Aga Khan University Examination Board
Notes from E-Marking Centre on HSSC-11 Chemistry Examination May 2018

Introduction:

This document has been produced for the teachers and candidates of Higher Secondary
School Certificate (HSSC) Part Il Chemistry. It contains comments on candidates’ responses
to the 2018 HSSC-IlI Examination, indicating the quality of the responses and highlighting
their relative strengths and weaknesses.

E-Marking Notes:

This includes overall comments on candidates’ performance on every question and some
specific examples of candidates’ responses which support the mentioned comments. Please
note that the descriptive comments represent an overall perception of the better and weaker
responses as gathered from the e-marking session. However, the candidates’ responses shared
in this document represent some specific example(s) of the mentioned comments.

Teachers and candidates should be aware that examiners may ask questions that address the
Student Learning Outcomes (SLOs) in a manner that requires candidates to respond by
integrating knowledge, understanding and application skills they have developed during the
course of study. Candidates are advised to read and comprehend each question carefully
before writing the response to fulfil the demand of the question.

Candidates need to be aware that the marks allocated to the questions are related to the
answer space provided on the examination paper as a guide to the length of the required
response. A longer response will not in itself lead to higher marks. Candidates need to be
familiar with the command words in the SLOs which contain terms commonly used in
examination questions. However, candidates should also be aware that not all questions will
start with or contain one of the command words. Words such as ‘how’, ‘why’ or ‘what” may
also be used.

General Comments:

In Constructed Response Questions (CRQs), the candidates displayed better understanding of
the concepts such as acid-base behaviour of oxides of group 4 elements, reactivity of
Grignard’s reagent, sources of organic compounds and infrared spectrum of carboxylic acid
derivatives. On the other hand, they showed weak understanding and need more focus on
concepts; like, reaction of KMnO4, IUPAC system for naming different phenols, reactions of
alkyne carboxylic acid and precipitation of milk protein.

In Extended Response Questions (ERQs), they showed general understanding about the
structure of benzene, but they need to study resonance in benzene with the help of Kekule
and Dewar structures. Similarly, they showed good understanding of reactivity of aldehydes
and ketones, but they need more focus on their reaction. They showed good performance in
explaining the environmental problems related to oxides of sulphur or carbon, and
polymerization reaction.
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Detailed Comments:

Constructed Response Questions (CRQs)

Question la:

What is the trend of acidity of the oxides of group IVA elements?

Better responses mentioned that oxides of the elements at the top of group IVA are acidic and
the acidity falls as you go down the group or decrease as we move from top to bottom in the
group of periodic table.

Example:

a. YWhat is the tread ot acidity of the oxidos of growp 1V A elements'? 11 Mink)

F?cfdgg ob 0rides 'fl!"j'ﬁ'ﬂ'u‘p Ve etuqeats decxenie obown
e G¥0%p-
U

Weaker responses showed poor understanding of group trends of oxides of group IVA
elements. Most of these candidates wrongly described that the acidity of oxides of group IVA
elements increase as we move down the group or from top to bottom in the periodic table.
Some of the candidates discussed about trend of oxides in the period which was not the
demand of that question.

Example:

. What 15 the trend of acidity of the oxides of group IVA elements? (1 Mark)
. ?}g;;éi_i‘:% ; E\Q_bﬁ“-'-ﬁn Anexease doun e groae.
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Question 1b:

Compare the reactivity of carbon dioxide (CO,) and silicon dioxide (SiO,) with respect to
their reaction with

I. water.
ii. sodium hydroxide.

Better responses compared the reactivity of carbon dioxide (CO,) and silicon dioxide (SiO,)
with water and sodium hydroxide. They described that CO, reacts with water to form
carbonic acid or hydrogen carbonate ions, while SiO, doesn’t react with water. Similarly,
they identified that CO, reacts with sodium hydroxide solution to form either sodium
carbonate or sodium hydrogen carbonate solution, while SiO, does not react with sodium
hydroxide solution under normal conditions.

Example:

b, Compure the resclividy ol sieboo dinxide (000 amd silicon dioadde 25i02) wilh respect by Lheir
reuiion with

I, Warer. 2 sarks)

Cora- ?ﬁ?ﬂc«i&f'-f Wtk et eodin qfc:(-?rfe C:mffsaﬁ;c
Aegd c.dff-f:{.m Sios does asi- ool JUlft- puales. Henon
Cor s mMose weeckve 7o~ Lo

1L soLiem vdroxide, r{g_pfi (2 Marks)
Loy deodily spoch oI o508 fo Cf,—ue Sodfom
Peosboant cotls oLl 4 or  oloes riof Seoof-
It HNoott g - Hence Cor 1S rieye —géaa‘z?f{?’ﬁﬂw

10

Weaker responses depicted lack of knowledge of acid-base behaviour of oxides of group VIA
elements. They were not able to compare the reactivity of carbon dioxide (CO;) and silicon
dioxide (SiO,) with water and sodium hydroxide. In most cases, these candidates illustrated
that the reactivity of SiO, is higher with water and sodium hydroxide in comparison to
reactivity of CO,. They further provided explanation for their wrong answer, and mentioned
that because the size of silicon is larger compared to carbon, therefore; it can reacts more
readily than carbon.
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Example:

[v. Clormpare Lhe reactivity of carkon dicxide (0200 and silicon dioside (5100 with respeot to their
reaction witly

wileT, (2 ks

Q{og‘ i moge coluble in waler then 4he

(0p_becavge o} Pe biR%Es ¢l Hham Dp
_ond_Anad’e w A 'h“d ave morg réackve

ii. sodinm hydriide. (2 Murky)

0 %a. amofe tectve Ao (O3 pecoxse
¢ %o \ete Crowded aod aleng
(e €0y atfock to FE

Question 2

a. Write a complete balanced chemical equation to show the reaction of KMnO,4 with
i. iron sulphate (FeSQO,).
ii. oxalic acid (H,C,0,).

b. Identify the substance which is reduced in the reaction in part i.

Better responses provided complete and balanced chemical equation to show the reaction of
KMnO,4 with both iron sulphate (FeSO,4) and oxalic acid (H2C,0,). In each case, they showed
products formed during this reaction such as K,SO4, and MnSQ,, while considering the
oxidation reduction reaction, they balanced the number of hydrogen and oxygen using H,SO,
on the left hand side and H,O on the right hand side of the equations. In part b, they further
correctly identified that KMnQy is reduced in the reaction in sub part i.
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Example:

1. ircen sulphate (FeS0140 o ANurksy

KM O+ 10Fe S0y + RH, 504y =3 ¥3 804 +AMnIOu+ T e, (S0q)y +T14, O

ii. oralic actd (HC00 1. 12 Murks)

AkMnOy 3WaS0u+T 10,04~ Ky S0y M4 + A0+ I O

1. Ldcntily the subslance whicl is cacduced in the reaction i pat i i1 Wlark)

Mmﬂmcae (Mn) U Teduced H?Gm LI =Y

Weaker responses showed lack of grip on oxidation reduction reactions and were unable to
write complete and balanced chemical equation to show the reaction of KMnO,4 with iron
sulphate (FeSO,) or oxalic acid (H,C,0,4). Most of these candidates provided incomplete
reaction with only one or two products i.e., K;SO4, MNnSQ,4, while some of these candidates
even could not write these products as well and gave wrong formula of products; like, MnO,,
KH,C, and FeKO,. Furthermore, they did not mention the involvement of acid i.e., H,SO4 on
left hand side of equation or water on the right hand side of equation. In part b, these
candidates wrongly identified iron as substance which is reduced instead of manganese.

Example:

i iron sulphate (FeSO.g). (2 Marks)

fes0 +WNnD, —— F‘E'M‘Ou ""_F"h.s'ﬂ“
Y f —

i, oxalic acid (H2C.04). (2 Marks)

Ca Ha () -l—t’-l*llr'ququi — KH2Ca +MaDa +H.O

b Identify the substance which is reduced in the reaction in part i (1 Mark)
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Question 3:

a. Why are Grignard reagents more reactive as compared to most of the other organic
compounds?

b. Write a chemical equation to show the reaction of

i. propyl magnesium bromide with carbon dioxide.
ii. methyl magnesium bromide with propanone.
iii. ethyl magnesium bromide with ethanal.

Better responses correctly described that Grignard reagents are more reactive as compared to
most of the other organic compounds because of the nature of C-Mg bond which is highly
polar. In part b, they were able to clearly write chemical equation to show the reaction of
each given alkyl magnesium halide with the other reactant. For example, they showed
reaction of propyl magnesium bromide with carbon dioxide which gives carboxylic acid,
reaction of propanone with methyl magnesium bromide to form tertiary alcohol, and reaction
of ethyl magnesium bromide with ethanal to yield secondary alcohol.

Example:

m} e wlj tﬂtuﬂd?mkhﬂ_ adewn tellahse 4o Calbun rmd,.,_q:% calbew 4o B
u&\}m&i{.ﬁp‘*‘s&llié _omd hence peachve mupsavd ewpated do vtheu.

b. Write a chemical equation to show the reaction of

i propyl magnesium bromide with carbon dioxide. {1 Mark)

Bt br\ﬂm.ﬁ.L o _QH
Q=QQ§ + CH.f.H,é.?h}MjEL - ot 1 +  Ma Q
h.‘_____________'_____, -

— O

CH CAC CHy oH Neo

L. methyl magnesium bromide with propanone. i1 Mark)
09 Y el Ol
— Maq B + J:‘-;J:I,‘ — algehal ] n MQ“GH

3
m-.__"-—-f""'rfn cH CH}""'“T"QH, AN

3 CH}

)

I

L

| o

3

iti.  ethyl magnesium bromide with ethanal (1 Mark)
s (TR o ?H U
CH_(H, -MaBL + é: — al & + W
J -5\ TR TRIH N B
cw, H cHy
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Weaker responses exhibited poor understanding about the preparation and reactivity of
Grignard’s reagent with carbon dioxide, ketones and aldehydes. In part a, they were unable to
provide correct reason for the high reactivity of Grignard reagents compared to other organic
compounds. Most of these candidates wrote about the presence of magnesium or halide but
did not write any description in relation to bond polarity or electronegativity/
electropositivity. In part b, these candidates struggled to translate the names of given
Grignard’s reagent and other reactants to their correct structure, which lead to wrong
identification of products. In some cases, out of two reactants, one of the structures was
correct but again the product was inappropriate.

Example:

&Tign_nrd Teaqents_are mote T @ortbve becouse OF thif_‘lr_\E.tqll:;l_!igﬁ
and precerce of o babicle aond "Magmessivrn.
) L./ o

b. Wrile a chemieul equation le show the reaction of

1. profyl magnesinm hromide with carbon diaxide. (I Mark)

on B w0 @ Ry Al

il. ncthy] miaenesiom bromide with propanone. (1 bk
{Eﬁ sAD A
1 - I i
cHa- b- ey H ¥ —= oy Cu- OH « Us® HBS
o =T

i, ocuhyl magnesiem bromide with clthanal. (1 hlack)

o e _BY & o MO
T H- - -
CHz-C-H + Cha -i--é,_H — é}; H o4+ CHz-CHs

Question 4a:
Write the IUPAC names of the following phenols.
i. ii.

OH

NO, OH
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Better responses correctly identified the IUPAC name of the given alcohols as 2,4,6-
Trinitrophenol and 1,3-Dihydroxy benzene in part i and ii respectively.

Example:

1 {1 Marld)

N3,

Qo4 e §Artmitro ‘ph@n’l{}, :

il. (L hTark]
0H

TRy

o _

H

Lo -ATnydrme berRen

Weaker responses depicted lack of knowledge about the IUPAC rules and provided wrong
names of the given phenols. In part i, they used correct numbering, but gave incorrect names
as 2,4,6-Trinitrocyclohexane. Similarly, in part ii they were unable to provide correct

numbering, IUPAC name. In both cases, they showed confusion and wrongly identified the
given structure as cyclohexane.
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Example:

i {1 Mark)
L ¥

A Myl -TwiNibo Lyclohexane
7

il (1 Mark)

Cyclohexanel
¥

Question 4b:

Complete the given reactions by writing the missing products.
I.

OH O
NaOH

+ H;C—C—C ——> + HCl

ii.
- 4+

C,H;ONa + C;H,Br ————> + NaBr
iii.
2C;H,Br + Ag,0 @ — + 2AgBr

Better responses completed the given reactions with missing products. They represented
correct product as ester for the reaction when phenol reacts with acetyl chloride in the
presence of a base. On the other hand, the other two reactions were related to the preparation
of ethers, where they showed correct structure of ether formed by the reaction of alkoxide
with alkyl halide or by reaction of alkyl halide with silver oxide.
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Example:

b.  Complete the given reactions by writing the missing products. o (3 Marks)
i ’ i
oH o O-C—CHa
Il NaOH
+ HC—C—Cl ———= — + HCl

C,H,ONA + CyH;Br ——#C}."l{ﬂzjﬂh NaBe

il

HOHBr + AZD) e C:“j_'t:) {:_,,“t 2AgBr

Weaker responses exhibited lack of understanding of organic reactions related to reactivity of
phenols or preparation of ether through Williamson synthesis. They were unable to identify
correct structure of product in each case. In part i, instead of reacting hydroxyl group of
phenol with acetyl chloride most of the candidates showed electrophilic aromatic substitution
reaction of phenol and represented acetylation over aromatic ring. Some of these candidates
showed the structure of phenoxide ion. In part ii and iii, they showed irrelevant structure with
less or more number of carbon atom with variety of other functional groups such as aldehyde,
ketone, alkyl halide and alcohol.

Example:

OH 0
T Mt
oA -6 o — _Nao . HUI
__-f"-f
ii.
-+
CHADN | CiHBr ———a= _ RO e

Lil.

___,L-..:\! ITB I + ﬂl-g'r '

2—‘:3.\4? J o AT
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Question 5a:

nomenclature.

Write the IUPAC names of the given organic compounds following the rules of

Organic Compound

IUPAC Name

CH,

CH,

H,C—C—=CH—CH,—C—CH,

CH,
CH, CH,
CH;—C——C——CH,
CH; CH,

Better responses correctly identified the IJUPAC name of the given organic compounds as
2,5,5-Trimethyl-2-hexene and 2,2,3,3-Tetramethyl butane.

Example:
Organle-Comapound
CTTy Cliy
H;C C:CH CHE T CH, Q.,‘g,'; —'T'f.\ m&’ﬂt - gm-he ene
CH,
CH: CH;

CHy

CH;

CH;—C——C——CH,

2,1,3,%—Te_tfameﬁ‘ﬁw3uiﬁ-mq,

Weaker responses showed poor understanding about nomenclature of organic molecules
focusing on sigma and pi carbon-carbon bonds such as alkane and alkene. In case of given
alkene, most of these candidates selected the long chain of carbon atom, but were unable to
do correct numbering. Some of these candidates had correct numbering, but did not mention
position of alkene and an additional methyl group present. Similarly, in case of alkane they
again selected long chain of carbon and provided correct numbering, but were unable to

mention two additional methyl groups present.
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Example:

P By m@‘r\j\ hevene

H{(— C—CH— CH,—C—CH;

Cll;

Cll; CH
1 R4 A g ldlane,

CHy—C——C—ClIl

. CHy CH,

Question 5b:

Write a chemical equation to show the reaction of 1-butyne with ozone (O3).

Better responses depicted in-depth understanding of reaction of alkyne with ozone and
identified correct structure of two products i.e. propanoic acid and carbonic acid or CO,.

Example:

A0 LR
Nac -, 0 C oy Oa — Byt -y ~ Cagy gl 0%
D Caviao X WGEL Youts Latth e

'Do‘fw-r_..ﬂ- o Wi oY) sl CCean P 415,

Weaker responses displayed two major mistakes in their answers. First, they were not able to
translate 1-butyne to its correct structure and drawn structure of alkene. Secondly, instead of
writing the structure of carboxylic acid and carbonic acid, they tried to show the mechanism
involved in the ozonolysis of alkene using the structure of molozonide or ozonide.

Example:

H{= C4- CH- CHat Q3 —— Hal - CHoLo Ry —

f’g\"{\ 2 :
i
Ozownidea
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Question 6a:
Which of the following carboxylic acids is more acidic? Give reason for your selection.

e FCH,COOH
e CICH,COCH

Better responses were able to identify FCH,COOH as more acidic carboxylic acid and
provided correct reason for their selection. They mentioned that fluorine has high
electronegativity as compared to chlorine atom, therefore; it stabilises the carboxylate ion
formed after removal of proton and makes it more acidic.

Example:

FCH (oM s meore  acidic daan (R 0O0H  becaote Mo elethrg A

- w;“ﬂéinwhﬂ e -q as ":'11’ -—(\wr, ~G l"‘""'qlllf'\ er Maan Clarn e SSTEueT

gfove  as e El"rt"bf'tﬂdf;\-lrﬂ ol -[:lll.uuﬁ'ﬁ:. w Y "m-a;‘he‘".. whide ~akes

3
‘b-.p_ T'Qmaua.gu c!,gp.g‘rmﬁ' . n[.- c;;.r\:\:,lﬁ Lq-"_..:l- easier I:?ﬂrj Flabi iz e Mrkuﬁh_:\z

VEIFY

Weaker responses were unable to recognise acidic behaviour of carboxylic acid on the basis
of substituent attached at alpha carbon atom. They identified CICH,COOH as more acidic
carboxylic acid and provided illogical reasoning considering high electronegativity of
fluorine or low electronegativity of chlorine atom.

Example:

S Ty \ \Dyy e\ QI
Bl A1 w A X
__Xeroned i
Question 6b:

What will happen if ethanoic acid reacts with sodium metal?

Better responses illustrated good knowledge of reactions of carboxylic acid and mentioned
that when ethanoic acid reacts with sodium metal it forms sodium acetate with release of
hydrogen gas. Some of these candidates wrote complete and balanced chemical equation
mentioning both the reactants and products.
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Example:

C Whea  eBeounoie avd refcls i sodiu m!‘:-ﬂ\ﬁ L e -—t;u'rrr"-i. Sadiusr
it ml(: ef~eraic E\Ut‘D aﬁé I‘P_EF—G:;E& u‘\éﬂ’ﬁ}ﬁ&ﬁ aq; Aoy cﬁ{ffm-'qa“l-q_
C'c.ic!.-'r. U""E"":} ﬂjlwe. a!— car'Lu.:‘-J'T]ﬁ_ :?rnu-‘P ~

n - + L
2 CHy-c-ofH + 2Ma ————3 1 CHy = © —O-MNa 4 b, T

Weaker responses were not able to predict the outcome of that reaction due to poor
understanding of reactions of carboxylic acid. Some of these candidates tried to write a
chemical equation to show that reaction, but they were not able to translate ethanoic acid to
its correct structure. Majority of these candidates suggested the formation of organometallic
compound while few candidates showed reaction of sodium with carbonyl carbon of ethanoic
acid.

Example:

b, Whal will happen il ethaneic acid reaets wilh sodiom melalt? {2 Marks)

Aranoic owld  reocts Wik gedivem el i farex
Oraaro rerilic compound( with Cavbondionide
_ N;T{\ e e

Question 7:

Name and describe any TWO sources of organic compounds.

Better responses mentioned and described two sources of organic compounds. In most cases,
they mentioned coal and petroleum as major source of organic compounds and provided
appropriate description. Some of these candidates mentioned natural gas and natural products
including plants and animals as source of organic compound with their descriptions.
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Example:

-~ Plomts: plomnb are makunold souvee o}y Brgemvic wmpomde. Likee.
tevpemen hrom been, anoclic huyduoconovs fororn herlos lee femmel

geecly ool Feaplomtane oblevimed i

— Coal : By diskvochive dishillatiomely coed  coed tow, [oke , coal

985 i dokamed whichh on fualirn st grachonal ds hillakion ol

- protenes ?,m L:uam'z.mm_, Lom,lmc,fpl»;nmﬂt . melhasv e omcl
oy ohan mﬁu], N&ML EcmEMdA-

Weaker responses failed to identify and describe two sources of organic compounds.
Majority of these responses tried to describe organic compound rather than providing their

sources. Some of these candidates discussed about isomerism and their types while few of
these provided description about catenation or hydrocarbons.

Example:

Name and describe any TWO sources of organic compo um]a

g Qpauic wombound _eyict in .ﬂl.&(ﬁ&gd_ﬂﬁl&j number

asound s
0 due tote cofemali~ S o owl:-omdmd
Jr!af \ink Lotk gock other, ﬂf-m
| be omed R
’1 Sygeuic_tompourds (o also bew ok
W -HE.:, OO o compouny & tg-fﬂ;fmuf_
LOWpOUALL
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Question 8:

Casein, a milk protein, contains a large number of phosphate groups attached to the amino
acid side chains in its polypeptide structure. The effect of pH on the solubility of casein
reflects the ionisation of the acidic and basic groups in its structure.

CH(CH,), 0 (CH,),NH, 0
N
H H _
X H2N/ \ﬁ/ \C/ \H/ \|(|:/ \C/ \O
—_ 2 —
0 CH,CO, 0 CH,OPO,
CH(CHj), 0 (CHy),NH, 0
A Y
+ H H
Y H3N/ \ﬁ/ \C/ \E/ \ﬁ/ \C/ \OH
0 CH,CO,H 0 CH,OPO;H,

i. low pH.
ii. high pH.

a. ldentify the structure (X or Y) which shows the existence of casein protein at

b. At what pH, precipitation of casein occurs? Explain your answer with reasoning.

Better responses were able to correctly distinguish both the structures X and Y and identified
the existence of casein protein at different pH. In part b, they mentioned that the isoelectric
point (IEP) for casein is approximately 4.6 and it is the pH value at which casein is
precipitated. They further explained that originally casein possess a net negative charge, but
during the addition of acid to milk, this negative charge on the outer surface of the micelle

neutralised/ phosphate groups are protonated, and the neutral protein precipitates.
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Example:

a. Identify the structure (X or Y) which shows the existence of casein protein at
i. low pH. (1 Mark)
in.  high pH. i1 Mark)
b. At what pH precipitation of casein occurs? Explain your answer with reasoning. (3 Marks)

Prf¢{p|l—q'r-1 on_of & " occy rs—erlr—:hq%&kuﬁﬂv:-n
PH u_f_fl"nlk Ci‘l'o?ﬁ ‘Fi’cm 6 o (—{lf!:nr'-l “This P‘r’t LS
the isoelechic poi‘ﬁ{- f Coosin Ahals mecns a
nekt c:hm'qe becomer zeto and ik eheuts to
Fﬂeupﬁl}ut'c Cﬂu!’nﬂg Jhe onille e C‘.,Ufé'}l

S

Weaker responses demonstrated poor understanding about structures of casein protein at
different pH. These candidates wrongly identified the existence of casein protein at low pH
with structure X and at high pH with structure Y. In part b, they were unable to discuss about
isoelectric point of casein and failed to explain how casein gets precipitated. Majority of
these responses generally discussed about the denaturation of protein and described that at
low pH, casein gets denature and the structure of casein breaks apart due to that solubility of
casein is decreased and it appeared as clums.
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Example:

a. Identify the structure (X or Y) which shows the existence of casein protein at
i. low pH. {1 Mark)
X - ~
ii.  high pH. (1 Murk)
b, At what pH precipitation of casein occurs? Explain your answer with reasoning. (3 Marks)

_Acidic._pt ie lower than ?_cﬂ pH oy citvic acid cowxes The

precipitation o) gagsein in milk. Whnenthe ph decveases it _
_denatres e pvotein cavcing ite chuelbre b break and

U
Lnpold.Wesea Then combine and cloegtey -MFM 1o porm
Clemps _— - S

— _— - - — — - —— _— —_— —

Question 9:

Given below is an infrared spectrum showing peaks X, Y and Z.

100 -

Bond Range (cm)
; O-H (alcohols) | 3230 —3350
2 O—H (acids) 2500 — 3000
= c=C 1620 — 1680
= c=0 1680 — 1750
& C-0 1000 — 1300
= C-H 2850 — 3300

-7
0

ARLASAS ! RASAAREEES HE. —
4000 ﬂooo 2000 I 1500 1000 500
Wavenumber (cm™1)
X Y
a. Match the peaks X, Y and Z with the CORRECT type of bonds in the given table.
b. Based on the information given, encircle the compound to which the spectrum belongs.

i. Acetone

ii. Ethanoic acid
iii. Benzene

iv. Ethanol
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Better responses managed to clearly recognise the infrared spectrum of the given compound
and mentioned each peak with correct type of bonds in the given table. They correctly
identified very broad peak X as O-H (acid) at 2500 cm-1 to 3000 cm-1, peak Y as C=0 at
1680 cm-1 to 1750 cm-1, and peak Z as C-O at 1000 cm-1 to 1300 cm-1. In part b, based on
the information in part a, they showed that the given spectrum belongs to ethanoic acid.

Example:

a.  Maich the peaks X, Y and Z with the CORRECT type of bonds in the given table. (3 Marks)
x-_o-H (’-‘\ﬂ'&*)
v=_ (=0
z=_ -0

b.  Based on the infermation given, encircle the compound to which the spectrum belongs. (1 Mark)
L Acetone
iii. Benzene
iv, Ethanol

Weaker responses made the wrong judgments about the peaks highlighted in the infrared
spectrum of the given compound and were not able to match each peak with correct type of
bonds in the given table. Instead of selecting hydroxyl group of carboxylic acid (O-H acid) as
peak X they identified hydroxyl group of alcohol (O-H alcohol). Similarly, they selected C=C
and C-H bonds as Y and Z instead of C=0 and C-O respectively. Some of these candidates
were able to correctly identify O-H of carboxylic acid, but wrongly recognised aldehyde or
alcohol at other two positions. Finally, based on information in part a, they encircled wrong
compound in part b.

Example:
. Mluteh Lhe peaks XY aod £ with the CORRECT vpe of boods inthe given tahle. 03 Marke)
adld
.K -
¥ =
&=
b. Based o the intoemation ¢iven, encircle the compownd o whicl the spectruns belongs. (1 Mark)
i. ACCrone
iL. Lithanoic auid
i Reonronc
{1'1;}. Lihanol
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Extended Response Questions (ERQs)
These questions offered a choice between part a and b

Most of the candidates attempted 10a and performed better compared to 10b.

Question 10a:
i. What is resonance?

ii. Explain the resonance in benzene with the help of Kekule and Dewar structures.

Better responses correctly defined resonance as the possibility of different pairing schemes of
valence electrons of atom. They further explained the resonance in benzene with the help of
Kekule and Dewar structures. They showed Kekule and Dewar structures and mentioned that
the stability of benzene molecule increases with increase in the number of its resonance
structures. They discussed about the major and minor contribution of Kekule and Dewar
structures, respectively, in the actual structure of benzene. Finally, these candidates
mentioned about resonance hybrid and alternating pi bonds present in benzene molecule.

Example:

»Rosonance i defined as the dufferent ?a{w‘mc:.] schemes gof the

elechvons of valance shell, Yo form o Stamie condi %u,f‘_qiiﬂﬁ,__
+Benene also  exWiiks the Phenomena of tesonance proposed %
ke \woe and Dewar. Resonance is vesponsible for The stabii}( »

of ‘verene T'tﬂ%. In, Euv"-uj eéars, Cwernists were _{ﬂh‘ﬂ%ﬁ&iﬁg@
Yo propose The  ehvuchre o) oenyenc, Shedgut  chain rutecl
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Weaker responses exhibited poor understanding of structure of benzene molecule and were
failed to explain the phenomenon of resonance and stability of benzene with the help of
Kekule and Dewar structures. Some of these candidates gave actual definition of resonance
but were unable to describe resonance in benzene in terms of its resonating structure.
Majority of these candidates tried to write the mechanism of electrophilic substitution
reaction in benzene with appropriate structure showing attack of electrophile, shifting of pi
bonds/ stability of carbocation. They provided wrong description about Kekule and Dewar
structures and did not mention about major or minor contribution of each structure.
Moreover, they did not discuss about conjugated bonds and resonance hybrid in benzene.
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Question 10b:

0 0
H;CJ—KCHE; H;C)J\H
A B

i. Which of the given carbonyl compounds (A or B) is more reactive towards nucleophile.
Give a reason for your answer.

ii. Write a chemical equation using carbonyl compound A to show the formation of

I.  hydrate.
Il.  cyanohydrin.
[1l. imine.
IV. oxime.
Iii. Write the mechanism for the formation of cyanohydrin (formed in part I1).

Better responses correctly identified carbonyl compound B as more reactive compared to
carbonyl compound A. They gave appropriate reason for their selection by mentioning that it
is an aldehyde in which carbonyl carbon is more electrophilic as it contains only one alkyl
group with less steric hindrance. In subpart ii, they wrote chemical equation with correct
structures showing the formation of each product. In subpart iii, they provided correct
mechanism for the formation of cyanohydrin including formation of CN™ ion, its attack as
nucleophile and protonation.
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Weaker responses showed confusion in relation to stability and reactivity of a compound A
and B. They had a wrong understanding that if a compound is more stable, it would be more
reactive. They wrongly identified carbonyl compound A (ketone) as more reactive and gave
reason that it is due to its high stability. In subpart ii, they showed lack of understanding of
reaction of carbonyl compounds. They did not provide chemical equation to show the
reaction of different reactants (water, HCN, amine and hydroxylamine) with carbonyl
compound A. They were even not able to translate hydrate, cyanohydrin, imine and oxime to
their correct structures to show atleast final product. In subpart iii, these candidates gave
wrong mechanism for the formation of cyanohydrin and few candidates tried to represent
hydrolysis of cyanohydrin through water molecule and mentioned removal of hydroxyl group
of cyanohydrin and hydrogen of water.
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Most of the candidates attempted 11a and performed better compared to 11b.

Question 1la:

I. Explain any ONE environmental problem caused by the emission of each of the
following.

I. Oxides of sulphur
Il. Oxides of carbon

(Note: Write chemical equations where necessary to support your answer.)

ii. Write any TWO negative impacts on the environment of any one of the problems
described above.

Better responses correctly identified acid rain as one of the major environmental problem
caused by the emission of oxides of sulphur, while global warming as another potential
environmental problem associated with the emission of oxides of carbon. They further
explained that how acid rain is formed using chemical equation. Similarly, they discussed
about the greenhouse effect and global warming including the description of carbon dioxide
as a greenhouse gas. In subpart ii, these responses further described the negative impacts of
environmental problems identified in subpart i, such as acid rain damage building material,
paint and plastic.
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Weaker responses were unable to identify environmental problems associated with the
emission of oxides of sulphur and carbon. Rather mentioning the environmental problem
caused by oxides of sulphur, i.e. acid rain, they generally described the formation and source
of oxides of sulphur in the atmosphere. Some of these candidates wrongly identified acid rain
as one of the environmental problem caused by the oxides of carbon. Few candidates
correctly identified acid rain as one of the environmental problem caused due to oxides of
sulphur, but were unable to explain the formation of acid rain with chemical equations or had
no discussion about pH. Similarly, they did not identify global warming and greenhouse
effect associated with oxides of carbon and gave no information about increase in the earth’s
average temperature due to excessive release of several greenhouse gases. On the other hand,
many candidates mixed up the concepts of acid rain, greenhouse effect and ozone layer
together, and wrongly identified ozone layer depletion as one of the environmental cause due
to oxides of sulphur. In subpart ii, they did not discuss negative impacts of environmental
problems highlighted in part i, but gave general description about the negative impact of any
environmental problems.
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Question 11b:

i. Describe the synthesis of polyvinyl chloride (PVC) and Nylon-6,6 using chemical
equations.

ii. Identify the type of polymerisation involved in the synthesis of EACH polymer in part
I.

Better responses were able to describe the synthesis of polyvinyl chloride (PVC) and Nylon-
6,6 using appropriate chemical equations. They represented correct structure of vinyl chloride
and transformation of double bond to a single bond to form PVC. Similarly, they provided
correct structure of hexamethylenediamine and adipic acid to show the formation of Nylon-
6,6 with removal of water molecule. In subpart ii, they correctly identified the type of
polymerisation involved in the synthesis of each polymer such as addition polymerisation for
PVC and condensation polymerisation for Nylon-6,6.
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Weaker responses exhibited poor understanding about the formation of PVC and Nylon-6,6
and were failed to describe the synthesis of these polymers. Majority of these candidates had
knowledge that PVC is formed by vinyl chloride but they were unable to represent correct
structure of vinyl chloride. As a result, they could not show correct structure of PVC.
Similarly, these candidates showed wrong structure of adipic acid and
hexamethylenediamine. In most cases, they mentioned —(CH,)s— in adipic acid structure
rather than mentioning it in the structure of hexamethylenediamine. Similarly, they
mentioned —(CHy)s— in hexamethylenediamine structure instead of mentioning it in adipic
acid structure. Some of these candidates showed correct structure of adipic acid and
hexamethylenediamine but were unable to join them properly with peptide linkage. Few of
these candidates incorrectly identified the type of polymerisation involved in the synthesis of
these polymers. For example, condensation polymerisation for PVC and addition
polymerisation for Nylon-6,6.
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