Aga Khan University Examination Board
Notes from E-Marking Centre on HSSC-1 Chemistry Examination May 2018

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 2018 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 Comments:

In Constructed Response Questions (CRQs), the candidates showed better understanding of
the concepts such as quantum number and its types, sigma and pi bonds, ideal gas constant
(R), properties of liquids, application of Le-Chatelier’s principle, and heat capacity.
However, a little more focus and efforts are required towards the concepts of percentage
composition, types of orbital overlapping, order of reaction and different concentration units
of solutions.

In extended response questions (ERQs), candidates found difficulties to describe hydration
and the types of salt which undergo hydrolysis and were unable to provide related examples,
whereas they were more confident to describe Bohr’s atomic theory. Similarly, candidates
displayed weak understanding while explaining working of a bomb calorimeter, but showed
better progress to explain the structure of fuel cell.
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Detailed Comments:

Constructed Response Questions (CRQs)

Question 1:

If the combustion analysis of 0.80 g of an unknown organic compound yields 1.63 g of CO,
and 0.97 g of H,O, then what will be the percentages of carbon, hydrogen and oxygen
present in the organic compound?

(Note: Atomic mass of H=1amu, C =12 amu, O = 16 amu)

Better responses correctly calculated the percentage of carbon, hydrogen and oxygen present
in the organic compound. Some of the candidates calculated percentage of carbon or the
percentage of hydrogen in one single step using a combined formula which involved
calculation of mass of carbon or hydrogen and their percentages, while other candidates first
calculated the amount of carbon present in 1.63 g of CO; or the amount of hydrogen present
in 0.97 g of H,O and then, calculated their percentages in organic compound. Finally, they
were able to calculate percentage of oxygen by adding percentage of carbon and hydrogen
and then, subtracting the total from 100.

Example:
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Weaker responses exhibited lack of understanding of the concept of formulae and percentage
composition and rather calculating the percentage of carbon and hydrogen in the given mass
of organic compound, they calculated the percentage of carbon and hydrogen in one mole of
CO; and H,0 by dividing the atomic mass of carbon with molecular mass of CO, or by
dividing the atomic mass of hydrogen with molecular mass of water. Some of the candidates
wrongly calculated the percentage of carbon or hydrogen by dividing the given mass of CO,
or H,O with atomic mass of carbon or hydrogen respectively. Furthermore, they calculated
percentage of oxygen in negative by subtracting 100 from the sum of percentage of carbon
and hydrogen.

Example:
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72
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Question 2a:

Complete the following table with the type of information that each of the given quantum
numbers specify.

S. No. Quantum Number Type of Information

1 Principal quantum number

2 Azimuthal quantum number

3 Magnetic quantum number

Better responses were able to clearly relate the different types of quantum number with the
type of information they provide such as principal quantum number gives information about
the size of orbital, azimuthal quantum number provides information about the shape of an
orbital and magnetic quantum number describes the orientation of an orbital. Some of the
candidates also used other terms in their description like principal quantum number is related
to size of energy level or shell (K, L or M), similarly, they mentioned that azimuthal quantum
number deals with sub-shells (s, p, d and f).
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Example:

I

| 5. No, Quantum Number Type of Information
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Weaker responses showed poor understanding of different types of quantum numbers like
principal quantum number, azimuthal quantum number and magnetic quantum number.
Rather providing the type of information each quantum number specify, they mentioned

number of electrons that each shell can have and represented formulae or the symbols
through which these quantum numbers are denoted.

Example:
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Question 2b:
Complete the given table by mentioning the quantum numbers for each orbital.

Orbital
Quantum Number

2p 3d

Azimuthal quantum number

Magnetic quantum number

Better responses showed good understanding towards the calculation of numerical value of
azimuthal and magnetic quantum number. They used appropriate formula to calculate the
value of azimuthal and magnetic quantum numbers. They calculated the value of azimuthal
quantum number for each given orbital using formula | = n-1 and putting correct values of n.
Further considering the values of azimuthal quantum number, they represented the correct
values of magnetic quantum number for each orbital.

Example:
Orhital
Quantum Number p 3d
Azimuthal b L:n_] = & -l L=n-| = 32—
zimuthal guantum number .
I R > A1) > 2
I _ M = +L =5+ wiz 4+ L=y 4 d
Magnetic quantum number s —| , o }_.__I e -2?‘|,DJ+'|,+;]_

Weaker responses were unable to calculate correct values of each given quantum number.
Instead of calculating the values of quantum number, they just mentioned all the general
possible values of azimuthal quantum number. Moreover, they wrongly represented the
magnetic quantum number values of both the orbitals.

Example:
R ~ Orbital i ]
Q:mmum MNum ber 2 — 3d ~
Azimuthal quantum number 0 ) 1 0,1 , 2
Magnetic quantum number 0,+)54 ) 0,4 1,+42.,+3
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Question 3:
Given below is the linear structure of hydrogen cyanide molecule.

H C—N:

a.  What is the hybridization of carbon atom in hydrogen cyanide molecule?
b. How many o and 7t bonds are observed in the given molecule?

Better responses depicted in-depth understanding of the concept of hybridisation and types of
covalent bonds. They identified the type of hybridization in hydrogen cyanide molecule and
mentioned that the carbon atom in hydrogen cyanide molecule undergo sp hybridisation. In
part b, these candidate were able to correctly recognise the number of sigma and pi bonds in
the given molecule.

Example:
a. What is the hybridization of carbon atom in hydrogen cyanide molecule? {1 Mark)
20 hubosi At apdNon
¥ U —
b. How many o and m bonds are observed in the given molecule? (2 Marks)

Weaker responses showed poor understanding of the concept of hybridization and types of
covalent bonds. They were not able to relate the concept of hybridisation with the given
structure of hydrogen cyanide molecule. These candidates counted the total number of bonds
between carbon and nitrogen atom and wrongly suggested the hybridisation of carbon atom
as sp®. In addition to that in part b, majority of these candidates considered the bond between
hydrogen and carbon as sigma only, while they identified the three covalent bonds between
carbon and nitrogen atom as pi bonds.

Example:
&, What 15 the bybridizmion of carbon atomm in hydeogen cyanide malecule? 1 ddarl:)
ENES
b. LLow many o and n bouds are observed o ile given molecole? {7 harlis)
= =
ome amamand omd 2 PP monds
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Question 4:
Identify the type of orbital overlap at A, B and C in the given structure of ethene.

Better responses demonstrated good knowledge towards the type of orbital overlap in the
structure of ethene and identified correctly each given type of orbital overlap including
hybridised and unhybridised orbitals. They mentioned A as sp?-s overlap, B as sp>sp’
overlap and C as sideway overlap. These candidates further recognised the hybrid atoms
associated with each hybridised or unhybrisied orbital such as in sp?s overlap, sp? hybrid
orbital of carbon and s orbital of hydrogen are involved.

Example:

A ‘;gj‘—__g_ bvu\ﬁi‘}'t \pekuseen \Q‘glan.ﬁ C omd g’ ﬂh‘“
B: Sg'=S¢" oveilap
C: z -2 side ot

Weaker responses exhibited weak concepts of type of orbital overlapping involved in the
structure of ethene molecule. They were atleast able to identified s orbital of hydrogen atom
but mentioned the wrong type of orbital overalap as s-p instead of sp>s. Similarly, they were
not able to recognise hybridised and unhybridised orbital on carbon atoms and mentioned p-p
overlap instead of sp?sp?. Some of these candidates were not specific and generally
identified the type of overlap as head to head or head on overlapping.

Example:

A: _S-Pp ovelaeping: .
B: P-p (head on aﬁfﬂ(ﬂh\ﬂu&xlaffiﬂ,a —

c. _¢-p L:ide—-wo@) oveslapping -
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Question 5:

If 0.25 moles of water vapours occupy a volume of 2.46 dm? at 27°C and 2.5 atmospheric
pressure, then calculate the value of ideal gas constant (R).

Better responses showed good understanding of ideal gas equation and represented stepwise
calculation of ideal gas constant using the information provided. They first converted
temperature from Celsius to Kelvin and then, used ideal gas equation to substitute all the
given values and calculated correct value of ideal gas constant. These candidates further
mentioned the correct unit of the ideal gas constant.

Example:
Davar-_ _____ gguee PN 720 RS
20 PHER . 2H¥pML, 2 R
N 2O Ao B 7 Yo
T = oot mMuo¥dc ook bl LR B
Pz 2% 1N .
th s 20 O'EES}'\W-&TQ..M{E E"

Weaker responses struggled to find correct value of ideal gas constant due to lack of
understanding of the concept. Majority of these candidates did not change temperature from
Celsius to Kelvin and calculated wrong answer. Some of these candidates tried to change unit
but used inappropriate values for conversion. Similarly, these candidates were not able to use
ideal gas equation correctly to find out the right answer. These candidates further did not
mention unit of final answer.

Example:

PV=nRT R. b-I1

R- pv [aly

o [Roar] -

R: 3.Satmx 2 Wedm®
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Question 6a:
Give reasons for the following observations.

i. Water occupies more space when it freezes.
ii. Ice floats on the surface of water.

Better responses clearly relates the concept of anomalous behaviour of water with the
expansion of structure during freezing of water. They discussed that as the temperature of
water is decreased and ice is formed, then the molecules become more regular and this
regularity extends throughout the whole structure. At low temperature, water molecules come
closer, with same charges come in front of each other and repel, thus they set themselves
accordingly to particular geometry which have extra spaces. In part ii, they provided simple
answer that ice floats on the surface of water because it has low density compared to water.

Example:
[aETT
when water feezes info fce,dit G 16 Anomalau natine [, T Syvetove eh it (ice) bewmes

e

wdest anacged L h ol Spaces in betuwean This increases e volont pacee efyuonter .

il lee floats on the surface of water, (1 Mark)
Betaure af 0 (whan ice lbjilﬂ-wi‘] Te dentily & T lc2 “ least dud emply spaces inily
e : - —
waendas hos Vo domen | ile Lonten huy yriagimy m deed ) 03 it s Tles doa wisite Y

Weaker responses depicted poor understanding of the properties of water like anomalous
behaviour of water and its density. These candidates were not able to provide correct reason
mentioning regularity in the structure of water when it freezes or the empty spaces created
due to repulsion of molecules. Instead of giving correct reason, they just wrote that it is due
to anomalous behaviour of water. Some of these candidates wrongly described that as
temperature decreased intermolecular forces increased which creates empty spaces and water
occupies more spaces. Furthermore, in part ii, these candidates mentioned that ice is a solid
with higher density compared to water and due to which it floats on the surface of water.

Example:

MM@M&MEM ﬁfm.._hamumwi_bﬁmga
Pgm;gg ave hﬂgqu; ot enr tll-{d_ﬂdggj e tomig Colid wolirln Q{_I_gp“ Mmixe ¢ pat-

ii. Ice floats on the surface of water. (1 Mark)
\ ud and <ol ve |ad Lk F Uouddd
IS n Qurta e o : -
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Question 6b:
Give a reason why the surface tension of

i. water is higher than that of ethers.
ii. liquids decrease with the increase in temperature.

Better responses provided correct reason about the higher surface tension of water compared
to ether or the effect of temperature on surface tension of liquids. They clearly mentioned that
water possess strong intermolecular forces i.e., hydrogen bonding, which is absent in case of
ether due to which water has higher surface tension than ether. In part ii, they further depicted
in-depth understanding of surface tension by describing that at higher temperature
intermolecular forces become weak so the surface tension of liquids decreases.

Example:

L wiler is lgher than that of cthers.

TN (F Mark)
Borhuse waker mploruly on Suare is cltvatted e otheystatule. dueto hybuy,

LmdﬁqrﬁﬁIMFmM{& eMadry, doviol Liawe \»]dvu?m [_,m,,jﬂ;nj.

i liguids decroase witl the inctense in tamperatire, (1 Marl:}

Duk. 1o inovenie in {Qm‘:mgjm kinebe Mﬁ’f ai molecubes Infvenyes wiid,
pste. mobo ek TME fovets B s voror bouding Wswdace Fomsioy educes.

Weaker responses displayed lack of knowledge of surface tension and the factors that can
affect surface tension of liquids. They provided irrelevant answer or illogical reasoning such
as mentioning the boiling point of water and ether. Similarly, in part ii, these candidates were
not able to provide correct reason mentioning the effect of temperature on surface tension of
liquids. Majority of these candidates were not able to comprehend that question correctly, and
discussed about evaporation of water. Instead of writing the effect of temperature on surface
tension of liquids, they generally discussed that as the temperature increase liquids evaporate
and the quantity of liquids decreases.

Example:

L. wuler 15 higher than that of cthers. il Mark)y
Selanse  of el | tok Ethess o highboiling
P@{M '

in. ligquids decrease with tile increase in lermperalurs. (1 Mark)

Beouts in tempitok ke (ouse  inigease in Wirelse
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Question 7:

Calculate the solubility product (Ksp) of AgCl, if the solubility of AgCl is 1.2 x 10%g
dm at 25°C.
(Note: Atomic mass of Ag = 107.86 amu and Cl = 35.5 amu)

Better responses correctly calculated solubility product of AgCl showing all the required
steps. They first used information provided in the question and calculated correct number of
moles of AgCl. Then, they represented correct ionic equation of AgCl and derived
appropriate formula of K, to calculate solubility product of AgClI.

Example:
* Dala, - RAga == Rq" + A"
Solublidy of, AgCl = 1-2 xI0°> 3Mdm? | Rl : Diat Agd = L™
(Aga] =7 R ey 2t
Kep of Rgal = 7 B350 - gaten| £330 . goaawine
+ Solyhon - _ Ke = (Ag)[AA]

faCl
__Rgol’s Moleculay mass = 10796 +%5-S (asd]

My ofy RgQl = 1H43.36 Y/mel Ksp = UAg L]

(RaQ) = 1:2 x 207 5/dm> Kep = (2331070} [8-23 Al
14336 M/mey Kep = F-0056dx 10" mell ) o
lRguy= 823 x 10-¢ ™ den s T

Weaker responses demonstrated poor understanding of the concept of solubility product.
Rather calculating the moles of AgCI they directly used the given value of solubility to find
out the solubility product of AgCI. They did not mention any ionic equation which represents
the dissociation of AgCI. In addition, they used wrong formula to calculate solubility product
of AgCl which involved the given temperature value.
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Example:

Pata:-
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= -
folubility = 1.2 XD Gmdm
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Question 8:

a. State Le-Chatelier’s principle.
b. Mention THREE conditions which, when applied can increase the yield of ammonia in
the following reaction.

Nyg + 3Hyy =—=

2NH; AH=-9246 kJ

Better responses clearly defined the Le-Chatelier’s principle mentioning that when stress is
applied to a system at equilibrium, the system acts in such a way so as to nullify the effect of
that stress. In part b, they further showed understanding towards the effector of different
factors such as concentration, pressure and temperature on equilibria. They correctly
mentioned three different conditions like high pressure, low temperature and continuous
removal of ammonia from the reaction mixture to increase the yield of ammonia.
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Example:

a. State Le-Chatelier’s principle. . ) {1 Mark)
T nﬁp.zug-,-...:mp;h oy Sk i dishurbed , tla cyitem will

kend b wlouk j(d". ...5-'--'--’“ o, u-t.»--:jM te ""Q_Q;i.-t-‘m*r"? s q}.ﬁiub\ﬂ'm.

b. Mention THREE conditions which, when applied can increase the yield of ammonia in the
following reaction. (3 Marks)
Nagy  + 3Hyg 2NHy, AH=—-0246 kI

\— Le Hrasad witudvouved ot Bearronio ls neeestorsy ey s veoHan
A= oeevt Tl ferwend diveation.

- Wiql prossune s epplied (ot e pprwend yeadHen o {’Efg'
Mor Vot ok Pro 8wl Gde oad (o a2 Yiald ofy hmemonier

P Htw;}wa IBM;'I-;-;E el Aiedd ae e wmec b iy
e MrMLL Aot wly 1nox 2aning jempeTotwe can Yenerst tax vooohy

Weaker responses depicted poor understanding of the reversible reactions, Le-Chatelier’s
principle and its application in different situations. Majority of these candidates provided
incomplete definition of Le-Chatelier’s principle without mentioning the terms like
reversibility or equilibrium. Similarly, in part b, rather mentioning the three conditions which
can be used industrially to increase the yield of ammonia such as high pressure, low
temperature and continuous removal of ammonia, they provided general answer such as
addition of catalyst to speed up reaction or increasing the concentration of reactants.

Example:
i, Hrle Le-Chuleliers pringiple, {1 Marli]
Uhen o &6 5 ed Ko o R
l’\"é-m.::[k oo ﬂu\i@i e F—*-g;ecgr- A Shess.
L. Mention [T EE conditinong which, when applied ean inereasa the yvizld of ammonia in the
follawing reaction. {3 hurlks)
Mo 1 My, === 2Nl Al 946k

A Cololud canihe odded for Spe@diﬂ‘.}; Lep e, xentkion
() To e, e fonierdeion 6f N wo 0 Yol
Ahe e bhect the eack tow LM PYoC e e foguinet dlveiisn,
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Question 9:

Following results are obtained for the given nucleophilic substitution reaction between
alkyl halide (R—-CH>—X) and a base (NaOH).

R—CH,—X + OH ——» R—CH,—OH + X

Experiment | [R-CHx—X] [NaOH] Initial Rate
1 0.030 0.2 15
2 0.045 0.2 2.25
3 0.040 0.4 3.75

a. What is the order of reaction with respect to alkyl halide and base.
b. Give reasons to support your answer in part a.
c. Write an overall rate equation for the given reaction.

Better responses were able to analyse the given situation properly and deduced the order of
reaction with respect to alkyl halide and base. In part b, they gave correct reason to support
their answer in part a such as they mentioned that as the concentration of base or the
concentration of alkyl halide increases the rated also increased. Finally, they clearly showed
the overall rate equation for the given reaction including base and alkyl halide.

Example:

a. What is the order of reaction with respect to alky] halide and base, (1 Mark)

w. ad olkyl halide . % onden
wok ko oose : Y paden

b, Give reasons to supporl your answer in part a. 2 Marks)

ke we con tee that & the concenfxokion %{uﬁg
@M“YLQ_M* o o base s gacased the gode of
*EEICF'G'“ aks Snoeaed by Yo power & me- cﬁmou}f
progodfonal o Ko concentaation & wackawts Ceotk)

C. Write an overall rate equation for the given reaction. (1 Mark)

Rabe =Ke [R-Chax] Nk
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Weaker responses were failed to demonstrate understanding of the concept of chemical
kinetics to deduce order of reaction using the method of initial rate. They wrongly identified
third order reaction. In part b, these candidates did not relate information provided in the
table and gave illogical explanation to support their answer. Furthermore, they were not able
to correctly write overall rate equation for the given reaction. Majority of these candidates
tried to write the overall rate equation in term of equilibrium constant expression mentioning
the concentration of product and leaving halide group in numerator and the concentration of
both reactants i.e., alkyl halide and base, in denominator.

Example:
a. What is the order of reaction with respect to alky] halide and base. (1 Mark)
e reoatmion is of  Cwse ovdev -
TrivAl
b. (ive reasons to support vour answetr‘gl part a. (2 Marks)

e veacton ic of wel"Brder becauge Ahe Fovmawen of the

pduckS  ig caking place wn trvee Steps - Trax Meare bnat

R-cn;—0n an X are nor founed advediiy oy the  veacr ankg

A Clbaae
Mook i ’cﬁa‘e.—'.h@;?@-h infevmmediakte Qwrmuc_r:'s oo

c. Write an overall rate equation for the given reaction. (1 Mark)

R - (R-cvxon\{ %\
TR-cn =%} Ton)
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Question 10:

A solution is prepared by dissolving 1250 mg of NaCl in 1000 mL of water. Calculate the
concentration of prepared solution in ppm.
(Note: Atomic mass of Na =23 amu and CI = 35.5 amu)

/Water

NaCl

Solution

Better responses exhibited complete understanding and used appropriate formula to solve the
given numerical. Majority of these candidates first converted given mass of NaCl from mg to
g and divided it by the given mass of solvent and multiplied the final answer with 10° to get
the concentration in ppm. Some of the candidates used other method where they first changed
unit from 1000 mL to 1 litre and divided the given mg of NaCl with 1 litre of water to get the
final concentration in ppm.

Example:
[ = 13,5nqulszpm - 1250
Mar;&k wals. = lﬂmml—ﬂ*bﬂﬂdw?
PP o) =
_?F_I‘_"Q_Emﬂ $I| ':'ﬂl'“l“ EU
e -

Weaker responses represented lack of grip to solve the numericals based on ppm
concentration. Majority of these candidates used wrong formula to calculate concentration in
ppm. They added amount of NaCl and water and then devided the amount of NaCl with total
to get the wrong answer. Some of these candidates used correct formula but did not show any
unit conversion and obtained wrong answer.
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Example:

Dots= sobvsolioie 13 Comg eflatt
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Question 11:

a. Define the following terms.
i. Heat capacity
ii. Molar heat capacity
b. Write the formula for molar heat capacity.

Better responses clearly defined the given terms such as heat capacity as the amount of heat
required to raise the temperature of given amount of a substance by one degree Kelvin. Few
of these candidates mentioned that it is the amount of heat required to raise the temperature
by one degree Celsius. Similarly, they provided correct definition of molar heat capacity
including the description of one mole of a substance and wrote correct formula of molar heat
capacity.

Example:

8. Define the following terms. (1 Mark)
i.  Heat capacity

_Proownk § heat Teqiuired 1o Yaisc +1e dtmnjeradinr g oo

Ssstopca VPR 1K it is Enowe ous Heak capacity .

n.  Molar heat capacity (1 Mark)

Arapnt % hear Tequwred to Yoaise Aae Hvnpevatine 5 ane Toodle
j- st Suloftrert e R Yoouot ag Hear Cq.[‘-*n'-“'ﬁ‘

b.  Write the formula for molar heat capacity. (1 Mark)

A£) .
a9 |
C= 7 R Q. ocar
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Weaker responses were not able to provide correct definition of heat capacity and molar heat
capacity and gave wrong formula of molar heat capacity. They defined heat capacity as the
capacity of any substance to absorb one degree kelvin heat. Similarly, they gave incorrect
definition of molar heat capacity and mentioned that it is the capacity of one mole of
substance to absorb heat. Finally, they wrote completely wrong formula to express molar heat
capacity involving sum of heat divided by number of moles.

Example:

i Heat capacity

-'Hf.a:i. ﬁﬂpa_u\’\ﬂ || —R.M- dﬂ\?ﬂtu\"'\ ﬂ{‘ A jub‘ﬂmw—t—u—
b abserb sl by A K \

it.  Molar heat capacity (1 Mark)
Molow  laeal M!E'AML\[ W Wal eapad ol Am oo}
o L?E&w _ h;; q"l-_;-;ﬁ.'a |

b.  Write the formula for molar heat capacity. (1 Mark)
ovclon kol eopa i 2 o 9'*@ *’T*“*Tt
s ﬂ"- La s LI'.J '
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Extended Response Questions (ERQs)
These questions offered a choice between part a and b
Most of the candidates attempted 12a and performed better compared to 12b.

Question 12a:

i. Describe the main points of Bohr’s atomic theory.
ii. Calculate the radius of the 3rd orbit of an electron in a hydrogen atom.

e. h?

= 0.529A°)
e

(Note: a° =

Better responses clearly stated the main points of Bohr’s atomic theory mentioning that the
electron revolves in one of the circular orbits outside the nucleus and they neither emits nor
absorbs energy while moving in the same fixed orbits. The energy is emitted or absorbed only
when an electron jumps from one orbit to another. They mentioned that energy change AE is
given by the Planck’s equation AE = E; — E; = hv. Furthermore, they described that electron
can revolve only in those orbits having a fixed angular momentum (mvr), which is
represented by mvr = nh/ 2. In part b, they correctly calculated the radius of the 3 orbit of
an electron in a hydrogen atom using appropriate formula.
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Weaker responses depicted lack of understanding of Bohr’s atomic theory. Instead of writing
the main points of Bohr’s atomic theory, they generally tried to discuss the structure of atom.
They explained that protons and neutrons are present in nucleus. Rather mentioning electrons
movement in circular orbits and their fixed energy, they just simply described that electrons
revolve around nucleus. Instead of writing that energy is emitted or absorbed only when an
electron jumps from one orbit to another, they mentioned that energy is released continuously
while movement of electron. Furthermore, these candidates did not discuss about Planck’s
equation AE = E, — E; = hv and angular momentum (mvr = nh/ 2xt) of an orbit. In part ii,
majority of these candidates used wrong formulae to calculate the radius of the 3" orbit of an
electron in a hydrogen atom. Some of these candidates used correct formula but forgot to take
square of value for n and directly multiplied 3 with 0.529 to and obtained wrong answer.
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Question 12b

I. Define the term ‘hydration’.
ii. Describe THREE types of salt which undergo hydrolysis. Give ONE example of each
type.

Better responses gave correct definition of hydration mentioning that it is a process in which
water molecule adds up to a substance without bond breakage. They identified three different
types of salt which undergo hydrolysis and provided related examples in each case. They
described that salt of weak acids and strong bases hydrolyse to produce basic solutions (pH
>7) and identified CH3COONa as most common example. On the other hand, they
demonstrated that salt of strong acids and weak bases hydrolyse to produce acidic solutions
(pH<7) and mentioned NH4ClI as an example. Finally, they recognised salt of weak acids and
weak bases which can hydrolyse and provided appropriate example.
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In most of the weaker responses, candidates were unable to provide correct definition of the
term hydration. Majority of these candidates were confused to define hydration and provided
description related to hydrolysis and used irrelevant terms; like, bond cleavage or water reacts
chemically with substance. In part ii, these candidates showed lack of understanding to
describe different types of salt on the basis of hydrolysis and were unable to mention any
related example. Most of the candidates just only identified acidic and basic salt but could not
describe the composition of these salts; like, weak/ strong acid or base. Instead of giving
example of type of salts, some of the candidates gave name of strong/ weak acid or base.
Significant number of these candidates wrongly identified salt of strong acid and strong bases
which does not hydrolyse, and provided example of NaCl. Furthermore, these candidates also
showed ionization reactions of acid or bases which was not the demand of that question.
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Most of the candidate attempted 13b and performed better compared to part 13a.

Question 13a:

Given is the diagram of bomb calorimetre.

Igaition wires

Thermometre
Stirrer 4
]
A +— Insulated containar
B
Ignition coil Sample Dish

i.  ldentify the labelled components, A and B in the given diagram.
ii.  Write the steps that will need to be followed in order to determine the heat of
combustion of 1g of food sample using bomb calorimetre.

Better responses correctly labelled component A and B of the bomb calorimetre as oxygen
inlet and water respectively. They showed good understanding of working of bomb
calorimeter and mentioned all the necessary steps required to determine the heat of
combustion of 1g of food sample. They described that sample is placed in a crucible inside
the bomb and oxygen is provided in through a valve until the pressure inside is maintained.
They further discussed that initial temperature is measured and then, the test substance is
ignited, electrically by passing the current through ignition coil and the temperature of water
is recorded at 30 sec intervals. Finally, they showed correct formula to calculate enthalpy of
combustion i.e. ¢ = ¢ x AT.
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Weaker responses were unable to illustrate the given diagram of bomb calorimetre and
wrongly identified both components A and B as lid and mixture respectively. Some of these
candidates tried to identify labell part A as outlet of hydrogen or water. Similarly, they
recognised part B as solvents or different types of gases present in the bomb claorimetre. In
part ii, these candidates showed lack of understanding to explain the working of bomb
calorimetre or to mention all the necessary steps need to follow to determine the heat of
combustion of 1g of food sample. Majority of these candidates missed the sequence in
writing different steps of working and showed illogical order of working. For example,
change of initial and final temperature was discussed before the placement of sample in a
crucible inside the bomb. Similarly, record of final temperature was discussed before
mentioning about heating through ignition coil. Most of the candidates did not mention that
calorimetre is immersed in a known mass of water in a well-insulated calorimetre and
allowed to attain steady temperature. Some of these candidates also did not provide
description about heating through ignition coil or the record of temperature of water at 30 sec
intervals. Moreover, they were unable to represent correct formula required to calculate
enthalpy of combustion i.e., ¢ = ¢ x AT, where, AT is increase of temperature, ¢ is heat
capacity in kJK™* of bomb calorimetre.
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Question 13b

An alkaline, hydrogen-oxygen fuel cell is shown below.

oy

it
]

L1

t
t
k| |E

| =
= 7 ) ==
Anode | Cathode
Alkaline
Electrolyte

i. Name the type of electrodes and electrolyte used in this cell.

ii. ldentifying the steps labelled as 1 to 5 in the above diagram, describe the process of
conversion of chemical energy into electrical energy by the fuel cell. Write equations
for the chemical reactions to support your answer.
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Better responses identified electrodes as hollow tubes made of porous compressed carbon
filled with platinum/ nickel, which acts as a catalyst, and KOH as electrolyte used in this cell.
These candidates were able to correctly recognise all the steps labelled as 1 to 5 in the
diagram. These candidates mentioned the parts of fuel cell where the oxidation and reduction
taking place and provided correct equation for each oxidation and reduction reactions.
Finally, they further indicated that electrons flow through an external circuit from anode to
cathode.
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Weaker responses showed candidates’ misconception and lack of understanding about
reduction/ oxidation and fuel cells. They mixed the concept of fuel cell with lead storage
battery and wrongly identified the metallic lead (Pb) as anode, lead oxide (PbO,) as cathode
and H,SO, as electrolyte. Rather identifying stream of hydrogen enters at 1 and stream of
oxygen enters at 2, some of these candidates mentioned hydrogen and oxygen as cathode and
anode electrodes respectively and recognised water as electrolyte. Moreover, they provided
irrelevant details regarding oxidation and reduction reaction with incorrect equations, and
provided wrong description about flow of electron.
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