Aga Khan University Examination Board
Notes from E-Marking Centre on HSSC-1 Chemistry Examination May 2019

Introduction

This document has been produced for the teachers and candidates of Higher Secondary School
Certificate (HSSC) Part | Chemistry. It contains comments on candidates’ responses to the
2019 HSSC-I 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 Observations

In comparison to previous years, overall performance of the candidates has improved.
However, there is still room for improvement. Mentioned below are few concepts on which
teachers need to focus and give candidates more drill and practice to have a strong grip.

a. Clarity of Bronsted Lowry concept of acid and base in terms of proton that is followed by
the concept of conjugate species

b. Concept of bond energy with reference to the electronegativity differences of bonded
atoms, ionic characters and bond length

c. Solubility of ionic compounds in water on the basis of lattice energy and hydration energy,
whereas, solubility of polar covalent compounds on the basis of weak intermolecular force
of attractions
Causes and effects of the change in pressure on lungs during scuba diving

e. Clarity of relationship between negative exponential values and solubility products of
different salts and extent of dissociation of partially soluble salts
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Graphical representation and interpretation of thermodynamic reactions and miscible
liquids in an ideal solution

Identification of oxidation and reduction half cells on the basis of cell equations/ or cell
potentials

Use of formulas in different stepwise calculations for determining empirical and
molecular formula of compounds

Calculations for the energy of electron in different orbits with reference to Bohr’s equation
Sequential construction of Born Haber cycle and related calculations
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Detailed Comments:

Constructed Response Questions (CRQs)

Question la:

Describe Heisenberg’s uncertainty principle.

Better responses successfully described the Heisenberg’s uncertainty principle with the clarity
of wave nature of electron. These responses clearly presented that there must be an inaccuracy/
uncertainty in the measurements of position or momentum of electron if both calculated at the
same time.

Example:

#tr&inbr@i un-:rrmm:{g p?rnapr’:t :qﬂ(qm; Thod , elue To wuve nauve o

elesfvom Il?md-fnhm“

electyone, i 1y impesbl n:mtm:hq maR{Y_posis b and homurumop

Weaker responses failed to describe Heisenberg’s uncertainty principle. Some of these
responses demonstrated that there is an uncertainty in the measurement of velocity and position
of electron, while some others mentioned that position and momentum of electron cannot be
calculated simultaneously without any concept of uncertainty. A few of these responses
described that this principle deals with the energy of electron in an orbit and their jumping from
one orbit to another.

Example:

“F. electyon heeps mm im i grbil withot iﬂa,ﬂw b Ean.
q) chinp th F1.Mx4 ity [ gt 'qddu-' of ﬂuw
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Question 1b:

Identify each principle/ rule of electronic configuration described in the given table

s Name of
: Description Principle/
No.
Rule
1 Electron should be filled in energy subshells in order of
increasing energy values.
5 Two electrons in the same orbital should have opposite
spin.
3 Each orbital in a sublevel is separately occupied before
any orbital is doubly occupied.

Better responses were able to identify the principle/ rules of electronic configuration with the
help of description given in the question. Candidates showed knowledge about Aufbau
principle which is the ‘building up’ principle which states that electrons occupy orbitals in
order of increasing energy. Similarly, these responses showed correct identification for Pauli’s
Exclusion principle and Hund’s rule.

Example:
AR ST A W e ] - g
S.{Nu. i} o 4 T LA e 5 B i B
i |- L[5 Ef ,-i ‘i'.-u-l' EE e 47 .._T\I. ::=? i A _.-% i
i Electron should be filled in energy subshells in order of Possels ey
increasing energy values. P vaapie
2 Two electrons in the same orbital should have opposite spin. Paulis
m-.-t.tuum?\':m.: Pl
3 Each orbital in a sublevel is separately occupied before any H ound s
orbital is doubly occupied. “uie

Weaker responses depicted poor knowledge of principle/ rule related to electronic
configuration. In many responses, candidates mentioned the correct name of principle/ rule but
mentioned it against wrong description. It was frequently observed that candidates mentioned
Heisenberg’s uncertainty principle in any one out of three, since it was given in part a. In few
other responses, candidates also mentioned names of different Quantum numbers and Hess’s
law.
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Example:

5. Na. ; - S Name of
: B i Principle/ Rule

1 Electron should be filled in energy subshells in order of Heinc h!ll'g

increasing energy values. uncerfai -l‘ﬁ ?rm;ﬂ;
=

2 Two electrons in the same orbital should have opposite spin. -Hu.-n.d’; fule

3 Each orbital in a sublevel is separately occupied before any Puf bau P‘l'h'lffple
orbital is doubly occcupied.

Question 2:

Describe the concept of conjugate acids and bases using the following reactions as
examples.

a. Reaction between hydrogen chloride and water

b. Reaction between ammonia and water

Better responses showed well explained conceptual knowledge of Bronsted Lowry theory of
acids and bases. These responses conveyed a clear idea of proton donor and acceptor species
as acid and base, whereas, the species formed after the donation or acceptance of that proton
are conjugated base and conjugated acid respectively. These responses were able to describe
both the reactions with the help of equation and paired-up the acids and bases with their
conjugated parts using arrows.

Example:

a.  PReacrion betweon hydrozen chloride and water {2 Marks)
HOL + W0 — L7+ Hao"

Heve in Bis weactio HEL 6 am acd we €7 wil be 3k

%n}v{{n‘&f bate omegd hewe HaO s Bose ac Mo wilt be

canfogate  acld.

b,  Heaction between ammonia and water (2 Marks)

MHs + Hy o —aNHa +OH _
Hewe i s reaclion NHW3y iz bate ond “‘“"‘J“’F&"‘—‘&
wih loe MHUL onmd here HiO acks am an acd st ita

_mﬂiuﬁake, base  wil ke QW
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Weaker responses displayed a misconception in pairing acids and bases with their conjugated
part. In these responses, a lack of understanding was shown in the concept of acid and base
with reference to proton. Many of these responses depicted with the limited knowledge
regarding the behaviour of water as an acid or a base in both reactions. Very few of the weaker
responses successfully did part ‘a’ of the question, i.e. reaction between HCI and H20 but failed
to show the equation/ description/ role of water as an acid in part ‘b” and ultimately their
conjugated pairs could not be identified.

Example:

8. Reaction between hvdrogen chloride and waler {2 Mlarks}

Helod Hoo —> ol 4+ 2400 -
C_{,’Thﬁ A Gl e eid ettt Tl wmeans o bLicdy &
[ ' : L)
ofiold 2e 1t ced]  and  redice odtws.

h.  Heaction hetween ammonia and water {2 Marks)

Nz the 2 MAeoH
,Ef‘] /ﬁ-Lr'Q Lz'if_;:{.{a.l{_"f-r?'), M cutq e A | déﬁ}i__cifuaam;f{,

Y,
oy cver.of aff alfo @ temgugafs
by o d €@ » L o
Question 3:

a.  Arrange the following bonded atoms in the correct order of decreasing bond energy.
C=C, C=0, C=N

b.  Give ajustification for your arrangement in part a.

Better responses profitably arranged the bonded atoms in descending order of bond energy in
part ‘a’, i.e. C=0 > C=N > C=C, whereas in part ‘b’, better responses justified their
arrangement with decreasing bond energy i.e. bond energy decreases with the decrease in
electronegativity difference/ increase in atomic size/ increase in bond length/ decrease in ionic
character.
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Example:

C=C, 0=, OFN {1 Mark)

Ceo0,C=M. 2L

b (ive a justilication (o your artangement in part a. (2 Marksa)

@& ﬂ‘ﬁ"&tﬂ,{'@mgnf" vrogle 10 !f)a'rlf" a (s Acloroldt
f2_fhe decreesing dlectron -nepatis W_fﬂg
fasses Low bond “grievay opibraling” o Foe
MLTeaitg tr7e of eV pbory.

Weaker responses failed to arrange the bonded atoms in correct order of decreasing bond
energy in part ‘a’. They were rather mentioned in the opposite order, i.e. C=0 < C=N < C=C
or random arrangement. These responses also remained unsuccessful in giving justification of
the order as candidates contradicted their own statements. Like, they mentioned C=C required
minimum bond energy (correct statement) because it has two lone pairs (incorrect reason).
Similarly, in many weaker responses, candidates showed incorrect arrangement with correct
reasoning, i.e. C=C possess highest bond energy (incorrect statement) because the bond length
is greater as compared to C=N and C=0 (correct reason).

Example:

U=, =0, (= (1 Mark)

3. Crive a justification for your arrangement in part 0. 12 Murks)
M- tegnt erpay ' brenk We Vovnd uill we readved by
o =
L2 oar 1Y Vs bus WOwa '?cnlu-rr-_.. L=ty e o

el oY So [P ‘i{aiu':.ff' a Wttla vaDee lemed aneer) L Evar

= Wian L Lae pods La s aan fequisg TROVRI AT bavﬂeﬂ“fjuj,
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Question 4:

Give a reason why

a. ionic compounds are soluble in water but insoluble in non-aqueous solvents.

b. some covalent compounds dissolve in water.

Better responses, in part ‘a’, described the correct reasons for the solubility of ionic compounds
in water. These responses mentioned about the relationship between hydration energy than and
lattice energy interference to the polarity of both solute and solvent. Most of the responses
explained this polarity in terms of detachment of ions in ionic compound with the attraction of
polar parts of water with these ions. Whereas, there is no concept of hydration in non-aqueous
solvent due to lack of polarity. In part ‘b’, candidates were able to identify weak intermolecular
forces either dipole-dipole interaction or hydrogen bonding are responsible to make a covalent
compound soluble in water.

Example:

a.  ionic compounds are soluble in water but insoluble in non-aqueous solvents, (2 Marks)
I6nic compound are oluble in waker barawe when ionic
subskance € pced in waken, Por¥ molecwedetach cakign and
anion tlom crorectlle and thug M are fread by Nuderr ion - This hograry
wren hydmabion i€ qreater ther \attice enery -

b, some covalent compounds dissolve in water, {1 Mark)
SOme Covalent cpmpourd diSColve in wa'ter by fpmning
hlﬁd\“ﬂqﬂﬂ‘ﬁ bord in wate -

Weaker responses demonstrated the concept of polarity in case of dissolution of ionic
compounds in water or non-aqueous solvents in part ‘a’ but failed to explain hydration energy
in comparison to lattice energy. In many weaker responses, candidates mentioned that ionic
compounds break into ions/ dissociate into ions/ separate into ions but remained unsuccessful
in justifying this dissociation. Furthermore, these responses didn’t mention the comparative
reasoning for aqueous and non-aqueous solvents/ solute-solvent interactions. In such
responses, candidates mentioned hydrogen bonding of water with ionic compounds that makes
ionic compound to be soluble in water. Whereas, in part ‘b’, candidates mentioned the concept
of polarity instead of the formation of weak intermolecular attractions between polar covalent
compounds and polar water molecules.
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Example:

a.  ionic compounds are soluble in water but insoluble in non-aqueous solvents, (2 Marks)

_'lnm:c__mm'nj_mﬂ Qare {dﬂr {.LHF‘ in uﬂiﬂ bg auhe
';‘In«? u t‘.]lﬁgj‘j, &}Ei[ Ty AL n 5m&|§ oo Hoir

MMM:&;L
_44:.;.3_ba_unx_f;ham&r hom

some covalent compounds dissolve in water. (1 Mark)

o this %wﬂ_&&uﬁh

Question 5a:

State Dalton’s law of partial pressure.

Better responses stated the Dalton’s law of partial pressure for ideal (or non-reactive) gases.
These responses also represented the mathematic expression of the law, i.e.

Px=P1+P2+P3+....

Example:

e - 'rei:ﬂ'““‘q,
e tohod beetslass Eﬁ'gn ko) q,m ig, equpl b 4l

'LF@U"'&“"—-’-‘- Laitad mastore of eoetn ':S,Qg P » ©ux® oY

Weaker responses failed to state the Dalton’s law of partial pressure. Few of these responses
stated the law in a very generic way without taking in view the concept of ideal (or non-
reactive) gases.

Example:

_mwk. ?'(E-b-‘h-l.u&, NVEIvEY euﬁiﬁsﬁ ?rmm.:,ah cerhriSn Ouan birere

preasine. 13 Reatsbedd
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Question 5b:

Explain why it is dangerous for divers to hold their breath during scuba diving.

Better responses correctly explained the effects of increasing and decreasing pressure in
relation to volume on the lungs of scuba diver. These responses clearly elaborated the increase
in pressure and decrease in volume of lung while a diver descends. Whereas, during ascending
to the surface pressure drops and lungs expand due to increase in volume and holding breath at
the mean time expands lungs beyond their limit of expansion and this could be fatal.

Example:

ngerous fur swbs divers tohold }hmfblta}hmnnq Embummm

nd nokinhalin '|
and nekinhaling properlyydining g{%&fﬂcdmxm_m +ﬂ—

the scpba Is under hﬁlh pressure, cj.unnﬂ awfaunq in waker -.m tsnotinhaleol
r:mpcﬂu the Qa3 may rtpe_mlufﬁun the bomd iesu Ilfnu in serfons mfeuimrj

mncuhmcu.ucd lxmd:- for thi’s purpose ,Hwtu’fwibsﬁmd mmmﬂ i
peexs vse scwba fnclkkp walker

deompressivn chambes gmump[ﬁ_&utmﬁﬂ'ﬂhmhtsmfmti_

Weaker responses depicted lack of conceptual understanding of pressure during scuba diving.
Candidates explained either in a very generalised way referring to the use of the effect of
breathing equipment or in terms of balancing of body with the decrease and increase in
pressure. Many of the weaker responses identified the process as an application of Boyle’s law
instead of Dalton’s law of partial pressure.

Example:

gmai’mgemm £8 hetd Ui frealls duk :,}
Mo Scalla iuing beeawse Uhane ir high
Jresiuns mﬁﬂaﬁ@w&&&ﬁ tﬁ:;/zé; Joan Tl
ressine 4 Wﬁﬂﬁﬂﬁ&ﬂdt‘a@ Vilomne
S lab wibu) Gbie gy davaapssos ts W0l
i brealk #cﬁb"w?:f-f Jewha {’%m&a-
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Question 6a:

Describe the role of a catalyst in a reversible reaction.

Better responses expressed the role of a catalyst in a reversible reaction specifically, i.e. it
accelerates the rate of reaction reversibly/ it helps to attain equilibrium in lesser time/ it alters
the path of reaction without changing itself/ it lowers the activation energy for both reactions.

Example:

e 4ole N Fﬂlﬂ;_iﬂ!,é‘“ i U Wuﬁ ‘the chemiial

he Loy 0 dthem Q mlﬂ_ﬂﬂr{i‘ addﬁd produnls  aje
;«:ﬁtqﬂéd A 64 qmeﬂﬁ Qaﬂhﬁ&m produds Aoaelanli
:me alio rr&fzmed @Mw,mh lakes (o Lima

Weaker responses mostly explained the role of catalyst in a generic way without relating it to
the reversible reactions or equilibrium. Candidates mostly wrote that a catalyst increases the
rate of forward reaction but it stops/ inhibits the backward reaction. They related the amount
or concentration of catalyst to its extent of functioning.

Example:
MM@ ed_ﬁ;fa%e weaction. TE 42
dwrovint o f ot i ipcieased the aealion

will ppues o the _—@mtd dixecbion- 1L theamounh
aﬁ._.aamﬁxu deexeae Mo will be backwayd xeachion.
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Question 6b:

Identify the salt from the given table which has the

S. No. Salts lonic Product Ksp
1 Ag.CO3 [Ag*)? [COT] 8.1x10%
2 AgCl [AgT[CIT] 1.8 x 1010
3 Fe(OH)3 [Fe3+] [OHf]3 1.6 x 10730

i.  highest tendency to dissociate.

ii. least tendency to dissociate.

Better responses identified the correct salt that has the highest dissociation tendency, i.e. AgCl
because its Ksp value is the greatest, i.e. 8.1 x 1071%. Whereas, the salt which has the lowest Kgp
value, i.e. 1.6 x 1073 has the least tendency to dissociate.

Example:

i highest tendency to dissociate, {1 Mark)
Ag L has ¥he greatesttendenuy to aitsodialt becavse higher the ksp value
qﬁrmltrmfu be the clfig ocfahin .

ii. least tendency to dissociate. (1 Mark)

FelbH)s has the least Wmcgbdmmmmlﬂaﬂ

_desser ualh he the alfsocura-

Weaker responses mostly swapped the salts showing lack of conceptual clarity, i.e. connection
between dissociation tendency and value of Ksp. In few of these responses, candidates also
picked Ag2.COs as any one of the possibility regardless the given value of Ksp.

Example:
k. Trighest tendency to dissociate. L1 wilark}
__-C—EL'\_OHE o vars e L.'-gk.-»;eb"c L"gmég}_ﬂt_a = e oenobe .
1i. least teneleney 1o disgodiate. il BAark)
— Ba Ty bas The lesst bendency Yo Hdissocialke | -

Page 12 of 32



Question 7a:

Draw a labelled energy diagram for an exothermic reaction.

Potential Energy

Reaction Progress

Better responses illustrated the correct position of reactant(s) and product(s) on the curve, i.e.
high energy of reactant(s) and low energy of product(s). Moreover, candidates showed

labelling of activation energy/ energy released/ - AH.

Example:

Patential Eneroy
| &
£y
¥
|
%
r
|
|

Feaction Prograss

Weaker responses depicted lack of graphical understanding with respect to chemical
energetics. Candidates failed to illustrate the correct components of graph in many cases. The
incorrect responses showed low energy of reactant and high energy of product/ + AH/ for
absorption of energy. It reflects the need of clarity between reactions’ graphical representations

of exothermic and endothermic reactions.
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Examples 1:

T
-
&
=] ko
E . exohessmie sesabiow
g
= |
Reaction Progress
Examples 2:
A
&
E: Produths
R
G ,
Z Eax ALbvadion
& EneY
=
2 i
Reoraants |
Beactioe Prooeess
Question 7b:
Describe the effective collision among molecules with reference to collision theory.

Better responses described the effective collision of molecules in light of the collision theory,
i.e. it takes place only if the energy of the colliding particles is high enough to overcome the
repulsion between electrons around the reacting particles/ when the colliding particles possess
certain amount of energy known as activation energy. Furthermore, candidates also wrote that
colliding particle must approach each other with proper orientation for effective collision.
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Example:

Do Yo vede b M b loe el

®

s B O ok cat_by st s,
) Nimta}ﬂlznx!rﬁ: ...J’@ o

# Ty mnlrh.gg.@m)a_cmk:g E

Weaker responses showed lack of understanding of the concept of effective collision.
Candidates wrote that effective collision happens/ and the rate of reaction increases when the

reaction proceeds rather than stating that reaction proceeds when the effective collision
happens, since all collisions are not effective collisions.

Example:

‘ﬂ“ WM_LWQ #ﬁf %’L
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Question 8:

Consider the composition-temperature graph of an ideal solution of two miscible liquids A
and B.

© Boiling Point
) of Pure A
=
©
o LT
o i
e |
[«5) 1
= . |
Boiling Point
of Pure B : !
0A Co Cc, 10A
10B 0B

Composition —
(Mole Fractions)

a.  Which liquid is more volatile, A or B? Give a reason for your identification.
Interpret the following parts in the given graph.

i. PointC:

ii. Point C;

Better responses, in part ‘a’, successfully identified that liquid B is more volatile because its
boiling point is low. In part ‘b’, candidates successfully interpreted point Cy, in the given graph,
as the composition of liquid mixture where the percentage of component A is higher than that
of component B and point C> was explained as the composition of vapour phase where the
percentage of component B is higher than that of component B.
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Example:

Vowid B el Be mete unlptile. Pecawse o bl evaporeile veeprcld  red

anpne WOUR PrEstuih ek _heniy Lowg, Lot boifing  Fami -

b.  loverprel the fiollowing purts in the given praph.

L PoimtChy (1 Mark)
M 0y s conbindredion of Lol A witd by mete @ Cetmpeste Lo
tonigunloaliOon of Liguiel £ e pe Liguiel phate

ii. PointCs (1 Mark)

__g'lrt_ﬂ',)-lﬂ'{; f.;.'., ﬂd_,& {"-tﬂmffu_l’}ﬂjﬂt.@tw LE, _fi.tff,{_alﬂf A cedd -élnr_', Jf.e"/s-: kit VoA e

o .-Evt:lis'd.*-.ﬁ“f £ L Qo tessgd Sfady 0% Ao Hforids 5?"7'4'_,{5

Weaker responses failed to understand the graphical representation of an ideal solution of two
miscible liquids. In part ‘a’, candidates wrongly identified the compound with greater volatility
and the reason behind that. Some of the weaker responses shown contradiction in the
identification and the reason of identification, i.e. they wrongly identified compound A as a
highly volatile compound but wrote the correct reason for high volatility, i.e. low boiling point.
Whereas, in part ‘b’, candidates mentioned the interconversion of the given values of
composition rather than interpreting it. Futhermore, these responses failed to interpret that Cy
represents liquid phase and C» vapour phase.

Example:

Uﬁ{ul::\ B e coexe. Ne\alle
 Reomune. kN Ms%jmk_ Ve \ewn,

b. Interpret the following parts in the given graph.
I Point C, {1 Mark)

e ook ulexe D=0 e %dm‘b\m_\m =10

ii.  Pomnt Cs (1 Mark)

T, ook uwlnexe  B=0 & _g:u% ko e B0
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Question 9:

Use the given information to answer the following questions.

— + 2+
Pty | MNOjagy, Hisgy My

4+ 2+
SN (agy» SN (ag)| Pl

The half-cell reactions and potentials are:

Equation 1 MnQ,,,, +8H¢,, +5¢~ — Mng;, +4H,0, E°=+1.51V

Equation2  Sn%. +2e —SnZ E°=+0.15V

(aq) (aq)

a.  Which equation, 1 OR 2, is the oxidation half-cell reaction? Show the correct
representation of the identified equation with its cell potential.

b.  Write a balanced chemical equation for the overall cell reaction that occurs on the
conduction of current.

c.  Calculate the standard potential (E°) of the given electrochemical cell.

Better responses, in part ‘a’, distinctively identified the correct oxidation half-cell reaction, i.e.
equation number 2. Since both equations are showing reduction reactions, candidates identified
it with the help of reduction potential and made it correct by reversing the equation and operation
sign from + to - of cell potential. In part ‘b’, candidates multiplied equation 1 by 2 and equation
2 by 5 to balance the number of electrons and added both the equation after balancing to get the
overall cell reaction by cancelling equal number of electrons on both side. In part ‘c’, candidates

correctly used formula to calculate standard electrode potential, i.e.E_, =E_, +E_,.

cell
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Example:

Ovidalfion Yol reockion.

Sn2 s SRy e E°. -ouW\&v

b, Wrile a halanced chermical vquation for the wverall vell resction that aceurs oo the conduction of
curecnt. (2 Marka)

LIMAGE MY 40l 2Met ¢ N0
R —_— Saet \‘;Yé’
CNF:'!G.LL \aélmceﬂn Eqrpmﬁnﬂ V-

_ MO BT BT 5 2MAT L RO & B 8a™

e Chubeulste the standard potential (E®) of the given electrochentics] cell, {1 Mark)
&
_ 4&u=_u K3 EOYLELL:L

e —0G & WSV -+ L3RG Y

Weaker responses, in part ‘a’, wrongly identified the oxidation half-cell reaction, i.e. equation
1. Another mistake after identification candidates made was the reversal of wrongly identified
equation without reversal of operation sign from + to - or vice versa. In some responses, the
correction of equation step was overall missing. Hence, candidates showed poor command on
the concept of oxidation and reduction. Additionally, candidates in part ‘b’, failed to balance
the number of electrons in both equations and summed up both equations as it is to get the
overall reaction. In part ‘c’, some of the responses wrote incorrect formula of standard cell
potential, while others placed incorrect values or signs in the correct formula that ultimately
resulted in an incorrect value for standard electrode potential.
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Example:

_fL lbecouse S MJ&L(&
o e oddRzeN 2 TR ond
4&1&_@&&0 MM@M

R\ f;xgﬂ Em;c&_ zg.;‘:l

b. Write a balanced chemical equation for the overall cell reaction that occurs on the conduction of
current, (2 Marks)

NG Vet SR SV
Maly + A"+ BT ST 4D
Tt F20 S

MGy s 2 43671 St s MR+ 40 S A

C. Calculate the standard potential (E®) of the given electrochemical cell. i1 Mark)

o . B+ B
= 4leny + O\8 = Ve GR
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Extended Response Questions (ERQs)
The following questions (10 and 11) offered a choice between part a and b.

Majority of the candidates attempted part ‘a’ of both questions, 10 and 11. This shows their
interest and in-depth understanding of both concepts, i.e. ‘stoichiometry’ and ‘balancing of
equation’. However, some responses in part ‘b’ reflected that mostly candidates lack
confidence and command over the knowledge embedded in the concepts of ‘Bohr’s equation’
and ‘Born-Haber cycle’.

Question 10a:

The combustion analysis of an organic compound with relative molar mass 99 g shows
that it contains 4.04% hydrogen, 24.24% carbon and 71.72% chlorine.

(Note: Atomic mass of H =1 amu, C =12 amu and CI = 35.5 amu)

What are the ‘i’ empirical formula and (ii) molecular formula of the given compound?
Show the steps of working clearly.

Better responses clearly mentioned all the steps required to calculate empirical formula in part
‘i’. First of all, candidates used given elemental percentages for the calculation of correct
number of moles. After that candidates used calculated number of moles to find the simplest
elemental ratio and incorporated it to formulate the empirical formula of the given organic
compound. While proceeding to part ‘ii’, candidates calculated empirical formula mass by
using empirical formula determined previously. This empirical formula mass was then used to
calculate the value of ‘n’ followed by molecular formula of the compound.
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Example:
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o= MO = 2
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Weaker responses, in part ‘i’, failed to perform step-wise calculation to calculate empirical
formula. These responses showed inability of candidates to use elemental percentages in
calculating the mole ratios. In many responses, candidates directly used percentages to find the
simplest elemental ratio/ used wrong method to find number of mole/ used multiplication or
division by 100 in the calculation for the number of moles. Since wrong number of moles had
calculated. Therefore, candidates failed to determine the correct empirical formula and
ultimately its mass. Besides that, in part ‘ii’, candidates remained unsuccessful in finding the
correct value of ‘n’ for further determining the empirical formula.

Example 1:

__Molar _wass= 499
“L_l]a.fﬂlaﬂhlt e T v
Carlpon s = 211 214"
Chlortves =34 . T2
Empeﬁ‘c& fmm&a_:?
mO‘leuL‘tw E:m*rwu!i‘: ?

M@ w\.«ula: B.oWy. x 20 -80 v 4+ FA . T2
)]

Ad g
Emﬂﬂﬁank '%G\’N'UA o = S -8 vy = O-Bbd:-
' Adq .
mn‘“ﬁikllﬂh" -f—crrmukg = Aot \12 S -5 A
i QQﬂ
m"-""ve-'c“‘hm &m‘gﬂl Heg-5 awmnh = 6-Us% armd -
\ qqq
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Example 2:

EMFE.I‘:LA.‘ {‘-'l::t‘l\"lu]q. of W=A4xun.04v. = a.olqr
494 -

Em.?ﬁﬂcn:\ -E:mmu:ln ﬂ-l:— C=_2Adrv2la2yy. = AR
ﬂqa_,l -

Emperical foronda of (h= 355 ¥ NN = 35.34

A9q ~
WMole culas toeranl a of W= m.:}l* n-0lr = 403

\MMM"N\»&& oy C= qqﬁflﬂ-'l"l‘r.-: Ao 2

Mo\eeu Vax M—“—E'ﬂ; AQqy IN-127- = 410

Question 10b:

Bohr’s equation for the calculation of energy associated with electron in the n™" orbit of
4 4
—me
where 5>
8esh

hydrogen atom is E, = _2—2h2

—_218x107187.
8e’n

Justify that the energy difference Ez — E2 > E4 — E3. Show the steps of working and
determine the number of times Es — E; is greater than E4 — Ez.

(Note: Write answers up to two decimal places.)

Better responses accurately used the given Bohr’s formula for finding the values of energy
associated with electron in the 2", 3 and 4™ orbit. After that candidates successfully
calculated the difference between Ez — E2> and E4 — E3 by using the values calculated in the
previous step. In next step, candidates justified that Es — E> > E4 — E3, along with the

interpretation of values, these responses showed the correct ratio of the energy difference, i.e.
2.85.
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Example:
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Weaker responses, in part ‘b’, demonstrated limited understanding of Bohr’s formula for
finding En. Most of these responses used wrong formula for calculating energies associated
with electron in 2", 3", and 4" orbits. Candidates used incorrect values of constants/ incorrect
values of ‘n’/ unable to square the value of ‘n’/ incorrect arithmetic methods for calculations/
wrong manipulation of formula. A few of the candidates used incorrect values of exponents.
Furthermore, the sign conventions (negative and positive) were ignored. Candidates failed to
calculate the difference between energies related to different orbits and their ratio.

Example:

(%)

E-“ - ._qm: \ ,gﬁ.g_ ’1':._&%_;“'1'\:% e\ ey e

— b S

ez AT LA ~

B vt \ T STOPPI, — - )
— — EE‘\ S, Y —X= '\-\":b“\ ﬁ-b\‘\—hh “

m— E:',-} — F—-ﬁ_q L w&rq ﬁ—...\-_—é_’}.._

ﬁ_ ) ] ﬂ
&——E*z:‘lﬂfl_n.ﬁ'mﬂﬁf_: LA -
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Question 11a:

The given reaction takes place in an acidic medium.
- 2
POy +1aq = Pbag + (g

Balance the given equation using the half-reaction method.

(Note: Show all the steps of balancing in sequence.)

Better responses correctly balanced the given ionic equation using half-reaction method in a
step-wise manner. First of all, candidates identified oxidation and reduction half-reaction and
mentioned these reactions in two separate equations. Candidates balanced each equation
accordingly. Candidates successively mentioned balancing of iodine with same number of
atoms in oxidation half-reaction. In reduction half-reaction, balancing of oxygen by adding
water on product side and balancing of hydrogen by adding H* ion on reactant side was carried
out correctly. Beside that, addition of 2 electrons in both equations on the correct position was
mentioned. Moreover, candidates summed up these two half-reactions by generating the overall
balanced equation.

Example:

i SMMWM%W{QM
,, O}+.'L———) P+ L,
$pa, Wmmqmm

&A@Ln; Pbéﬁ'y —= Pb”

Edatins — 1y ____

Lﬁi%’dﬁmhwﬂiﬁbﬁ Qﬂwu ]
ffwmdﬁmﬂ%mo i

 toition 1 P, -5 PE
LN P, — Pb#*QH:tQ
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Example:

hH-].PbO'L--&-&'Q; s— Pb)“r ;'.HJ-O

_Qd_l-dﬂ-hb'w T — 1,°
QI —>1> e

équp * POyt Jo —> PE Y 2O, -
A 7 q”_
__-_L“TH*’r 0,4+ 31 —> A>Ty o H.0.

Weaker responses wrongly identified the oxidation and reduction half-reactions. In many of
these weaker responses, candidates were able to balance atoms of iodine in oxidation half-
reaction but failed to balance oxygen in reduction half-reaction. Similarly, in few responses,
candidates either added the correct number of electrons but showed wrong placement or added
wrong number of atoms with correct placement. Because of errors, candidates remained
unsuccessful in determining the overall balanced chemical equation.
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Example:

POt IT— et T,

_h:&u? Reactio N
O Pv0L—PB”
QI——> 1T, B
(D POy ——P™ = gl =2
\Dglo ﬂ_}w SH20 Lmutaﬂ %=-1tY
C,“"EM)L[H‘JL Pbﬂl—-—?‘qj’bﬂ SHLO A= +2

Uty + P60 — P 42410 e’

@ T >T.
T T35
AL —> T M te-
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“Ux 83— Ta*'re)
Yren »
YHs + ’P‘g[ﬁ—} Pb '+ 2H0 + Yo~
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Maal eoyu akion :

Pooz+ 8T Ure —> K7+ YT, + 20,0
Bvswen -
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Question 11b:
Change in Standard Enthalpy Value/ kJmol™
AH;; Heat of atomisation of Cas) +179
AH_ . Bond dissociation enthalpy of Fa( + 158
AH;  First ionisation energy of Cag) + 590
AH;  Second ionisation energy of Ca*() +1,150
AH¢, First electron affinity of F(g —328
AH;  Heat of formation of CaFz) —-1,220
Using the given data,
i. construct a labelled Born-Haber cycle for calcium fluoride (CaF2).
ii. calculate the lattice enthalpy of CaF-.

Better responses, in part ‘i’, distinctively constructed a well labelled Born-Haber cycle by
showing the change in standard state of substances at each stage as given in the table. This
indicates that candidates had sound clarity of the concept of Born-Haber cycle. Furthermore,
these responses showed the correct direction of arrows for absorption and emission of heat in
each step. In part ‘ii’, candidates showed the correct substitution of values and operation sign
in the formula of lattice enthalpy and deduced the final value of lattice enthalpy for CaF.

Example:
- A e | =228 levfu!
Ca ¥ de + . F ey
' ’ q-n i W Co22 _EH:'
e P
DM ppre-tiE% K Cﬂ S rr) :I:_'F-:_, Do = —275% ’6;‘ —
AYi =xfiso — - : C R—#ﬂ F*=
5wl Catv g+ F,

AHi _= +590 | Carpt Fo

p

Y

I
! |
;&&f_t 4 ) | Caz B J—sﬁe _

OH 5= - 2okt

f Cq_f.::l- =™ 4 ’ ]
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Al 2T Attax At + AHL 4 Aldaps + A Hak-
| AHp- 2

— {220 = AHe + o | L
| 122 Yyl o Ale = 26 KT dsanl

Weaker responses, in part ‘i’, showed incorrect order of events occuring in the formation of
CaF,. Step-wise arrangement of changes in enthalpy were wrongly displayed/ direction of
arrows for heat absorption and emission were incorrect/ incomplete cycle was mentioned. In
many responses to part ‘ii’, candidates ignored the operation signs with heat enthalpies and
substituted wrong values or applied wrong formula to calculate lattice enthalpy of CaF,. The
major mistake observed in this part was that candidates did not multiply electron affinity of
fluoride by 2 which led them to the incorrect value of lattice enthalpy.

Example:

W

- (e T ﬂt@_, — _(a% @ MM e <1270
E'.H';Fq ﬂHE{t A
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m

Page 31 of 32



W,

CAYe = AWy + Awy v M r AMgpe + AW + &

“A220 = »139 + GO0 £ Nno ¢ 1R v -2y v (- |-EY

L E= 4139 x590 + WE0 4 158 — 32F + 1130

[LE = 2969} +ldhie eapy ot Caf, .
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