which they have done so the mark is awarded.
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Question 16 (b)(iii)

This straightforward calculation of the enthalpy change of solution using a Hess cycle was
well done by most students and those who made one error were able to score 1 mark out of
2.

(iii) Calculate the enthalpy change of solution, using your expression in (b)(ii) and
these data.

[Enthalpy change of hydration of NH; = =307 kJmol™
Enthalpy change of hydration of Cl” = -378kJmol™
[ Lattice energy of NH,Cl = —705 kJ mol™

‘ (2)

BeSert
DSt W Dwad W =~
. (-3% +363) - (- 05

. ex C3Y kImot

\atHce @raN

N { ResultsPlus
/---.. Examiner Comments

This is an example where the candidate has made one mistake. The
calculation should be -307, not +307. This mistake could have been
avoided as the arrows were already on the Hess cycle so both
hydration enthalpies should be negative. However, just one mistake
scored 1 mark.

13 IAL Chemistry WCH14 01



(iii) Calculate the enthalpy change of solution, using your expression in (b)(ii) and
these data.

1

Enthalpy change of hydration of NH; = —307 kJmol™
Enthalpy change of hydration of CI” = -378kJmol™’

Lattice energy of NH,Cl =-705k)Jmol™
(2)
SodgoH =~ (708) + (- 307+ —378)
L HNOE “BR 5
= 20 &ma) ™!

\(f( ResultsPlus
Examiner Comments

Here the candidate has shown their working and produced a correct

answer so scores 2 marks. Note that we do not need to see a + sign if
the result is positive and the units are not required but are penalised

only if wrong.
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Question 16 (b)(iv)

This question proved very challenging for many. As well as having to explain how the size of
the halide affected the hydration and lattice enthalpies, candidates also had to suggest how
these changes would impact on the enthalpy of solution.

(iv) A student suggested that the enthalpy change of solution of
ammonium bromide would be of a similar magnitude to the enthalpy change
of solution of ammonium chloride.

Comment on this suggestion in terms of the hydration enthalpies and
lattice energies of these two compounds.

(3)
............... The.... tomic... xadii.of . Bromide ion....i3.. lamer.. than. chloride fon, ...,

_which. the. lodtice, Er\ﬂ(ﬁg Jbefween . ammanium. on.. and. bremi de, ion. is...
e,MEﬂn

_Neoker. than thot & cllovide ton.

N,

ﬁ/ i{ ResultsPlus
/--.. Examiner Comments

This candidate is confused between atomic and ionic radius, and it is
not clear what the term weaker is referring to.

" V ResultsPlus
\

| Examiner Tip
Make sure you are using the correct terminology when answering this
type of question.

Do not confuse halogens and halides.

Also think carefully about what is changing and instead of saying larger
or smaller refer to the values being more or less exothermic.
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(iv) A student suggested that the enthalpy change of solution of
ammonium bromide would be of a similar magnitude to the enthalpy change
of solution of ammonium chloride,

Comment on this suggestion in terms of the hydration enthalpies and
lattice energies of these two compounds.

(3)
The anbacdey W&t "F 59‘#*‘?#*" iz dg“'-‘\p to '{'-""“'" S‘Mh of HH-LD-E?T af

||||||||

¢ ResultsPlus

Examiner Comments

This candidate has scored a mark for explaining the relationship
between the lattice and hydration enthalpies on the enthalpy of
solution. However, they have made no other comment about the
trends and sizes of the ions so this is their only scoring point.
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(iv) A student suggested that the enthalpy change of solution of

ammonium bromide would be of a similar magnitude to the enthalpy change
of solution of ammonium chloride.

Comment on this suggestion in terms of the hydration enthalpies and
lattice energies of these two compounds.

(3)
AMmommEmm'defamﬁ(,ﬂmmowmChlarfofef/]m

same...cation. but. different. anion. where. chlocide.....
Msmdlermmgmdoﬂ%mh&a&?&md&mmﬂm&,
en&rﬁgofammonumchlono(&ﬁbnegahvegb%
{'iaenaﬁrmx‘fmmbej’weghf%mmsfrqnﬁwmo(f’h&
Hﬂﬁ((&hon%ﬁwﬁip&&&rcﬂnrm{%FsmMmc?re.a
exoﬂnermc,ﬁam(ar;:m;d&f»ofhf.ﬁnf'ﬁalpg&mgg

of selufion of them is similace, because. enflolpies

AL

AN

ﬂ ResultsPlus
Examiner Comments

This is an excellent answer where the candidate has scored a mark for

saying ‘chloride is bigger than bromide’, another for the ‘lattice energy
of ammonium chloride is more negative’ and finally one for 'hydration
of chloride is more exothermic than bromide’
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Question 16 (c)

This ionic equation proved to be very challenging. Instead of using the ammonium ion, the

majority used ammonium chloride and so found it difficult to score.

(c) Write an ionic equation to show why aqueous solutions of ammonium chloride

are acidic. State symbols are not required.

G . ; ; X ‘:__E:_" S ‘H‘H@—_*_H{L“l

NHgt+ (L

NHg -t Hel

N

.--""d---'I

14 ResultsPlus

Y/f"}-‘- Examiner Comments

This was a common wrong answer where the candidate has incorrectly
reacted the two ions together.

(c) Write an ionic equation to show why aqueous solutions of ammonium chloride

are acidic. State symbols are not required.

N”q+ —> NH_?* H

(1)

N

.--""d---'I

{ ResultsPlus

Y/"--. Examiner Comments

This correct answer was seen very infrequently.
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(c) Write an ionic equation to show why aqueous solutions of ammonium chloride
are acidic. State symbols are not required.
(1)

NHy" + H,0 —> NH, + Hao"

The mnm of H50+ sisloe +Hhe coluhens ocidiC,

N\

ﬂ ResultsPlus
Examiner Comments

This detailed answer that showed the ammonium ion reacting with
water was an acceptable correct answer.
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Question 17 (a)

This question tested the understanding of the reactions of carbonyl compounds. Whilst most
candidates could correctly identify structure A, those of B and C proved to be more
challenging. The quality of the drawings was also varied with missing hydrogens and
pentavalent carbons occasionally seen. There were also several skeletal and structural
formulae, despite displayed being emboldened in the question.

17 This question is about carbonyl compounds.

(@) Three carbonyl compounds, A, B and C, are straight-chain structural isomers,
with the formula c!Hwo. :
Only isomer A reacts with Tollens’ reagent to give a silver mirror.
Only isomer B reacts with iodine in the presence of alkali to produce

pale yellow crystals.

Draw the displayed structures of these three isomers.
(3)

MO

o

A
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-

N,
ﬂﬂesuﬁsﬂus

Examiner Comments

This candidate clearly understood the chemistry for reaction A but did
not follow the instructions and drew skeletal, instead of displayed
structures.

-

V \ ResultsPlus
\

Examiner Tip

When drawing organic compounds make sure you are giving the type
of structure required in the question.

\.
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17 This question is about carbonyl compounds.

(@) Three carbonyl compounds, A, B and C, are straight-chain structural isomers,
with the formula CH,0.

Only isomer A reacts with Tollens' reagent to give a silver mirror. Atteh22e

Only isomer B reacts with iodine in the presence of alkali to produce
pale yellow crystals. & yeetone .

Draw the displayed structures of these three isomers.

(3)
] | o
! #4 Il-"I :‘i H
B=Cr—C— c'—-f:'—c. -
V 5 Ll &

p H H .o
W-C—C=c—emc-H
;,'4 VY
ResultsPlus

Examiner Comments

Here there are two well drawn, correct, displayed structures for A and
B. However, C proved to be the most challenging and many incorrect
answers included alcohol or alkene functional groups.
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Question 17 (b)(i)

The naming of this hydroxynitrile proved to be very challenging. Some candidates who
correctly identified the two groups in the molecule chose the wrong stem and 2-
hydroxypropanenitrile was occasionally seen. Others got confused with other nitrogen
containing groups and amines and amides were also noted as incorrect answers.

(b) Another carbonyl compound, propanal, reacts with HCN in the presence of KCN
to form a racemic mixture of two optical isomers of CH,CH,CH(OH)CN.

(i) Give the IUPAC name for CH;CH,CH(OH)CN.
(1)

i‘#\tﬂmutgmgmﬁ’tvﬂ&

N { ResultsPlus
/---.. Examiner Comments

This candidate has made two mistakes. The position of the hydroxy
group is wrong as is the number of carbon atoms in the molecule.

(T ResultsPlus
\ Examiner Tip
Remember when naming nitriles, the stem includes the carbon

attached to the N.

(b) Another carbonyl compound, propanal, reacts with HCN in the presence of KCN
to form a racemic mixture of two optical isomers of CH,;CH,CH(OH)CN.

(i) Give the IUPAC name for CH,CH,CH(OH)CN.
(1)

____________________________________________________ Q“PT“?MOli*(-ﬁONCM

..--*'I;\ -
\( i{ ResultsPlus
/'--. Examiner Comments

Despite cyanides not being included in IUPAC nomenclature, this
incorrect answer was seen regularly.
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(b) Another carbonyl compound, propanal, reacts with HCN in the presence of KCN
to form a racemic mixture of two optical isomers of CH,CH,CH(OH)CN.

(i) Give the IUPAC name for CH;CH,CH(OH)CN.
(1)

_ ResultsPlus

Examiner Comments

This correct name scored the mark.
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Question 17 (b)(ii)

Whilst most candidates had a good understanding of how the isomers could be
distinguished, a lack of precision prevented them from scoring marks.

(i) Describe how you could distinguish between pure samples of
the two optical isomers.
o (1)

\(/g ResultsPlus
Examiner Comments

This candidate has the right idea, but they have not mentioned plane
polarised light so no mark.

(i) Describe how you could distinguish between pure samples of
the two optical isomers,
(1)

ng*mm%gmmtmtamafjm

\{/K ResultsPlus
Examiner Comments

Here the candidate has mentioned plane polarised light, but they have
not talked about different rotation, so no mark awarded.
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(i) Describe how you could dlstlriguish between pure samples of
the two optical isomers.
(1)
ey o yovme. e Qove b e gavicd g kb cpenl. et

.,..hv.\}....'im...,mmi\l.....dixmm...... .......

iﬁ ResultsPlus
Examiner Comments

This is a fully correct answer.
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Question 17 (b)(iii)

Many candidates gave an answer based on simple recall regarding nucleophilic substitution
reactions, rather than the actual reaction taking place and the planar nature of a carbocation
was a common wrong answer. Those who realised that the compound was planar did not
always score the mark as they were not specific about its position. However, almost all
candidates understood that the nucleophile could attack on either side.

(iii) Explain, with reference to the reaction mechanism, why this reaction produces
a racemic mixture,

(2)
e catoconon. mmﬁi.......b.xj.........pmqmmﬂ....._....{g........a ..... 1o @ma\i ______________________
........................ v fren.

SYNose s Astved L e

N ﬁ{ ResultsPlus
/'--.. Examiner Comments

Here the candidate is confused with nucleophilic substitution reactions
and the formation of a carbocation being planar. This is incorrect so
only 1 mark scored.
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(iii) Explain, with reference to the reaction mechanism, why this reaction produces
a racemic mixture.

(2)
............... Popanal i 0 planar compound , SO the nueleophile. eN-

Aol e in Q. faemic. mixtoe. as it dees nok. rotede.

L T LT LT N

- .'\ B
ﬂ ResultsPlus
Examiner Comments

Here the candidate appreciates the propanal is planar but they do not
say it about the C=0, so only 1 mark scored.
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Question 17 (c)(i)

Most achieved this mark by drawing a correct skeletal or partial skeletal formula.

(c) () Propanone, an isomer of propanal, also reacts with HCN in the presence

of KCN.
Draw the skeletal formula of the product of this reaction.
© | (1)
S \
Q—“"b_ '“;» - Q™ s
N
JAN /
y ( ResultsPlus
/--.. Examiner Comments
Despite skeletal being emboldened in the question some candidates
drew a displayed formula and so did not score.

(c) (i) Propanone, an isomer of propanal, also reacts with HCN in the presence
of KCN.

Draw the skeletal formula of the product of this reaction.
(1)

OH
OH
| /i
W/ -q /¢
W -” H Cs=N
JAS /
y \Resuits?lus
/--. Examiner Comments

This was the most common scoring answer that was an allow on the
mark scheme. Note that many candidates who answered this question
successfully drew the displayed structure first.
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(c) (i) Propanone, an isomer of propanal, also reacts with HCN in the presence

of KCN.
Draw the skeletal formula of the product of this reaction.
(1)
A
H

a\___

ig ResultsPlus
Examiner Comments

This fully correct skeletal formula was only rarely seen.
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Question 17 (d)(i)

This was surprisingly poorly answered by most candidates. There was often confusion with IR
spectra and proton NMR. Some of the carbonyl environments had multiple C atoms in the
structures drawn, but the relevant C needed to be identified to score the mark. Often the
qguoted chemical shift was outside the permitted range too.

(d) ‘Mﬂmmml&ﬁ.mmm;m structures of propanal " e —H
and propanone. R —

&-- c ——
(i) Identh the chemical shift range and carbon environment of one Eeak you
would expect to seg in both spectra,

(1)

=09 [
19¢ - 229 f—=¢C—C

N

ﬂ ResultsPlus
Examiner Comments

This candidate has got the correct chemical shift range but has not
specified the carbon atom, so no mark was scored.

.-"'#_l‘l

“’\Vj ResultsPlus

| Examiner Tip
When using the data book make sure you are using the information
accurately.
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Question 18

Those candidates who had a good understanding of the reactions of ethanoyl chloride
scored well on this question. Most gave fully correct equations for the three reactions scoring
IP1, 4,5 and 6. However, IP2 and IP3 were seen less frequently as candidates were often
unable to note the similarities in the three reactions.

*18 Compare and contrast the reactions of ethanoyl chloride with water, with ethanol
and with ammonia.
Refer to the structural features of the molecules that determine the type of reaction.
Identify the products of the reactions. You may include equations in your answers.
(6)

Eﬂ""“"}f{( Clovide ‘""’"{‘*w'fﬂ"wo'f'c(pmcf ve
tg‘fﬂ.‘ “olC K< rcf

I:ff-—*hﬂ" o 15‘14 vtckes  tovld |
predice o Qu~ine, AN of ttese ceccfioss

............ £ ﬁ*"e;,Ffaf‘e—&fﬁfooﬂ«{,f’h et H‘mf

LOlovide €0  efecol told peodee oo Oofee

”V/ﬁ ResultsPlus
Examiner Comments

This candidate has only a limited understanding of the reactions of
ethanoyl chloride and only scored a mark for the reaction with water
to produce a carboxylic acid.

< ResultsPlus

| Examiner Tip

Learn the organic reactions as described in the specification.
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*18 Compare and contrast the reactions of ethanoyl chloride with water, with ethanol
and with ammonia.
Refer to the structural features of the molecules that determine the type of reaction.
Identify the products of the reactions. You may include equations in your answers.
(6)

- 3
-
i
o
T
(=1
x [:\.,;.;
%
L
J
F

T, | S T
..... —

hd% %mﬁu!h&lmc-uhmdo-umﬁmts ..... and.
Condil t”% C—0 oand A-CL bond forms
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aFmdizm_  Nudesphitle: eusihhen:
hﬁ)ﬂ it Mﬁl ........ ﬁinm N . thd p‘ilhve_LH w&g& IIIIIII b ahin

- Rocuck 2= ah:,l.. amda.. oy d’“":feau“"‘d b e

Cwdin — vo. me s
............ Qfm&
____________ S mlo-ng :q,éﬂ?-lhe‘ mal:m" .
e AL c{- Shnt oam..a.% e T

l-m.mah:ﬂs ...... p woduced. . 6. Cenmen_. q:rmduﬂ:

N

ﬂ ResultsPlus
Examiner Comments

This candidate has a good understanding of the reactions of ethanoyl
chloride and scored IP1, 3. 4, 5, and 6.
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Question 19 (a)

In ai, most candidates were able to give a correct equation, but the use of a titration curve to
determine the concentration of a solution in aii was more challenging. Although 22cm3 was
often identified as the volume of KOH needed for neutralisation, many candidates used the
final volume of 46cm?3 which indicated they did not understand the pH curve correctly.

In aiii all three possible routes seemed equally popular and most candidates were able to
calculate the Ka correctly. Some quoted pH =pKa but picked an inappropriate pH such as 8 or
13 but managed to score transfer error marks without seeming to have a real grasp of what
they were calculating.
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19 This question is about methanoic acid and propanoic acid.

(a) A student carried out a titration to find the concentration of an aqueous solution
of potassium hydroxide.

25.00cm’ of 0.150 mol dm™ aqueous methanoic acid was pipetted
into a conical flask. Potassium hydroxide was added from a burette
while measuring the pH. The titration curve is shown.

14
13
12
n
10

O =MNWihkuidh 00O

0O 5 10 15 20 25 30 35 40 45 50
Volume of KOH added /cm?

(i) Complete the equation for the reaction taking place in this titration.
State symbols are not required.
(1)

HOOOH + low —» Heos X5 & W

(i) Calculate the concentration of the potassium hydroxide solution, using your
equation in (i) and the titration curve.

cako , 1) ) 22 cm? MGAQJ. (2)
Mdes needod 7  FQRBASO

7 28 b.\f0 ¥ (3 - 2 FCxto
sxlo
= z 3'
n= cv A t S

(R
Y 0.7 mdda 3
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(iii) Use the titration curve to determine a value for the acid dissociation constant,
K, , of methanoic acid.

(3)
—K,_T:."—E:fH 2 eH ol 0 v .@ \=ol |

added . 5
5 lo > 0,0\ mdler? o W18
Q"S:J = IQH(\J;.)

Ka (vpe*) L Heosd et

—

=

]

[ \coot) ¥ el
ol L. 63 X10 Laas?
k.ﬁ 2z —C—c:-—:__—___ = . M

iﬁ ResultsPlus
Examiner Comments

This is a fully correct answer where the candidate has used the
alternative method 2 to calculate Ka.

—
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Question 19 (b)

This type of buffer calculation was well understood by the majority and even those who
found it more challenging were often able to score 1 mark for the calculation of hydrogen ion
concentration. For some, the final answer was often quoted as ratio of salt: acid, rather than
acid: salt as stated in the question, possibly as the version of Henderson-Hasselbach
equation they used had the ratio of [salt]/[acid].

(b) A student prepared a buffer by mixing together equimolar aqueous solutions of
propanoic acid, CH;CH,COOH, and sodium propanoate, CH,CH,COONa.
- -—___‘——-—-—__-»

The acid dissociation constant, K,, for propanoic acid is 1.3 x 10~ moldm™.

Calculate the volume ratio of propanoic acid to sodium propanoate needed to

produce a buffer solution with a pH of 4.6
(2)

: - ..4.‘ . -
f_Hﬁ o = z‘g ‘l.{g "“*"L{iﬂg

facid] = 4. esv0” -
Lacid] < 4.3 8% mol b

N { ResultsPlus
/---.. Examiner Comments

Although unable to do the buffer calculation this candidate scored a
mark for the calculation of the hydrogen ion concentration.
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(b) A student prepared a buffer by mixing together equimolar aqueous solutions of
propanoic acid, CH,;CH,COOH, and sodium propanoate, CH,CH,COONa.

The acid dissociation constant, K,, for propanoic acid is 1.3 x 10~ moldm™,

Calculate the volume ratio of propanoic acid to sodium propanoate needed to

produce a buffer solution with a pH of 4.6

{-_‘am‘r’]

(Pu . pwa * ’*L:B l:c’c“"]
“M.6 = ".9%6 ’r"c’i T::-"_t%j

Ron)

-D"L%Q = \DS -_C.?_-C.Taj
‘nosm 9‘:“:{,! : -pask

!'5:1\-\ l 9 ..b-"b,‘l.ﬂl:

[am‘d]
Lan 2 [C'_':"lﬂ . e 1.1 63T
0w D . oy Bz
Ve Ve Ve n
e N 1. 42,\Q 8BV
& =y
Ve
Va IP-AY R SRl
Ve
Yo . 0.8V
Ve

f

ig ResultsPlus
Examiner Comments

Here the candidate has used the Henderson-Hasselbach equation, but
they have got the ratio the wrong way round so only 1 mark is scored.

.-'f‘\

\) \ ResultsPlus

Examiner Tip

required in the question.

When performing any chemical calculation, always check the details
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(b) A student prepared a buffer by mixing together equimolar aqueous solutions of
propanoic acid, CH;CH,COOH, and sodium propanoate, CH;CH,COONa.

The acid dissociation constant, K,, for propanoic acid is 1.3 x 10~ moldm™.

Calculate the volume ratio of propanoic acid to sodium propanoate needed to
produce a buffer solution with a pH of 4.6

(2)
PH’ = "hg _
[HU 210" s 2.5/ x167%
hayie-S . 2:51x107° x [cvzchzco0” ]
| | Bugculcooaj
RHatH, CO0H] w0 L
1 3.-,:&[01"s '
[ZCHbculcoD_] I
The ratio 0F (H3CHy(00H to CHgCHyCOO0 NS is
)3

N\

iﬁ ResultsPlus
Examiner Comments

Although they have not given the complete ratio an answer of just 1.93
is an allow on the mark scheme so 2 marks scored.
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Question 20

Nearly all candidates could use the information in the question to deduce the correct orders
of reaction, the rate equation and the units of k. Of those who got the orders wrong, many
successfully carried this error forward to score to full marks for the rate equation and units
of k. Occasionally k was omitted from the rate equation and there were some arithmetic
errors, but these were rare.

However, in part b many candidates produced a S\2 mechanisms even though their
calculated rate equation did not include hydroxide ions. Furthermore, often the Sy2
mechanism showed no transition state, or an incorrect one. Those who did produce a Sy

mechanism sometimes missed out the bromide leaving group so lost a mark and often the
precision of the arrows was not good enough either.

(iii) Calculate the rate constant for Experiment 1.
Include units in your answer.

(2)
(0l %x)93 ¢ k¥ 0.

ooy -1
k » 0.0l 5y

(b) Draw the mechanism for this reaction that is consistent with your rate equation.
Include curly arrows, and any relevant dipoles and lone pairs of electrons.

(3)

5

Y / ResultsPlus
/--.E Examiner Comments

Here the candidate has incorrectly drawn a Sy2 mechanism. The curly

arrows are both correct, but they have missed out the transition state.
Only 1 mark scored.

41 |AL Chemistry WCH14 01



(iii) Calculate the rate constant for Experiment 1.
Include units in your answer.

(2)

o~ R
E( ﬁ_ﬁ f\:.,-;_C\'\ %T’-C\’i '53

€ = ). Q\XIQ = Q. 0\o\
R
o\ B &
U"‘\‘l\ B . C"’""'\ A 1":'5)
¥
= o S

Unwx 35 —sr
(b) Draw the mechanism for this reaction that is consistent with your rate equation.
Include curly arrows, and any relevant dipoles and lone pairs of electrons.

Lo e & i
ﬁj””— \é-i- 5

| \

QM— &~ | 3+

Y~
93—(’)— “
Chfs'C“zC'*/—\O“ A E’r\.#
\C\-\g
Ly
\
CWilWa L —oN <0
- R EEN
£
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ResultsPlus

Examiner Comments

This is a fully correct answer and scores full marks.
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(iii) Calculate the rate constant for Experiment 1.
Include units in your answer.

A
Loux it = e [0"°°1T—@ 0100}

oy
be Vo mu”W"
- 3

oo

(2)

e = a.0\0\ s

|

1]

(b) Draw the mechanism for this reaction that is consistent with your rate equation.
Include curly arrows, and any relevant dipoles and lone pairs of electrons.

(3)

M
S \ H | | '
H\_.\-L"L’H _—— H-—é—t—"}ﬁ"c{!“

R ﬁi\ﬁ IR TN
AR PP, H.H Bn om
. o J- W —
H.
\'\ H e }+
\ I \ o
4 —C-C-t~C
1 ::1 ‘ l
wooo oy :
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N
\( { ResultsPlus

Examiner Comments
Here the candidate has incorrectly drawn a Sy2 mechanism. The curly

arrows are both wrong. The one from the OH does not come from a
lone pair and the other should come from the bond, not the Br.
However, the intermediate is correct.

5\ ResultsPlus

\ Examiner Tip

Practise drawing mechanisms paying particular attention to the origin
and direction of the curly arrows.
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Question 21 (a)

Although there was a little confusion between enthalpy and entropy in (a)(i) and (a)(ii), most
answers were correct or had one minor error. Common errors were not multiplying by 2 or 3
where necessary and mixing up negative signs. Some candidates also lost marks for incorrect
units. In aiii, the majority calculated the temperature correctly, with the most common error
not converting the entropy and enthalpy to the same energy unit.

(i) Calculate the temperature at which this reaction becomes feasible, using your
answers from (a)(i) and (a)(ii).

(3)
ASki) >0
A Sy + Bsys> O
—4H 5 - ASws
z
Ts 4H
ASss
Ty Y222 = 1y 01K
543.9

N
\( / ResultsPlus
/'--.‘: Examiner Comments

This candidate failed to multiply the enthalpy change by 1000 to
convert k] to J. This was a common error and scored 2/3.
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21 This question is about oxides of iron.

(a) The equation for the reduction of iron(lll) oxide by carbon is shown.

Fe,0s(s) + 3C(s) — 2Fe(s) + 3CO(g)

Some data relating to this reaction are shown.

(i) Calculate the standard enthalpy change, _A,_l_-_f_’, for the reduction of
iron(lll) oxide by carbon.

&‘:“.ﬂ_r—_t——ﬁ“-r—:—ﬁ-“ r . . (2)

_ G2 : -]
&
AV, = | Bp =4t AW\ o€ P~ ARW of ¢

A, = (-w0:5x3) - (-%24D) = A402. T Wmy™
(i) Calculate the entropy change, AS, ., for this reaction.
Asgye = ZSp — Es¢
= (1:( 3.3 + 3 X 142-0 - (%‘-}'H A+ 2x57)

3

=+ 542.9 I ' mol™
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(iii) Calculate the temperature at which this reaction becomes feasible, using your
answers from (a)(i) and (a)(il).

ﬂ'shiﬂ =

(3)
0
= AS - Ad
Cl*‘?i S45 =
'%— = ~ s42.9
5 = — (+ 4s23¥ 100

- S472.9 = RO EE
—

ﬂ ResultsPlus
Examiner Comments

This is a completely correct answer so scores full marks.
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Question 21 (b)(i)

Despite being asked to explain why the reaction would be feasible at any temperature
several candidates simply stated that the total entropy change would be positive so scored
no marks. Some others only included information about the entropy change of surroundings
but nothing about the entropy change of the system so also failed to score.

(b) The equation for the reduction of iron(lll) oxide by carbon monoxide is shown.
Fe,Os(s) + 3CO(g) — 2Fe(s) + 3CO,(g) AH® = -24.8kImol™

The entropy change, AS 5., for this reaction is +15.2Jmol™'K™'.

(i) Explain why the reaction should be feasible at any temperature.

X { ResultsPlus
/--._ Examiner Comments

This is an example of a fully correct answer as the candidate has
explained clearly why the reaction is feasible at any temperature.
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(b) The équatiun for the reduction of iron(lll) oxide by carbon monoxide is shown.

Fe,0s(s) + 3CO(g) — 2Fe(s) + 3CO,(q)

The entropy change, ASS.m, for this reaction is +15.2Jmol™ K.
(i) Explain why the reaction should be feasible at any temperature.

.....................................

AH® = =248k mol™’

'w

ResultsPlus

Examiner Comments

Here the candidate failed to mention the entropy change of the system
so scored no marks. This was a common wrong answer.

' \
e 1
1

M4\ ResultsPlus

Examiner Tip

When answering entropy questions candidates should comment on
the contribution made by both the entropy of the system and the
entropy of the surrounding to the total entropy change.
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Question 21 (b)(ii)

The majority of candidate were familiar with this type of question and the answers seemed
well rehearsed. The most common error was to miss out that the entropy change of the

system hardly changes with temperature.
' £ 5-_-..,” w«u bE posiiie

1--1- v I?- d&m ——
4--. Pesifive ANnd dhe pgaetion ..,al Praq vatuﬂs
ii) Explain how an increase in temperature wou total D this rea lcn W;w,—e

No calculation is required.
(3)

......ma.mgss..&...,.jc:mapﬁméum ....... wauQ..,....de.a.mm,ﬂ_..:»_%ﬁ.....

Zl%vffmuy\d;’hg%ASE’&UFﬂrUdrwa?‘?H S - "SR

wekmuésé@wéfss'*ASf
L e AL,y woeold dearease,

vd ;“' "\J“e_ ’
%j ResultsPlus
Examiner Comments

Here the candidate failed to mention the entropy change of the system
hardly changes with temperature and so scored 2 marks.
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(i) Explain how an increase in temperature would affect ASS., of this reaction.
No calculation is required.

(3)

owd .’PL*‘-M \Ms %va

L\jgw-r-pw@'r} s Lﬁl

N;y.... s i ""k ...... Q‘\“ﬁ\&t— H}N‘Fusﬂm‘:
‘xti“\rr:r u:‘xwa_h

Gn_fgsw “\“‘S’* &‘-‘1 R M\'\- ’9{ \*J! POHJ':JV{_

7" W'.'kb\

4 \

I\

i( ResultsPlus
Examiner Comments

Here the candidate has fully explained the effect of increasing the
temperature on the total entropy change so scored 3 marks.
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Question 21 (c)(iii)

Although there were some excellent answers, in general this question proved to be more
challenging than expected. A number did not understand that there was repulsion between a
negative ion and an incoming electron and there was also confusion with ionisation energies.

(iif) Suggest why the second electron afﬁnity of oxygen is positive,

_cemoe. 1¢wm3r me ngﬂen &m o el

level s e geavd Cloctun

ﬂR&suﬁsﬂus
Examiner Comments

This candidate is confusing electron affinity with ionisation, so no
marks scored.

-y ‘-’Mjﬂm i pqﬂhm

(i) Suggest why the second electron affinity of oxygen is positive.
(2)

%%m%kwwmmem%hnwmmmm&@e

N

ﬂR&suﬁsﬂus
Examiner Comments

Here the candidate appreciates there is repulsion between electrons,
but they have not mentioned the negative ion so only 1 mark scored.
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(iii) Suggest why the second electron affinity of oxygen is positive.

............ The. . Second. eleckon. affnity 0(8'
..... endb thermre . #e

..... Stable, fﬁoyn O~

I\

ig ResultsPlus
Examiner Comments

Just saying the electron affinity was endothermic was quite a common
incorrect answer. No marks scored.

(iii) Suggest why the second electron affinity of oxygen is positive.
(2)

Eﬂﬂ.raﬁ 1o..0equed...o...ovexcome.. Hhe...electrostatic.
epoleive .. Soveea  betwerm. e mﬁarhvela char%zd

O am..angd....elechon... e

N\

ig ResultsPlus
Examiner Comments

A fully correct answer as both scoring points are made.
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Question 21 (c)(i)-(ii)

Candidates seemed very familiar with Born-Haber cycles, and most were able to correctly fill
in the boxes. However, the calculation was less successful as many struggled to rearrange the
data correctly. In addition, there were elementary arithmetic errors and miscopying of values
which should have been avoided with careful checking.
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(i) Complete the Born-Haber cycle by putting letters in the boxes to label the

energy changes.
| (3)
Fe*(g) + O*(g)
\ .
Fe™(g) + O(g) ,
'ﬁ:.-
VA s
Fe'(g) + %0,(g) Fe™(g) + O(g) ¥
A
C
Fe'(g) + 140,(g)
M
&
3
Fe(g) + %0,(g)
M
A
Fe(s) + %0(g)
©
FeO(s) v )

(ii) Calculate the value for second ionisation energy of iron, C.

Ge-T: D (A3B1 ) (2)

S - S SerwEaiRe e 4 0)

TRV ILT~ I ..."I'L"q"i ey e N
cey C- 4 32%) W el
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N,
ﬂﬂesuﬁsﬂus

Examiner Comments

This candidate has correctly filled in the boxes but has been unable to

use the data to calculate the second ionisation energy. The candidate
scored 3 for ci and O for part cii.

-

V \ ResultsPlus
\

Examiner Tip

Practise using Born - Haber cycles to calculate any enthalpy change,
not just lattice energies.
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Paper Summary

Based on their performance in this paper, candidates should:

e read the question carefully and make sure they are answering the question that has been
asked

e practise writing structural, displayed and skeletal formulae for a wide range of organic
compounds

e practise organic mechanisms, paying particular attention to the origin and destination of
the curly arrow

e check explanations carefully to ensure that they answer the points outlined in the
guestion

¢ avoid using the terms ‘bigger’ or ‘smaller’ when answering questions involving enthalpy or
entropy changes. Instead use phrases such as more exothermic

e revise exothermic and endothermic reactions relating them to the correct signs and
temperature changes.
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Grade boundaries

Grade boundaries for this, and all other papers, can be found on the website on this link:

https://qualifications.pearson.com/en/support/support-topics/results-certification/grade-
boundaries.html
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