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PART A — STRUCTURED ESSAY
Answer all four questions on this paper ltself. (Each question carries 100 marks.)

1. (a) Write the answers to the questions given below on the dotted lines.

(i) Of the following sets of quantum numbers I, II and III, which one is
not acceptable in describing an atomic orbital? (If)or
@) n=2 i=1 m==1 () n=3 [=1 m=42 () n=4 [=3 m=-3 N=3 1=1 m=+2

(ii) Of the three ions Na*, K* and Ca?*, which one has the largest

ionic redius? . —
(iif) Of the three cations Li*, Na* and Mg?*, which one has the least
polarizing power? . Na®
(iv) Of the three clements Li, Be and B, which one has the lowest second
jonization energy? B8
(v) Of the three elements Li, C and Na, which one has the most negative
value for electron gain energy? W — 3
(vi) Of the three compounds CH,OH, CH,CH,OH and CH,CH,CH,CH, c:‘i{-’?w
which one has the strongest intermolecular forces? _GH0H
(04 marks X 6 - 24marks) 1(a): 24 marks“'
(b) (i) Draw the most acceptable Lewis dot-dash structure for the molecule FBrO5: -
F
@:Br.__@ =il Emipelin 0 DATgrniatise pae
(05)
:0: A e R T et b e b e s
(i) Give (I) the shape around the central 2tom and (II) the oxidation number of the central
atom of the structure drawn in (i) above. (01) + (01)
@ ......etrahedral...... (shape) (D weveereesesst Lurisseensnnes (OXidation number)

(iii) The compound SO, can be prepared by the reaction of SO, and O,. An acceptable (stable)
Lewis dot-dash suuaurc for the molecule SO, is given bc!ow me three more Lewis
dot-dash structures (rescnance structures) for this molecule and indicate their stabilities
relative to the structure given by writing stable or less stable or unstable under these
structures.

53

0
é, See attached sheet (09 marks)
|

0=5=0
Q=3=0Q

(iv) Complcu-. the given table based on the Lewis dot-dash structure and its labelled skeleton

given below. H H
i'zsc:—ﬁ=c|:—i~|i—n N—C'—N?— (I:’—N‘—H
f é

' N a N

I The number of VSEPR pairs around 5 3 3 4
the atom

Il | electron pair geometry around the atom lincar trigonal planar trigonal planar tetrzhedral
il | Shape around the atom lincar angular/ V/ bent trigonal planar pyramidal
IV | Hybridization of the alom sp spr sp: sp:

(01 mark X 16 = 16 marks)
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Attachment for 1(b)(iii)

:5:0 0:© :0:©
Cl) g ;(L: -t :(I)@
b=l—‘d e @=§:§~—l=o 0=!=0
(less stable) (less stable) (unstable)
0:© :0:0 0:©
| I W A
” © 0 ! o) @5 ﬂ——o‘e
® )
(unstable) (unstable) (unstable)
:ﬁ: 0 HoH
00 ~—~— ,l;l,:@ - LL@
o=l=o c>=l——c::‘9 @o-—l=°
(unst(;)ble) (unstable) (unstable)
:0: Hok :0:
| I |

(ﬁ@ R 0@ - 0@

0=—=55—5° eQ—-E‘!=Q e=§—'.5|:—§=@

©
(unstable) (unstable) (unstable)

Any three (03 marks x 3 = 09 marks) (02 structure + 01 stability)
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Attachment for 1(b)(iii)

:0:© :0:© :0:©
:(!): i =c|)= _— =L!3®
§=@%—é=@ %:—!sf@ o=!=o
(less stable) (less stable) (unstable)
:Elj:@ :0:© :0:©
ﬁ:@ S i!i:t&) e (!3:@
ié-‘:‘—%——@@ e=§—-c§>=§ %—mﬂ-—ﬁﬁ
(unstable) (unstable) (unstable)
SO =0 108
I, I [
- 0:® S (0EC]
O=—=5=0 0=l———o@ @0—l=0
(unsgb!e) (unstable) (unstable)

HoH Hox

| i ||

0@ =—> 0@ =— 0®

I I| 0

0=5__Oe' BQ—S=Q c;—)Q_---,_c'._,——(;)
. e M @
(unstable) (unstable) (unstable)

Any three (03 marks x 3 = 09 marks) (02 structure + 01 stability)
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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 atomichybrid orbilals involved in the formation of ¢ bonds between the
two atoms given below.

L N—C' N i}:)fsn ............. o Ol B
n. C'—N?2 (i sz stp?
M. N:—=C' NI... srosssssorsssnsanasian CRuiiicins cooisesanasets
V. CO=N' oS niniens Nbuoscsisbusssisssssssassnsss
I C TR B coniinonb s rosodasamisois
L. SRR U . S — AR
(vi) Identify the orbitals involved in the formation of 71 bonds between the two atoms given
below., % i
2p 2p (01 mark X 6 = 06 marks)

N . PG Pre PP e Gl

BB R Bl et

sessERssssRnERLE

sssassane

(vii) State the approximate bond angles around the C!', N2, C* and N* atoms,
N{117:22),  c2(1200£1)

lllllllllllllll L) EEmsAEE . {n‘ ma'kx4=mmamsl
(viii) Arrange the atoms C!, N2, C? and N*in the Increasing order of electronegativity.
..... Cl..< ..Cl.< M... < N...(02marks) | 1(b): 56 marks

(c) Statz whether the following statements are true or false. Give reasons for your choice.

(i) An acceptable Lewis dot-dash structure cannot be drawn for the OF, molecule.

True (03) Electrons around oxygen =10/ exceeds § (o1
*E= Oxygen is a second period element and cannot exceed the octet (02)
or Octet rule violated at the central atom oxygen
F—o—F:  (03)
, Hence, acceptable Lewis dot-dash structure cannot be drawn (01)
(10 marks)

H

(ii) The Increasing order of electronegativity of nitrogen in NO3, NBry, NO,Cl and HNO,
is NBry < NO,Cl < HNO, < NO;.

False (03)
NO; NBr NOCI HNO,

Hybridization of N sp sp’ sp° sp (02)

Charge on N (+1) (0) +1 0 02)
Higher the s character, higher the electronegativity on
Higher the positive charge, greater the electronegativity than neutral (01)

Hence, variationis NBr; < HNO, < NO,Cl < NO,’ (01)
or in words (10 marks)
1(C): 20 marks
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2. (@) A is a s-block clement in the Periodic Table. Its atomic number is less than 20. When A
is heated with nitrogen and oxygen separately, two stable compounds B and C are formed
respectively. B reacts with water to give the basic compound D, and a colourless gas E with
a pungent odour that turns red litmus blue. Reaction of A with water at room temperature
also gives D, and liberates a colourless, odourless, homonuclear diatomic gas F. A reacts
with dil. H,80, and gives salt G and gas F. Compound H is formed on reaction of ) with
C0,. 11 decomposes on heating to give compound C and CO,.

@) dentify species A to H. (Give chemical formulac.)

Ao secanss . ——— .. T

B oo N .. O

;- 7 N B b i sbs ritndrndonssonss

- - 7o) | ISR H ..LiCOs.........(05.marks x 8 = 40 marks)
(ii) Write balanced chemical cquations for the following reactions.

I. A with water 4 B L+ 0 TN ) B0 5 I 00 - SO

Il. A with dil. H,SO, o)) SRR N 21, PRSI 15 AN 6 FORE (S0 B F o

1. B with water LiN-#..3HQ .o 3LI0H. 3 N coccsnrecncensecsans

IV. Decomposition of H 2C03........... 2L, & OO, (05 eaax b %0 pRrks)
(iii) Write the colour of the flame given by salts of A in the flame test.

crimson- red / red / crimson (05)

........................................... - o 2(a): 65 marks
Note: Do not award marks for 2(a) if Li is not correctly identified.

(b) Write the chemical formulae of P, Q, R and S.

(i) P is a colourless 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. Identify P.

B R ucsessonsaessumnsmeasoasing

(ii) The metal M belongs to the third row of the Periodic Table. M reacts with dilute
aqueous strong acids and bascs. When M reacts with a certain dilute 2queous strong
acid, it gives the salt Q as one of the products. When aqueous BaCl, is added to
this solution, a white precipitate is formed. The precipitate is insoluble in dilute acids.
Identify Q.

o ALBSOYs

(iii) R is an ionic compound. When R is reacted with dil HCI, a colourless, odourless, linear
triatomic gas is cvolved 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 Tjaeos:eywww{“

(iv) S is an ionic compound. When § is heated, a red-brown gas is evolved. The metal
in § bums with a bright light in air. The metal reacts slowly with hot water, to give
a basic compound and 11,(g). The metal jon contributes to hardness of water. Identify
S.

Mg(NQO3)2 (05 marks x 4 = 20 marks)
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(v) Give balanced chemical cquations for the following reactions. Indicate precipitates with

the symbol l
I 3Ca(OH); + AL(SO)y —+ 3CaSO.} + AOH (04 +01)
1. Ca(OH); + Na,COy — CaCO, l+ 2NaOH (04 + 01)
NLNaCO, + Mg(NOy); — 2NaNO, + MgCO¥ (04 +01)

Note: Mark (01) allocated for& in the reaction (1) should be awarded to either CaSOy or Al(OH); .
2(b): 35 marks

3. (@) (i) A closed non-rigid container contains n moles of an ideal gas at a given temperature
(T) and pressure (P). Write the relationship between the number of moles of the gas
and volume V.

= o Y 05
pV=nRT or n== or nxV (05)
(i) A closed non-rigid container of volume 150 cm?, contains 3.75 g of O,(g) at a given

temperature and pressure. If another 125 g of O,(g) is introduced into this container
at the same temperature and pressure, what will be the new volume of the container?

(0= 16) Lo anidir e I
ny = 3;’;5 : (05)
ny =3 (05)
3.75/32 _ 150 cm? i L 05)
$0/32 v £ ’)p
V, =200 cm’® \ (04+01)
Alternate answer
12s5/32 _ v/
375/32 150 cm? (05)
V =50 cm®
Total volume = (150+50) cm® = 200 cm® (04+01)

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 (d).

At constant T and P,
n«<V

m

E o« M @ (03)
doe M (05)

Note: Award marks for correct answers obtained using pV=nRT
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(b) Coasider the reversible reaction given below.
BF; (aq) + 1,O(H = BFOH"(aq) + HF(aq)
(Note: Neglest the jonization of HF)
In an experiment carried out to study the kinetics of the above reaction, 020 mol drr?
BF;(sq) was used and the concentration of the product HF(ag) was measured with time,
st a constant temperature, The results obtained are shown in the graph below.
[HF (aq))'mol dm™
o

"

. .

. " ]
cmsedes sl

[ i

¥ i
i
"

"
:
002 -

0 200 400 600 time/s R
Concentration of 11R(aq) reached the constant value of 0.04 mol dm™ at the equilibriom. It
was found that the forwand reaction follows the rate law, nmnk’[nﬁ'(aqj] and the value r}:ﬂ'

of l‘, is 10x103s°",

(i) Draw a graph to show the variation of [BF;(aq)] with time. v

[8F¢ ]/ mol dm .
020

s o

012 To award marks starting and ending positions of
012 the curve must be correct and the shape of the
0.10 | curve must be correct.

0 200 400 600 500 time/s

(i) At this temperature, calculate the rate of the forward reaction after 600 s.

After 600 s,

[BF.] =0.16 mol dm™ @ (04+01)
Rat€itoemarsy = ke [BFs'] or 1.0x10% 5" x 0.16 mol dm™ \ (05)
=1.6x 10" mol dm™ s (04+01)

(iii) It was found that the reversc reaction is first order with respect to [BF,OH"(2q)]

and first order with respect to [HF(2q)). Taking k, as the rate constant of the reverse
reaction, write the rate law of the reverse reaction and calculate the value of k. at this

temperature.
L ya
Rate gevene) = ke [BF;OHJ[HF) RV 2RT (10)
=k, 0.04 mol dm™ x 0.04 mol dm” W ¥ Y 3 (05)
=k, 1.6x10” mol’* dm™* f
At equilibrium, Rate sewant) = RatC(reverse) ' 0y (05)
Or .
k, 1.6x107 mol® dm™® = 1.6 x10™ mol® dm*® s @
k.= 1.0x10” mol” dm’ 5! (04+01)
(iv) Stale whether the initial rate method can be used to find the rate law of the reverse
reaction in the sbove experiment. Give reasons for your answer.
Initial rate method cannot be used. @ (05)
Attime=0, [BF,0OH'] =0 or [F]=0 or both are zero. (05)

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

17


http://tiny.cc/PaperGroup

4. (@) A, B and C arc structural isomers having the molecular formula CgH,,0. Nonc of them
show optical isomerism. All three compounds A, B and C give coloured precipitates with
2 4-dinitrophenylhydrazine (24-DNP). Of the three compounds A, B and C, only B gives
a silver mimor with ammonical AgNO,. When A, B and C arc reacted scparately with
NaBH,/CH,OH, compounds D, E and F are produced respectively. When D is heated with
conc. H,80,, compounds G and H, which are diastercomers of cach other arc formed. When
E and F are heated separately with conc. H,SO,, compound E gives T while compound F

gives all three compounds G, H and I. Compounds G, H and I decolourize Br,/H,0.
Draw the structures of A, B, C, D, E, F, G, H and I in the boxes given below.

i BT O CH,CH,CH,CHy——C——H
A B
OH
(o]
CH,CH;——C .
C“;CII:CH:—-C Cllj ) - C!LCI'J
H
c D
OH
CH;CH,CH;CH,CH,OH Sore e
}
E F
= CH,CH, - CH.CH, "
Dl Wi
/ T — T —
h cu,/ L’ CH;CH,CHy——C=—=CH;
GandH 1
(06 x @ = 54 marks)

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

() (i) Draw the structures of the products J, K, L, M and N of the following reactions {(I-V)

in the given boxes.

N=Nd OH
S QY maon { Y=

0-5°C
Qé”}g—_‘ M My 2’# . J
: H,/Pd-BaSO, TR T
CH,—C=C—CH
= = ’ Quinoline ] |
CH;——C==C——CH,

OH/O/ON2"
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0 OH
I (1) CHMgBr/dry cther
(i Ciy—C—CH, QWMo Cliy——C——CH,
CH,CH,
L

Q=0

av) é_OH PCly - /j&)

Cé Hy — IS a_ct%l? )

M
‘[f (1) LIAIH /dry ether
B s EA CH3CH,CH2NH;
N
(05 x 5 = 25 marks)
(¢) Consider the compounds P, Q and R given below.
cH, ?Hi CH,—(I:=<!:—Br
CHJ—(I:-—CH:—CHz-BI G{J—?—BI C]{j cllj
H CH,CH,
P Q R
(i) When compounds P, Q and R are separately treated with aqueous N2OH; X §
1. Which compound is least likely o undergo a nucleophilic substitution reaction? ’ fﬂ‘/
R or correct structure i rm

which takes place in one step?

1I. Which compound is most likely to undergo a mucleophilic substitution reaction
\'}/J P or correct structure

g’ II. Which compound is most likely to undergo 2 nucleophilic substitution reaction
\ff & which takes placc in two steps?

ho EX\ -.}}\ Q or correct structure
¥

(04 x 3 =12 marks)

(i) Give the mechanism and the structure of the product formed relevant to the reaction
6’5 in (c)i)ll above. ('

™ 1) £

CHy——C—8r - - Clly—c¢C" + By 'uTCNL A TWIL g
CHLCH, CHCHy '7

(02) (o1)
CH, CH, (09 marks)
——— N —— Note: Mark independentty to (c) (i) 1L

gy W ST Structuro of Q should bo correct. Other tertary alkyl

CHCM, ) CH,CHy hatides will not be accepted

03) -
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PART B - ESSAY

5. (@) CaO(s) reacts with water as shown below.
Ca0(s) + H,0() —> Ca(Ol),(s) AH® = -64 k) mol-!
The following questions arc based on the reaction given above.
(i) When 200 g of H,0(l) 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 kJ) absorbed by

water. Specific heat capacity of water is 42 J g™ °C!,
(Note: Disregard the change in the mass of water due to the formation of Ca(OH),.)

&
q=ms8 o i =
q=(2009) (4.2 J g °C")(75-25) °C “; g V" (04+01)

=42000Jora2k) o7 47 \J w (04+01)
-

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

(ii) What is the minimum mass of CaO(s) needed to make the temperature change that occurred
in (i) above? (O =16, Ca=40)
@ The amount of Ca0 needed to increase temperature from 25 °C to 75 °C.
= 42 kJ/64 kJ mol™ x 56 g mol” (04+01)
=36.75¢g (04+01)
(5(a)(ii) : 10 marks)

(iii) Standard entropy values of CaO(s), H,O(l) and Ca(OH),(s) are 40, 70 and 80 J K- mol!

respectively. Calculate the entropy change of the reaction. 2
¢S YT
0 0 0 — f’ 5 ﬁ o ‘Jﬁ -
AS® = Y products S® = Xreactants S A 5 = / (04)
v = 80-(40+70)) J K™ mol (04+01)
=-30J K" mol (04+01)

(5(a)(iii) : 14 marks)

-

(iv) Predict the spontancity of the reaction at 300 K. State any assumptions m;d:ﬂ‘ o Y

AG® = AH® — TAS® ab~ AW -{fﬁ: =5 (04)
| @ = (-64 -300 (-30x10)) kJ mo!” (04+01)
— \< =-55kJ mol” (04+01)

The reaction is spontaneous at 300 K (02)

¥ Assumption: EH" and ‘_{_si“ are independent of temperature (01+01)

(5(a)(iv) : 18 marks)
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(v) Predict the spontuncity of the reaction at 400 K if steam (11,0(g)) is used instead of liquid
walcr.

-;'57_‘\ 1130(11} — H,0() AH® = -44 kJ mol"!
4 | Syyoxg = 190 3 K" mol ™!

@/I When steam is used instead of liquid water, AH{° changes.
Ca0(s) +H;0 (g) > Ca(OH)44)  AHO = —108 kf mol™! (04+01)
AS® = (80-(40+190)) J mol” K (04+01)
=-150 J mol" K™ (04+01)
AG® = -108 kJ mol” 400K (-150x10?) kJ mol”’ K (04+01)
=-48 kJ mol” (04+01)
The reaction is still spontaneous (03)

DY = vna- rho Cogr & mwavy - (5(a)(v) : 28 marks)

b g _— Ea] : 80 marks
(6) (@) At temperature 570 °C, the equilibrium given below exists in a closed rigid container.
Ca(OH),(s) = C20(s) + H,0(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™').
¥
@ K, =Puzo

=7.0x 10° Pa (03+01)
K. =K, (RT)*"or K, =K (RT)*" (03)

_ 7.0x10°5 Pa (03+01)

= 7.0x102 Jmol~!

=100 mol m? ar 1.0 x10™ mol dm™ (03+01)

gl I

(5(b)(i) : 15 marks)
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(ii) Giving rcasons briefly explain the cffect on the equilibrium in (&)Xi) above when the
following changes are done.
@ I. When Ca(OH),(s) is added.

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

[{) II. 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(g) to increase Pizo to K;. (03)

Or
To increase (reaction quotient) Q, ( Q. ) up to K, (K.), (03) reaction occurs in the forward direction. (02)
(5(b)(ii) : 10 marks)

(iii) To determinc the relationship between the pressure of the water vapour produced Py,0)
and the mass of Ca(OH),(s) introduced into the container (Mgyoy,)s the pressure was
measured introducing small quantities of Ca(OH),(s) into an evacuated rigid container at
?70 °C. Draw the expected graph for the variation of Pﬂzowilh Mc‘axomg and briefly describe
it.

(03) (correct shape) k } '\f

{03) Ko —7 - %,

Mecaiomz

‘ * D
> > 5 0:3)), ﬁyA /
‘{DP;* a5

Note : Axes must be correctly labeled to award marks

As Ca(OH), is introduced into the container, the pressure of H,0(g) is increased (03)
In the beginning, Ca(OH); (s) is completely converted to CaO(s) and H,O(g). (03)
After reaching the equilibrium, P,z will be constant, and solid Ca(OH), remains in the container. (03)

(S(b)(iii) : 15 marks)

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

@ Ca(OH)(s) = Ca®(aq) + 2 OH" (aq) (04)
X 2X
(5(c)(i) : 04 marks)

(ii) At temperature 25 °C the solubility product (K‘p) of Ca(OH),(s) is 4.0 x 1076 mol® dm™.
Calculate the molar solubility of Ca(OH),(s) at this temperature.

Kep = [Ca® (aq)|[OH (aq))? (04
Note: Physical states are required

@ Kep = X (2%)?
4.0x10° mol® dm™® = 4x® (04+01)
x = molar solubility of Ca(OH),(s)
x = 1.0x10? mol dm™ (04+01)

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

(iii) State giving reasons whether the soiubilily of Ca(OH)é(s) will be higher, lower or the
same in aqueowns 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 : solubility will be less ~ (02) Common ion effect.  (02)
In NaCl : No change in solubility (02) No common ion effect. (02)
In Ca(NO;), : Solubility will be less (02) Common ion effect.  (02) (5(c)(iii) : 12 marks)

5(c): 30 marks
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6. (@) At 25 °C the methanoate ion, HCOO"(aq) reacts with water to form methanoic acid, HCOOH (aq)
and OH"(aq) as shown below.

_HCOO-(aq) + H,0(1) == HCOOIi(ag) + OH(aq)

_ (i) Given that [OH-(ag)] = 1.0 x 10" mol dm™ in a solution prepared by dissolving 0.10 mol
C@\ of HCO,Na in 1.0 dm® of water, calculate the following at 25 °C,
\

I. The value of Kb of methanoate ion.

HCOO'(aq) + H,O(l) = HCOOH(aq) + OH(aq)
C(1-a) Ca Ca

_ [Hcoou(aq))|oH " (aq)] 05
Kp = (HCO00~(aq)) (05)
Assuming 1—a =1
_ 1.0x107¢moldm~3 x1.0x10” mol dm~* (04+01)
1.0x10~! mol dm~3
Or
Ca=1.0x10"°mol dm?
a=1.0x 10°mol dm™/ 0.1 mol dm™ = 1.0 x 10°®
_ 1.0x107® mol dm~2 x1.0x10™° mol dm™3
Bp= 1.0x10~¢ mol dm=3(1-1.0x10-5) (04+1)
=9.9x 10" mol dm™ = 1.0 x 10" mol dm™ (04+01)
II. The value of K, of methanoic acid.
N (K. =10x 107" mol? dm™¢ at 25 °C)
v/
Ka Ky = K, (05)
_ 1x10"* mol?* dm™¢
Ko = 1»%10-11 mol dm=3 (04401)
K, = 1.0x10° mol dm™ (04+01)
(6(a)(i) : 30 marks)
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(ii) Calevlate the pH of a methanoic acid solution of concentration 0.10 mol dm™,

HCOOH(aq) + H.0(l) = HCO0O'(aq) + H;0*(aq)

Or

HCOOH(aq) = HCOO(aq)+ H' (aq) (equations with physical states) (05)
c(1-a) Ca +Ca (at equilibrium)

. (Ca)?
Ke=Ta-a

1—=a=1 (05)
[H30*] = (KaC)"/?

[H30%] = (1.0 X 107* mol dm~3 x 0.10 mol dm~3)1/2 (04+01)
[H;0%] = 1.0 X 1072 mol dm™3

Note: If the problem is solved without neglecting a, award (09+01) marks for the correct steps.
pH = - log [H;0"(aq)] Or pH =-log [H"(aq)] (99)

= - log(1.0x10?) o S =

'bl:"'“
=20 pat WY 7 (04+01)

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

(iii) When 340 g of HCO,Na was dissolved in 50.00 cm?® of 0.10 mol dm> HCOOH(2g)
solution, it was observed that there was no change in volume.
H=1,C=12, 0=16, Na=23)
I. Determine the pH of this solution.

hﬁ;lefu!ar mass of HCOONa = (12+32+1+23) g mol™* = 68 g mol” (01)
The amount of HCOONa = 4
= 0.05 mol (01)
Concentration of HCOONa = 5'0”0'1"‘:;_:1?:3 corgn
= 1.0 mol dm> (01+01)
pH = pK, + log [l (05)
= —log(1.0x 1073) + log [;—?—- (05)

Note: If the calculation is done using the expression for K, award (10) marks for the correct steps.
=40 (04+01)
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II. Explain how this solution acts as a buffer solution.

Addition of an acid ; HCOO'(aq) + H,0'(aq) = HCOOH(aq) + H,0(l)

Or HCOO'(aq) + H'(aq) = HCOOH(aq)

Note : Physical states are not required and -> is accepted

(03)

Or when an acid is added, formate ion accepts the proton reducing the H* concentration.

Addition of a base: HCOOH(aq) + OH'(agq) ® HCOO' (aq) + H;O (I)

Note : Physical states are not required and -> is accepted

(03)

Orwhen a base is added formic acid dissociates decreasing the OH" concentration.

(6(a)(iii) : 25 marks)

6(a) : 80 marks

(b) _(i) This question is in respect of a solution that could be made by mixing two completely
‘6 miscible liquids A and B. Copy the following table on to your answer script and fill in

i the blanks. Different types of solutions (ideal, non-ideal/positive deviation, 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 X, and the vapour pressurcs

of AandB ata given temperature are P, and P, respectively.

The saturated vapour pressures of A and B at this temperature are P, and Py respectively.

Intermolecular forces between Aand A, Band B and Aand B are f, . fpp and fy

respectively. )/'OY
Property Ideal solution | 9,5” Non ideal solution
+Positive deviation Negative deviation

1lp \t/v from Raoults law from Raoults law
AH of mixing 0 (zero) ' &' AH>0 . & AH<0 , -
Relation among fa.a. fag= fﬁ.ﬁ = fB-B fA.a‘: fA.,q, , fggor fag> fan, fag oOr
frnand fes fan>fas< fos fan<fra> fos
Relation among Pa’, | Pa=Pa Xa Pa> Pa Xa Pa<Pa Xa
Px and xa

(05x9)

(6(b)(i) : 45 marks)
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(ii) The phase diagram of pure water is given below,

Copy the diagram on to your answer script and  Pressure/atm
answer the following questions. 7
1. Mark the normal boiling point (V) and melting
point (L) of pure water. -
II. What are represcnted by lines BT, TC and
point 7?7 1.0 -
111. Assume that a small amount of salt (NaCl)
is added to the purc water sample. After the
addition of salt, positions of the lines BT and  0.006 -
TC in the phase diagram were changed. Their
new positions are B'T” and T'C’ respectively.
Draw their new positions on the phase diagram
you have copied and label them as B'T” and
T°C’. Mark the new boiling point (V') and
the new meltling point (L") on the phase
diagram.

= ;, ‘L-_u:l.
(ii) (1) and (111 i (

M 2 e '

s TIV"L'

P -

"

g 8 c
(02) | \ liquid /C’ ; JAiP
\

1atm
: (02) ), 2l
solid T 5 2
./ vapor ..-{ 5::«? b

1/
\

: &2 L
UL vV T
(02) (02) (02) (02)
4 (1)
2/ Line BT = Variation of melting point with pressure Or solid liquid equilibrium. (04)
LineTC = 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
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7. (@) A Daniel cell consists of Zn and Cu rods immersed in ZnSO,(aq, 1.0 mol dm™) and
CuSO,(aq, 1.0 mol dm™) respectively. The solutions are separated by a porous membrane. The
overall cell reaction when the cell is operating is given below.

Zn(s) + Cu?*(aq) —> Zn?*(aq) + Cu(s)
}0 (i) Identify the anode and the cathode,

Anode = Zn (Zn-rod) (05)
Cathode = Cu (Cu-rod) (05)
. (7(a)(i) : 10 marks)
(i1) Write the anodic half reaction of the cell.
; 2+

Anodic reaction Zn(s) = Zn*' (aq) + 2e (05)
Note: physical states are required. (7(a)(ii) : 05 marks)

. iii) Write the cathodic half reaction of the cell.
\ S Cathodic reaction Cu®'(aq) +2e = Cu(s) (05)

Note: pﬁysicm states are required (7(2)(i) 05 mirks)

O (iv) Give the ccll notation of the cell above.

Zn(s)|ZnS0s(aq, 1.0 mol dm™) : CuSO. (aq, 1.0 mol dm™)| Cu(s) (10)
Or

Zn(s)|Zn** (aq, 1.0 mol dm™>) : Cu®* (ag. 1.0 mol dm™)] Cu(s) (7(a)(iv) : 10 marks)

(v) Calculate the clectromotive force (Egy) of the Dan . cell given above at 25 °C.

@ Ecitayeuny =034V Eprnugany =-076 V
ECcen = E catmod — E%anoce (02)
= 0.34 V- (-0.76 V) (03+01)
=110V (03+01)

q

|

(7(a)(v) : 10 marks)

(vi) Calculate the time in seconds required to deposit 3.175 g of Cu(s) when a current of
5.0 A flows through the cell. (Cu = 63.5, 1 F = 96500 C mol™)

o
\ The amount of charge Q = It (03)
This charge should deposit 3.175 g of Cu.
Amount of Cu deposited = a;—;% (03+01)
= 0.05 mol
Therefore. t = 0.05 mol 96500 C mol™! x 2 (03+01)
% 50Cs™!
t=1930s (03+01)

(7(a)(vi) : 15 marks)

02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2023 (2024) | Amendments to be included. 28


http://tiny.cc/PaperGroup

Department of Examinations - Sri Lanka Confidential

(vii) How does the conductivity of the solution in the cell compartment containing
@ the Zn-rod change when a current is drawn from the cell? Explain giving reasons.

Conduclivily increases. (04)
This is due to the release of Zn?* (02) and migration of SO, in to the compartment.(02)
(7(a)(vii) : 08 marks)

(viii) It was obscrved 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)(vii) : 08 marks)
il
iX)} As shown in the diagram, an external voltage '
: higher than the calculated electromotive force
/ in (v) above, was applied to the Daniel cell 7n
i using ansthes electocticioal cell. Wikts e =0 1 )
overall cell reaction of the Danicl cell under '
this condition. E
Za™(2q) | Cu?*(aq)
Cu(s) + Zn*(aq) > Zn(s) + Cu® (aq) (04)
Or 2H,0() = Hy(g) + 20H(aq)
Or 2H,0()) +Zn*" (aq) > Zn(OH)z () + Hy(g) XA
Note: physical states are required o Mof{
y/? (7(a)(ix) : 04 marks)
Gor pt. T Gy
N b,
p ) 22| 7(a): 75 marks
ot Mot j)
)
) S
C~
C (B -?/ 2 -
L/ f e e ) 5+
L4 >
O"L J 5 > (-/v‘ L= .
oLk B o + Ht/
j" P{ -2 (o t? ¥
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(&) A. B, C and D are coordination compounds of iron with an octahedral gecometry. The molecular
formulac of the compounds are (not In order) Fell ,N,O,Br,, Fell ,N.Br,, FeKH,O,Br, and
Fel,N,0,Br,.

In each compound twe types of ligands are coordinated to the metal ion,

Compound A : Gives three ions in aqueous solution, When AgNO (aq) is added to an aqucous
solution of A, two moles of a yellow precipitate are formed per mole of A,

Compound B : Gives four jons in aqueous solution. When AgNO,(aq) is ndded to an aqueous
solution of B, three moles of a yellow precipitate nre formed per mole of B.

Compound C : Gives two ions in aqueous solution, When AgNO,(aq) is added to an aqueous
solution of C one mole of a yellow precipitate is formed per mole of C.

Compound D : Gives two ions in aqueous solution, A yellow precipitate is not formed when
AgNO,(aq) is added to an aqueous solution of D.

(i) What arc the common oxidation states of iron (Fe)?
42, +3 (03 + 03)
(7(b)(i) : 06 marks)
(i) 1dentify the yellow precipitate. (Give chemical formula) Name a chemical reagent that can
dissolve this precipitate.
AgBr / Conc. NH, / Conc. NH:OH (03 +02)
(7(b)(ii) : 05 marks)
(iii) Identify the ligands coordinated to the metal ion in each compound A, B, C and D.

A: NH,, H;O (02)
B: NH;, H,0 (02)
C: NH;, Br- (02)
D: H:0, Br’ (02)

Note: No marks for Br (7(b)(iii) : 08 marks)

(iv) In cach of the compounds A, B, C and D,
I. wnte the oxidation state of iron.

A: +2orll (02)
B:- +3 orlll (02)
C: +2 or |l (02)
D: +3or lll (02)
T1. write the electronic configuration of iron.
A:  15%25°2p°35%3p%3d° ' (02)
B:  15°2s%2p°3s%3p%3df ' j (02)
C:  15725°2p°3s%3p°3d’ (02)
D:  15%25%2p°3s%3p°3d’ (02)

(7(b)(iv) : 16 marks)
(v) Give the structures of A, B, C and D.

A: [FetNH;}g(H:O};]Brg or [FO(H;D);(NH;)J]BQ (10)
B: [Fe(NH3),(H20)4]Bry or  [Fe(Hz0)s(NH;):]Brs (10)
C: [Fe(NH3):Br]Br or  [FeBr(NH,)s]Br (10)
D: K[FeBry(H;0),) or  K[Fe(H;0).Bry] (10)

Note: Award marks if correct structures are drawn with anion/calion instead of formutae.
(7(b)(v) : 40 marks)

7(b): 75 marks
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8. (a) (CH,),CIICO,H has been converted 1o compound F by using the reaction scheme given below,

Reaction 1 A Resction 2 n Reaction 3 c

(C11,),CHCOM

Reaction 4 oM
p -C, g _Restion§ €U, CH-G—CH,CIAl,),
CH,CHCHy),
F

Complete the above reaction scheme by giving the structures of compounds A, B, C, D and
E and the reagents required for the reactions 1 - 5. Only the chemical substances piven below
should be used (either singly o ss combinations) as reagents.

Chemical substances:
C,H,OH, dry ether, LIAIH,, Mg, PBr,, conc, H,$0,, dil. H,S0,

(__('"L\ A0
4 EN

1. LiAlH, / (dry cther)

cu,—g_com 2. dil. H,S0, C”,_S_CHJOH oo, I
s L -
CHjy Reaction 1 CH, Reaction 2 St (B)
)
C;HOH / conc. H,SO, Mg/ dry cther (08)>
Reaction 4 Reaction 3
7~ (CH;),CHCOOCH,CH, (07) ;

CH;——C——CH MgBr ./

(D)
oo © CH,
2 (©)
OMgBr OH
(CHy),CH——C—CH,cH(CHy, &1 12504 (CHy);CH——C——CH,CH(CHy);
~ Cg CH.CH(CH) Reaction $ CH,CH(CH;);
N J

Yon)
Alternate answer to Reaction 4

H PB[_'( H
CH;—C—COOH ____ "~ 3. CHy——C—C—Br

Reaction 4
H CH
CH, 0 T
Y~

(07)

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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(b) (i) Using C,lL, as the only starting compound, show how you would prepare compound
G using not more than four (04) steps.

CH,CH,-C=CH

-,
W ¢
Y (06)
,‘)V W _A (07)
‘0 /\;J‘ ] K A
k Hz! Pd-!iaSO,, rr ‘\
K\c Quinoline HBr
HC==CH P H,c=—CH, —> CH,CH,Br
[ L NaNH, or Na
(06) NI,
j Vo (07)
( HC=—=C'Na*
&f’ o
oD
§ 7 B
14 E‘? CH3;CH,——C==CcCH
o~ (G)
RSN
3 (8(b)(i) : 26 marks)

Note: Marks will not be given for writing the name of the catalyst (Lindlar catalyst) instead
of writing H,/Pd-BaS0O./Quinoline.

(ii) Give the structure of the compound H which is formed when compound G is reacted with
excess CL. \
Cl Cl
CH;CHy——C—CH
Cl Cl

(H)

(8(b)(ii) : 04 marks)
8(b): 30 marks
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() Write the product and the mechanism of the reaction of benzene with conc. HNO,/conc. H,SO,.

102)
) 39/‘\(

W80, .+ poNo, —P H=—0—NOD, *+ HSO;
o
" (01) };/% /
02) . ol

) 1o« o,
/

t'l ) 92 (02)

tlf’ > Y"
s f‘
um m)
(021 " NO,
|1$0.
(02) 8(c): 25 marks
() Show how you would carry out each of the followiag coaversioas ia pot more than three (03)
steps.
cu,ce,
o0 — Q
ys 0 .
\ﬂ COCH, cocx,
: r\‘{f CH,COC Cly/ Fel i
a o i {ank ) AKCTy s
i:' A e
0 — (08)
(k (©8) \ 72 J
% (09)
Note: Cl, / FeCl; or Cl, / Lewis acid such as Fe/FeBrs/AICIy/AIBr; (8(d)(i) : 25 marks)

ﬁﬁ) cﬂ,c:ﬂc:-:3 ——>  CH,CH,CILOH

Oli
/ ©9) A_
r

: |
Conc. HySO4 HBr / peroxide
CHy——CH—CH,; Foy > CHy——CH=CH; —> CH,CH,CH,Br
(08)
LS J/
i aq. NaOH
(08)
CH,CH,CH,OH
Note: HBr/H,O; accepted (8(dl)(ii) : 25 marks)

8(d): 50 marks
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(a) (i) Aqueous solutions of compounds MgSO,, NaOll, BaCl,, Na,8O, and Za(NO,), are contained
L~ in five 100 cm® beakers labelled A, B, C, D and E (not In order). Identify A, B, C, D

7!: and E based on the obscrvations given below, (Reasons not required.)

9

.

F o Y

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

On mixing D and E a white precipitate is formed. When excess E is added to the
precipitate, the precipitate dissolves giving a colourless solution. A white precipitate is
formed when E is added 1o C. Precipitates arc not formed when E is added to A and
when E is added to B. On mixing A and B a white precipitate is formed. When C is
added to A, a white precipitate is formed. However, a precipitatc is not formed when C

is added to B.
A: BaCh
B: Na;SO..
C: MgSO,
D: ZH(NO;;)Q_
E: NaOH (05 marks x 5 =25 marks)

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

(i) An agueous solution M contains three cations. The following tests (1-5) were carried out
to identify these cations.
Test No. Test Observation

1 Dilute HCl was added to solution M. A whitc precipitate (P,)
P, was separated by filtration and  H,S was No precipitate

2 bubbled through the solution.
The solution was boiled until all the H,5
3 was removed and then cooled. NI CUNH OH | No precipitate

was added,
4 IS was bubbled through this solution. | A pale pick precipitate (P,)
P, was separated by filtration and the solution
5 was boiled until all the H,S was removed. | A white precipitate (Py)
(NH),CO, solution was added.

The following tests were carried out for the precipitates Py, P, and Py,
Precipitate Test [ Observation
P, Dilute ammonia solution was zdded to Py, | P, dissolved,

P P, was dissolved in dil. HNO, and cxcess A white precipitate which
d dilute NaOH was added to the solution. | tums brown oa standing

Py was dissolved in conc. HCl and the A e

Py | solution was subjected to the fame test.
I. Identify the three cations in solution M. (Reasons nol required.)
I1. Write the chemical formulac of the precipitates P, F; and Py, (24 marks)
@ ' Ag'. Mn®, Ba”
\9’ P MnS
P; BaCQO;

(04 marks x 6 =24 marks)
(9(a)(ii): 24 marks)
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(iii) X, Y and Z arc ionic solids. Sodium is the cation in all three compounds. The following
tests were carried out o identify the znions in X, Y and Z.

Test No. Test Observation
(i) A portion of X was dissolved in water ;
1 s (est hube. A colourless solution
(ii) Pb(CH,C00), solution was added to the :
coloutless solution. A yeliow precipis
(iii) The resulting mixture (yellow precipitate | The precipitate dissolved
and solution) was heated. giving a colourless solution.
(iv) This colourless soluticn was cooled. | A yellow precipitate (as golden
yellow plates)
:@ (1) X: T,
¥ SO;}Z‘.
Z: s (04 + 04 + 04)

. Pb(CH,COO), + 2Nal — Pbl; + 2CH,COONa or Pb* + 2" — Pbl,
. BaCl, + Na;S0, — BaSO; + 2NaCl or Ba®* + S0,> — BaSO;
. BaSO; + 2HCI — BaCl, + SO, +H,O or

BaSO, +2H° — Ba®* + SO, +H0

3S0, +Cr,0;% + 2H'— 2Cr* + 3S0.%" + H,0

2AgNO; + Na,S — Ag;S + 2NaNO; or 2Ag'+ S* — AQ:S
Ag;S + 2HCI — 2AgCl + H;S

Pb(CH;CO0), + H;S — PbS + 2CH,;COOH

e U

(02 marks x 7 = 14 marks)
(9(a)(iii): 26 marks)

9(a): 75 marks
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(6) A solid sample X contains the compounds P, Q and an inert substance. Hen-.: P = Fe, O, and
Q = Fe,0,. Q is a single compound and contains iron in Fe?* and Fe** oxidation states. It
reacts with I" in an acidic medium as follows.

Fe,0,+ 20"+ 8H' — 3Fe? +4H,0 + 1,
The following experimental procedure was used to determine the mass percentages of P and
Q in X,
When 3.2 g of sample X was treated with excess KI solution in the presence of dilute H,SO,,
all the Fe™ in it was converted to Fe?* with the liberation of iodine. The resulting solution was
diluted to 10000 cm® (labelled as S). To convert the iodine to iodide in a 25.00 cm® volume
of this diluted solution (S), 15.00 cm® of 0.50 mol dm Na,$,0, was required. .
After complete removal of iodine from another 50.00 cm’® volume of the diluted solution (S), in
dil. H,S0, medium, 14.00 em® of 025 mol dm™ KMnO, was required to oxidize all the Fe™
contained in it.

(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, Fc=56)

FesO. + 2 + 8H — 3Fe® + 4H,0 + |,

Fe;O; + 2 + 6H° — 2Fe* + 3H,0 + |, (05)
28,0 + |, - 84065+ 2 (05)
MnOs + 5Fe® + 8H' — Mn® + 5Fe® + 4H,0 (05)

(9(b)(i): 15 marks)

(i) __ Inthe sample X,

Let the number of moles of FesO,=n; & moles of Fe,0;= n, (02 +02)

Moles of S205* = o= x15 (02)
R 3 -~ 05 1

Hence, moles of I;in 25.00 cm = oo X 150 % = (02)
. 3 _ 05 1 100

Hence, moles of I2in 100.0 cm =000 X150 % 2 x — (02)

‘ =0.015 (02)

According to the equation,

n, moles of Fe;0; gives ny moles of I (02)

n; moles of Fe;O3 gives n, moles of I (02)

Hence, ny + n; =0.015 sasivauseasil} (04)

. _ 025
Moles of MnO, = x 14 (02)
Moles of Fe?" formed = 5 x — x 14 (02)

1000
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2¢ : : - 0.25 100
Moles of Fe®" in the dilute solulion(s) = 5 x ——= x 14.0 x —— (02)
- 0.25
=5x 000 X140 X2
=0.035 (02
1 mole of Fe;0, gives 3 moles of Fe?* (01
n, mole of Fe;0. gives 3n, moles of Fe?* (01
1 mole of Fe,0; gives 2 moles of Fe** (01)
n, moles of Fe,0; gives 2n, moles of Fe?* (01)
Hence, 3ny + 2n; = 0.035 ...oooeenniniiiniis (2) (04)
Equation (1) x 2
M Dm0l 32 s (3)
(2)-(3) n, =0.005 moles (03)
Hence, n, =0.015-0.005
nz = 0.01 moles (0
Molar mass of Fe;0, = 232 g mol” (0
Mass of Fe;O,in sampleX = 0.005 x 232
=1.16g (02)
Molar mass of Fe,0; = 160 g mol” (02)
Mass of Fe,03in sampleX =0.01 x 160
=16g (03)
% Fes0s= 37 x 100 =36.25 (05)
% Fe;03= 2= x 100 = 50.00 (03)

(9(b)(ii): 60 marks)

(i)

Alternate Method (i)
F3304 = FBzO;.FEO

1 mol Fe;0; = 2 mol Fe** + 1 mol Fe**

In the sample X,

Let the number of moles of Fe;0:=n; & moles of Fe;03=n;

2 = BB
Moles of S04 = 15
Hence, moles of I,in 25.00 cm® = 15.0 X %
' 3 =95 1, 100
Hence, moles of |;in 100.0 cm e 15.0 x A
=0.015

According to the equation,

(02 +02)
(03)
(02)
(02)
(03)

37
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Hence, number of moles of Fe** reacted with I'=2 x 0.015=0.03

(02)

Number of moles of Fe?* obtained from Fe®* = 0.03 (02)
Hence, 2n; + 2n, =0.03  ........ (1) (04)
Moles of MnOs === x 14 (02)
Moles of Fe?* formed = 5 x —— X 14 (02)
Moles of Fe? in the dilute solution(s) = 5 X == x 14.0 X = (02)
=5 X == x 14.0 x 2
=0.035 (02)
1 mole of Fe;O, gives 3 moles of Fe?* (01)
n, mole of Fe;0; gives 3n, moles of Fe** (01)
1 mole of Fe,0s gives 2 moles of Fe?* (01)
n, moles of Fe;0; gives 2n; moles of Fe“* (01)
Hence, 3n; + 20, =0.035 ..coeeeeeveennnen, (2) (04)
2n+ 2n =003 (1)
(2)-(1) n; =0.005 moles (03)
Hence, n,=0.015-0.005
nz = 0.01 moles (03)
Molar mass of Fe;0, = 232 g mol (02)
Mass of Fe;Osin sample X =0.005x 232
=1.16g (02)
Molar mass of Fe,0; = 160 g mol™ (02)
Mass of Fe;O;in sampleX =0.01x 160
=169 (02)
% Fe;0; =77 x 100 =36.25 (05)
% Fe;03 =12 x 100 = 50.00 (05)
(60 marks)
Alternate Method (ii)
(i)  Inthe sample X,
Let the mass of Fe;0,=m;g & mass of Fe,0;=mzg
Molar mass of Fes0, = 232 g mol” (02)
Molar mass of Fe;0; = 160 g mol” (02)



http://tiny.cc/PaperGroup

pepartment of Examinations - 5ri Lanka Confidential

Hence, number of moles of Fe®* reacted with I'=2 x 0.015 = 0.03 (02)
Number of moles of Fe?* obtained from Fe** = 0.03 (02)
Hence, 2n, + 2n, =0.03  ........ (1) (04)
Moles of MnO; = o= x 14 (02)
Moles of Fe?* formed = 5 x % x 14 (02)
Moles of Fe" in the dilute solution(s) = 5 x <= x 14.0 X 1;—0° (02)
=5X 1oL X 140 X2
= 0.035 (02)
1 mole of Fe,0, gives 3 moles of Fe?' (01)
n, mole of Fe;0, gives 3n, moles of Fe** (01)
1 mole of Fe,0; gives 2 moles of Fe?' (01)
n, moles of Fe,0; gives 2n, moles of Fe?* (01)
Hence, 3n;+ 20, 20,035 .....ccceeeeeenend (2) (04)
2ni+ 20,2003 e, (1)
(2)-(1) n; =0.005 moles (03)
Hence, n;=0.015-0.005
nz = 0.01 moles (03)
Molar mass of Fe;0, = 232 g mol’ (02)
Mass of Fe;Osin sampleX =0.005x 232
=1.16g (02)
Molar mass of Fe,O3 = 160 g mol” (02)
Mass of Fe,O;in sampleX =0.01x 160
=169 (02)
% Fea0s =13'—_126 X 100 = 36.25 (05)
% Fez03 =32 X 100 = 50.00 (05)
(60 marks)

Alternate Method (ii)
(i)  Inthe sample X,
Let the mass of Fe;0,=m;g & mass of Fe;0;=m;g

Molar mass of Fe;0, = 232 g mol’ (02)
Molar mass of Fe;O3; = 160 g mol’ (02)
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Moles of Fe;04 = :;;
Moles of Fe,05 = %
2- .
Moles of S;03 = X1 .
Hence, moles of ,in 25.00 cm® = Eﬁﬁ X 15.0 X %
" 3 _ 05 1 100
Hence, moles of I;in 100.0 cm” = 1006 190N 5 X ==
=0.015
According to the equation,
ml . mi
5@ moles of Fe;04 gives % moles of |, (a2)
m . m
= moles: of Fez(?):,z gives —— moles of I, (02)
m —
Hence, 232 + Hﬁzs— 0018  soaana (1)
Moles of MnO, =—=X 1:25 (02)
2 =5x —
Moles of Fe? formed =5x — x 14 . (02)
2+ = a . s P 10U
Moles of Fe** in the dilute solution(s) = 5 x ;;“ZT‘S’ X 14.0 x =5 (02)
=5x -10_00 X 14.0 X 2
=0.035 (92)
1 mole of Fe;0; gives 3 moles of Fe** (q1)
:‘T;- mole of Fe;0, gives 3 x %"51;- moles of Fe?* (oH)
1 mole of Fe,0; gives 2 moles of Fe?* )
2 moles of Fe;0; gives 2 22 moles of Fe?* (01)
am1 . 2m2 _
Hence, -2';"' e 0030 sissisiaien (2) (g4)
Equation (1) x 2
2m1 , 2m2 _
P4 T=003 (3)
(2)-(3) 33 =0.005 moles (d3)
Hence, m; =0.005x232 g
=1.16g (02)
m2  _ "
Hence, o 0.015-0.005
= 0.01 mol )
m,=0.01x160g
=169 (0R)
% FesOs == x 100 = 36.25
% Fe;0s = % % 100 = 50,00
| (60 marks)
9(b): 75 marks
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10.(a) The following questions are based on the extraction of magnesium by the Dow process.
(i) State the raw materials used.

V- Bittern (from sea water) (04)
L Lime stone or Dolomite (CaCO; or CaC0,.MgCO0s) (04)
Conc. HCI (04)

(10(a)(i): 12 marks)

(i1) Give balanced chemical cquations/half reactions in the sequence they occur in the Dow
process. Appropriate conditions must be stated as required.

/‘\ Step 1 (or production of CaO)
K

CaCOx(s) —ﬁ—A—‘ CaO(s) + CO.(9) (02)
or 2

CaC0;MgCO,(s) =— CaO(s) + MgO(s) + CO:(9)

Note: Reversible arrows not required.

Step 2 (or preparation of Mg(OH),)

Ca0(s) + H,0 (1) ——>»Ca(OH),(s) (02)
Ca(OH)(s) = Ca®faq) + 20HT(aq) (02)
Mg™(aq) + 20H(aq) =—— Mg(OH)(s) ¢ (02)

Note: Reversible arrows not required.

Step 3 (or reaction of Mg(OH), with conc HCI)

Mg(OH).(s) + 2HCl(ag) —>MgCl,(aq) + 2H,O(aq) (02)
Step 4 (or vaporization to remove water by strong heating)
_ MgCl;.6H,0(s) — MgCl,.4H,O(s) + 2H,0(l) (01)
\4 and

2 /" MgCl4H,0(s)—> MgClL.2H,0(s) + 2H0() (01)
: Note : Physical states are not required for Steps 14

,9‘{; Step 5 (or fusing MgCl, and electrolysis)
g Anode — graphite (01)
2CI(l) —»Cly(g) + 2e (03)
Cathode - steel (1)
Mg®'(l) + 2¢ —»Mg(l) (03)

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

Correct order (10)
Note : When considering the above sequence of steps,
If Step 1 is correct (02) If Steps 1 & 2 correct (04)

If Steps 1,2 & 3 correct  (06) If Steps 1,2, 3 & 4 correct  (08)
If all five steps correct (10)
(10(a)(ii): 30 marks)
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P (iii) Give two industrial uses of magnesium.
[/J : i
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

F -8

To remove sulfur from molten iron
Cathodic protection

® N o o

(Any two, 02 marks x 2)
(10(a)(iii): 04 marks)

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

1. CO, is released to the atmosphere when burning limestone (CaCOs) or dolomite
(CaC0;.MgCOs). Contributes to global warming. (02)
2 CO, is released when buming petroleum fuels to obtain high temperature
associated with an electrolyzing cell. Contributes to global warming. (02)

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

10(a): 50 marks
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(b) Given below are some pollutants that exist in the atmosphere.
Pollutant List
F F H F H
I [ i
F-C-Q ,F-C-~C-F .F—C-—-(IZ--CI

! . |
a F H F d

The following Questions are based on the pollutant list given above.

(D) Tdentify the poliutant that directly contributes towards increasing the level of ozone in the
atmosphere.

(i) Explain using balanced chemical equations how the pollutant you identified in (i) above
increases the ozone level in the atmosphere.

(iii) Identify two pollutants that contribute to the reduction of ozone level in the upper atmosphere.

(iv) Briefly explain using balanced chemical equations how one of the pollutants you identified
in (iif) above contributes to the reduction of ozone level in the uooer atmasnhess.

®7 O NO, (02)
¢ @ NOofg) —=—= NO() + O (03)
0,(g) + O(g) — O3(9) (03)
(i)
F H 1I=
b\/ F—(!:——(I:—F/ F—C—Cl / no  (02+02)
- |
F H Cl
(Any two) -
) F F SJ‘ L
(iv) I b
F—C—C —Y & F—C- + Cf (03) ~
| ! )
cl
ﬁ’/ 2
crr +# Q03 — 0, + 0CI ——={1) (03) 0
i
03 —> 0; + 0 — \
0Cl + ‘0 — 0, + CI'  ———(3) (03)
(1) +(2)+(3)
02 - Chemistry (Marking Scheme) | G.C.E. (A/L) Examination 2023 (2024) | Amendments to be included. a2


http://tiny.cc/PaperGroup

pepartment of Examinations - Sri Lanka Confidential

(v) Identify two pollutants that cause photochemical smog.

(vi) Identify four pollutants that can absorb infrared radiation in the etmosphere and remain
stable in the atmosphere for & long period of time.

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

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

%' (v) NO, NO;and CH;CH,CH,CH,CH, (02 +02)
(Any two)
A (i) CHy, COz N;O, CF3-CFH, CF3-CHCL, CFCl;
(Any four) (02 marks x 4)
""D (vii) Greenhouse gases (03)
(}L— (vii) NO; SO; SO, CO; (02 +02)
] (Any two)
pH & conductivity (02 +02)

10(b): 50 marks

(c) Consider the polymerization reactions between one monomer from group A and onc monomer
from group B given below.
0 0 0 ﬁ

Group A monomers : a—(!,!-(CHz).—g—Cl. }Io—g—(ﬂiz).—C—OH
Group B monomers : HO—(CH,;), —OH, H,N— (CH,), —NH,
where n is an integer.
(i) Write the pair/pairs of monomers that would release an acidic molecule during the
polymerization reaction.
(ii) Write the pair/pairs of monmomers that would rclease a neutral molecule dunng the

polymerization reaction.
0 0O H H

Il o1 ]
(iii) The molar mass of the repeating unit - C—(CH,), —C — N —(CH,), —N- is 226 g mol"\.

Calculate the number of — CH,— units in a repcating unit.
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0 o)
. | |
(€} ()__ a—c—{cHy)s—Cc—c & HO—{CHy)=—OH (10)
(¥ o
0
Cl g (CHz}n ﬂ Cl & HZN_(CHZ n NHZ [1 0)
i I
(i), |
:)/E/ HO—C {ca;}n C—OH & HO—{CH,/=——0H (10)
I I
Il
HO—C (CHz}n C—OH & HzN_(CHzn NH; (10)

(i)  Molar mass of the repeating unit

O I

28x2 +15x2 + 14x2 xn =226 (05)
56 + 30 + 28n =226
28n = 140
n=5 (02)
Hence, number of -CH,- groups in the repeating unit=5x 2

=10 (03)

10(c): 50 marks
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