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Common Technigques of Marking Answer Scripts.

It is compulsory to adhere to the following standard method in marking answer scripts and
entering marks into the mark sheets. '

Use a red color ball point pen for marking. (Only Chief/Additional Chief Examiner may use a mauve
color pen.) '

Note down Examiner's Code Number and initials on the front page of each answer script.

Write off any numerals written wrong with a clear single line and authenticate the alterations with
Examiner's initials.

Write down marks of each subsection in a A and write the final marks of each question as a
rational number in a D with the question number. Use the column assigned for Examiners to
write down marks.

Example: Question No. 03
) I SRR O PP
1) NV
oo v
(1] i sirrree s s s e e

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

MCQ answer scripis: (Template)

1.

Marking templets for G.C.E.(A/L) and GIT examination will be provided by the Department of
Examinations itself. Marking examiners bear the responsibility of using correctly prepared and
ceriified templates.

Then, check the answer scripts carefully. If there are more than one or no answers Marked to a
certain question write off the options with a line. Sometimes candidates may have erased an
option marked previously and selected another option. In such occasions, if the erasure is not clear
write off those options too.

Place the template an the answer script correctly. Mark the right answers with a 'v' and the wrong
answers with a '0' against the options column. Write down the number of correct answers inside
the cage given under each column. Then, add those numbers and write the number of correct
answers in the relevant cage.

11120000188110008

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2023 {2024) | Amendments to be included.

I RN O



—_———

Department of Examinations - §ri Lanka Confidentia

structured essay type and assay type answer scripts;

1. Cross off any pages left blank by candidates, Underlfine wrong or unsuitable answers. Show areas
where marks can be offered with check marks.

2. . Use the right margin of the overland paper to write down the marks.

3. Write down the marks given for each question against the question number in the relevant cage on
the front page in two digits. Selection of questions should be in accordance with the instructions
given in the question Paper. Mark all answers and transfer the marks to the front page, and write
off answers with lower marks if extra questions have been answered against instructions,

script and add all the marks given for all answers again. Check whether that total tallies with the
total marks written on the front page.

Preparation of Mark Sheets,

ok o s
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PART A — STRUCTURED ESSAY
Answer all four questions on this paper itself, (Bach question carries 100 marks.)

1. (2) Write the answers to the questions given below on the dotted Lnes.
(i) Of the following sets of quantom numbers I, IT and I, which one ig

1ot acceptable in describing an atomic orbital? (D or
O 2=2 I=1 m=cl (@) n=3 1=] =42 (M) n=4 (=3 p=-3 N=31=1m=42
(i) Of the three jons Na*, K* and Ca¥, which one has the largest - .
omersdiis? TR e e K
(iii) Of the threc cations Li*, Na* and Mg%, which one has the least
polarizing power? _Na*
(i) Of the three elements Li, Be and B, which one has the lowest second
ionization energy? - Be ________ '
(v) Of the three elements Li, C and Na, which one has the most negative
value for electron gain ermyr T G
(vi) Of the tiree compounds CH,0H, CH,CH,0H and CH,CH,CH,OH,
which ane has the strongest intermolecular forces? ... EHiCH.CH,OH

(04 marks X6 - 24marks) \,;1 (a): 24 marks

(&) (i} Draw the most acceptable Lewis dot-dash structure for the molecule FBrO;;

F:
: O==Br==p :
oy e T o
oleO"5 S { (i) Give (1) the shape around the central atom and () the oxidation number of the central
LOTCVI-C’( o atorny of lhe_stmclure drawn in (1) above. ©1) + (01)
mcf( ({,Sf I ... tetrahedral ... (shape} (I wovvvvereen A {oxidation number)

(it} The compound 50, can be prepared by the reaction of 80, and ;. An scceptable {stable)
Lewis dot-dash structure for the miclecule 5Q, is given below. Draw three more Lewis
dot-dash structures (resonance struciures) for this molecule and indicute thejr stabilities
relative o0 the structure given by writing stable or less stable or unstable under these

stractures,
)
PO ‘ ) '
: (ID, L See attached sheet (09 marks)
I
B R
(iv) Complete the given table based on the Lewis dot-dash structure and its labelled skeleton
given below, - H H
. w | |
NEC—N=C~—J~JJ-H N——C’-—NQ——C%-IIIL—H
H H
l ‘ 1 N2 l 3 N*
1 The number of VSEPR pairs around
‘ 2 3 3 , 4
the atom J
, I | electron pair geomelry around the atom linear trigonal planar , trigonal planar tetrahedralq .
II' | Shape around the atom linear angular/ V / bent l trigonal planar pyramidalﬂ .-fw'j ‘
‘ sp? Sp? j [’wram

UV l Hybridization of the atom _ l p sp°

(01 mark X 1 6 = 16 marks)

02 - Chemistry (Marking_Scheme) [ G.C.E. (A/L) Examination 2023 (2024) | Amendments to be included.
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:0:@ :0:© :0:©
:(,3: - l —— =Cl)®
éézsl——a=9 %_..l;———gs_ gzﬂzo

@

(less stable) {fess stable) {unstable)
:0:© :0:© 10:©
Cl):@ <y CI)IGB - 0@

=l goen Iy o | o
® @

{unstable) (unstable) (unstable)
e} . HeH HeH
[ T

Q==g=0 bﬁ"——'—_i_—t}e @0—“Sl==o
8 : :

{unstabie) {unstable} (unstable)
e} HoH :TI:
§i=l§-—-.b‘:@ %-——Q:ﬁ ©f—s—5°
{unstable) (unsgble) {unstahble)
:0:© :0:© :0:©
:(L: | - :c,):- - :(,):
‘3___JE;::Z .___lﬁ__fD ‘9___J{;;}?
0=5~—0 Q—s=o0 0_:8:0
(unstable) | (unstable) ' {unstabie)

:5:© :5:©
bo e
= e
O0—8§——0 9-—-—8:0
{unstable) (unstable)

Any three (03 marks x 3 = 09 marks) (02 structure + 01 stability).

05120000188110008
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® Parts (v) to (viii} are based on the Lewis dot-dash structure given in part (iv) above.
Labelling of atoms is as in part {iv).

(v) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the
two atoms given below.

L Ne—@ N.L2RISP e S,
5 sp?
I ¢l—N?  Cl.... p ...................... N?-p ...............
sp? sp?
HL N2—C® Ni.... B e, o< I p ..................
v Nt 05 SP NS
V. N—H N SR Hov 1S
sp? : 1s .
VI. CS"““H : C3 .............................. H N T LR LR AT T LT (01 mal‘kx12=}1ﬂéﬁm
(vi) Identify the orbitals involved in the formation of 7 bonds between the two atoms given
helow. . :
20 : 2p
L N—C! N . Cl i rnnrenrniaens
2 2
N cerenr p feileransaredmnenaa s p ..................
. NZ--¢* N2 2p ...................... ‘ C3 e, -.?P. .................. {01 mark X & =§§§m

(vii) State the approximate bond angles around the C!, N2, ¢} and N? atoms,
cligor s 1) N{117°%2), ¢(120nkl)  Ne(1072.40)

llllllllllllllllllllllllllllllll ‘01 mark x 4 ={£44-\_fn
{viil) Amrange the atoms C!, N?, ¢! and N* in the increasing order of electronegativity,
| G < Gl < JNAL < NE....(02marks) | 1{b): 56 marks

(¢) State whethetr the following stalements are true or false. Give reasons for your choice.

(i) An acceptable Lewis dot-das.h structute cannot be drawn for the OF, moleculé.

True . (03)
Fr o oor @xygen has five pairs of elecirons around it - . (03)
I ... Hence electrons around oxygen exceeds 8 - 02) -
'K 0 I OXjrgen is a second period element and cannot exceed the octet (01 + 01}
I : B of ‘,'Octet rule violated at the central atom oxygen '
o H ‘ _ . A0 marksy 7

(i} The increasing ovder of electronegativity of nitrogen in NO3;, NBr,, NO,CI and HNO,
is NBr, < NO,Ct < BNO, < NO3.

False o3
NO;* NBr3 NOoCl HNO: =
Hybridization of N sp sp? sp? sp?  ————(02)
Charge on N +1) {0) +1 _ 0 A (02)
Higher the s character, higher the electronegativity 01)
Higher the positive charge, greater the electronegativity than neutral-——- —(01)
Hence, variation is NBrs < HNO: < NOCl « NOg—"""" : —{01),;7)
,or-in words : . (10 marks)
" Note — No marks foe decisions based on oxidation states/ numbers .~ # 1(c): 20 marks
02 - Chemistry {Marking Scheme) | G.G.E. {A/L) Examination 2023 (2024) L Amendments to be included. o
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2. (@) A is a s-block element in the Periodic Table. Its atomic number js less than 20. When A
is heated with nitrogen and oxygen separately, two stable compounds B and C are formed
Tespectively. B reacts with water to give the basic compound D, and a colourless pas F, with !
a pungent odour that turns red litmus blue. Reaction of A with water at room lemperature
also gives I, and liberates a colourless, odourless, homonuclear diztomic gas F, A reacts
with dil. H,80, and gives salt G and gas F. Compound H is formed on reaction of D with

/; CO,. H decomposes_on-heating to give compound € and CO,. /
(i) Identify species A to H. {Give chemical formulae.) @/ "
A Li z  NH; no e i(ﬁz as s ,
---.-”..-. ................................ A NAA s Ehbb v auva ..n..-mé:.-ﬂ\’d{; '\d@n{_\ #Cd R
B LN, F oo S |
C ..LQ. ... et 6 LSO
D ... LiOH. oo, H . Li€0x.............(05.matks X 8 = 40 marks)

(ii) Write balanced chemical equations for the following reactions.

I. A with water i+ 200 o 2LOH .

I A with dil I,$0,  2Mi.t HiSOu = LigSQq + Hp
LiNx 30, = 3LOH + N |

LixCO; - LikO + CO, (05marksx4=20 +|arks)
IV, Decomposition of H ..o oo oo marrereeaaas

- II. B with water

| (iii) Write the colour of the flame given by salis of A in the flame test,
crimson- red /red / crimson (0%)

2(a): 65 marks

) NoteD o.not award marks for 2(a} if Li is not corregtly, i_de;,@t_if-ieq‘%ﬁ;;y
(6) Write the chemical formulae of P, Q, R and 8.

(@) P is a.colonrless solution. When CO, is bubbled through P, the solution turns milky.
When excess CO, is bubbled through the milky solution, a clear colourless solution
is obtained. P gives an orange-red flame when subjected to the flame test, ldentify P.
P RO e,
(ii) The metal M belongs to the third row of the Periodic Tuble. M reacts with dilute
aqueous strong acids and bases. When M reacts with a certain dilute aqueous strong
acid, it gives the salt @ as one of the products. When aqueous BaCl, is added o
this solution, a white precipitate is formed. The precipitate is insoluble in dilute acids.
Identify Q. : T ok
Q Al(S04)3 ‘ R E

L T R T

(it} R is an ionic compound. When R is reacted with dil HCI, a colourless, odourless, linear
triatomic gas is evolved as one of the products. R gives & yellow colour flame when
subjected to the flame test. The metal ion in R is found in borax. Identify R.

R award 07 marks

(iv) S is an ifonic compound. When § is heated, a red-brown gas is evolved. The metal
in 8§ burns with a bright lght in air, The metal reacts slowly with hot water, to give]
a basic compound and H,{g). The metal ion contributes to hardness of water. Identify

8.
Mg(NOs). (07 marks x 4 = 28 marks)

/

04120000188110008
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" (v) Give balanced chemical equations for the following reactions. Indicate precipitates with
the symbol | . ho. medes i P £ & wre wramg,

‘| , L 3Ca(OH); + AL(SOs)s — 3CaSOu} + QAIOH):Y _ (05 +02)
- - -
II. No marks : ‘
I dhe Cg
&

ITI. No marks

.
; - : Note: Marks (02) allocated for ,L should be awarded to either CaSO4 or AI(COH); .
o
2(b): 35 marks

| e o 3. (@) (i) A closed non-rigid container contains r moles of an ideal gas at a given temperature
; (T} and pressure (F). Write the relationship between the number of moles of the gas

|
i and volume V.

g (05)

B
N ' v )

L pV=nRT or n=" of nxV
I ' | ‘
|
[FE N () H
l‘:' : (ii) A closed non-rigid container of volume 150 ¢m?, contains 3.75 g of O,(g) at a given *
O ] temperature and pressure. If another 1.25 g of O,(g) is introduced into this contafmer

at the same temperatnre and pressure, what will be the new volume of the contafner?

(0 = 16) | _
[' ’ ' A Hernadwv e Qudwer i
1 3.75 < - .
‘ M "2, o 05
L 5.00 .
o 175/32 _ 150 cm?
j) ; D 5.0/32 - Vo (05)
h Vo = 200 cm? 04+01) Y
I
f Alternate answer
w ‘ 125/32 v/ _ o f
R 3.75/32  150em? f {05)
D L\ |
I V/ =50 cm?®
_(04+01)

T _
Py Total volume = (150+50) cmé=200em® ____ .~

Note: Award marks for correct answers obtained using pV=nRT

(iii) At constant temperature and pressure, show that the molar mass (M) of an ideal gas
is directly proportional to its density (4).

At constant T and P, d = Q(? (cey "Nt = fg{— @2

n«l _
S T 9 ¢

m ————e
'1\-11- x V. o |
SR e e e . . . (05)

i ! I . e e -

doeM o

P . Note: Award marks for correct answers obtained using pV=nRT ,
1
3(a): 40 marks

02 - Chemistry {Marking Scheme)} 1 G.C.E. (A/L) Examination 2023 (2024) t Amendments to be included.
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(&) Consider the reversible reaction given below,
BF; (aq) + M,0 () == BF,0H {aq) + HF{aq)
(Note: Neglect the jonization of HF)
In an experiment carried out to study the kinetics of the above reaction, 0.20 mol dnr®
BF; (aq) was used and the concentration of the product HF(aq} was measured with time,
at a constant temperature, The resulis obtained are shown in the graph below.
[HF (aq))/mak dm
004]----

002 §----

|
i
]
=l
1
1
1
]
3
1
|
1
i
1

0 200 400 600 time/s
Concentration of HF{aq) reached the constant vahie of 0.04 mol dm™ at the equilibrivm, It
was found that the forward reaction follows the rate law, rate = LIBF,(aq)] and the value
of ks 1.0 x 10757, .
(i) Draw a graph to show the variation of [BF;(aq)] with time.

{BF7 1/ mol dm

020 o ; t
SO T e (10)
BAG |- pe '
034 R To award marks starting and ending positions of -,
.13 ; the curve must be correct and the shape of the
R e A R s curve must be correct.

, :

O 200 46D GO HIQ timszf{s

(li) At this temparature, calculate the rate of the forward reaction after 600 s,

After 600 s,

[BE;]  =0.16 mol dm (04401) ¢ 1<
Rateqowargy = 1.0x107 57 x 0.16 mol dm™ {05) '
=16 x 10 mol dm? gt {04401}

(D) Tt was found that the reverse reaction is frst order with respect to [BF,OH" (aq)}
and fiest order with respect to [HP(aq)]). Taking % as the rate constant of the reverse
reaction, write the rate law of the reverse reaction and calculate the value of k, at this

tetnperature, {_Ajv_g (e ned

. o th 9 A £
Rate (reverse) = ke [BF30{£‘I’] {HF} o= .
= k; 0.04 mol dm™ x 0.04 mol dm™—-—""""" e (I N
=k 1.6x10? mol? dm™® '
At eqqilibrium, Rateporward) = Rateyeverse)

Or _ —

k: 1.6x10°* mol? dm® = 1.6 x10"° mol dm? s°! ——

ke = 1.0x107 mol! dm? ¢! — e —(04401), § =

O —

(iv) State whether the initial rate method can be-used to find the rate law of the reverse - g
reactiont in the above experiment. Give reasons for your answer. t‘ b E

T ' Al ahcalar  €xpeamenl: ; o —

Initial rate method canngt be used. CV](E& foc s P P (05)‘\\, [08 =

At time=0, [BF;OH7 =0 or [HF]=0 or both are zero. (05) ) 8=

| : : 3(b): 60 marks P ==
02 - Chemistry (Marking Scheme) t G.C.E. (A/L) Examination 2023 (2024} | Amendments to be included. 17 —
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4. (@ A, B and C are structural isomers having the molecular formula CH,,0. None of them
show optical isomerism. All three compounds A, B and C give coloured
2 A-dinitrophenylhydrazine (24-DNP). Of the three compounds A, B and C,only B gives
a silver mirror.with armonical AgNO,. When A, B and € are reacicd separately with
NaBH,/CH,OH, compounds B, E and F are produced respectively. When D is heated with
conc. H,8Q,, compounds G- and H, which are diastereomers of each other are formed, When
E and F are heated separately with conc. H,80,, compound E gives I while compound F
gives all three compounds G, H and I. Compounds G, H and I decolourize Br,/H,0.

precipitates with

Draw the structures of A, B, C, D, E, F, G, H and I in the boxes given below.

0
CHgCHz_“C CHchg CH3CH2CH20H2 ¢—-H
A B
OH
CH;CHy—g- CH,CH,4
CH;CH,CH,——G CH,
H
C D
) ] OH
A
CH;CHsCH,CH.CH,OH CHyCH,CHy ——c CH,
H
E F
CH, CH,CH, H CH,CH, H
Neaee”” N -
SN TN CH,CH,CH,~—— C===cH
” y o, " sbHaLH, 2
G and H

I

Note: Structures of G and H given in linear form award only 06 marks

(b () Draw the structures of the products J, K, L, M and N of the following reactions (J—V)

Jin the given boxes.

N=N i OH
O @ ) Naon L
g-5°C
Note: -CsHs not accepted
' H,/Pd-BaS0,
ah CH,—C=C—CH, Quinoline

Note: showing the siereochemistry is not necessary 7

(06 x 9 = 54 marks})
4(a): 54 marks

H

(o]

O OH/O/ ONa*

J .

H H

|

CH3—"_'C—-——C_'“—CH3

K

02 - Chemistry (Marking Scheme) | G.C.E. {A/L) Examination 2023 (2024) | Amendments to be included.
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o OH
i (1) C,H,MgBr/dcy ether ,
‘ T . B S
(I CH,—C — CH, DEO CHy cI: CH;
T CHcha
|
o/
¢_ou -
- @— FCl,
" Note: -CsHs not accepted -COC] accepted M
(1) LiAlH,/dry ether
(V3 CHE—CHE——C-——Nﬂz M HYILO .
;2 @R, CH;CH,CHNH;
N

(05 x 5 = 25 marks)
4{b): 25 marks

(¢) Consider the compounds P, Q and R given below,

(I:Hf‘ (|2‘H3 CHa—(llz(:E—Br
—C— —_— —_ CH.—C—B
CH, le CH,—--CH,—Br H, | r CH, CH,
H CH,CH,
P Q R

{i) When compounds P, @ and R are separately treated with aqueous NaOH;

§. Which compound is least likely to undergo a nucleophilic substitution reaction?
R or correct structure

Il. Which compound is most likely to undergo a nucleophilic substitution reaction
which takes place in one step?
P or correct structure

III. Which compound is mosi likely to undergo a nucleophilic substitution reaction
which takes place in two steps?

Q or correct structure : | (04 x 3 = 12 marks)

(i) Give the mechanism and the structure of the product formed relevant to the reaction
in ()T above.

1
-~ —
s gy GHs =
N . =
CHy——C—8r —> CH—cC" , Br - / Mo B =
Q==
GCHoCHy CHCHy o . (09 marks) =
@), O 7 Note: Mark (c) {ii) [ndependent and. k‘? 0
on CH, o also mark () (if) indepsnidentto Y’ ‘:% oo -
| 3 P Toaward marks; structire-oh @ =
. N - e -
CH—¢*  om ——— CHy——C—BH : . bk =4 —
| ] “OH and OH- both accepted”f= O m—
Sy CHzCHg o T N —%
Cat 3 - . 4(c) 21 markse E
02 - Chemistry {Marking Scheme} 1 G.C.E. {A/L} Examination 2023 (2024) | Amendinents to be included. . 19 —/—= .
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: | PART B - ESSAY

5. (2) CaO(s) reacts with water as shown below,

s Cal(s) + B0 — Ca(OH),(s) AH® = ~64 k) moi-!

" The following questions are based on the reaction given above,

3 (i) When 200 g of H 0 was reacted with a certain mass of CaO(s), the temperature of
‘ water changed from 25 °C to 75 °C, Calculate the amount of heat (in kI) absorbed by

S water. Specific heat capacity of water is 4.3 J gl oc-l,
Lo (Note: Disregard the change in the mass of water due to the formation of Ca(OH),.)

i!j L ' q=mse
i d= (200 g) (4.2 J g °C1) (75-25) oG — —(04+01)

RIS
Lo . 2 KT gl ap metls.
= 42 or 42 kJ or 42000 J 42 1 o n — " (05)

(5(a)(i) : 10 marks})

(ii) What is the minimum mass of CaQ{(s) needed to make the temperature change that occurred
in (i) above? (0= 14, Ca=40) :

The amount of CaO needed to increase temperature from 25 °C to 75 °G,

(04+01)
(04+01)
{5(a)(i) : 10 marks)

= {42 kJ/64 kJ mol') x 56 g mol"
=36.75¢

(i) Standard entropy values of Ca0(s), HO(l) and Ca(OH),(s) are 40, 70 and 80 J KT mol~!
respectively, Calculate the eatropy change of the reaction. |
no A8 shadd be wdip. !

ASO = Z.S'ﬂpm ducts — o Soreactants. Note- Standard states must be shoyv_n_.___‘!1 g, (04)
= (80-(40+70)) J K mol- | (04+01)
=-30 J K mol" | (04+01)
 (S8(a)(ii) : 14 marks).
{iv) Predict the spontaneity of the reaction ar 300 K. State any assumptions made. _
AG® = AHO — TASD Note- Standard:states st sho (04)
= (-64 -300 (-30x10%)) kJ mot- (04+01)
= - 55 kd mol (04+01) |
(02) -

The reaction is spontaneous at 300 K

- Note —02 mairks can be award for the correct predlctlonaccordm wer,
RIS f Assumption: AH® and AS® are independent of temperature-~——-——now _ (01401)
e ' no nezel of- Sfaled fin verbal e npresstion (5a)(iv) : 18 marks)

20

Examination 2023 (2024) | Amendments to be included.
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(v) Predict the spontaneity of the reaction at 400 K if steam (H,0(g)) is used instead of liquid
WHEE 40 —> HO@ AH® = 44 kI mol-!
S0 = 190 T K~ mol

When steam is used instead of liquid water, AH® changes.
CaO(s) + H20 (g) = Ca{OH)z(s)

AHY = —108kjmol™ . N (¢ XY R |

ASY = (80-(40+190)) J mol K- T T T e e ,04) }xﬁ
=150 J mol" K~ (0401

AG® =-108 kJ mol” -400K (-150x103) kd molt Kid——— {04401}y
‘=48 kI Mot T -m-----A-(o4+o1)(% Vv

The reaction is still spontaneous ~———————————————____ (g3

Note — 03 marks can be award for the correct prediction according to the answer

:

{5(a)(v) : 28 marks)

5(a) : 80 marks

{(b) (i) At temperature 570 °C, the equilibrium given below exists in a closed rigid container,
Ca(OH)g(S) = Ca0(s) + Hgo(g)

The pressure of the container was found to be 7.0 x 10° Pa,
Calculate K;, and K, for the reaction at the temperature 570 °C (at 570 °C, RT = 7000 J mol™).

Ko = Puao 4
=7.0x10°Pa (03+01)
| <
Ke =Kp (RT)%"or Ky =K, (RT) 2" e e (03)
7.0x105 Pg U —————— —
= T0R108 Jmol 1 T T T (03+01)
=100 mol m® or 1.0 x10™" mol dm™ (03+01)

(5(b)(i) : 15 marks)

01120000188110008
IR T
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(i) Giving reasons briefly explain the effect on the equilibrium in (b)i} above when the
following changes are done.
1. When Ca(QH),(s) is added.

There is no effect (02). Concentration of a solid is constant. (03)

. When some amount of H,0{(g) is removed.

Reaction occurs in the forward direction (02)

According to the Le Chatelier's principle, the reaction proceeds to generate more water. (03)

Or

Reaction occurs in the forward direction {02) to produce more H=0(q) to increase Puzo to Kp. (03)

Or
To increase (reaction quotient) Qp ( Qe ) up to Kp (Ke), {03) reaction occurs in the forward direction. (02)

(5(b){(1i) : 10 marks)

(iii) To determine the relationship between the pressure of the water vapour produced (PH o
and the mass of Ca(OH),(s) introduced into the container (MCR(OH}z)’ the pressure was
measured introducing small quantities of Ca(OH),(s} into an evacuated rigid container at
'5:0 °C. Draw the expected graph for the variation of Pﬂzowith Mmom2 and briefly describe
K.

{03} (correct shape}

%03} Ke

Mea{oH)2
Note : Axes must be correctly labeled to award marks - o
As Ca(OH): is introduced into the container, the pressure of Hz20(g) is increased — —-{03)
In the beginning, Ca(OH)z (s) is completely convertad to CaQ(s) and H20(g). [ NSN—————{{ ¥ ) O

After reaching the equilibrium, Przo will be constant, and sofid Ca{OH)2 remains in the container._ _{03)
(5{b)iii) : 15 marks)

5(b) : 40 marks
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(e} (i) Write the reversible reaction for the dissolution of Ca(OH),{s) in water at temperature 25 °C.

Ca(OH)x(s) = Ca%(aq) + 2 OH (aq) Note — Physical states are required / (04)

X 2%
(5(c)(i) : 04 marks)

(i) At temperature 25 °C the solubility product (K, ) of Ca(OH),(s) is 4.0 x 105 mol? dm™.
Calculate the molar solubility of Ca(OH),(s) at this temperature.

Ko = [Ca*(aq))[OH (aq)f—— T e 04) ©
Note: Physical states are required -t all Ahe ~P(fd 4 _ 1({,
Ksp = X (2x)? | ‘
4.0x10% moP dm® = 4x3 (04+01)

X = molar solubility of Ca{OH)z(s) )
X=1.0x102moldm= ~—— . T e — - (04401) YA

(5(c)(ii) : 14 marks)

{iii) Statec giving reasons whether the solubility of Ca(OH),(s} will be higher, lower or the
same in agqueous solutions of NaOH, NaCl and Ca(NO,), (concentrations of solutions
0.1 mol dm®) when compared with the solubility of Ca(OH),(s) in water.

In NaOH : Solubifity wiil be less  (02) Common ion effeé:t. (02)a7 6'9?‘{9%’”&;”?@“ / {?H&ﬂj t
In NaCl : No change in solubility  (02) No common ion effect. (02)

In Ca(NQs)- : Solubility will be less {(02) Common ion effect.  (02) (5(c)iil) : 12 marks)
5{(c): 30 marks - *
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6. (@) At 25 °C the methanoate ion, HCOQ (aq) reacts with water to form methanoic acid, HCOOH (aq)
and OH~(aq) as shown below.
 HCOO (aq) + H,0(1} == HCOOH({aq) + OH"(aq)
(1) Given that [OH-(ag)] = 1.0 % 10~% mol dm™ in & solution prepared by dissolving 0.10 mol
- of HCO,Na in 1.0 dm* of water, calculate the following at 25 °C.

I. The value of K| of methanoate ion.

HCOO(aq) + H20(l) & HCQOOH(ag) + CH (aq)

C (1-a) Cu Ca
_ [HeooH(aq)|[0H™ (ag)] Note — Physical states are required "~
K, = oo Note ysical states are req (05)
Assuming 1—q =~ 1_‘,,..,,,______,,‘___l..__..___, e e e o . . ‘_’f ,@
- - -6 -3 T
_ 1ox10 5 mol dm™2 x1.0X107% mol dm (04"'0,_1) .

1.0%10~1 mol dimn~?

Or
Ca=1.0x10%mol dm?®

a=1.0x10%moldm?/0.1 moldm?®=1.0x10%

_ 1.0%10~ mol dm=2 x1.0x1076 mal dm™2
Iy, = 1.0X10~% mol dm=3(1—1.0x1075) (04+1)
=9.9x10"2 moldm?® = 1.0 x 10" mol dm™® (04+01)

Il The value of K of methanoic acid,
(K., = 1.0 x 107* mol® dm™® at 25 °C)

Ka K = Kwi—a—-%--—.—_ﬁ_m_— ,,,,, e (05)
! . -
Lrv
—14 Izd -6
a = 1121100-117:1001 dﬂT‘3 - (04+01)
Ka = 1.0x10° mol dm™® (04+01)

(6(a)(i) : 30 marks)
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(ii) Calculate the pH of a methanoic acid solution of concentration 0.10 mol dm3,

X 44 no meles |
HCOOH(ag) +H.0() = HCOO(aq) + HsO*aqg) :g .[if‘ e wrden

Or
HCOOH(aq) = HCOO(aq)+H*{aq)  (equations with physical states) — ——— . _(05) °
C(1-q) Ca + Ca (at equilibrium) '

_ (C)? _
e o
L—aa~1 .= e S : .{05)

[H30%] = (K, 0)'?
[H307] = (10X 10 moldm ™3 x 0.10moldm™H)Y2 . (04+01)
[H;0%] = 1.0 x 102 mol dm™3

Note: If the problem is solved without neglecting @, award (09+01) marks for the correct steps.

1
pH = - log [H:0*(aq)] Or pH = - log [HH{@q)]——- === = === (05)
= - log{1.0x10?)

=20, _ - e (04401)

(6(a)(ii) : 25 marks)

(i) When 340 g of HCO,Na was dissolved in 50.00 em® of 0.10 mol dm=2 HCOOH (aq)
solution, it was observed that there was no change in volume,
(H=1, C=12, O=16, Na=23)
I. Determine the pH of this solution.

Molecular mass of HCOONa = (12+32+1+23) g mol™* = 68 g.mol"-.. (01) "
The amount of HCOONa = —22¢__ . |
gmol - ‘
\\\\ . i .
= 0.05 mol———————— _ 1)
Concentration of HCOONa = S'OXIO_zmS ;:if:f emdm >
- {01+01)
H o= K -|- lO [[Salt]],:__I——-w*—-—----"-fg'—ﬁ-—~f~—--————-—‘,__l [ —(0 )

p frrer) p a g [actdl .\ ‘V 7-‘\ __1.I__........_._,.___._.__.,. ?r, ’ -‘
- _ -3 10 i ' ; 7
= —log(1.0 x 1073) 4+ {og [0_1 ] ( : (05) /

Note: If the caiculation is done using the express_\i\on for Ka award (10) marks for the correct steps. N//
= 4.0 | (04+01) | (2]

¥
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IT. Explain how this solution acts as a buffer solution.

Addition of an acid : HCOO (aq) + H30+(c'ilg_) = HCOOH(
Or HCOO'(a_q) + H*(aq) = HCOOH(aq)
Note : Physical states are not required and - is accepted

Orwhen an acid is added, formate ion accepts the proton reducing the H*

Addition of a base: HCOOH@:{) + OH(aq) = HCOO (ag) + Hz0 (1)

Note : Physical states are not required and - is ac'cepted'

P}Mg"@“f g&a}zia&w
aq) + H0() L (03)

——

concentrationh.

@

Orwhen a base is added formic acid dissociates decreasing the OH concentration,
(6(a)il) : 25 mairks»

& (i) This question is in respect of a solution that could be

' (03)_3‘

'_ 6(a) : 80 marl{s

i
|

made by mixing two completely

miseible liquids A and B. Copy the following table on to your answer script and fill in
the blanks. Different types of solutions (ideal, non-ideal/positive deviatian, non-ideal/negative

deviation) that could be made are given in the table.
While the mole fractions of A and B in the solution are X, and
of AandB ata given temperature are P, and Py respectively.

Xg, 20d the vapour pressures

The saturated vapour pressures of A and B ar thg temperature are P and Pp respectively.
Intermolecular forces between Aand A, Band B and Aand B are fg_ﬁ, Jon and fop

respectively,
Property Ideal solution F . Non ideal solution
Positive deviation Negative deviation
anley 9em- from Raoults law - from Raoults law
AH of mixing _| 0 (zefo) AH=0 [ () AH<0/ &
Relation among fap fap=fan = fgp fan<fan, fanor fa>fan, fon or
fa-n and fo.g faa > fap< fag fan <fas> fag
Relation among P.%, | P, = Palxa Pa > Palxa Pa < Pp%xa
Pa and x4
(05x 9)

~ (B(b){i) : 45 marks)

02 - Chemistry {(Marking Scheme) | G.C.E.

0003484

A/L) Examination 2023 {2024) | Amendments to be included.



A Sl

Departfifent’of Examsinations - Sritatika

Confidential

(ii) The phase diagram of pure water is given below.

Copy the diagram on to your answer script and
answer the following guestions.

I

.

IIL.

Mark the normal boiling point (V) and melting
point {L} of pure. water.

What are represented by lines B7, TC and
point T2

Assume that a small amownt of salt (NaCl)
is added to the pure water sample. After the
addition of salt, positions of the lines BT and
TC in the phase diagram were changed. Their
new positions are 8’7’ and 7'C’ respectively.
Draw their new positions on the phase dlagram
you have copied and label them as B'T and

. T'C’, Mark the new boiling point (V') and

the new melting point (L") on the phase
diagram,

(i) (1) and (Il1)

()

[ 1= fg?;f(,/ vV
{02) {02} {02} (02)

‘ It

", l # / ) -EK'B b J ] V if ‘[“} i C
; Shere 0 fheve

17 g{a‘(){n .

Pressure/atm

7 vapour

b)) i Lo

374
Temperature/"C

y ¢ ghadd be

81‘!.6() e "H" ¢

D

Line BT = Variation of melting point with pressure Or solid liquid equilibrium. ZMcrf'Nj / (04)

LinéTC = Variation of boiling point with pressure Or Liquid-vapor equilibrium. : (04)

Point T = Triple point

(05)

(6(b)ii) : 25 marks)

6(b) : 70 marks

Qo ﬁto@ﬁ?@uﬁ@g
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ZnS0,(aq, 1.0 mol dm™) and
Cu80, (ag, 1.0 mol dm-3) respectively. The solutions are Separated by a porous membrane, The
overall cell reaction when the cell is _operating is piven below,
Zn(s) + Cu**(aq) —= Zn*{aq) + Cu(s)
(i) Identify the anode and the cathode.

Anode = Zn (Zn-rod) } ho {J Mgl-.cal_ < M@
Gathode = Cu (Cu-rod) <, __

(05)
e ()]

(7(a)(i) : 10 marks)

(ii) Write the anodic half reaction. of the cell.

= ot accepted.

Ancdic reaction Zn(s) > Zn? (aq) + 2¢- -~ - (05)

Note: physical states are required. (7(a)(ii} : 05 marks’

(1ii) Write the cathodic half reaction of the cel],
= noi accepted

Cathodic reaction Cu?*(aq) +2e > Cu(s) —{05)

(7(a)il) : 05 marks;

Note: physical states are required

(iv) Give the cell notation of the cell above,

(i 0

Zn(s)[ZnS0x(aq, 1.0 mol dm™) : CuSO. (aq, 1.0 mol dm®Cu(s)
or '

24 f o -3y 3 2+ -3 ) .
Zn{s)Zn? {aq, 1.0 mol dm )i Cu® {ag, 1.0 mol dm ) Cu(s) (7(@)(iv) : 10 marks)

) Czilculate the electromotive Eorcg@&gjf the Daniel cell given above at 25 °C.

ECu2+(aq)}Cu(s) =034V Ean"'(aq)n’Zn{s) =-076 v

& &
Eoc.e” = E%alhl)de ~ E%%node of - E(n(g, S EC - ﬁ P (02)
=0.34 V- (-0.76 V) (03+01).
 (03:01).

=110V

(7(axv) : ORI

(vi) Calculate the time in seconds required to deposit 3.175 g of Cu{s) when a current of
50 A fiows through the cell. (Cy = 63.5, 1 F = 96500 C moi)

The amount of charge Q = IL—/-—"—,_\\ (03)9
This charge shouid deposit 3.175 g of Cu. (
Amount of Cu deposited = gg%%; : fﬂx‘\m&m) '

= (.05 mol
Therefore, ¢ = 2222l 090 Emol ™ x 2 ‘ T (03+01)
t=1930s
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(vii) How does the conductivity of the solution in the cell compartment cohtaining
the Zn-rod change when a current is drawn from the ¢ell? Explain giving reasons.

Conductivity increases. (04)

This is due to the release of Zn** (02) and migration of SO4* in to the compartment. (02)
' (7(a)(vii) ;: 08 marks)

(viii) It was observed that when a cumrent is drawn from the cell, the intensity of the colour
of the solution in the cell compartment containing the Cu-rod changes. Explain this

observation.
The intensity of blue color decreases. {04)
This happens due to the deposition of Cu®* as Cu (04)

(7(a)(viii) : 08 marks)

(ix) As shown in the diagram, an external voltage
higher than the calculated electromotive force
in (v} above, was applicd to the Daniel cell Znls - - c
using another electrochemical cell. Write the ) (e)
overall cell reaction of the Daniel cell under !

1

this condition. !
[}
Zn™(ag) | Cu**(aq)

Cu(s) + Zn*(aq) > Zn(s) + Cu* (aq) (04)
or 2H:0(f} + Cu(s) = Ha{g) + 20H(aq) + Cu* (aq)
or 2H:0()) + Cu(s) + Zn? (aq) - Zn(OH)z (s) + Ha(g) + Cu? {aq)

I
¢

Note: physical states are required

o Ths  reackon ccnot  De vk & o leng G, (7(a)(ix) : 04 marks)
0> Apofc  2at and (2 o@posl-f- h?@}ﬁw dhe mmb e (5
oo (2, o -
rze(anb(e G bofh @n depce L. 7(a): 75 marks

 Daniel cell s not rechorgeable
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| B A, B, C and D are coordination compounds of iron with an octahedral geometry. The molecular
formulae of the compounds are (not in order) FeH, MO0, Br, FeHlsNSBrz, FeKH O,Br, and

FeHlstojBra. . .

In each compound two types of ligands are coordinated to the metal ion.

\l‘- - Compound A : Gives three ions in aqueous golution. When ApgNQ.{aq) is added to an aqueous
solution of A, twa moles of a yellow precipitate are formed per mole of A, ’

” Compound B : Gives four ions in aquegus solution. When A.gNO3 (aq) is added to an aquecus
}'w solution of B, three moles of a yellow precipitate are formed per mole of B.

fis Compound C : Gives two ions in aqueous sclution. When AgNO, (aq) is added bq_maqgggps
(R solution of € pne mole of # yellow precipitate is formed Per mole of C,

oy Compound Ir : Gives two jons in aqueous solution. A yellow precipitate is not formed when
i AgNOS(aq) iz added to an agheous solution of D. :

J‘; : g ’ (i What are the common oxidation states of iron (Fe)? _
2,48 Fef? poes | (03 + 03)
{7(b)(i} : 06 marks)

(i) Identify the yellow precipitate, (Give chemical formula.} Name a chemical reagent that can '
dissolve this precipitate, . ' i
AgBr N | (©03)
Cone. NH; / Conc. NH,OH | - (02);
_ (7(b)(ii) : 05 marks):
(iif) Identify the ligands coordinated to the metal ion in each compound AB Cand D,

A NHs, H:0 ' - (01+01)€
B: NH3, H:0 o . '(OlfQI')
C: NHg, Br- no m« (01+01),
D HO, Br-  (or+01)
_ Note: No marks for Br (7(b)(iii) : 08 marks)
(iv) In each of the compounds A, B,AC and D,
L write the oxidation state of iron. _ :
A 42 or 4 . (02).
B: +3 or +ll : {02)
C: +2 or +i : (02)
D: +3 or HI] _ , {02)
II. write the electronic configuration of iron.
A: 15%25%2p835230530f E . _{02)
B: 15°25°2p°35231P3 cf o -(02)
C: 1322522,t3"'3323,0‘330‘6 _ o e (Q2)
‘D: 15°25%2835%3 JoukTed e ‘ (02)
' (7(b)(Iv) : 16 marks)
(v) Give the structures of A, B, C and D. : ‘
A: [Fe(NHs)a(HzO)a]Brz ~or  [Fe(Hz0)3(NHs)s]Brz : (10)
B: ‘[FG(NHS)Q(HEO){]BI’S or  [Fe(H20)4(NHs)2]Brs . {10}
C: [Fe{NHaz)sBr|Br or  [FeBr(NHa)s]Br (10)-
D: K[FeBra(Hz0)s] or  K[Fe(Hz0)2Brd] (10)
Note: Award marks if correct structures are drawn with anion/cation instead of formulae.
k- Me Crrecd Shwohw e 820Md be . inelucling (7(B)V) : 40 marks)
; e Cahitny,
the Olhions  Gadt ¢ | 7(b); 75 marks
02'7Chemis¥r§i? arking Scheme} | & %.‘(7\/1.) Examination 2023 (2024} | Amendments to beincluded. o : '39‘;
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8, () (CH,),CHCO,H has baen converted to compound ¥ by using the reaction scheme given below.

(CH),CHCO,H Renction 1 - A Resction 2 p Beactiond .
Reaction 4 ' oH
p £ 1 Reaction$ ¢ CHg)gCH--?—CHZCH(CHB)z ‘
CH CH(CH,), : ‘
F |

Complete the above resction scheme by giving the structures of compounds A, B, C, IF and
E and ths reagents required for the reections 1 - . Only the chermical substances given below
should be used (either singly or as combinations) as reageats.

Chemical substances:
C,ELOH, dry ether, LIAIH,, Mg, PBr,, conc. H,8Q,, dil. H,50,

07), |
,..._(._)J% )\(08) .
, 1. LiAlH, / (dry ether)j] 4 T\f".f'_"f’ = * .
2. dil. H,80, H H ‘ ™
CHy—— G dil. Hy . _
3 G-——COOH. ._L,CHJ-H——T CHOH  PBry CH,——C+——CH,Br W \
CHy . Reaction 1 - CH, Reaction 2 CH, (B)
: {A) ‘
C,H;0H / conc. H,80, . Mg / dry ether | - (08)>"/
Reaction 4 Reaction 3
(" (CH,),CHCOOCH,CH; o7 - |
H g i . -
m - CHy~——C——CHyMgBr (0 “&J Q,C d (ﬁ"HQMﬂ By
o) (©) CHj
J . . w.gfg & ] - (©

o (DB [OMgPe [0We (0 b e e s
) ) oH

(CH,),CH——C——CH,CH(CH,),  dil. H80,

\_ —————3 ' (CH;),CH——C——CHyCH(CH3);
: " GH,CH(CH i :
(E) 2CH(CHg)p . Reaction 5 CHZCH(CHg), (F)
G

Note: In structure E -OMgBr with +/ — charges or with partial charges accepted

H PBr3 H ”
CH3——C—COO0H o CHjmmme G——C—Br
Reaction 4 .
CHsq CH
“ _ ), )
V )
©n ¢

Note: Acyl bromides are not frequently encountered and the reaction of acyl halides with Grignard
reagents are not in the syllabus

8(a}: 45 marks
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(5} (i) Using CoH, as the only statting compound, show how you would prepare compound -

G using not more than four (04) steps.
“‘”—‘-ﬂ-_"‘_"—-—.—
CH,CH,—C=CH

G
(06)
——A (07
H,/Pd-BaSO, r A —
Quinoline HBr
HC=—=cH — H,C=—=CH, ————» CH3;CH;Br
NaNH, or Na
(06)
HC==cCNa* (07)
CH,CH;—C==cH
(&)

(8(b)(i) : 26 maN

Note: Marks wil not be given for writing only the name of the catalyst (Lindlar catalyst)
M

instead of writing Ha/Pd-BaSO./Quincline.
/

HBr is most appfopriate. HCI and HI can be accepted.

Alkene can be given with C=C as shown or written as CoHy or CH2CH,

NaNH; (lig. NH3) or Na (lig, NH3)
C'Na” or CNa accepted (C-Na not accepted)
—_——

Award marks for the alkene preparation and sodium salt of alkyne preparation steps. If th?
synthetic route is more than a total of 04 steps do not award marks for the other steps even i

they are correct:

(i) Give the strucmre'of the compound H which is formed when compound G is teacted with

excess CL,
cl Ci
CH;CH,~——C——CH (8(b)ii) : 04 marks);
¢ < "] 8(b): 30 marks |

- ; Co (H)
SN 02 - Chemistry (Marking Scheme) | G.C.E. (A/L)
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(¢) Write the product and the mechanism of the reaction of benzene with conc. HNO,/conc. H,50,.
02
+ |
H,80, + HONO, ~—————» H—0——NC, + HSO, .
! o) 10 ?
) "
HyO + }:102
@ )
|
(02) v f
(ﬂz) H tLD
Hsn:)4
+ NOZ H2504
©02) 5) - G
Note: mark *NO, ion generation independently ‘
Mark reaction of benzene with *NO: ion independently, however to award marks for the . A
arenium ion its generation from benzene and *NO; should be shown s
1) : P .
If only reaction of benzene with *NO; ion is written ("NO2 ion generation is not written) award 02

marks for the "NQ» ion

8(c): 25 marks

{d) Show how you would carry out each of the fo]lowmg conversions in not more than three (03)
- M

staps.
’ CH,CH, ]

o —
c ’
£OCH, COGH; GHaCHy

Zn(Hg) / Cone., HCL - -
CH3COC1 Chy/ FeCl; P-4 -
.._.___..’,
(an.h ) AIC],
Cl Cl

(08)

‘ (08) k v
(©9)
“Note: Clz/ FeCls or Clz/ Lewis acid such as Fe/FeBra/AICIa/AlBrs (8(d)(i) : 25 marks)
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Gii) CHCHCH, ———>  CH,CH,CH,OH

OH
paCs 0 X @A
OH — 4 _ M
CH l . c{)ng_g%soﬂb HBr / permgc}z‘ :
3 CH CH3 (w CH3_'CH_“CH2 —- CH3CH2CH2B1'
(08)

; ! ag. NaOH l

Necesscey O ’f (08)
& ol end oy CH,CH,CH,OH

ot ey liriun.
Note: Al:O3 / heat accepted (reaction 1) 7 A_]{T‘-_I.Br/HzOz%fcpepted (reaction 2)
aq./ dil. NaOH or aq./ dil. KOH accepted - NaOH or KOH not accepted (reaction 3)

For (d) (i) and (ii) do not award marks for synthetic routes with more than 03 steps even if there is

an overlap of given reaction
-(8(d)(H) : 25 marks)

8(d): 50 marks %}
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9. (a) (i) Aqueous solutions of compounds MgSO,, NaOH, BaCl,, Na,SQ, and Zn(NQ,), are contained
in five 100 em® beakers labelled A, B, C, P and E (not in order). Identify A, B, C, D
and E based on the observations given below. (Reasons not required.)

Note : Small portions of the solutions are mixed in test tubes,

On mixing D and E a white precipitare is formed. When excess E is added to the
precipitate, the precipitate dissolves giving a colourless solution, A white precipitate is
formed when E iz added to C. Precipitates are not formed when E is added t0 A and
when E is added to B. On mixing A and B & white precipitate is formed. When C is
added to A, a white precipitate is formed. However, a precipitate is not formed when C
is added to B. -

BaClz

Naz80.

MgSOa

Zn(NOg)2 :

NaCQH . (05 marks x 5 =25 marks)

{9(a)(i): 25 marks)

mogompe

(ii) An agueoms solution M containg three cations. The following tests (1-5) were carried ot
to identify these cations,

g Test No. Test ) Observation
: 1 Dilute HCl was added to solution M. A white precipitate (P}
i P, was separated by filwation and H,S was |, -
J ! 2 bubbled through the solution. No procipitate
The solufion was boiled until afi the H,8
3 was removed and then cooled. NH,CVNH,OH | No precipitate
was added,
4 H,5 was bubbled through this solution. A pale pink precipitate ®,)

P, was separaied by filtration and the solution
5 was boiled until all the H,5 was removed. | A white precipitate ()
(NH,CO, solution was added.

The following tests were carred out for the precipitates P, P, and ¥,.
Precipitate Test Obsexrvation
P, Dilute ammonia solution was added to ). | P, dissolved.

P, was dissolved in dil. HNO, and excess | A white precipitate which
2 ditute NaQH was added to the solution. | turns brown on standing

P, was dissclved in conc. HCl and the
solution was subjected to the flame test,

A green colour flame

I Identify the three¢ cations in sciution M. (Reasons net requived.)
IL. Write the chemical formulae of the precipitates ¥, P, and P,.

E Ag*, Mn2+, Ba?

4 Il. P,  AgCl
| P. MnS
P; BaCOs

{04 marks x 6 =24 marks)
(9(a)(ii): 24 marks)
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(iif) X, Y and Z arc ionic solids. Sodium is the cation in all thres compounds. The following
tests were carried out to identify the anions in X, Y and Z.

Test No, Test Obsexvation
i) A portion of X was dissolved in water
in a test tube,
(ii) Pb(CH,COO0), solution was added to the
colourless solution.
(iii) The resulting mixture (yellow precipitate | The precipitate dissolved
and solution) was heated. giving a colourless solution.

(iv) 'This colonrless solution was cooled. A yellow precipitate (as golden
yellow plates)

1 A colouress solution

A yellow precipitate

(1) A portion of ¥ was dissolved in water
in a test tube.
{iiy A Ba(l, solution was added to thef
colourless solution,
(i} Dilute HC was added to the resulting | A clear colowless solution with
mixture (white precipitate and sofution}. | the evolution of & gus

A colourless soletion

A white precipitate

(iv} The gas evolved was tested by
holding a iilter paper meistened Orange filter puper turned
with acidified K,Cr,0, over the arecit, .
mouth of the Lcsi tubc

A portion of £ was dissolved in water
in a test tube.

(iiy AgNO, solution was added 10 the
colomless solution,

A colourless solution

—

G

(V3]

A black precipitate

{ii)y Dilute HCT was added to a portion 01 7

A colourless pas evolved.
in a test tube. &

(iv) The gas evolved was tested by

- holding @ filter paper maoistened
with Ph{CH,CO0), selution over
the mouth of the test tube.

Filter puper turnexd black

1. Identify the anions in X, ¥ and Z. (Reasons not required.)
1. Write balanced chemical equations for the reactions taking place in the above tests,

l. X: I, A& , ; MNaf edc.. (04
Y. soz (P° not accept the  Campound) NaL eie 204;
Z St (04)
f.
1. Pb(CHsCOOQ), + 2Nal — Pbl:  + 2CHsCOONa or Pb% + 21" — Pbl
2. BaCl: + Na:SOs — BaSOs + 2NaCl or Ba* + SO* — BaSOs
3. BaSO; + 2HC! — BaClz + SOz +H:0 “or

BaS0; + 2H* — Ba* + SOz +H0
4. 380; + 0072 + 2H — 2Cr** 4+ 3804 + H:0
5. 2AgNQ:; + Nas8 — AgeS pi+ 2NaNOs  or 2Ag + 8% - AgS
Nf«‘%% AgzS # 2HC iﬁi‘?'gm + HeS .
7. Pb(CHsCOO)z + HxS — PbS + 2CH,COOQH

(02 marks x7 =14 'marks)
(9(a)(iii): 26 marks)
9(a): 75 marks
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(i)

(ii)

() A solid sample X contains the compounds P, Q and an inert substance. Here P = Fe, O, and

Q = Fe,0,. Q is a single compound and contains iron in Fe2* and Fe™* oxidation states, It .
reacts with I" in an acidic medium as follows.
Fe,0,+2F + $HY —> 3Fe™ +4H,0+1,

The following experimental procedure was used to determine the mass pereentages of P and

Qi X. |
When 3.2 g of sample X was troated with excess K1 solution in the presence of dilute H,80,,
all the Fe™* in it was converted to Fe?* with the liberation of iodine. The resulting solution was
diluted to 10000 co?® (labelled as S). To convert the jodine to iodide in a 25.00 em® volume ;
of this diluted solution (S), 1500 cm® of 0.50 mol dm™ Na,8,0; was required, !

. After complete removal of iodine from another 50.00 cm® volume of the diluted solution (8), in

dil. H,50, medium, 14.00 em® of 0.25 mol dm™ KMnO, was required to oxidize all the Fe?
contained in it. . A
(i) Write balanced chemical equations for the reactions taking place in the above procedure. '

(ii) Calculate the mass percentages of P and Q in X. ) : .
(0 =16, Pe=56)
‘ : . VE,

FesOs + 28 + 8H* - 3Fe* + 4H:0 + 2 éfﬁ,‘
Fe:QOs + 21" + 6H* -» 2Fe** + 3H0 + le(OS)

Or2Fe® + 2 — 2Fe* + L |

28,022 + |2 - S40e% + 2 (05)
MnOs + BFe? + 8H* — Mn> + 5Fe* + 4H:0 (05)
(9(b)(i): 15 marks)

In the sample X,

Let the number of moles of FesOs=1n: & moles of Fez0a= nz (02 + 02)
Moles of 820¢% ' = %5-5 x 15 > F-& xtég _(02) °
. o ~ g
LAy - %
Hence, moles of 12in 25.00 cm% = %-z’o x 150X 5 * O el (1) 0
Hence, moles of kzin 100.0 cm? N = ==X 15.0 X xS ————H02)
20.015 . — ——(02)
According to the equation, h
ny moles of FesO4 gives my moles oflz - —(02) ’2 5
n, moles of Fex0s gives nz moles of lz .—-—7---&\—4—-#-——)—#—*—“*“——*—(02) j o8
Hence, nr + nz =0.015 RSN ) 3\\ U ()
Moles of MnOs =22 x 14 = 2.550 {02)
-5
. _ 0.25 R -
Moles of Fe? formed =5x = x14 T = I = (02)
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.J M o T . 0.25 100

AN oles of Fe* in the dilute solution(s} = 5 x —= X 14.0 X — (02)
‘31 —_ _02_5

| ..5><1000><14.0><2

o ‘ = 0.035— ' . = (02)-

5 1 mole of Fe304 gives 3 moles of Fe?s— N (1) 3 K
. n+ mole of Fe;0a gives 3y moles of Fe?t————— (1)
3 1 mole of Fe:0s gives 2 moles of Fg®*--—-————"""— """ {01)

S nz moles of Fe:0s gives 2n. moles of Fe?t—— T (01)
Hence, 3ny + 2n, =0.035 ................... (04}

- Equation (1} x 2

2n; + 2n, = 0.03 ererierenee e (3)
(2)=(3) ni =0.005moles=—=  ———— T TTTTIT T gy
Hence, nz=10.015-0.005
N=00imole§ — e (03)
Molar mass of FesOs = 232 g mol™. ~ (02)
Mass of FesOsin sampleX =.0.005 x 232 .
=169 i = (02)
Molar mass of Fe:0s = 160 g mol*— e R (1 )
Mass of Fe:Osin sample X =0.01 x 160
=1.6g—— " T T —(02)
% FedOs= 22 x 100 <{36.25 | (05)
% FesOs =22 x 100 =50.00( ~— oo - e (05)
S o (9(b)(ii): 60 marks)
Aliernate Method (i)
(il  FesOq = Feu0s.FeO
| 1 mol Fe;04 = 2 mol Fe* + 1 mol Fe?
In the sample X,
Let the number of moles of FesO.s=ny & moles of FexO3=nz (02 + 02)
Moles of S203%" = I[:)TSO X 15 (02) |
Hence, moles of l2in 25.00 cm® = x 150 % 3 (02)
Hence, moles of Iin 100.0 cm® = %— % 15.0 x % X % T T {02)
=0.015 e T T (02)
According to the equation,
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Hence, number of moles of Fe® reacted with I'=2x 0.015 = 0.03 (02) ‘
Number of moles of Fe?* obtained from Fe® = 0.03 (02) - ||
Hence, 2ni + 2Nz =0.03 ..o (D) T ——(04)
| Molesof MnOs =22 14— = S e (02)
Moles of Fe* formed =5X %‘)%% x 14 - e (02) ‘f'
‘! Moles of Fe?* in the dilute solution(s) = 5 X -19050% x 14.0 X }-5% T e (02)
=5 x ot X 140 X2
o 0.03B e _(02)
1 mole of FesO4 gives 3 moles of Fe** (03) .
n; mole of FesO4 gives 3ni moles of Fe™ (01)
1 mole of Fez0s gives 2 moles of Fe?* o1 o€ e
n moles of Fez0s gives 2nz moles of Fe** ' ) S (3 2 1
Honce, 3ns + 202 = 0.035 ooeeommernsios R
Dot 222003 (D) S i
(@)= () 1 =0008moles. - (03) 'w
Hence, nz=0.015-0.005 ‘ ||
1 =0.01 moles (03) -
| Molar mass of FesO4 = 232 g mol” - (02)* !
Mass of FesOsin sample X = 0.005 x 232 1
=1.169 | (02)
Molar mass of Fe:0s = 160 g mol™ . (02)- |
Mass of FesOgin sample X = 0.01x160 _ y
=169 (02). .
% FesOs =22 x 100 = 36.25 (05)
% Fe0s =25 x 100 = 50.00 (05)
(60 marks) l‘
!
Alternate Methad (if) ‘l
-l (i)  Inthe sample X, o
Let the mass of FesQs =mig & mass of Fex0s=mag
Molar mass of FesO4 = 232 g mol™ (02)

Molar mass of FexOs = 160 g mol (02)
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Moles of Fe:0, = ZL (02)
Moles of Fe,0s = % (02)
Moles of S203% = '1'666 x 15 (02)
Hence, moles of I,in 25.00 cm?® = ;— X 15.0 % (02)
Hence, moles of l,in 100.0 cm® = —=- = X 15.0 x Ix % (02)
= 0 015 (02)
Accordrng to the equation,
232 —— moles of Fe;0, gives —; moles of i (02)
— moles of FexQs gives -—0 moles of (02)
m2  _
Hence, = 3—2 + o T 0015 Ll (1) (04)'
Moles of MnOs =22 x 14 (02)
Moles of Fe?* formed 5 X Esm X 14 (02)
Moles of Fe?* in the dilute solutlon( §)=5x 0—25 X 14.0 x =2 (02)
0 25
=5x Tooo X 14.0 x 2
= 0.035 (02)
1 mole of FesQ4 gives 3 mo!es of Fe® (01)
55 Mole of FesO4 gives 3 x - moles of Fe?* (o1)
1 mole of Fex0; gives 2 moles of Fe2+ (01)
oo 22_moles of F9203 gives 2 x Teo Moles of Fe? (o1)
2m2
Hence, 22 32 Teo- = 0.035 (2) (04)
Equation (1) x 2 _
2mit 2m2
5?4- 160 =0.03 . (3)
(2)—)232 = 0.005 moles (03)
Hence,_ my =0.006x232 ¢
=1.16g (02)
m2 p
Hence, e = 0.015-0.005
= 0.01 mol (03)
mo =0.01x 160 g
-16g (02)
i ‘ % FesOs =222 x 100 = 36.25 (05)
I % Fe205 = 12 x 100 = 50.00 ' (05)
(60 marks)
9(b): 75 marks
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(i) State the\raw materials used.

10.(a) The followigluestions are based on the extraction of magnesivm by the Dow process.

A8 P"ﬂﬂb[@
Bittern (from sea water) / brine Oj’!:‘/f dsp

Lime stone or Dolomite (CaCOs or CaCO3.MgCQOs)
Cone. HCI

revese OS MOUSs 4

£ sew cocded
(04)
(04)
(04)

(10(a)(i); 12 marks)

(i) Give balanced chemical equationsthalf reactions in the sequence they oceur
process. Appropriate conditions must be stated ag required.

Step 1_{or production of CaO)

CaCOs(s) =—— CaO(s) +.002(Q)
or

AN
CaCQ0s.MgCQOs(s) =—— CaO(s) + MgO(s) + COz(g}
Note: Reversible arrows not required.

Step 2 (or preparation of Ma(OH)»)
CaO(s) + H:O (I} —»Ca(OH)z(s) .

Ca(OH)s(s) ~—— (a’tag) + 20H(aq)
Mg2(aq) + 20H-(aq) = Mg(OH)(s)
Note: Reversible arrows not required. p

Step 3 (or reaction of Ma(OH), with conc HCh
Mg(OH)z(s) + 2HCl(ag) ——»MgClz(aq) + 2H20(aq)

Step 4 (or vaporization to remove water by sirong heating)

MgClz.6H20(s) ——» MgClz.4H20(s) + 2H20()) e

in the Dow

(02)

(02)
ol

: (02)
(02),

MgCle4H:0(s) —» MgCl.2H:0(s) + 2H:O() T ——— (@1}

Note : Physical states are not required for Steps;fd 4 7

Step 5 {or fusing MgClez and electrol sis

Anode + graphite }— / = s )
2CH(ly, —»CI (é) iy e e (03)
Cathode 4 steel s e e e (O1)

Mg2@+ 2e —bM@

Note: Physical states are required for Step 5
No marks for half reactions in Step 5, if anode and cathode are not mentioned.

[Gorrect order, S > (10)
Note : When considering the above sequence of steps, L
* If Step 1 is correct {02)  Stepsi1 & 2 correct. e {04).
If Steps 1, 2 & 3 correct” {08} If Steps 1, 2 3&4comect.  (08)
If all five steps correct {10)
‘ (10(a)(ii): 30 marks)
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(iti) Give twe industrial uses of magnesium.

1. Used in the production of alloys
2. Alloys used in aircraft and vehicle manufacture industry
because they are strong and light weight

Preparation of Grignard Reagent

Used in the production of light-weight items such as camera, power tools, car seats,
luggage etc. ‘

Used in fireworks

Pharmaceutical industry — milk of magnesia

To remove sulfur from molten iron

& N>

Cathodic protection

{Any two, 02:ma ks
~ (10(a)(iii): 04 marks)

{iv) Give two ways in which the Dow process has a negative impact on the environment.

o 0.?’
1. COz is released to the atmosphere when burning limestone (CaCOs} or dolomite
(CaC%.MgCOa)@ntributes to global warming. ) ' (02)
2. CQs is released when burning petroleum fuels to obtain high temperature
associated with an electrolyzing cel@ontributes {0 global warming. (02)

v (10(a)(iv): 04 marks)

10(a): 50 marks

vy

{b) Given below aré some pollutants that exist in the atmospliere.
Polfutant List

CH,, CO,,NO, NG,, N, 0, $0,, S0, CH,CH,CH,CH,CH,,

R T
F_(l:—-Cl R F_(I’Jmch yF—C—C-(l
! 1 '
Cl ¥ B F
The following questions are based on the pollutant list given above,
(i) Identify the pollutant that directly contributes towards increasing the level of ozone in the
atmosphere, '
(i) Explain using bulanced chemical equations how the pollutant you identified in (i) above
increnses the ozone level in the atmosphere.
(iti) Identify twa pollutants that contribute to the reduction of ozone level in the upper atmosphere,

(it) Pﬁe'f.l‘y explain using balanced chemical equations how one of the pollutants you identified
in (ii}) above comtributes to the ret_i_j.EtiLon of ozone level in the unmer atmosnhere.

J

02 - Chemistry (Marking Scheme)} | G.C.E. (A/L) Examination 2023 (2024} | Amendments to be included.

0003500



Department of Examinations - Sri Lanka Confidential

) () NO, | (02)

(i)  NOxg) ﬂ» NO(g) + 'O(g) 03 2 +Ot
0,(g) + O(g) ——— 03(g) (03) 1

(iii)

FH F |
F (|3 C‘.‘- c F—c—cCl no  (02+02) 1
Ll ! |

{Any two)
v ] 8
F—C-—0C1  — F—C- + Cf (8302 +°
5 5
G + Oy —= 0 +0CI = (1) (03)
Og —= 0y + 0 —er(2)(03)
"OCI + 0 —» 0, + CF e 3)  (03) %
|

{ - not required }

NO f O —s NOs 02 ©%

- NOo s NO £ 6 (C4)
(03 $0 —» 202) 2 (¢0

203 —» 302 e2) m
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(v} Identify two pollutants that cause photochemical smog.

(vi) Identify four pollutants that can absorb infrared radiation in the atmosphere and temain
stable in the atmosphere for a long period of time. '

(vii) What is the commonly used name that describes the behaviour of the poilutants you
identified in (vi) above?

(viii) Identify two pollutants that contribute to make s significant change in some water quality
parameters when dissolved in water. State the water fuality parameter(s) that will be affected
by the pollutants you identified. '

»

(V) NO, NOz and CHsCHzCH2CHzCHs (02 +.02)
(Any two)
(vi)  CHs, GOz, NeO, CFs-QRoffr CFa-CHClz, CF2Cle
{(Any four) > {02 marks x 4)
{vii) Greenhbuse gases/ Greenhouse effech._____ ' ‘4{03)

F—J—i‘“ (02 + 02)

(viii} NOgz, 802, 80s, CO-

(Any two) _
'pH & conductivity ‘ -—_ . (024+02) -
Fub by 1
/hj * 10(b): 50 marks

{c) Consider the polymerization reactions between one monemer from group A-and one monomer
from group B given below.
O 0 (8] 8]
Group A monomers : ¢] — g —(CH,), —g —Cl, HO— (ISI ~(CH,), — g‘— OH
Group B monomers ; HO — (CH, o, OH, HN— (CH) —NH, |
where # is an integer.

(i) Write the pair/paits of monomers that would release an acidic. molecule during the
polymerization reaction. . '

(i) Write the pait/pairs of monomers that would release 2 neutral molecule during the

polymerization reaction.
0 O H H

It '
(i) The molar mass of the repeating unit C—{CH,), —g—lil-—-(CHZ)n —111 is 226 g mol™. |

Calculate the number of ~CH,— units in a repeating unit.
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0 0
| I |
()  c—cC (CHz}n C—Cf & HO_(CHzn OH (10)
0 0
” [\ n {~y ) ML
Cl~——C—{CH, j——C~——Cl & HaN-—=={CH,j5—NH, (10)
(i) i I
1l
" HO—C (CHz)n C——O0H & HO—-‘-(CI-\I‘z-w,.,---V OH (10)
i I
HO—C (CH;_)n C——OH & HzN_(CHzn NH, (10)
(i) Molar mass of the repeating unit
AP
|
G —{er—e—N—{on—n
28x2 +15%x2 + 14x2 xn =226, e — () 1) T

56 + 30 + 28n =226
28n = 140
n=>%

(02)

Hence, number of -CHz- groups in the repeating unit =5x 2

=10

(03) '

oLt 2051460 e

10(c): 50 marks

oFb Skt 92 Z fapes
o FFk O LLLO

02 - Chemistry (Marking Scheme) t G.C.E. (A/L) Examination 2023 (2024) | Amendments to be included.




	MCQ

