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INTRODUCTION

Unit 2: Chemical Principles and Applications Il is divided into three modules. These modules are
e Module 1: The Chemistry of Carbon Compounds
e Module 2: Analytical Methods and Separation Techniques
e Module 3: Industry and the Environment.

Candidates’ knowledge of this unit is examined through the following papers.
e Paper 01 — Multiple Choice
e Paper 02 — Structured Essay
e Paper 031 — School-Based Assessment (SBA)
e Paper 032 — Alternative to the School-Based Assessment

Paper 01 comprises 45 compulsory multiple-choice items, which consist of 15 items per module. The
paper is worth a total of 90 marks, representing 40 per cent of the total mark for the unit.

Paper 02 comprises three compulsory questions. Each module is the basis of one question. The paper is
worth a total of 90 marks, representing 40 per cent of the total mark for the unit.

For Paper 031, candidates must complete laboratory exercises. This component of the exam contributes
20 per cent of the total mark for the unit.

Paper 032 is taken by private candidates. It comprises three compulsory questions which assess
candidates’ experimental skills.

There was an improvement in the overall performance of candidates in 2021 when compared with 2019
and 2020. Ninety-five percent of the 3329 candidates who wrote the examination earned Grades |-V.
There was also a significant improvement in the mean mark on Paper 01 and Paper 02 when compared
with 2019.

It is encouraging to see an improvement in the performance of candidates on Paper 01 and Paper 02.

However, candidates are underperforming on certain topics and so we are encouraging teachers to teach
students about all topics in each unit in detail.
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PAPER 01 — MULTIPLE CHOICE

Paper 01 consists of 45 multiple-choice items. Approximately 93 per cent of candidates earned Grades |-
IV. Out of a maximum of 45 marks, the mean was 34.71 and the standard deviation 8.20.
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PAPER 02 — STRUCTURED ESSAY

Question 1

This question tested syllabus objectives 1.4-1.5, 1.7-1.9 and 2.3-2.5 from Module 1: The Chemistry of
Carbon Compounds. The mean was 13.09 and the standard deviation 7.51.

Candidate’s Response to Part (a) (i)

(a) ® Define the term ‘structural isomerism’.

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

Shuctcival Brmylae . [2 marks]

Examiner’s Comments

The candidate accurately defined the term structural isomerism.

Candidate’s Response to Part (a) (ii)

(i)  Identify TWO types of structural isomers, giving an example of EACH.

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

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

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

Examiner’s Comments

The candidate provided accurate answers and included appropriate examples. Generally, Part (a) (ii)
was not well answered by candidates.
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Candidate’s Response to Part (b) (i)

(o) (D). Velume ol cos= (56 - 25)em3 = 50 3
Velume. 6?0:» used = (?—0*353 em?=3scnm?

T COm ¥ HID
10 Y. 8BS Y 20
- . 35 > K 2
S S » . 4

2. Cac\-l\j + 3+ D 4C0Oa +gH)D =5

q—
/_)-D:.——‘—L 2CO)‘(’ =2

Coc g
N =S DC‘!’%“‘.’_’;":‘%‘ !
o1 S =T/,

CaHe + Y Oy —9 2Cc0, + — e ¥

2CHe +F O — 4o+ (H-O

Ansuwey - Cs H G

Examiner’s Comments
The candidate presented the solution using appropriate chemical equations and volumes of gases.

The candidate also used well defined algebraic expressions and presented them in an unambiguous

manner. The solution was very well developed by the candidate.
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Candidate’s Response to Part (b) (ii)

(i)  Write the displayed structural formula of P.

L-} \:‘l
H’F‘?—H
“ -

[1 mark]

Examiner’s Comments
Generally, candidates accurately represented the structural formula of the molecular formula they

obtained in Part (b) (i). In the exemplar, the candidate wrote the displayed structural formula of P

accurately.

Candidate’s Response to Part (b) (iii)

b (i) _— e
! ._:;.-.‘C‘.-.‘it‘.gﬁ@.‘f:‘.,.;‘. ...................... Seeverererbesssnants Lesese etertuamssseunastosanaresadinians i seesssnesnssssrsnnai Feerhastreaarsbeuasssnnarbass
N erorll =) A ererereres A = IS

(a)... By . .t . Y-c=c-tl —= W-C—-c - ITo=nsr
[P L—JI LJ\ 1

............................. freessssanteiioattonsiinnariiean ety i T ...................................‘.‘.....‘.’:’.................-.........................‘
' : % T
(). tresgn 4. Br=mBY ——mroiotie toBe.
37 T
..... ;
T e AT AL L S
@@VE-IQV' =) BVQ . foeesresssiseesrisatressessasstessestsrnsereesensarrrevas s
i ey
® By, 4 uwmg-Cr e u-c—C—BL
i Ty
W - )
....... 1 (4] 2 B ceeraereeensnnbehy M. H
by o S
(& U—<c—Ce 4+ H-C—C* — + "’é/?—fdc«;
............................................. P 5 Jererreafeessescheans
" o vl oW e
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Examiner’s Comments

The candidate excellently represented the reaction mechanism for the reaction of P with liquid
bromine, using appropriate notations and equations. The relevant chemical formulae were all correct
and the candidate used the appropriate notation to indicate radical atoms. However, the candidate
did not use curved arrows to indicate the transfer of electrons.

Candidate’s Response to Part (b) (iv)

(iv)  1dentify the type of reaction mechanism outlined in (b) (iii) on page 3.

Free. Paclical.  enbstidudiO e et esssienes

Y T e T e TR A L L L L L L L LR AL LR LR A At bbb

Examiner’s Comments
The candidate accurately identified the type of reaction mechanism outlined in Part (b) (iii).

Candidate’s Response to Part (c) (i)

(i  Write the-displayed structural formula of TWOrisomers of Q-

Hooe o
—_— = - — - —_1 - .
Tsomer 1 ......... o= < T CI- C—f butzlz [ Y= SO
W
e eeeennns
o ot
c-C-C = Isomer 2 "’“C”C"’C"’f--"' ................... T2 8Ne
1 “

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

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

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

Examiner’s Comments
Candidates were generally able to identify the correct isomers. However, some candidates made
errors in naming or drawing the structural formulae.
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Candidate’s Response to Part (c) (ii)

(i)  State whether Compound Q exhibits geometric (cis/trans) isomerism.

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

Examiner’s Comments
Candidates were able to deduce that the molecule Q exhibited geometric isomerism.

Candidate’s Response to Part (c) (iii)

(iii)  State TWO reasons for your answer in (c) ().

Theisemew. batza-zene exhinils. geeveliiaisemavisio.. ..

because. similay. greups. drve. enihe. same. side L N
doutde. bond . (21S). and.. becassse. simitay EPENRS. S
[2 marks]

On dffevent sides eF the double bone o
diffevent cavbon ctoms GVc\h%)_

Examiner’s Comments
The candidate stated two plausible reasons why Compound Q exhibits geometric (cis/trans)

isomerism.

Most candidates did not obtain full marks because their explanations were either incorrect or lacked

sufficient detail.
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Candidate’s Response to Part (c) (iv)

(iv)  Outline the mechanism for the reaction between Compound Q and HBr, using
curved arrows to show the movement of electrons,

WOR Ry Lk 5y A A
bt U=C—C —C =g~ H— W~ C—C ~c—c~

H-C = C-c—c 7CTS TS Py

{ "o u Hoow v Br W W

4

HE +

|} &

Bv

[4 marks]

Examiner’s Comments

The candidate represented the requested mechanism in a clear, logical and detailed manner. The
candidate placed all charges on atoms/groups of atoms correctly and used arrows appropriately to
show movement of electrons. The partial charges were also very well indicated by the candidate.

Candidate’s Response to Part (c) (v)

{v)  State the type of reaction mechanism outlined in (¢} (iv).

-Elecivophilic.. Addition

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

Examiner’s Comments
Most candidates were able to identify the reaction mechanism outlined in Part (c) (iv).

Candidate’s Response to Part (d) (i)

(i) Aqueous bromine is added to liquid pentane (in sunlight).

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

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

....................................................................................................................................
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Examiner’s Comments
Many candidates described the expected colour changes correctly.

Candidate’s Response to Part (d) (ii)

(i)  Aqueous bromine is added to liquid pentane (without sunlight).

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

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

Examiner’s Comments
The accepted answer for the aqueous bromide ion is orange brown or red brown. However, most

candidates stated ‘brown’ which was not an accepted answer.

Candidate’s Response to Part (d) (iii)

(iii)  Cold acidified potassivm permanganate solution is added to liquid pentane.

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

JMikiswve. emaing. puvple dheve s N9

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

[2 marks]

Examiner’s Comments

The candidate’s answer was accurate. The candidate indicated that there would be no difference in
the initial colour and the final colour observed. However, some candidates lost marks because they
did not indicate that even though the colour remained the same, a reaction took place. Therefore,

answers such as ‘no reaction’ were incorrect.
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This question tested syllabus objectives 1.1, 2.1-2.6 and 3.4 from Module 2: Analytical Methods and
Separation Techniques. The mean was 13.38 and the standard deviation 6.66.

Candidate’s Response to Parts (a) (i) and (ii)

2. (a). Define EACH of the following terms.

() Accuracy , OQM

(i) Precision

fetsion. e o e Derngef ot o s s monsush
. %mmwwm‘?wy@%w isg)....

[4 marks]

Examiner’s Comments
The candidate defined the terms correctly.

Candidate’s Response to Part (b) (i)

(i) List THREE reasons why NaHCO, can be used as a primary standard.

.:.Zf..dufus..nui....ham..Mcredc...w%...wm!f&yn..m.m....

[3 marks]

Examiner’s Comments
The candidate earned full marks by providing three correct reasons why NaHCOs can be used as a

primary standard.
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Candidate’s Response to Part (b) (ii)

(ii) State ONE reason why Nany NOT be used as a primary standard.
T s, i sXable.  Tpnatrds [ absochs... oxygern.. 0. e dlic..and...

[1 mark]

Examiner’s Comments
The candidate stated one correct reason why NaOH may not be used as a primary standard.

Candidate’s Response to Part (c) (i)

(i)  Write the balanced e('luation for the reaction between sodium hydrogen carbonate
and sulfuric acid.

Examiner’s Comments

In the exemplar, the candidate made an error when writing the first part of the equation for the
reaction between sodium hydrogen carbonate and sulfuric acid. The correct formula is 2NaHCOs (s) +
H>S04 (aq) > Na»S04(aq) + 2H,0 (1) + 2CO; (g).
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Candidate’s Response to Part (c) (ii)

(ii) Calculate the mass (in grams) of the sodium hydrogen carbonate that the student
would use to neutralize the acid, if 23.50 cm?® of the acid were used from the burette.
- I

Syl in_(000om3 2ol Nall o5 veset with | mol ﬁ,,sv“
"‘>’”<2350 Ll o 7S ol
LIS CxBS . ‘ s : 0v.ll7S"’A:?l.. L .
7% oo e 200 AT “
= 01175 mel x50, * 0. 2350ms! Na H(0,

ol Ny Moy - 234 [+ (21 (3clh)
< 8‘{9/0!01

Qﬂgl;ams m | .le
'm:"’_” T .2360 mol
0, 2350x8Y

R s S

x =
: ' l(
= 19T gramsWNa Yt (v, used

[4 marks]

Examiner’s Comments
The candidate performed all calculations accurately and clearly and therefore earned a mark for each
calculation.

Candidate’s Response to Part (d) (i)

(i)  Define the term ‘mean volume’.

S otk it nned. Lvotel alwire's, 5. a5t o TS, .

[1 mark]

Examiner’s Comments
The candidate provided an adequate definition for the term mean volume.
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Candidate’s Response to Part (d) (ii)

(i)  Determine the mean volume from the titre vatues (to be used in the calculations).

2525 + 28,357 stc tote! Lolumes
T 7S.qU ms

/B Mean wolumze * 75.90~ 3 “
T 28.30cem*

'[i marks]

Examiner’s Comments
The candidate calculated the mean volume correctly and provided the correct titre values. Therefore,
the candidate was awarded full marks.

Candidate’s Response to Part (d) (iii)

@{ii) . Define the‘term standard deviation”.”

et
Smm{amt dm’mw rs rhz,ir;&e ﬁzad..a..w/ue L20. z:/awhfe:e( ﬁm fh&

Examiner’s Comments
The candidate defined the term standard deviation correctly.
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Candidate’s Response to Part (d) (iv)

(iv)  Using the following equation, justify the choice of the titre values selected in

(d) (ii). '
— e
oo L(x-3) 7 2 28 qWemn
n—_l
% ezt % L ~%)2:(2Sa073) T (28x073)
X | |lxFm ‘ SR FEC X0

7523 -0 0 | 2.8xp72 ) o
2538 6.0% 2.5rp Y Sey/ SOx

. e

...lﬁ/.)i@..U.n.['y...iher..%i.ll.,...sf‘j)..ﬁnd..6.117.. 111t alusees...used, 2he. icandard.
duduction..oF. thosee. values. sl N 2.0.05.cm3.uhich makes. the.........
sestls. o e tsgy, and bghoe, povsiblity. of. beiy...activaze.. The. ather...
. ;:ﬁ1xes..£a<a£ad.£éim}:..aﬁ...-lh&m,am.‘hduzh.{&;zs.r..zam.%f..Mmmy...

0005, 25,28 cm?. = 28,36 e’ Piie. Rough,, 20d amd. v e 2
values. fall owp o that pange,thorebore. vhise. Lalues e nut 13 marks]

Examiner’s Comments
The candidate provided a plausible justification for the choice of titre values.
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Candidate’s Response to Part (e)

(ey ‘When 0.612 g of hydrated barium chloride is heated to.constant mass; 0.522 g of residue
is formed. Deduce the formula of hydrated barium Cthl‘lde

pass s watter = U.b12 - 0.522

=0.v4q

Y U,

mass //U/Z// Batd 2 ho
rass /g 0.522 0,08
0522 009 .
mole ’75"7—:" 23 o

LGW

: o3
mule ’L,sxw} R RO
yq«!rn 1—(—;;;73 : ( AN z

T o fe Rk - {4 marks]

Examiner’s Comments
The candidate provided accurate calculations and the correct formula but did not clearly identify
what ratio was used. Hence, the candidate was awarded three out of four marks.
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Candidate’s Response to Part (f)

® Te determine the ethanoic acid content of a particular brand of vinegar, a sample of the
vinegar was titrated using sodium hydroxide solution.

Outline FIVE experimental steps that shouid be carried out to determine the ethanoic acid
content of the vinegar..

i r n

.L.%l&a..ziu.dg.soiu:&w...a'P.._..fhc.Lz[ne,gfls.f....hy..mwnﬂg...a...vﬂlm.aP...z':l...[eg...Z(lunfj

. poar:. 1. inttr...x. saluvag to.. Hask.{ .cg..?(.&?c!ma)...w..d/;-riligd..nm..iﬂ 1,
shake.. then.add. .nator. uats]. he . menscus... 05, o0... ghe 58 line.

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

2 Wash hyreateandth. clistifed. . naten. then. pame...with. Bati. ob. losan................

...wnmm..fég..%mu!ldmé)..lW.’.B’I/.‘..u;a..fh&.bmm.@Wumz'[..iz.js...o.l.osa
@fh@@m3mﬂ{rﬁ:£ ...................................................................................................

3. Poar..somec \ig g gtock. Syt 00Te... 4. bealt... s b pipeste. oot destilled
prime. piEIET with gwiution then

...wb..w(:efpm..a..wiuwm.c{ﬂ..rb&..mlm@n“ng...%an?.).w.a..wmﬁl..ﬁmb.
..Add...m..‘d-mp?..t&‘.F]'bnd[phﬁff.lﬂlm}ﬂ...fn...:ﬁ&.wﬂim/..ﬂlt&lﬁ .

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

N Trtmee...the.. NaOH... agamsc...the.. vaegar:. anetil . thee. inegar..stluatm. tunm.....
R’ wlvuyfess 0" @ pex manen Pumt Pk colouv: [5 marks]

G Perform the while. procedue - an least two wore— s <0 Total 30 marks
shtain three #p valwes that ditfer no more than 2 0.00 um3.

Examiner’s Comments

The candidate outlined five experimental steps that should be carried out to determine the ethanoic
acid content of vinegar.
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This question tested syllabus objectives 1.1-1.2, 2.1-2.2, 4.1-4.3 and 5.1-5.4 from Module 3: Industry
and The Environment. The mean was 10.51 and the standard deviation 4.53.

Candidate’s Response to Part (a) (i)

(i)  State ONE reason why a catalyst is needed ‘in this reaction.

A camalyst..is..need. 0. Loder. the. actiativ...onagy. oF. e icactim...

thus. /mng e Zen;am-fwe- needed.. and. sjeed...ug..ohe... R Lim......c.....
{1 mark]

A S i- -~ {

Examiner’s Comments
The candidate was able to outline why a catalyst was needed in the reaction.

Candidate’s Response to Part (a) (ii)

(i) Usmg Le Chatelier’s prmczple explam the effect of temperature on the direction
of equilibrium for the ammonia formation.

Thzrearmbnﬁexaﬂtwmm&heaﬂs(—&lmsaﬂmmzﬁ:rmddmrﬂn
hon. demperazuet. .. onremed, the.. puiot...of...cquiltbrinen. . shitts...zo.. The...
lebt..Bvawang. Brrmation ok My and M) Mhon.. temparaunt... .. dociossed,

Examiner’s Comments
The candidate used Le Chatelier’s principle to accurately explain the effect of temperature on the

direction of equilibrium for the ammonia formation.
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Candidate’s Response to Part (a) (iii)

(iif)y  State whether the temperatures used in the Haber-Bosch synthesis favour the
formation of high yields of ammonia.

Tho-tempecntuses... used... die-..high..and...do.net.. Broux..Ahe. bocoatren. of.

Examiner’s Comments
The candidate correctly stated that the temperatures used in the Haber-Bosch synthesis do not
favour the formation of high yields of ammonia.

Candidate’s Response to Part (a) (iv)

(ivy  Comment on the statement “High pressure conditions favour the formation of
ammonia in high yields.”

TS, STATEMENT, I8, . TRUT _ tTIGH... LLESRUEE.. .o lD.. . PEQZEASE. ..o

JHE_VOWME  THeefroge... SHIETNG THE, Euuipnivm | To. THE,

...............................................................................
' b g

mewmt  ann. yCeed Jing-. cwiE Y oF fmomOrha.

R E R AR R R R R R e AR R d e R E BB e BT E R R R R R Ea R R R AT R R R RE R R R TR RR R R R

Examiner’s Comments
The candidate identified the correct shift in equilibrium but made no reference to the partial

pressures of the products and the reactants.
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Candidate’s Response to Part (a) (v)

(v)  With reference to Figure 1 on page 13, state TWO possible design limitations
that could lead to reduced proggct yield.

ﬂ not-he.. @1\«0

1& v\o{’ coo QV\Q

‘conden

Examiner’s Comments

yield.

The candidate was able to provide two possible design limitations that could lead to reduced product

Candidate’s Response to Part (a) (vi)

(vi)  Write the K expressmn for the Haber—Bosch process.

B T S
hsssiiiiiiiiagiiiiiniinene LNLJSLHZ»] ........................... Gesasesessisisnanastiiitttbasanrsivenntses

------- C.-

Examiner’s Comments
Even though the candidate provided a satisfactory expression, the correct K, expression for the
Haber-Bosch process is K = Pnus?/Prz X Pz,

Candidate’s Response to Part (a) (vii)

(vii)  State the impact of the catalyst on the K of the reaction.

The...cotalysd... does...nat...abfect. zhe.. Ky..of-. dhieeaptti.....

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

Examiner’s Comments

reverse reactions of the equilibrium.

The candidate failed to state the impact of the catalyst on the K, of the reaction. It must be noted
that catalysts do not affect the equilibrium constant but they affect the reaction of the forward and
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Candidate’s Response to Part (b) (i)

.n&ed:,.:w...Pﬁe.d..bnd‘:..unwsed.fgme&...W..élﬁa...mc&eﬁjm..ﬁ#ﬂm.

Laven. xempesatuse. fuanes.. Bicraned. reacatno. Chinadion...cl- ammandn).....
[1 mark]

Examiner’s Comments
The candidate identified that lower temperatures increase the formation of ammonia.

Candidate’s Response to Part (b) (ii)

(iiy a more energy efficiént process because Nﬁhrgb'(gmpﬁw'mf&wfb)’(yh
presswe. iequivesl. whieh. con. 2ake..o. (ot o covgy...10...mamtanm........

BN OO IIUIES oo ssssseeeesse s eeeesssseeeses s s ee e oo

R R L D N T T T T T L L Ly T O T L

Examiner’s Comments
The candidate correctly stated that neither high temperature nor high pressure is required for a
more energy efficient process.

Candidate’s Response to Part (b) (iii)

(iii)  alower cost process because ..{T.... ORRATES. WXL ...\, PREISUEE. ...

.......................................................................................................................
T R ey T L T Y T P T T pap e

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

Examiner’s Comments
The candidate provided a partially correct response.
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Candidate’s Response to Part (b) (iv)

(iv).  asignificant discovery because .. WSES. . WV, REUT.___tuthal. 18, £, NATLLAL, BESOURCe

PTLNDT O SAUES mDNGY ) )9, 0026 ERRQET...anR. TR MOgE .. .........

SAmenonay, THER. StecRez- 805t LESS .., STRESS.. oot INETTUEA,. . Gnd. RESEDIRS, ...

Examiner’s Comments
The candidate provided an incorrect response. Candidates are urged to note that in comparison with
the Haber-Bosch method, the method shown in Part (b) can prove to be a significant discovery
because the reaction is being conducted under catalytic conditions that are easy to maintain and
operate with high yields.

Candidate’s Response to Part (b) (v)

(v)  Comment on the statement “The production of ammonia under standard atmos-
pheric conditions would prove to be more efficient in the presence of a catalyst
than the Haber—Bosch process.”

.wiﬂ...&mf...dl&..m:dumm...«ﬁ.dh&..ammm&a...and.,:.thc,.mr{alysfz..alm...

Ham'ﬂmobnpmsmwbqbzwmm@nd%fmﬁmbw
the-yield 73 (ow . | [2 marks|

Examiner’s Comments
The candidate used two key points to outline why the production of ammonia would be more
efficient in the presence of a catalyst. The two key points were
e the reaction would take place at a lower temperature which would make the production of
ammonia favourable
e the inclusion of the catalyst would increase the speed of the reaction.
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Candidate’s Response to Part (b) (vi)

(vi)  Identify another feature in'the design that inakes it ‘green’, apart from the use of

a catalyst in the existing Haber—Bosch process. y
hY

TIE, RECICUNG: . OF.. UNUSED. M Na... Avn... He.. GASES. . mAE.. 1. Geeea....

FETNRRE.. GOER AR, NOT.. SSHENSEDR. . INTO. TS TR R OERE. .G ...
POUUTION . . - . [1 mark]

Examiner’s Comments
The candidate correctly stated that recycling H, and N2 makes the Haber-Bosch process “green”.

Candidate’s Response to Part (c) (i)

(i)  Inthe yeast-catalysed producf?ion of ethanol, 60% of the world’s ethanol is obtained
from the fermentation of sucrose. Write ONE equation that represents a step in

this process.
29MASE |
............... C ‘GH"?-me"—“‘T“"U*@2'C’}H‘60H'w+2'c—ousx
H

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

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

Examiner’s Comments
The candidate wrote an incorrect equation. Candidates should have provided one of the following

equations.
e  Ci12H2,011 (Sucrose) + H,0 = CgH1,06 (Glucose) + CgH1,06 (Fructose)

e  CgH1206 (Glucose/Fructose) = 2 CH3;CH,OH (Ethanol) + CO,
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Candidate’s Response to Part (c) (ii)

(ii)  Bioethanol isithe name given to ethanoi‘produced from biomass or plant material.
Write TWO statements that support the idea that ethanol is a green resource,

Statement 1

.Brumass . plat. ma/tm/ uszd ... cz‘hahal 0. s ...

FEHACLES... w!zie« zrhxm& 12994 /taw'zu b& obramed. ﬁram Lrctusle...crl....

nhich. i5..4.. nmmnmb!z B ———
) ™ [1 mark]

Statement 2

..ﬂxp..u&u..u?c...aﬂmna.l..as..a...sz.l...uvﬂ).l..m.s.czh..m..a..dmmc...wm’wﬁm

rﬁa::{ftlma):npatedfrugmolf)zawhrabmillw-mﬁerﬁﬂ»amrbm ............
Jmoxide. \hith...i5...bad Foc people’s. health........

[1 mark]

Examiner’s Comments
The candidate provided an incorrect answer for Statement 1. However, the answer given by the
candidate for Statement 2 was correct. Another answer which could have been given by candidates

was plant feedstocks that are grown to generate ethanol reduce greenhouse gas emissions by
absorbing CO; from the atmosphere.

Candidate’s Response to Part (c) (iii)

(iii)  Sugar cane requires four times more water during ethanol production when
compared to sugar beets. State TWO factors that would preclude countries in
the. Caribbean from considering sugar beets as a viable source crop for ethanol
production. '

- wa*?asaw .......................
a mx;n«.rly o e o Nuq‘ena-Qs neaded.

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

..............
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Examiner’s Comments

The candidate’s answer is partially correct. In order to improve the answer, the candidate should
have included information related to the fact that the climate of the Caribbean can be considered
unsuitable for growing sugar beets since this crop grows better in cooler climates.

Candidate’s Response to Part (c) (iv)

(iv)  Ethanol is used in mouthwash formulations in addition to active ingredients such
as menthol, thymol and eucalyptol. The purpose of these ingredients is to aid in
the breakdown of plaque on teeth. Describe the role of ethanol in this process.

ETdfnoL.. O, A ANTISERTC Amp 8. 8. U8t B, 0l BacrCan. . Exfanol
e A8 Be Weo BaL AL Dowa T, moe. THode o IO EnsTS
[2 marks]

Examiner’s Comments
The candidate correctly stated that ethanol can be used as a solvent.
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Candidate’s Response to Part (c) (v)

(v)  In a brief experiment, a student sought to make mouthwash by trying a series of
formulations. Three of the formulations are listed below. Match EACH formulation
using the letters A, B or C with the appropriate set of characteristics that best
describes it.

+ FEormulation A: Deionized water (10%), ethanol (40%), menthol (0.092%),
thymoel (0.042%), eucalyptol (0.066%6)

» Formulation B: Deionized water (40%), ethariol (10%), menthol (0.092%),
thymol (0.042%), eucalyptol (0.066%)

» Formulation C: Deionized water {80%), ethano! (5%), menthol (0.092%),
thymol (0.042%), eucalyptol (0.066%)

Characteristics Formulation

Characteristics I: High boiling
‘point, low coolihg effect, high|
viscosity, moderate antimicrobial C
activity against oral bacteria '

Characteristics 1I: Low boiling
point, strong cooling effect, low
viscosity, strong antimicrobial A
activity against oral bacteria

Characteristics' II1: Intermediate.
boiling point, moderate cooling
effect, medium ‘viscosity, inter- | B
mediate anti-microbial activity
against oral bacteria

[3 marks]

Examiner’s Comments

The candidate matched each formulation to the appropriate set of characteristics that best described
it.
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PAPER 032 — ALTERNATIVE TO THE SCHOOL BASED ASSESSMENT

Paper 032, Alternative to School-Based Assessment, was taken by private candidates. The paper
comprised three questions which were based on syllabus objectives 2.6 and 2.9 from Module 1: The
Chemistry of Carbon Compounds, 2.4-2.5 from Module 2: Analytical Methods and Separation Techniques,
and 3.3 from Module 3: Industry and the Environment.

Overall, the performance of candidates was weak. The paper was worth a total of 45 marks. The mean
score was 13.90 and the standard deviation 5.66.

Question 1

This question involved the testing of organic compounds to differentiate between unknown liquids and
to categorize these liquids aldehydes, alcohols or ketones.
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Candidate’s Response to Part (a)

ib.1
1lc.1
2a.2
2b.1
2c.6
2d.2
3a.0
3b.0
3c.2
3d.3
3e.2
3f.0
3g.1

TABLE 1: TESTS ON COMPOUNDS Q,RAND S

1a.7

Observation
" Test
Compound Q Compound R Compound S
Carry out the following tests ; —‘
on approximately 2 cm® of T~
EACH compound.
I . N
AddK,Cr,0, (aq) followed by (i) i~ . - "
a few drops of dilute H,SO, |c} Coour dfctrg& from o v colour
and warm gently. : orenge ’“38 een | chom ge oo
‘ ’
Add approximately 2 cm® of | (iv) N@ C)b ﬂ((}gﬂ@ \2) \{C!ﬁﬂ (v1)d©<2d‘f whea
dropwise until I, is no Ionger <A cﬁ’i ﬁ{ )1+H & s .
decolourized. Warm gently. ! on 31y OVTY C«:&de
Cloodly Wﬁ o frther chunge
SAATEN wes \E}"' s
tellons foofore Mhig| o™ recinng
Add a few drops of 2,4-DNPH, (vu)@‘a '%f (viii) r&f’@)raﬁpﬂt‘ (ix) C\(U\r*se
orecig fete | Qo , t g:u
To approximately 2 cm® of |30 Gewnr | (x1?i%£( A x (xii) m{i\
AgNO, (aq), add a few drops press @MA}Q %m\eé @m @ et e
of NaOH (aq) followed by |[! " Q‘N‘ ' ﬁ
NH, (aq) until the precipitate g@:«nﬁ \‘-‘ IR G(:N g
dissolves. Add the compound B-pr‘ .| - oOH- sdobe |
and warm the mixture. m 3 ?&, 1S 3 m\ub\ e Sﬁ:‘:@ UI s ’
v " Nhscagy”
[9 marks]

Examiner’s Comments

In the exemplar, the candidate demonstrated good data reporting skills.

data sheet and often reported excessively or inadequately.

Generally, candidates seemed to be unclear about what data should have been recorded on the
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Candidate’s Response to Part (b)

(b).  Based on your recorded observations in Table 1, write the structural formulae of the
functional .groups present in Compounds Q, R and S.

Compound Q Ol 2 j» H
N /-@ t ' o
== =
7 %8
Compound R ¥/ H T
j T ) v
—E C Q-__ R=C—OH

{
H STREED 4 Br
CompoundSB( . Ccm (&

/G_ pad O
H x -
[3 marks]

Examiner’s Comments
Candidates were required to identify the presence of three functional groups, using inferences made from
gualitative data gathered. Fewer than five candidates were able to write structural formulae for at least

two functional groups correctly.
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Candidate’s Response to Part (c)

(c)

State ONE reason which formed the basis for EACH of the answers given in (b).

Compound Q

'M@@$W¢ugw%g% ......... .

.'.-------.-.-‘.-...-......-.........-.-.--.----.o.--....-...-..------q-..u..--v--nnuounu.-.....c.c.-.u.. .............................

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

TT@W&M%M e

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

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

u‘)mmcc\ om@e wL,w fJUnn ”) LGL Jra )mclmuyL \3 [}’a on.. m@c) x ...............

R R T N L NI T T T T Y Ty

Examiner’s Comments
Part (c) was not well answered by most candidates.
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Candidates were assessed on their ability to

e provide experimental information related to titrimetric analysis

e record the data appropriately from the titrimetric analysis

e perform calculations based on data obtained from the titrimetric analysis

Candidate’s Response — Parts (a) to (d)

2. A student is given the task of determining the concentration:of ethane-1, 2-dicic-acid, H,C,0

by

42

. tittating 25 em? portions of the acid with a standard solution of potassium manganate (VII), KMnO,,
containing 0.02 mol dm™. Figure 1 shows the readings on the burette before and after each titration,

2

— - -

34}

10 46

o]

!

)
TR T
'f:( |

T I-I THT I TTTed

1-;(

q

- .
v

d

Start  End Start  End . Start  End

-‘.ag
Titration.1 *. .- Tifration2. .. . . . Titration3 .

CY

®

33| Page

Figure 1. Burette reading

(i)  State which substance iri the titration is performing the role of the indicator.

YO"LC«SSmmmqu@nw}eQ\/m e,

[1 mark]

(i) = Identify tﬁq colour change which would be expected at the end of the reaction.

G S S

v [1 maxrk]
In taking readings of liquids, the bottom of the meniscus is usually read, However, int the

case-of KMnO, (aqg); this procedure is not followed. State-the reason for this deviation
from the normal procedure.

Theas.dee 'b*ﬂrz-m\oorcrc% ..... Kmmokcwp ......
e mkﬁb?‘fdﬁlcﬂw‘hdmrﬁtf%&.mmemsws

[1 mark]




() 6 In the space below, construct a table to record the titration results. Include the
initial and final burette readings, and the volume of KMnO, (aq) used.

“TrrRATon TRARLN i
A 42 £ gmf:‘
f A g5 |Bur |

a-5% o 12 2194
e | 2498 2450 | 2469

“IPRE SHowrer Vowme of KiThnOyeeqy USED

) TN SN0ARDIZING E‘mﬁm—\.’l'd“oiclﬂﬁi)
[S marks]
(i) State the volume of KMnO, (aq) to be used in the calculation.
oty ﬂ\g £Vl Qp m@c«@ ULl nq SO1IY ST
S 2 ZHTSIR e
[1 mark]

(iii) Given the ionic equation for the reaction occurring in the titration,
5C,0%* (aq) + 2MnOr, (ag) + 16H* — 2Mn* + 10CO, (g) + 8H,O(D)

calculate the concentration of the ethane-1, 2-dioic acid, in mol dm?3,

MKII)H“’ - Mhle Raho » 512

O. 0o\ 7 A50Dc~"

molqs #KM -0 oQ.x '1 ‘lend - O oo

50
~0- oOb‘ﬂ‘-l |0oOLr? —72:00RI T
Reo 5Gar - 2MA0O ~7 0004 Yirdes

29 .00 N2
- 6.0012%8 moleg| O CCHTImeldm

[3 marks]
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(d) Briefly outlirie the steps to be taken in perfcrmmg the t1trat1on

Hih 1041 5. pegRed. b!.( lissolving... o Knena, Yokome o7 .,
O o T G N n T chak 9”1»-5 cale disilled cocherdo.

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

ELBW ok e di ]d‘fq:! se\iciais. @pﬁﬂ@l’ tm‘b =y Comcd
[Gsk ‘ ‘

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

- (HQ bxe"t’@ 13, {\7 !ed w‘jfew @Qx—?o\rass\qnmlr\\gm«uﬁe .....
COQ\nan(\sz) ...................................................... Wiersbareeensenesrassesssansesssanis
...... \.nv\’l",rrq%m 7qurlu(3 CE)NCQ\\ Q(c&k wr@n( Bt

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

__(RQ(pec:ﬁ’ BZ\Q(JS Ur\'h VG\ ok Kmr\@_fcc\i) s Co\r\%rwn')‘ [3 marksl

‘Fotal 15 marks

Examiner’s Comments

In Part (a) to Part (d), the candidate demonstrated good skills in analysis and data presentation. The candidate
was able to identify the substance in the titration which performed the role of the indicator and the expected
colour change. The candidate was also able to state why the meniscus could not be read in this titration.
Additionally, the candidate constructed the required table to record the titration results, including the initial
and final burette readings and the volume of KMnO, (aq) used. The candidate also performed the correct
calculations to determine the ethane-1, 2-dioic, in mol dm=2and outlined the steps to be taken to perform the
titration.
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This question focused on the planning and design of an experiment to determine the oil dispersant action
of a given cactus plant against a viscous oil.

Candidate’s Response to Part (a)

3. Oil dispersants are compounds used in the crude oil industry to aid in the clean—up of oil spills.
Mucilaginous plants such as the Cactus are known to have properties similar to oil dispersants,
which are comparable to commercial detergents. '

Plan and desigh an experiment that measures the oil dispersant action of the Cactus plant against 2
viscous oil, toexamine its potential as a ‘green’ oil dispersant as compared to a standard commercial
detergent. Your answer should include the following:

(a) Hypothesis

S S R TR
MM ot b bl do e Ve ol qx/! ..........

[1 marki

Examiner’s Comments
In Part (a), candidates were required to derive an appropriate hypothesis. Many candidates had difficulty
providing an appropriate hypothesis. In the exemplar, the candidate provided a suitable answer.

Candidate’s Response to Part (b)

()  Aim

....................... .. MeOSLs. Mhe. oil A prmant. ackion of 6. Lackus ..

ARGRE. Q. visens. @V, e e s

[1 mark]

Examiner’s Comments
Generally, candidates were able to identify the aim of the experiment. In the exemplar, the candidate did so
effectively.
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Candidate’s Response to Part (c)

() Apparatus and materials

- 2.250.m) beckerso 2 Shrema. 0l

i
*éemfﬁ"r@rdqm(c[d‘ér&%rd‘ .....................................................................
it O R A TS =k

[3 marks]

Examiner’s Comments

Many candidates were able to derive an appropriate list of apparatus and materials. In the exemplar, the
candidate created an exhaustive list.
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Candidate’s Response to Part (d)

@  Procedure
Hece. Famlof. disslled woder1n.. 2. beokers. Label Bem...
S T s N,
‘plcifalomlopml*b ..... bath.. beakes. . cnd. sht e

=P 1ol o wm@e@w%m@ﬂd .............
e

*Tlecordobsewqéﬂamqugvemlndzp@ruocl

2 dd 1oml o cecdonextrad o benker B.cod .

3§’\T .................................................................................................................................
.:.gec,ord Q\Oﬁervcaﬂons’w [ P{Ve mmu)‘b—pezdoet

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

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

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

Examiner’s Comments

The candidate provided the steps that were suitable for conducting the experiment. Generally, candidates
experienced difficulty answering Part (d) and, in many instances, did not provide an answer.

38| Page




Candidate’s Response to Part (e)

(e) Variables

. Manipulated

Qi cﬂxsg)arScxr\‘)' Se C&@t%%‘rrod‘mwcls:\tnc@wc!

. Responding ‘

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

. Controlied
Vdome. a. wedes, vehome. o divpesadt,, velome...
Q%OI\ dme. da WQA ....................................................................

[1 mark]

Examiner’s Comments

Part (e) was not well answered by most candidates. However, in the exemplar, the candidate was able to
provide an appropriate answer.

Candidate’s Response to Part (f)

4)) Expected results

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

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

XA‘Q: C-(Q-\Qr-i. 0. % ..........................................................................................................

Examiner’s Comments
Determining the expected results that would govern a successful experiment proved to be challenging for most
candidates. In the exemplar, the candidate did a fair job in stating the expected results.
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Candidate’s Response to Part (g)

(&) ONE precaution to be taken

Focom Nek o ond et @ tecd db oue

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

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

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

Examiner’s Comments
Generally, applicable precautions were identified by candidates.
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