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Introduction

This was the second session of the International Advanced Level Chemistry Unit 4 paper.
There was a small entry for the first paper in January 2014, but there was a larger entry for
the June paper. The specification and style of examination paper are exactly the same as
the 6CHO4 paper, so the candidates had plenty of opportunity to work through past papers
to develop their examination technique.

Successful candidates:

e read the questions carefully and addressed all parts of the question in their answer;

e used scientific terminology correctly;

e completed calculations correctly;

e gave concise but detailed explanations where required;

e drew a clear mechanism for the reaction between propanal and cyanide ions;

e used the information given in the question and thought about the chemistry involved;
e wrote balanced equations;

e checked their work, particularly in calculations, to avoid careless errors such as missing
or incorrect signs or units.

Less successful candidates:

e did not read the questions carefully and assumed the answer required was the same as
in a past paper;

e made careless errors in calculations and did not think about the chemistry involved to
realise that their answer could not be correct;

e did not express their understanding clearly when explaining concepts;

e did not use all the information given in the questions to help them in their answers;
e did not write balanced equations;

e did not relate a rate equation to the mechanism of a reaction;

e did not understand the use of curly arrows, dipoles and charges in an organic
mechanism.

The majority of candidates were proficient in carrying out calculations and just made an
occasional careless slip. In future, candidates need to concentrate on expressing their ideas
clearly and concisely when explaining chemical concepts.
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Question 18 (a)

Although many candidates were able to work out the molecular formula for citronellal, a
significant number wrote down the wrong number of hydrogen atoms. Some candidates
gave a structural formula, some wrote C;H,,CHO and some even tried to give a systematic
name as their answer.

| 18 Citronella oil is obtained from lemongrass.
It is a source of chemicals for the perfume industry.

Three of the aldehydes found in citronella oil are shown below.

r‘
I ! ' '
Ch~L= g =~ C-C - ¢~ [l
' | citronellal

geranial

neral

{a) Give the molecular formula for citronellal.

Examiner Comments

This candidate drew a structural formula by the skeletal formula but then
used this to help work out the correct molecular formula. This response
scored 1 mark.

A

ResultsPlus

Examiner Tip

It is often helpful to draw a displayed or structural formula
by the skeletal formula and then count the numbers of atoms
from that.
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Question 18 (b)

The majority of candidates could identify the chiral carbon atom. A small number of
candidates thought that it was the carbon atom joined by the double bond to oxygen.

(b) Citronellal has one chiral carbon atom.
Draw a circle around the chiral carbon atom on the structure of citronellal below.
(1)

ius

Examiner Comments

This candidate has circled a carbon atom with two hydrogen atoms attached,
so did not score a mark.

A

ResultsP

Examiner Tip

Chiral carbon atoms have four different atoms or groups of
atoms attached to them.
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{b) Citronellal has one chiral carbon atom.
Draw a circle around the chiral carbon atom on the structure of citronellal below,

PSS

n

us

Examiner Comments

This candidate has identified the correct chiral carbon atom and scored 1
mark.
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Question 18 (c) (i)

Many candidates did score both marks for this answer, but a significant number just
mentioned restricted rotation, without referring to the C=C or TT bond. Many candidates
did not make it clear that there must be two different atoms or groups of atoms attached
to each carbon atom in the double bond. A few candidates used a simple diagram to
explain their answer. A small number of candidates thought that the C=0 gives rise to
E-Z isomerism and some described optical isomerism or the general requirements for
stereocisomerism. Some candidates gave elaborate explanations of the E-Z system and
did not answer the question. Some candidates incorrectly described different molecules
attached to the carbon atoms in the C=C.

'E*. (c) Geranial and neral are a pair of E-Z isomers.

(i) Explain how this type of isomerism arises.

Plus
/\ Examiner Comments

This answer did not score any marks as there is no mention of restricted
rotation around the C=C and it refers to molecules attached to a carbon
atom. There are different atoms or groups of atoms attached to the carbon
atoms but not molecules.

N

ResultsP

Examiner Tip

Make sure you understand the difference between an
atom, a molecule and a group of atoms and use the correct
terminology in answers.
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(c) Geranial and neral are a pair of E-Z isomers,

(i) Explain how this type of isormerism arises.
(2)

f"‘J&Mb*bMGM(I)MMGﬁDM-hM
anurd g Cethon - Codbor  bovel sl So  the  pordul

. goovps _arl. ﬂ.xat oA alowd  fo retafe  and

WS & A 5:1 the  side  odwch is atiacked /I'M

<Eﬂ ResultsPlus

Examiner Comments

This response refers to the restricted rotation around the TT
bond, but there is no mention about the requirement for two
different atoms or groups of atoms attached to each carbon
atom. This scored 1 mark.

(c) Geranial and neral are a pair of E-Z isomers.

(i) Explain how this type of isomerism arises,
(2)
“ C re p_| ' ' c +; '_Iree ro_‘a.-l I d H M mmmmm A= g g re pe e e wees d e d oo o b g s be B e e e mmm e o e e e b e e

E‘*‘?’.‘T‘ Aﬂ“”’ ‘-’_L"""“"’L“i Corbown L\“-lﬂt*““*"*'*

Examiner Comments

This is a good answer and it scored 2 marks.
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Question 18 (c) (ii)

The majority of candidates could circle the correct double bond. A few candidates circled
both double bonds, even though one of them has two CH, groups attached, showing they

did not understand E-Z isomerism. A small number of candidates circled the aldehyde
group.

(i) Draw a circle around any part of the geranial structure below that causes its
E-Z isomerism. :

l O
//§/'/F\\\/ 7 TRy J\“\ H

ﬁ ResultsPlus

Examiner Comments

This answer did not score a mark. The double bond circled
here has two CH, groups and one of the requirements for E-Z
isomerism is that each carbon atom must be attached to two
different atoms or groups of atoms.

(iiy Draw a circle around any part of the geranial structure below that causes its
E-Z isomerism,

- A P ’,«L
PV NP S N

H

ﬁ ResultsPlus

Examiner Comments

Many candidates circled the correct double bond and scored 1
mark.
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Question 18 (d)

The majority of candidates were familiar with one of the tests for aldehydes. Common
errors included: not mentioning that a red precipitate forms with Benedict's or Fehling's

solution, omitting the use of sulfuric acid with potassium dichromate(VI) solution and mixing

up the reagents and observations. Only a small number of candidates suggested using
2,4-dinitrophenylhydrazine to test for the aldehydes which on its own, is not sufficient.

make,

f:}.\ l\lr ey cONCTE I

(d) Describe a simple test tube reaction to show that these three carbonyl
compounds are aldehydes and not ketones. State the observation you would

ben Eov AdS

L temeoind.ande AL S e endames. Seems e

Hcﬂ‘xﬁfpti})btu-%m\m%w;spttwlt‘

[

(2)

Selwbion

{ i "..irﬁ LS

ﬁ ResultsPlus

Examiner Comments

This candidate has added a correct
reagent, so scores 1 mark. However,
they have given the observation for a
different reagent.

Examiner Tip

Revise the reagents and observations for the tests
for aldehydes so that you do not mix them up.

(d) Describe a simple test tube reaction to show that these three carbonyl
compounds are aldehydes and not ketones. State the observation you would
make.
(2)
A.dd these three C.r. B om.f C42.00. -G ke 0.5 er= =) hect . ¥ e
ocantaialng. ... follenc. .. reagenty. . 0.ne at & Eln . . AR
co.mp. fuand..... ek aldehg G L cilwer Caa XN FY O - e
14 1 A kelonkt nothirs X 0. bt ol

ResultsPlus

Examiner Comments

This is a correct answer and scored 2 marks.
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Question 18 (e) (i-ii)

The majority of candidates were familiar with skeletal formulae and were able to
differentiate between the reducing abilities of hydrogen and lithium tetrahydridoaluminate.
However, some candidates thought that hydrogen with a nickel catalyst would reduce the
aldehyde group or reduce the double bonds and aldehyde group and some candidates
thought that lithium tetrahydridoaluminate(III) would reduce the double bonds. Some
candidates did not draw the skeletal formulae accurately and they missed out a carbon
atom, particularly in part (ii) by attaching the OH group directly to the C=C, or lost a methyl
group. Candidates should be aware that additional hydrogen atoms that are not part of a
functional group do not need to be shown in a skeletal formula, although on this occasion,
additional hydrogens were allowed alongside the OH group.

(e) The skeletal formula of neral is shown below,

Draw the skeletal formula for the organic product of the reaction of neral with

(i) excess hydrogen in the presence of a nickel catalyst.

(i) lithium tetrahydridoaluminate(lll) (lithium aluminium hydride) in dry ether.

IAL Chemistry WCHO04 01
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This candidate reduced the aldehyde and double bonds with hydrogen and a nickel catalyst,
instead of just the double bonds. They also reduced one of the double bonds with lithium
tetrahydroidoaluminate(III) instead of the aldehyde. This answer did not score any marks.

OO ResultsPlus

Examiner Tip

Learn which groups are reduced by the different
reducing agents in the specification.

(e) The skeletal formula of neral is shown below.

Draw the'skeletal formula for the-organic product of the reaction of neralwith

(i) excesshydrogendn the presence ofa nickel catalyst. - - &
(1)

Ho

(i) lithium tetrahydridoaluminate(lll) (lithium aluminium hydride) in dry ether.
(1)
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Examiner Comments

This candidate has scored 1 mark for the correct answer to (ii). They have

oxidized the aldehyde to a carboxylic acid in (i), which is incorrect. Hydrogen is
a reducing agent.

A
2@ ResultsP

Examiner Tip

us

The 2 additional hydrogen atoms attached to the carbon with the OH group are

not needed in a skeletal formula as they are not part of the functional group.
However, they were allowed on this occasion.

Draw skeletal formulae without any additional hydrogen atoms.

(e) The skeletal formula of neral is shown below.

//\\\\\' T

H 0]

Draw the skeletal formula for the arganic product of the reaction of neral with

(0 _}xcess hydrogen in the presence of a nickel catalyst.
| |
R

f (ily fithium tetrahydridoaluminate(lll) {lithium aluminium hydride) in dry ether.

M
1. OH

m

e

(1
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Examiner Comments

This candidate has scored 1 mark for (i). They have left the double bonds in
their answer to (ii) and reduced the aldehyde to an alcohol which is correct, but

they have lost a carbon atom on the right of the chain by linking the OH group
directly to the C=C.

A

ResultsPlus

Examiner Tip

Draw skeletal formulae carefully and check that you have the correct number
of carbon atoms.
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Question 19 (a)

The majority of candidates were awarded full marks for this question.

Some candidates did not explain their reasoning for the orders in (i) and omitted need

to keep the concentrations of the reactants, other than the one being changed, constant.
Those who chose to use experiments 2 and 3 to deduce the order of reaction with respect
to H* ions, invariably got into difficulty. Some candidates did not understand the significance
of the graph in part (ii) and thought it was zero order as it was a straight line. Candidates
should look carefully at the axes for the graph. Some candidates did state that the reaction
was first order with respect to iodide ions but gave an imprecise explanation such as 'the
rate increases as the concentraion increases'. Some candidates omitted the units in (iv).

19 (a) A student investigated the kinetics of the reaction in which an acidified, aqueous
solution of hydrogen peroxide oxidizes iodide ions to iodine.

H.0,(aq) + 2H*(aqg) + 2I(aq) — 2H,0{) + lLilaq)

() The results of three experiments are shown in the table below,

|

|

] Experiment [H,0,(aq)] [H*(aq)] fI<{ag)] Initial rate of reaction
number /moldm™® | /moldm™® / mol dm™? / mol dm=3¢

‘ 1 0.5 : 1.0 0.5 7.0 x 106

| 2 1.0 ‘. 1.0 0.5 1.4 x10°

; 3 0.5 | 2.0 0.5 7.0 x10°

Determine the order with respect to hydrogen peroxide and H(aq) ions.

Explain your reasoning.
(3)
Order with respect to H.0,(aq)

'ﬁmmmw Land 2, fha oonavstion o} m;z? doabls, Fhe dibel _vate of..
mm-dm&lxs

Order with respect to H*(aq)

. aMlmiiTknmwﬁpfmmqaﬂ*a?mﬂmﬁllem#rmm
uf Yeaction... dobles. .

—Jo that. the ondec. with. mrmttu I'M-B’
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(Y The student carrled out threa more exparimants in which the inltial
concentrations of hydrogen peroxide and H*(aq) lons were kept constant and

the initial concentration of lodide lons was changed,
A graph of the results is shown below.

Initial rate
/ moldm s

[I-(ag)] / mol dm~*
State the order with respect to -(ag) and explain your reasoning. o
(ifi) Use your answers to (a)(i) and (a)(ii) to write the rate equation for the reaction. "

Ko = H[H:0a (][ el

(iv) Use the data from the table and your answer to (a)(iii) to calculate the value
for the rate constant. Include units in your answer,

Trom . 1, (2)
Lote = 4 x 08% Lo
To%fet = £ xo5

A= A X (078 e e 5!
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ﬁ ResultsPlus

Examiner Comments

This candidate has explained the order with respect to hydrogen peroxide, so scored
1 mark for part (i). They have chosen experiments 2 and 3 to deduce the order with
respect to hydrogen ions, but have not realised that the concentration of hydrogen
peroxide is also changing.

The order with respect to iodide ions is incorrect so did not score a mark. If it was zero

order, there would be a straight, horizontal line showing that the rate does not change as
the concentration changes.

The rate equation and rate constant in parts (iii) and (iv) are consequentially correct and
scored 1 and 2 marks respectively.

A
Q ResultsPlus
Examiner Tip

When deducing an order of reaction, select
experiments where the concentration of only one
substance is changing, if possible.
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19 (a) A student investigated the kinetics of the reaction in which an acidified, aqueous

solution of hydrogen peroxide oxidizes iodide ions to iodine.

H,0,(aq) + 2H*(aq) + 2Iag) — 2H,0() + L(aq)

(i) The results of three experiments are shown in the table below.

Experiment

number

{H;0:(aq)]
/ mol dm™

[H*(aq)]
/ moldm™?

[I(aq)]
/ mal dm™

Initial rate of reaction
/ mol dm=>s!

1

0.5

1.0

0.5

L7.0x10°

2

10

10

0.5

1.4 x10°

3

05 .

20

0.5

[ ?.UK“)"'

Determine the order with respect to hydrogen peroxide and H*(aq) ions.

Explain your reasoning.

Order with respect to H,0,(aq)

1 o RO w14 T exper

(3)

wonks Voand 2 when

E“loﬂ-ﬁf';doub\x]an&f“ﬂawlffjam\ap’cmnsiarr\r,*ﬂw_

Tnital rate s alse. doub\ed.

Order with respect to H*(aq)

O, when TR s dooblad, and [MON ad L17) s lept

coostank.,. e

]tﬂps://xu%ﬁbp&fs'i“is"y WCHO04 01

- inidia).. rade does.. ek, change...




(i) The student carried out three more experiments in which the initial
concentrations of hydrogen peroxide and H*(aq) ions were kept constant and
the initial concentration of iodide ions was changed.

A graph of the results is shown below.

Initial rate
J/moldm s’

[F(aq)] / mol dm
State the order with respect to I(aq) and explain your reasoning.

(2}

..oF Ahe.gragh 1 cocstact. 0d. passes Yheowh Hw acigyn.: . This. wears.
dEvR i3S diecHy  prapeckoeal. Ao LT

(iii) Use your answers to (a)(i) and (a)(ii) to write the rate equation for the reaction,

(1)
Fate = k EH_-LO:_} E 1 ]
(iv) Use the data from the table and your answer to (a)(iii) to calculate the value
for the rate constant. Include units in your answer.
(2)

T %107 2 L xp.s x C.5

s

- =| 3 =
L = 2.8 x107% mol” dm’ ¢

ResultsPlus

Examiner Comments

This candidate has answered all parts of the question correctly.
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Question 19 (b) (i)

Some candidates answered this question very well as they were able to deduce balanced
equations for the mechanism. A wide variety of equations were accepted on this occasion
but candidates should try to think about whether the mechanism they have suggested is
one that is likely to take place. Many candidates showed that they did not understand the
link between rate equations and mechanisms. Some candidates did not use the fact that the
reaction is second order with respect to nitrogen dioxide and started the rate determining
step with just one molecule of nitrogen dioxide or they included other species. Candidates
should check that their equations are balanced in terms of atoms and charges, and that

the two steps add up to the overall equation.

(b) Nitrogen dioxide reacts with carbon monoxide.

NO,(g) + CO(g) — NO(g) + CO(g)

———

The reaction is second order with respect to nitrogen dioxide, and zero order with
respect to carbon monoxide.

(i} Suggest a possible two-step mechanism for this reaction.

Write the rate determining step first.

Rate determining step

2 N’O'.?.. IQ"“O*GL

Step 2

ResultsPlus

Examiner Comments

This answer scored 1 mark for a correct rate determining step.
The equation for Step 2 is not balanced.

ResultsPlus

Examiner Comments

Always check that your equations are balanced.

IAL Chemistry WCHO04 01



(b) Nitrogen dioxide reacts with carbon monoxide.

NO;(g) + CO(g) — NO(g) + CO,(q)

The reaction is second order with respect to nitrogen dioxide, and zero order with
respect to carbon monoxide.

(i) Suggest a possible two-step mechanism for this reaction,

Write the rate determining step first.

Rate determining step

Siou:,
O IN0, N, —= aNo,

‘ Step 2
QNOL_?L 200

ANO t 9cCo, ...

ﬁ ResultsPlus

Examiner Comments

These equations did not score any marks. The rate determining
step does not start with 2NO, and the two equations do not add
up to the overall equation.

Q ResultsPlus

Examiner Tip

Use the orders to work out the rate determining step. The rate
determining step for this reaction must only have two molecules of
nitrogen dioxide on the left of the equation as the reaction is second
order with respect to nitrogen dioxide and zero order with respect to
carbon monoxide. You can then deduce the equation for Step 2 as the
two equations must add up to the overall equation.
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(b) Nitrogen dioxide reacts with carbon monoxide.
NO.(g) + CO(g) — NO(g) + CO,(g)

The reaction is second order with respect to nitrogen dioxide, and zero order with
respect to carbon monoxide.

(i) Suggest a possible two-step mechanism for this reaction.

Write the rate determining step first.
(2)
Rate determining step

A NOy T2 ON
)
Step 2

+IUs

Examiner Comments

This is a very good answer and it scored 2 marks.
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Question 19 (b) (ii-iv)
The majority of candidates scored full marks for these question.

A few candidates looked up the wrong entropies from the Data Booklet and a few wrote
them down incorrectly, for example, they wrote 213 instead of 213.6. A few candidates
added and subtracted the numbers incorrectly. The majority of candidates did include the
correct sign and unit in their answer. A few candidates confused ] and kJ in part (iii) and
some forgot the minus sign in front of the enthalpy change. A few candidates tried to add
together entropy changes in different units in part (iv). A few candidates were confused
about the difference between enthalpy and entropy and wrote statements such as 'AS is
positive so the reaction is endothermic and not feasible'.

(i) Calculate the standard entropy change of the system, AS, . for the reaction
between nitrogen dioxide and carbon monoxide at 298 K. Include a sign and
units in your answer.

You will need to use the standard molar entropies on pages 20 and 27 of the

Data Booklet. 5 t cn.. ¢
Cco att. > 3.0 AL /Cga 213.6 @2
o R0A2. nio.F Tl k!
NO, B 2%0.0

O Spisten = 2 pudvsh — > recctanb

= }r_l\o.? + 213.61 - C 24e.0 ¥ (ﬂn.g:(
> Haul3e — 8% b = =(3.3 Tmel K7

(iii) Given that AH3, for the reaction between nitrogen dioxide and
carbon monoxide at 298 K is -226 kJ mol™, calculate the standard entropy
change of the surroundings, ASsroundngs fOr this reaction at 298 K. Include a
sign and units in your answer,

1

ACS - -Al [ 266 XI0T0 - H¢geoo
Sun T 2% 298

T = 89262 Tad™ K™

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

. State what the sign of AS,,, indicates about this reaction at 298 K.
~ g2 +(-18.3) ¢ —9e5 T2 Tk

(2)

| Fshagly renebt ASpg mses b ek i NoT
feonll| qusdtan, Spoafaneow, o 272 E-

IAL Chemistry WCHO04 01
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AC

AS gamvouvddy =

ﬁ ResultsPlus

Examiner Comments
Part (ii) is correct and scored 2 marks.
The candidate has used 266 in their working instead of 226 so the

was awarded in part (iii).
Part (iv) is consequentially correct and scored 2 marks.

numerical value is incorrect and the sign is also incorrect so no mark

us

A
- OO ResultsP

Examiner Tip

Check that you copy numerical data from questions carefully.

Check the sign carefully. If there are two minus signs, the final
answer will be positive.

(i) Calculate the standard entropy change of the system, AS, ..., for the reaction
between nitrogen dioxide and carbon monoxide at 298 K. Include a sign and
units in your answer,

You will need to use the standard molar entropies on pages 20 and 27 of the
Data Booklet.

(2}

systen = Kma.e u:'l)-rr:alo-vj - ['1“\7'5 + 240 :&13

2 —=39.7 T mol™ Je!

e

(iii) Given that AHoqsfor the reaction between nitrogen dioxide and
carbon monoxide at 298 K is =226 kJ mol™', calculate the standard entropy
change of the surroundings, a.s;‘,,md.ng,, for this reaction at 298 K. Include a
sign and units in your answer,

- C— 206 mmocﬂ

29¢

24758 3 mert g7

—

IAL Chemistry WCHO04 01
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(iv) Calculate the total entropy change, AS..., for this reaction at 298 K.

State what the sign of AS,,., indicates about this reaction at 298 K.

ASia = ~ 37+ TSE

- -
- +'-|]8‘-g *‘jmoﬁ‘ t

_

&g@;M u ?GS..ib‘V'E hence 'YIZGGhPDﬂ'l%

*‘*ew&u“m““ﬂ%ﬂb‘ea"”“‘

{2)

<J\4 ResultsPlus

Examiner Comments

1 mark for part (ii).

This candidate has selected the correct entropy values from the Data
Booklet but they have multiplied two of them by 2, even though
there are no balancing numbers in the overall equation. They scored

Part (iii) is correct and part (iv) is consequentially correct on the
incorrect value from part (ii), so these both scored 2 marks.

IAL Chemistry WCHO04 01
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(i) Calculate the standard entropy change of the system, AS.,..... for the reaction
between nitrogen dioxide and carbon monoxide at 298 K. Include a sign and
units in your answer.

You will need to use the standard molar entropies on pages 20 and 27 of the
Data Booklet.
(2)
bgads&m = erdc{wﬁi' - Z ceochunt .

= @.13.64- mo.?}- (240 + 197.6)
4.3 - 433
- 13.3 JL-{M,-I

i

A}

(ili) Given that AHqs for the reaction between nitrogen dioxide and
carbon monoxide at 298 K is -226 k) mol*', calculate the standard entropy
change of the surroundings, AS; cundngs fOr this reaction at 298 K. Include a
sign and units in your answer.

(2)
= - AH
AS -

su'.rfauﬂl'mda

i

— (-21¢000)
298
+ 7584 Tk ol

\\

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

State what the sign of AS,.., indicates about this reaction at 298 K,

(2}

p—

- A
ﬁs‘la-ba.l .

tem + ﬂss‘lw."js

= - 133 + T58.4
= +7745.1 J'k'lmal-f'

e seochion is jeasbe al 298k Besawse

1.15%][5 - pos dive

ResultsPlus

Examiner Comments

This candidate scored 2 marks for each part of the
answer.
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Question 20 (a) (i)

Many candidates drew clear mechanisms with a correct dipole, curly arrows and
intermediate. Some candidates lost a mark as they omitted the dipole. Some candidates
drew inaccurate curly arrows that seemed to start and end in space, showing that they
have not understood the meaning of the curly arrows and they had just tried to memorise
the mechanism. Candidates should understand that a curly arrow represents movement of
electrons. Common errors included not showing the charge on the cyanide ion, starting the
curly arrow at the carbon atom of the C=0 instead of the bond, joining the cyanide through
the nitrogen atom rather than the carbon atom and the arrow from O- to H* was frequently
drawn the wrong way round. A few candidates chose to write the mechanism for propanone
instead of propanal and they lost a mark for this.

20 Propanal, CH;CH,CHO, is used in the chemical industry in the manufacture of plastics,
and as a disinfectant and preservative,

(a) (i) Give the mechanism for the reaction between propanal and hydrogen
cyanide in the presence of potassium cyanide.

Include the dipole on the carbonyl group.

:‘q
u‘ Hr ‘pé:" 'H ] U" /-’-—._
1. ‘\ s "y 1 .u l
LL—(V._(:‘#C_..-H H»L—(_—Qﬂu H-qu
| A ) l
! \ ' CN
h H \ B H H
N
5 W OH
! 1
b~ C-c-C-H
\ 1
H )
CAJ
‘\'." .JCN_

us

<d\ A
Results+lus / Results#
Examiner Comments Examiner Tip
A curly arrow with a full arrow head represents the

This candidate has scored 2 marks for the .
movement of a pair of electrons.

correct dipole on the carbonyl group and

the correct intermediate. They have drawn A curly arrow with a half arrow head represents the
curly arrows with half arrow heads, which movement of a single electron. These are used in
is incorrect. reactions that involve free radicals.
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20 Propanal, CH;CH,CHO, is used in the chemical industry in the manufacture of plastics,

and as a disinfectant and preservative.

(@) (i} Give the mechanism for the reaction between propanal and hydrogen
cyanide in the presence of potassium cyanide.

Include the dipole on the carbonyl group.

¢ ugx/h-

he N _E e o+t
0
[
i,,./—‘:CN‘
SNy T
Calls
0O
W |

C p
/ﬁ%’crd —
Calls 1}

(4)

/K,

CGHg W

oW

/B
A e

Colls W

ﬁ ResultsPlus

Examiner Comments

This candidate has omitted the dipole on the carbonyl group. The
first two curly arrows and the intermediate are correct and scored
2 marks. There is a curly arrow from the H* ion to the lone pair of
electrons on the oxygen, which is incorrect.

us

A
@ ResultsP

Examiner Tip

A curly arrow represents the movement of a pair of electrons so it
cannot start from an H* ion that has no electrons! Curly arrows can
show the breaking of a bond by starting at a bond and moving to
the atom that takes the electrons or they can show the formation of
a bond by starting at a lone pair of electrons on an atom and moving
towards the atom that will join to it.
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20 Propanal, CH;CH,CHO, is used in the chemical industry in the manufacture of plastics,
and as a disinfectant and preservative.

(a) () Give the mechanism for the reaction between propanal and hydrogen
cyanide in the presence of potassium cyanide.

Include the dipole on the carbonyl group.

A Ty m
i e e
H H M W CN
(CN
__/\Hf“w
vy v e
H—lc-—t'\,—C"H __ﬂsH—C'f]’L._H LAY
H W LN ‘f‘ n CN

ResultsPlus

Examiner Comments

This is an example of a correct mechanism, scoring 4 marks.

A

OO ResultsP

Examiner Tip

us

Draw mechanisms clearly, as in this example.
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Question 20 (a) (ii)

The majority of candidates knew that this was a nucleophilic addition reaction, although a
number included S 1 or S, 2 in their answer and lost a mark.

Question 20 (b) (i)

Many candidates knew that propanoyl chloride was the required reagent for Step 1.
Candidates were asked to identify the reagent by name or formula. Some candidates
decided to give both name and formula, however, if one of these was incorrect, they did not
score the mark. 'Propyl chloride' and 'propanyl chloride' were frequently seen as incorrect
names and CH,CH,COOCI was a common incorrect formula.

(b) Propanal can be converted into N-methyl propanamide, CHyCH,CONHCH., in
three steps.

CH,CH,CHO
Step 1
CH,CH,COOH
Step 2
compound X

Step 3

CH,;CH,CONHCH,

(Il The reagent used in Step 2 is phosphorus(V) chloride, PCl;,
Identify, by name or formula, compound X.

{1}
C:H.g CHLCD C;l

us

A
ﬁ ResultsPlus Q ResuitsP

Examiner Comments Examiner Tip

This candidate gave the correct formula If you give a name and formula, both must be
but the name is incorrect, so they did not correct to score the mark. It is better to give the one
score a mark you are most confident is correct.

30 IAL Chemistry WCHO04 01



(b) Propanal can be converted into N-methyl propanamide, CH;CH,CONHCH,, in
three steps.

CH,CH,CHO

Step 1

v
CH;CH;C‘OGH 0

&
Ch,clh. C
Step 2 ?Clg T \OH s

\j

compound X ,»? \
CHe CHr C +"'C I\I‘)
Step 3
CH,CH,CONHCH, % C’H"’C ONHCH,

(i) The reagent used in Step 2 is phesphorus(V) chloride, PCls.

Identify, by name or formula, compound X.

CH; CHaCOCL v
pmpmo% cNoride

ﬁ ResultsPlus

Examiner Comments

This candidate gave the correct name and formula so scored 1
mark.
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Question 20 (b) (ii)

This is similar to (b)(i). If the name and formula are given, both must be correct to score
the mark. A number of candidates gave ammonia as the reagent for Step 3 and a few
mentioned an amide.

(b) Propanal can be converted into N-methyl propanamide, CH,;CH,CONHCH,, in
three steps.

CH,CH,CHO

Step 1

\J

CH,CH,COOH 0

Step 2 RCA S O

v
compound X ‘

# ,
| L O +-C—N
l Step 3 ( l'__:— |_'_J_l‘ L C \\G{ [] F

CH,CH,CONHCH,

(i) \dentify, by name or formula, the reagent needed for Step 3.
{1}

Methyf omine  CH3NH,

ﬁ ResultsPlus

Examiner Comments

This candidate has given the correct name and formula, so
scored 1 mark.
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(b) Propanal can be converted into N-methyl| propanamide, CH,CH,CONHCH,, in

three steps.
CH,CH,CHO

Step 1

L

CH;CH,COOH
Step 2
L

compound X

Step 3

v
CH;CI‘-hCON HCI[|3

(i) Identify, by name or formula, the reagent needed for Step 3.

NHB

/ (m

Examiner Comments

Ammonia was a common incorrect reagent.

Examiner Tip

the specification.

Learn the reagents required for the reactions in
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Question 20 (b) (iii)

The majority of candidates could work out that there are 4 peaks in the spectrum.

Question 20 (c)

Many candidates only scored 1 mark as they did not write a balanced equation and omitted
the water that is also produced. Some candidates started with propanoic acid and propan-
A few candidates omitted the hydrogen
atom from the central carbon atom of propan-2-ol in the alcohol and/or the ester, leaving
a three co-ordinate carbon atom. Some candidates wrote an equation for propanoic acid
reacting with propan-1-ol instead of propan-2-ol. However, they were given 1 mark if the

2-ol but drew the ester formed from propan-1-ol.

equation, including water as a product, was completely correct.

(c) Write the equation for the reaction between propanocic acid and
propan-2-ol, in the presence of an acid catalyst, showing the structure of the
organic product.

State symbols are not required.

CHayCHh, COOW 4+  CW, CHOWCHy

ChyClaCQbu 4

ResultsPlus

Examiner Comments

This candidate has shown the correct structure for the ester and
scored 1 mark. However, they have omitted water from the equation.

A

Examiner Tip

Check that your equations are balanced. Remember
that carboxylic acid + alcohol I ester + water.
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(c) Write the equation for the reaction between prapanoic acid and
propan-2-ol, in the presence of an acid catalyst, showing the structure of the
ofganic product.
State symbols are not required.
(2}

Wyloy (ag)

Chzch,coom + oW
3 CH, 3CHy CH O — CHyCH, cODChgHa CHy 4 By

ResultsPlus

Examiner Comments

This candidate has underlined propan-2-ol in the question but has
written an equation with propan-1-ol. The equation is correct so they
were awarded 1 mark.

OO ResultsP

Examiner Tip

Read the question carefully and check that you have
written the correct formula for the reactants.

(c) Write the equation for the reaction between propanoic acid and
propan-2-ol, in the presence of an acid catalyst, showing the structure of the
organic product.

State symbols are not required. A + water.
Peopuric acid peopan 1o\ > 3 = metey t\rk:)\'P‘O?ano te

CH!.CH.L{DGH + cHSCHLoH‘J W,

(2)
—> CHCH,CO0CH (CHy), + H O

— R s u
v H W O
'l e ve s ‘ ‘ '
S [l
H H H=~-C-H
)
W

Plus

Examiner Comments

This candidate has written a correct balanced equation and scored 2
marks.
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Question 20 (d)

The majority of candidates identified compound Q as an alcohol from the absorbance of the
O-H bond on the spectrum. Many candidates just stated that it was propanol. They were
told that it was formed from propanoic acid, so they should have stated that it was propan-
1-ol. Some candidates thought that they could identify an amine group on the spectrum.
This was surprising as they were told that compound Q was formed by the reduction of
propanoic acid. Candidates need to use all the information given in the question and not just
try to identify a peak using the Data Booklet.

(d) A sample of propar:gic aci‘a wa;.reduzed to form compound Q._ v

The infrared spectrum of compound Q is shown below,

AT
|

0 LI B e e e e e e —T—r T T
! ' | [ [ |
4000 3000 2000 1500 1000 500

100 4

v

Transmittance / %

Wavenumber / cm™’
Use the infrared spectrum to identify compound Q.

Explain your reasoning, quoting suitable data.
(2)

Compovnd & Qs Pipan-1-ol _as  dwe |
s 00 abochbun . Seen i the . TR sepechur vt
Evmpwﬂ(l@ ________ e

Examiner Comments

This candidate has identified propan-1-ol and stated there is an OH
absorption but they have not stated which peak is caused by the OH
group. This answer scored 1 mark.

Always identify a peak by stating the bond that causes
it and quoting the wavenumbers or indicating it on the
spectrum.
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(d) A sample of propanoic acid was reduced to form compound Q.

The infrared spectrum of compound Q is shown below.

100 —
A
Transmittance / %
|
0 'I‘_—l_rTflllll'l_"l"[_"TT_ll T T T Bl I T T T L I T T LE T 'I
4000 3000 2000 1500 1000 500

Wavenumber / cm™
Use the infrared spectrum to identify compound Q.

Explain your reasoning, quoting suitable data.

(2)

- C/(
- B'Irr:?a‘:‘t‘ r?e nk ot c.x.rOl.AMCzl e 2200 owm Cc\-'{ur)dﬂ MJ
Ao e obeebel Gl escnce of  oleobol.

ﬁ ResultsPlus

Examiner Comments

This is an example of a common error. The candidate has identified
the alcohol group from the wavenumber, but has not stated which
propanol is formed. This answer scored 1 mark.

OO ResultsPlus

Examiner Tip

If there are two or more possible isomers, state which
one is present.
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(d) A sample of propanoic acid was reduced to form compound Q.

The infrared spectrum of compound Q is shown below.

100 ‘|
Transmittance / %
0 l | L. | ' L B 'I' T T T I Ll T I T T T ]
4000 3000 2000 1500 1000 500

Wavenumber / cm!
Use the infrared spectrum to identify compound Q.
Explain your reasoning, quoting suitable data. _
' (2)
- .?_!..9...9.9._1(_1..:.-_._.1 ol .. ,,.E‘;.m.Pﬁun 4. T _?..,f..p_Fﬂ..!’..‘....:....l...‘_ ol because..
L SR of RN Y Q‘H'*'—?fﬁ-*-‘. nee.ob 0 beoad absocpher.. peak

wiich  cosults Koo 0—H ot alcovels i Yhe  re a5e. 11003250

-\

us

Examiner Comments

This candidate has identified the OH peak and the specific alcohol and
scored 2 marks.
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Question 21 (a)

Many candidates were able to give correct expressions for K and to calculate its value.
Some candidtes omitted to show the partial pressures in the expression and some used
square brackets. A small number of candidates gave the symbols of hydrogen and iodine as
H and I. There were many correct calculations and many of the successful candidates set
out their working clearly, using a table. Some candidates gave incorrect equilibrium moles
for hydrogen and/or hydrogen iodide but they did receive consequential marks following
from these errors. The majority of candidates stated that there were no units or showed
them cancelling, but a few just left out this easy mark.

21 This question concerns the reaction of hydrogen with iodine to form hydrogen iodide
at 700 K.

H.lg) + Llg) = 2Hl(g) AH=-10k} mol"’

(@) (i) Write the expression for the equilibrium constant, K, for this reaction.
=
kp = P (HT)

P (Hz)P(Iz)

(1)

*(ii) 1 mol of hydrogen was mixed with 1 mol of iodine in a sealed container and
left to reach equilibrium at 700 K.

The total pressure was 5 atm.
At equilibrium, the amount of iodine remaining was 0.21 mol.
Calculate the partial pressure of each gas at equilibrium,

Use the partial pressures to calculate the value of K, stating its units, if any.

(5]
H, 4 ’ —Tz. : 2 T
S ; f -
MW 6.2 -
) ©-2/ 0. 4% (0 §4)
oy
oabon,, Q2 0.2 o
b ﬂjﬁ- 5_54 'ﬁ-@-
Poshig . provmusy @2 x & AT ~ O 42 15
o-84 O-% 4 o fa
= 25 -5 2.5.
]»:p = (2 *;')-7— N
o5y F
Kot UNS 00 st AR
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ﬁ ResultsPlus

Examiner Comments

The expression for K, is correct and scored 1 mark.

The number of moles of hydrogen at equilibrium is correct but the
number of moles of hydrogen iodide is incorrect. However, the rest
of the calculation is consequentially correct, including the units, so
this answer scored 4 marks.

A
Q ResultsPlus
Examiner Tip

Always show your working clearly as you can still score
consequential marks, even if you make an error in a
calculation.
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21 This question concerns the reaction of hydrogen with iodine to form hydrogen iodide
at 700 K.

Hi(g) + L(g) = 2HIlg) AH=-10kJ mol"

(a) (i) Write the expression for the equilibrium constant, K, for this reaction.
(1)

K, = & (HIY
elrt) v p 1)

*(ii) 1 mol of hydrogen was mixed with 1 mol of iodine in a sealed container and
left to reach equilibrium at 700 K.

The total pressure was 5 atm. —2

At equilibrium, the amount of iodine remaining was 0.21 rpgl)’
Calculate the partial pressure of each gas at equilibrium,

Use the partial pressures to calculate the value of K, stating its units, if any.

6 . 6

(s)
I, | v, QI{_J
—2 k .

o.u | 0.2 | 1.3 | . g kel

?”\"‘P fressuce = MﬂDa Gecton (ol e
. 0,525 Ae.
WI): o2t <o - ®.928. Ao PLHQB 0.
2
p(M1) = 23R .5 . zasda
3

K=.86.0@ i WO OIS,

. Examiner Ti
Examiner Comments P

A
2@ ResultsP!

us

This candidate has given incorrect symbols for Use correct formulae for the
hydrogen and iodine so does not score the mark reactants and products from the
for part (i). The calculation in part (ii) is correct, balanced equation.

including the units, so 5 marks were awarded.
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21 This question concerns the reaction of hydrogen with iodine to form hydrogen iodide

at 700 K. _
jﬁal J:f [“II]
Hy(g) + 1,(g) = 2Hl{g) AH=-10kJ mol”

01\
(a) (i) Write the expression for the equilibrium constant, K|, for this reaction.

(1)
I 1
| p(¥T)
P
o) xp(3s)
*(ii) 1 mol of hydrogen was mixed with 1 mol of iodine in a sealed container and

left to reach equilibrium @)

The total pressure w atﬁh

At equilibrium, the amount of iodine remaining was 0.21 mol.

Calculate the partial pressure of each gas at equilibrium.

Use the partial pressures to calculate the value of K, stating its units, if any.

(5)

Moberale Hy 1, W1

Mol adeted 1T 1 O
Mol ofeguckiim Lo®):-021 | 021 Jor0#): |58 Ll mole, ofagutibine:

Moledeebin C gior |4 couay [HE: 0.99
ﬁ’afio.lpﬂiw 0-5LY | oS 1.4)

| 1 ' L
| 0 Gl
| Ke* @) N ¢

A
ahnt

(mh o

ResultsP

Examiner Comments

us @ ResultsPlus

Examiner Tip

- Set out your working for calculations clearly, as in
This is an example O.f a completely this answer. If you do make a mistake, the examiner
correct answer, scoring 6 marks. can see where you have gone wrong and award
consequential marks for the rest of your answer.
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Question 21 (b)

The majority of candidates realised that there were the same number of moles of gas
on each side of the equation, so increasing the pressure would have no effect on the

equilibrium position.

vour answer by using the equation:

violes  of  aes  thee.

Fl

(b} State the effect of increasing the pressure on the equilibrium position. Justify

Hi(g) + L(g) =

H netleaA S~

2HI([g) AH=-10kJ mol”’

<I:P ResultsPlus

Examiner Comments

This candidate thought that there
were fewer moles of gas on the right

Examiner Tip

Count the number of gas molecules carefully. There
are two moles of gas on the left and two moles of gas
on the right of the equation.

of the equation, so did not score a
mark.

your answer by using the equation:

the. . eeacfon . e fhe

[b) State the effect of increasing the pressure on the equilibrium position. Justify
2
Hig) + 1:(g) =

No odfect. The number o mole

2

= 2HIlg) AH=-10 k) mol™

(1)
on .. bath. Sicle Sf

samd ..

<EP ResultsPlus

Examiner Comments

The candidate should have referred to the
moles of gas but in this equation all of the

awarded 1 mark.

reactants and products are gases so this was

A
Q ResultsPlus
Examiner Tip

When writing about the effect of a change
of pressure on a system in equilibrium,
always refer to the number of moles of gas
molecules.
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Question 21 (c)

Many candidates did get both parts of this question correct. A small number did not

look at the enthalpy change at the start of the question, so they did not realise that the
reaction was exothermic and so AS,, 4. WOUld become less positive and AS, would
also decrease as the temperature increases. Many candidates did state that the value for
K, would decrease and the yield of hydrogen iodide would also decrease but they explained
their answer in terms of Le Chatelier's Principle instead of the relationship between AS,
and InK, Some candidates stated that the equilibrium position would shift to the left but
they omitted to state what would happen to the yield of hydrogen iodide.

(c) () Explain how increasing the temperature affects the value of AS, of this
reaction. Assume that AS, .., does not change when the temperature

increases.
(2)

ji?"‘ii‘;ﬂw’??( f‘/"’ VZ ﬁlﬁ‘ C'}&";am(& f'z-'-d?' "«;'L‘éi ‘?(A““Sf;ﬂ? :
/0 ?ﬂ/f 1.’;‘&/‘{:2 .{ Alu,g&{‘t} ucéf{dmcw:t}t

*(ii) Use your answer to (c)(i) to explain the effect of an increase in temperature on

the value of K, and the equilibrium yield of hydrogen iodide.
(2)

ﬁ ResultsPlus

Examiner Comments

In part (i), the effect of increasing the temperature on AS_ .. 1S
correct and scores 1 mark. The effect on AS,

is incorrect.
Part (ii) scores 1 mark based on the incorrect change of AS,_  in (i).
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{c) (i) Explain how increasing the temperature affects the value of AS,., of this
reaction. Assume that AS, .., does not change when the temperature

increases.

" 3

B S g el e decrcest an.. A8

*(ii) Use your answer to (c)(i) to explain the effect of an increase in temperature on

the value of K, and the equilibrium yield of hydrogen iodide.
(2)

ke

o ﬁ ﬁ/f;fmiwrza .
o g .!1 edide  deeremsga T

ﬁ ResultsPlus

Examiner Comments

Part (i) is correct and scores 2 marks.

Part (ii) scores 1 mark for stating the effect of increasing temperature on
K., but the candidate has not explained the relationship between AS, |
and InK_
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(€) (i) Explain how increasing the temperature affects the value of AS,,, of this 7 “¢" 7" ™"

reaction. Assume that AS,,,..does not change when the temperature

increases.
(2)

Whep :R"‘“f e ra ‘h«.HL Ih crims ¢ D 0§ ufrvuhalfﬂj ‘[’ Loeaes
‘L“Fﬁ‘h“*-f‘”t“h Fo > Bligapem? __a $arvn """j o
B N R B L A

*(ii) Use your answer to (c)ii) to explain the effect of an increase in temperature on
the value of K, and the equilibrium yield of hydrogen iodide.

(2)
DSpps Rdnke  Sine By B dinetty prpurbonal

+v kp , Wher -hmfg,nfu»e increcae am,t A5l arc(reue
é, w,ft als q‘gr_rsn-,re i E?’hrbsnhm q’nu’h c!urtk.fe |
I‘Fﬁ’mfzrafwr Lo éat.{_.-,;‘,n/ a,\,{,ﬂmrﬁ,,c Pechonis
mhﬂhrLJ 5« QCLM({thr..m ji!H F l/xyq'r*ju ;p.!rd'( J&rwg

ResultsPlus

Examiner Comments

This is an example of a correct answer, scoring 4
marks.
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Question 22 (a) (i)

The majority of candidates knew that acids are proton donors. Some candidates stated that
acids release protons but did not indicate that they donate them (to another substance that

acts as a base).

(a) (i) State what is meant by a Bronsted-Lowry acid.

e ACBS e - Loy VAUPE YT 2 SN 1aVe= o =SSO = SUDEN o'~ TSP -1 ct‘n_'}u"aoﬂs‘.'

............. bose: . e

(1)

ﬁ ResultsPlus

Examiner Comments

The acid will have a conjugate base but the important point of
the definition is missing. This answer did not score a mark.

Learn the Bronsted-Lowry definitions for an acid and a
base.
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Question 22 (a) (ii-iii)
Many candidates were able to write the equation for lactic acid with water and the

expression for K. Some candidates omitted some or all of the square brackets from K_.

(i) Write the equation for the reaction of lactic acid with'water to form an acidic
solution. State symbols are not required.

iy CH@H)CO@W'{’%QO S CHa oo HBET

(iii) Write the expression for the acid dissociation constant, K,, for lactic acid.

]c:;' - [C L—lgC.HQOQDDj [H:Z
[Cu‘gct-\(o H)COG%U DLEOJ

ﬁ ResultsPlus

Examiner Comments

(1)

This candidate has not written a balanced equation for part (ii),
so did not score the mark.

They have included water in the expression for K, so did not
score the mark for part (iii).

A

Examiner Tip

Always check that your equations are balanced.
Do not include H,O in expressions for K.
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(i) Write the equation for the reaction of lactic acid with water to form an acidic
solution, State symbols are not required.
(1)

CH, cH[GRICOOK -+ W—DH = cyen(pr)eon + W07

(i) Write the expression for the acid dissociation constant, K, for lactic acid.
(1)

Ko * [emerionon fns ot)
_omcionoe RME1S

ey e (o) Covr |

ResultsPlus

Examiner Comments

This is an example of a correct answer, scoring both marks.
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Question 22 (a) (iv)

The majority of candidates were able to calculate the correct pH. Some candidates used
the pK, value as if it were K, and calculated a very low value of the pH of a weak acid, or
they calculated an incorrect value of K, from pK, . Many candidates were able to give two
assumptions that they made in the calculation, but some stated the same assumption
twice, albeit in different words. For example, 'no hydrogen ions from water' is the same
assumption as 'all the hydrogen ions are from the acid' or 'the concentration of hydrogen
ions is the same as the concentration of lactate ions'.

(iv) Calculate the pH of a solution of lactic acid of concentration
0.15 mol dm~ at 298 K.

The pkK, of lactic acid is 3.86 at 298 K.

State clearly any assumptions you have made.
(5)
Calculation:

_;Z’ka = -!vj lea
=) 2-8C = ~169 lon
2> jia: »’DPS[%
2 158 x00" " moddm™
‘{{a = CH;D+JL

JeHeH(oH ) eoH T
% 12
VR

| DH30* T = 0 0144 moldm™>
P = log LHy0t) = —1vg (00149 modden?)
= 189
SpH =184

i Assumptions:

T fﬂg 0" = JCH, CH(om) 80, Torre somtbers
;&ﬂqa’es?}ﬁﬂgﬂjkcﬂ&n C E4 1t B é/ . % 0t Sen S
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ﬁ ResultsPlus

Examiner Comments

This candidate has correctly converted pK, into K, at the start of their
answer, but has then copied it incorrectly in the next stage. However, the

rest of the working is correct. There is also one correct assumption so
this answer scored 3 marks.

A

ResultsP

Examiner Tip

us

Check that you have copied numbers correctly.
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(iv) Calculate the pH of a solution of lactic acid of concentration
0,15 mol dm~ at 298 K.

The pK, of lactic acid ig 3.86 at 298 K.

State clearly any assumptions you have made.

Calculation:

S
Fa = (@_chww)awuj

?l{a\ - 3-26

L 58b
> ba= 10
YKo = 158 X0
2
380 = L
015

| -
2 [Hﬂ = 92.03 xI0~ bt S
. -5
T (W] = yess a7 md A

pt = —log Cu]
et = ~tog (455 xi0™)

5 ophh = 20

Assumptions:

(5)

o Ctotsediony: e OF Ha0T from M. k- fonisedion.
e Of 00t TS gt RlRs s

Examiner Comments

This candidate has carried out a correct calculation and given
one assumption, so has scored 4 marks.
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(iv) Calculate the pH of a solution of lactic acid of concentration
0.15 mol dm™ at 298 K.

The pK, of lactic acid is 3.86 at 298 K.

State clearly any assumptions you have made.
(3)

Calculation: “
. . 107 P
picas Ka DO

. 198 vio?

Kq -(cHg cHloW) COOT BIGEN
CHy CHIOH) cooH

1.3t oY - [(Ma0')’
oS

(H50*} - .2\-68 xtc'");. s
[H\’}d} : 4515 HO’E'
PH » -\09,0&"\5@1]
Ciogtars 216

=0.34

Assumptions:

o engerordcon) M0 ] as st fonization of water is negiginte

. (CH3 CHOMYCOOR ) riian.. = [RHACHOMICOO Jaam,

Examiner Comments

This is an example of a correct calculation with two correct
assumptions and it scored 5 marks.
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Question 22 (b) (i-ii)

The majority of candidates calculated the pH of the sodium hydroxide solution correctly, but
some did not read the question and did not round it to one decimal place. Many candidates

were able to complete the titration curve, although many ignored the pH they had just

calculated and extended the curve to above pH 13.2. Candidates should realise that the pH
will never reach the value of the alkali that is being added as the excess alkali will be diluted
down at the end of the titration. A few candidates did not continue the curve to show the
addition of 50.0 cm?3 of sodium hydroxide solution and a few drew careless curves that rose

to a maximum and dipped down at the end.

(b} 25 cm’of a 0.15 mol dm* solution of lactic acid was titrated with 50 cm? of
sodium hydroxide solution of the same concentration.

Part of the titration curve is shown below.

L P

10 -HHE

pH

0 5 10 15 20 25 30 35 40 45 50
Volume of NaOH(aq) / cm?

(i) Calculate the pH of 0.15 mol dm™ sodium hydroxide solutlon Give your
answer to one decimal place.

| [K,= 1.0 x 107" mol’ dm at 298 K]

Voxio™ — [(‘:,-I':.Sj E"‘soﬂ
.67 w10t (Ha"—"'rj

(i) Complete the titration curve on the diagram above to show the change in
pH until 50.0 cm® of the sodium hydroxlde solution has been added to the

solution of lactic acid. Y ok

IAL Chemistry WCHO04 01
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N\
ﬁ ResultsPlus ResultsPlus

Examiner Comments Examiner Tip

This candidate has scored 1 mark for part (i)
as they have calculated the pH correctly, but
not given their answer to one decimal place.

The titration curve is finishing at a pH higher
than that of the sodium hydroxide solution,
SO scores no mark.

Titration curves should end at a lower pH
than the solution being added.
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(b) 25 cm’of 2 0.15 mol.dm™ solution of lactic acid was titrated with 50 cm? of

sodium hydroxide solution of the same concentration.

Wetl aud

Part of the titration curve is shown below,

.
14

TR i
FHHH ;

12

—— 4t

10 H+H

+
b

T8t

1

1

1

+

|

+

1
NS TR
LES N Eul

|

+

8 T
pH H A e e e e

IUNE BERAN 1

I+l 1

0= S H .
0 5 10 15 20 25 30 35 40 45 50

Volume of NaOH(aq) / cm?®

11
1147

(i} Calculate the pH of 0.15 mol dm~* sodium hydroxide solution. Give your
answer to one decimal place.

[K, = 1.0 % 107" mol* dm™ at 298 K]

PO = ~loy,, [0.15)
203
P EPOK> (4
_ pH = 14-0. 824
pH + 0. R2% = 14 pH= 13‘;;

(i} Complete the titration curve on the diagram above to show the change in
pH until 50.0 cm? of the sodium hydroxide solution has been added to the
solution of lactic acid.

Shitny base

-2

2)

(1)

ﬁ ResultsPlus

Examiner Comments

This candidate has scored 2 marks for part (i) as the calculation
is correct (using the pOH route) and they have given the value
to one decimal place.

The titration curve ends at a pH lower than 13.2, so part (ii)
scored 1 mark.
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Question 22 (b) (iii-iv)

Many candidates were able to select a correct indicator for the titration and justify their
reason. Some candidates omitted to write the colour change of the indicator, even though

these are in the Data Booklet.

Part (iv) proved very challenging for many candidates. The majority of candidates stated the
pH when lactic acid is half-neutralized. However, sodium lactate is present when the acid is
completely neutralized and they should have selected the pH at the mid-point of the vertical

section of the titration curve.

14 -
12 4

104

pH

Part of the titration curve is shown below.

15 20 25 30 35 40 45 50

Volume of NaOH(aq) / cm?
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(iif) Use the information given in your Data Booklet to select a suitable indicator
for this titration, giving the colour change you would expect to see.

Justify your selection.
Prord l'h:.' i (3)
Pb eﬂj - ﬂ’ﬂ PH f‘ﬁmge D‘ @L'MD\p]"F&J&n (...

________ w0 d) woilhio W mhaa] ém,chor\ of. A 51053
[%?—mo] 0..weoh ccrd - S rt:(g

..... bma..,._.,___..h_}ra"rcﬂ mvalmce pont_is. ok oBaJ

Qs e pH Y rtmae is almost  t1 of Mes

(iv) The equation for the neutralization in the titration is
CH,CHIOH)COOH(aq) + NaOH(aq) — CH,CHIOH)COONalag) + H.O()

Use the titration curve to suggest the pH of a 0,075 mol dm? solution of
sodium lactate, Justify your answer.

(2}

;_-,duhm .

-

ko.*PH

i..pbm}__._._ M. colow. r:k‘o-\jo Qmﬂclke%ﬂm@nmlaa—:md

ab _pltof o 0015 wolde®
B 15 ok

""f_c_.m..m...___(:g-.,_..__m_c_..mm._gd...ffffjﬁf

Examiner Comments

This candidate has chosen a suitable indicator, stated the colour
change and justified their choice. This scored 3 marks for part (iii).

They have selected the pH at the half-neutralization point so scored 0
for part (iv).

A
J@ ResultsPlus

Examiner Tip

The pH of the salt formed during a titration can be found
from the mid-point of the vertical section of the titration
curve as there is none of the original acid left and excess
alkali has not been added to it.
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Part of the titrati Is shown below. Wk aeid
arto e Titration curve IS own Delow, .Skmgb,jg
L =
14 T Y ] Y TTTT T T 1
}- E 1 T 1 :_ 1NN B i I 1
12 Saus —- — e
H SMRsARmS s RN B": un
10 - . 1 ]! i—- _:_ [3
o isussin EEScetincan ase SEmEE §m 7
H BESSRiaNeE iSEBeumAPEtssuEsuNaEissndsanue ERREDENE
s T SEse 1asaas HHH
4 .l
2 45 !
u 1 L | : |
0 5 10 15 20 25 30 35 40 45 50
Volume of NaOH(aq) / cm®

(iii) Use the information given in your Data Booklet to select a suitable indicator
for this titration, giving the colour change you would expect to see.

Justify your selection.
(3)

nToe Sindeke i) be. phendgntulin. L0 elrand). The. edour cntoge wal....
o D8 SR cokensless b2 0€8: T chese. pnendghitAi0 beruuse ik bos. c pH....
v SOOGS0 B T10, 000 30 Hus hlcuhel) cutvR  HhR  velPea) paiok s Joro. .

(iv) The equation for the neutralization in the titration is
CH;CH(OH)COOH(ag) + NaOH(aq) ~» CH,CH(OH)COONa(ag) + H,O(l)

Use the titration curve to suggest the pH of a 0,075 mol dm™ solution of

sodium lactate. Justify your answer.
(2)

e Sedine \GOLIR. oo\ hove DB of ool Yy Sinwe 'S o base.

<CF ResultsPlus

Examiner Comments

This candidate has scored 3 marks for a correct answer to part (iii).

They have scored 1 mark for a correct pH in part (iv), but there is not
enough explanation for the second mark.
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Part of the titration curve is shown below.

B : -
12 ’
10 1 T r _; 1T 1+
t Anaue : !
8 ! i ! T
pH s - SR et ” _ : :
. H I THA i
A H ; I+
2 ' T
0 ANEEER ,,,..,..”..ﬂ.;....-... h............._f.{, i fEEEEE. :‘.’

0 5 10 15 20 25 30 35 40 45 50
Volume of NaOH(aq) / cm?

(iii) Use the information given in your Data Booklet to select a suitable indicator
for this titration, giving the colour change you would expect to see.

Justify your selection.
(3}

B L LY Y S S 5 wk«d—-u il seckeal g ol

(pl’»h at 43 o colaur clac
%ww p..hr} .

Cal«» o ‘me coloelr o et

(iv} The equation for the neutralization in the titration is

CH,CH(OH)COOH(ag) + NaOH(aq) — CH,CH(OH)COONalag) + H,0(l)

Use the titration curve to suggest the pH of a 0.075 mol dm™ solution of
sodium lactate. Justify your answer.

@)

b Oea m«’ qF NeOH ld-a'-ﬂlnumiﬂfw&‘}adg

O N U U
ok (ontgdedun 5 ITaaldas? * e U go take ,lem‘*
=1 [)H i W

———————
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Examiner Comments

This is an excellent answer that scored 3 marks for part (iii) and 2
marks for part (iv).
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Question 22 (b) (v)

Many candidates started their answer with a definition of a buffer solution that was not
needed here as the question asked for an explanation of how a buffer solution works.
Many candidates gave good descriptions of a buffer solution and how it can work. Some
candidates gave statements and ionic equations that were contradictory, for example, they
stated that lactic acid only partially dissociates in water but then gave an equation to show
complete dissociation. Some candidates did not include ionic equations to show how the
added H* and OH- ions are removed.

*(v) Explain, using ionic equations, how a solution containing lactic acid and |
sodium lactate can act as a buffer solution. |
} |
. . |
; - 3 B - - ! , 4
CH; (B (on Jcoop == CHyCH(on )COD 4+ ¢ |
4 - ) - —_
= o =AY Moo= O s CHSH 1 o0 Ve, - CHyer )
CHy (K (en)(polva = CH,CH(en)oa 4. N i
|
<._) Llr" e { ac (}‘Tr(-" .;___-Er.__ e | =] ExCery 31 Ct -'( ( r'r]r'-’-"_'_}: e
_____ 9N . 52 There S e g9 be e Koy >4 Mo (o
- 4
From The ... '\ b o A, U2 I £t v EE ore L2
CH ;. CH (BH )0 A =
..... 5~.....2...r T ) <
The  incveese 1 KT ions. . h 3 A addition o :
1
|
il ad s ...neal@dle | 2ecac AT (o9 1
||
I Y -
Yese Vo of ... L CH OH OO e e ‘
I
1

ResultsPlus

Examiner Comments

This candidate has described the buffer solution and given equations
for how it is formed. However, they have not explained how the buffer
solution reacts with added H* or OH" ions. This answer scored 1 mark.

Examiner Tip

Explain why the pH of the buffer solution only changes a
little when small amounts of acid or alkali is added to it.
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*(v) Explain, using ionic equations, how a solution containing lactic acid and
sodium lactate can act as a buffer solution,

(4)

C.HaCHCQHJCOo'JH’f":'eCﬂ;C"CC'HJGooH |
501 o &mal amunlk O HY den s &C{J@J !ﬂLLLﬁ..!‘C._.....

(ep-cé& f fo. ferm. .
LMLI.{. ........ s M ::L e
__.,_CZ_Ha_ﬂ.H_CqH.J..Cm._H..-f.....auj...., - 0

eeher a..sm” oﬂmnm% Of .. QM s mLLJ

achie aald veachs Lo gorn. oolerod Mo
6&-“: Cla-mf;c-LE. lﬂﬂ-SDJ

RS

sihffawwz;

ﬁ ResultsPlus

Examiner Comments

This is a good description of how a buffer solution removes the added
H* and OH- ions. However, there is no mention that the buffer solution
contains a reservoir of the weak acid and its conjugate base to react
with the added ions. This answer scored 3 marks.
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*(v) Explain, using ionic equations, how a solution containing lactic acid and
sodium lactate can act as a buffer solution,
(4)

LChyCH (aH\JCGC’H_*-:“—", cH,cHloHycoe™ —+ {7

< 1.4 CH»(::.HB Cc:c:rua-——':z-ct_l cw-t(oﬂ) Coo -+ !\J:«"’

- Addedt B tous ave vemoved Ly o lage reseveir

o cucHCaHchc .rwm—}f_u, MLH

CH,cz+f°H3CDO 4+ Kt —> oy ¢ Hmu‘) coeH
"Aatﬂl-f?c'l OH \C’M ave ve?..mc:v-e.:& L:,él en ]‘t-aﬁ e devired
of CHyCH (-:::H)c*ac: W —*Flram e ac,A

fH,mchchHJfOH > CHH fo*f“cw 4 HO

- ECH c:H(c:H‘} cc:-o“] ye_{,.,.La‘IM aluwioct  poe cowrtendt

ECH CH (OH)CDDH]

ﬁ ResultsPlus

Examiner Comments

This is an excellent answer that scored 4 marks.
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Question 22 (c)

Many candidates found this a challenging question. Many of them did not compare the pK,
values of the two acids to see that lactic acid is a stronger acid than ethanoic acid, so it

donates the proton and ethanoic acid accepts the proton.

(c) Ethanoic acid, CH,COOH, has a pK, of 4.8 at 298 K,

Complete the equation to show the conjugate acid-base pairs that could be
produced when pure samples of lactic acid and ethanoic acid are mixed.

™ i 1Y v +
CH.CHOH)COOH + CH,CooH — . H3 (H (0H)oH,  Ci7L (60

ResultsPlus

Examiner Comments

This candidate has shown ethanoic acid donating a proton to
lactic acid and has not scored a mark.

A

Examiner Tip

Use the pK, values to find out which is the stronger
acid. The stronger acid donates a proton to the weaker
acid.

(¢) Ethanoic acid, CH;COOH, has a pK, of 4.8 at 298 K.

Complete the equation to show the conjugate acid-base pairs that could be
produced when pure samples of lactic acid and ethanoic acid are mixed.

CH;CHIOH)COOH + CH,COOH — _....CM .3('.""-?3*1} (oo’ + cAt g_,'i*"*“‘;\

ResultsPlus

Examiner Comments

This candidate has realised that lactic acid is a stronger acid
than ethanoic acid, so has scored the mark.

(1}
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In order to improve their performance, candidates should:

e read the questions carefully and use all the information given;

check their answers to calculations to avoid careless errors;
e explain their answers clearly and concisely;

e write balanced equations;

e understand how a rate equation relates to a mechanism;

e understand the use of dipoles, curly arrows and charges in an organic mechanism.
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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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