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PART A — STRUCTURED ESSAY
Amswer all four questions on this paper itself. (Each guestion carcies 10 marks.)

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

(i) Of the three jons Na*, Mg? and F, which one has the smallest ionic Ma2*
racius? g
(ii) Of the thres elements C,N and O, which one has the highest second
ionization encrgy? .O .
{iii} OF the three compounds H,0, HOCE and OF,, which onc has the most F
clectronegative oxygen atom? .........9..3......
(iv) Of the three elements Be, C and N, which one will liberate energy when
an electron is added te its atom [Y(g) + e — Y{g); Y = Be,C, Nfin the c
gascous state? RPN

{v) OF the three ionic compounds NaF, KF and KBr, which one has
the highest solubility in water? . KE.or KBr.

(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the :
strongest intermolcoular forces? N = ¢ 3

{04 marks X 6 = 24)

1{a): 24 marks

(5) () Draw the most acceptable Lewis structure for the ion, sz.‘rf'. Its skeleton is given

below,
0 _u.@
O—N—N—0 Qe
T =g (o)

(i) Draw three morc Lewis structures (resonance structures) for this ion. Indicate the relative
stabilities of (he structures drawn by you, when compared with the most accepable structure

drawn in (i) above, by writing fess stable' or ‘unstablc’ under these structures,

l‘e
o :}::
LR lg l‘e
?‘,'_ éltm'w' o (02) w—= G==N—H—0: (02)
(less stable} (01} {unstable) {01}
Hn

% g o2
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{unstable) (01)
(iii) Complete the given table based on the Lewis structure and its labelled skeleton given
below.
o )
:’cﬁ—é—'ﬁ—}:’;— = PO Y,

N? [TH 08 c4

VSEPR pairs around the atom 3 3 4 2
electron pair geometry around the atom trigonal planar trigonal planar tetrahedral linear
shape around the atom trigonal planar angular/ V angular/ V linear

hybridization of the atom sp? sp? sp? sp

(01 X 16 = 16)
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¢ Parts (iv) to {vii) are based on the Lewis structure given in part (iii) above. Labelling of atoms é
is as in part (iii). ﬁ.
(iv) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds befween the two ‘..E'
atoms given below.,
L O—N'" o .. 3R R NS e
2
LN=0 N e . o WORs . 2
N N—N? N S N LS, =
V. NN—0® N i O LS
V. 0'—C' O e, (oLl N
VI =N ¢t . N LPORS ... (01Xx12=12)
(v) Identify the atomic orbitals involved in the formation of & bonds between the two atoms given
below,
LN—N N LR e e
4
n c—N ¢ LS N N2 rvreone
ct ..Gh2e.. N e, N 2B (01X6=06)

(01 X 4 = 04)
(vii} Arrange the atoms N!, N2, O% and C%in the increasing order of electronegativity.

R < N2... <« N...< .03, ] (03)

1(b): 56 marks

{¢) Consider the following information.

I. The altoms A and B combine to form a heterodistomic molecule AB that has
a ¢ bond. This is represented as, A-B.

II. The electronegativity of A is less than that of B (X, < Xp).
X = electronegativity of the atom

MI. The inter-nucfear distance between A and B atoms (d,_,) of the AB molecule
is given by the following equation.

dyp= Tat mp-eXpg=Xy)
r = atomic radivs, c = 9pm
Note: d and r are measured in picometres (pm). (1 pm = 10-'2m)

Based on the above information, answer the following guestions.

(i) What is the name used to identify the type of o bond between A and B?
Polar covalent bond (03)

---------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------

(iii) Write the eguation to calculate the dipole moment (z) of molecule AB and show its
direction.

e —+—

R A—B

pu=dawx8 OR p=qr, A—B O {01+ 01)
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(iv) Calculate the percentage of jonic character of the H-F bond in the HF molecule using

the data piven below.
Inter-nuclear distance of H, (dy.y) = 74pm Electronegativity of F = 4.0
Inter-nuclear distance of Fy (dz ) =144pm  Dipole moment of HF = 60x 1070 Cm

Elcctronegativity of H =21 " Charge of an electron = 1.6x (071*C
p =durx8, H:F—FF
m=de =74 =37pm (02)
2 2
rF=drz = 144 =72pm (02)
2 2
Therefore, dwr = 37 + 72 -9(4.0-2.1) (01)
=109-9x%x1.9
= 91.9 pm (02)
= due X 8, 6.0 x10% Cm=§x 91.9x10” m {01)
5= 6.0 x10% =065x10"° {02)
91.9 x 102
% lonic character = 0.65 x 10-® x 100 (01)
16x101°
= 40.6% (01)
OR
tH=dyg =74 =37pm (02)
2 2
rr=dz = 144 =72pm (02)
2 2
Therefore, due = 37 + 72 -9(4.0=2.1) {01)
=109-9x1.9
=919 pm {02)
Bioe = 18x10"C x 919x10% m (03)
= 147.04 x10% Cm
% lonic character = 6x 103 x 100 (01)
4704 x 109
= 40.8% (01

2. O A, B, C and D are chlorides of p-hlock elements, These c!cmms have. atomic pumbers less
than 20, A description of the producis (I, —P,) formed When A is reacted with a Huiited
amount of water and B, C'and D are  réacted w:th excess waler are’ given below.

Compousid Dﬂm‘i'pﬂdn of ‘;msddcts

A ¥, |a compound with 'a‘éag}'hlﬁni. network structure

¥, |a strong monobasic acid

B, |a gas that iims 1ed litmus blue

b ¥, |2 compound with bleaching properties

P, |a tribasic acid

P | a strong monobasic acid

Py | & gas that toms acidic KMnO, solution colourless -

D Py | a collaidal solid -

- Py | 2 sirong monobasic acid

{i) Identify A, B, C and D ( give the chamlmi .fm.mulne},
Al SiCI"‘ ...... O NCl L OB PCls TR D‘ SC_Iz i ! (04)(4)

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

(ii) Give balanced chemical equations for the reactions of A, B, C and D with water to
give products P, to P,

oSGk, 2L 2HQ L2 S0, (F),, L AHS |!Pz)l°5)
NGl AHRO, L N R),L L BHOCL Pl e (95)

e POt AR 2 PO (Pad, 4L BHCL L REL e e £95)

<

r10s28C0 . 2HeD. e 802 BT B AR B AECL P, £05)

Note: Award marks if correct balanced equations are glven.

e

www.alpanthiya.lk %

02 - Chemistry {Marking Scheme) New Syllabus | G.C.E. {AfL) Examination 2020 | Amendments to be included. . n

M




Department of Examinations - Sri Lanka Confidential @
AL vdfa
(iti) Write balanced chemical equations for the following reactions. v
. —
I. P, withNaOH(ag) : o
Si0z + 2NaQH — »NazSi0; + H20 (04) o=
lllllllllllllllllllllllllllll .l.?:ittt‘b-'l.ltllLI...)";.;l-lll(f-.'ll.!;68ltl¢l|f01l'l|l"4"‘...-l'|-|!llll"'.‘*‘ E
IL. P, with Mg T e &
aMg + ONHe o MoN: + 3Hp (04) e
Py wihaidio KC0y 2
3(80z + 2H0 = SO + 4H'+2e) g
.C-.r;b.?.z:lI;"‘{x“’;;gé""":;""2‘6;&';‘.:F-‘%‘i:l‘z.o. aaaaaaa FEFAATIA RPN RA RN R P RE AR AR AR R AR EE T AT ST R
3802 + Cr072+2H* — 2Cr™ + 3504  + H0 {08)

If only half reactions are given — part marks (02 + 02)

2{a): 50 marks

(5} A student is provided with bottles labelled ¥, @, R, 8, T and U conalning agueous solutions
of AL(SO,),, H,S0,. NaS,0, BaCl,, Pb(Ac), and KOH (mot in order). Some. useful
ohservations for their identification on mixing two solutions al a lime are given below.
{Ac - Acetate ion) -

. Solutions mixed " Observations
| T+R a clear colourless solution
H | P+ R a white precipitate
I T+S a gelatinous white precipitate
w U+R a white precipitate
v P+Q a white precipitate, turns black on heating
VI P+ U a white precipitate, dissolves on hesting
(i) Identity P to W, ! o . el 7
p: Pb(Ac)z Q: NaeS:0; - R H2804 .
s: Al(SOg2 OR KOH .y, KOH OR AR(SOas ;. BaClz
._ o R (05X 6 =30)
(if) Give balanced chemical equations for each of the reactions ¥ to V1. o
L 2KOH __ + HiSOu .. KSOs. 4. 2H0  OR (03)
Al(SQ4a __+  H280s . . . . No reaction
IL Pb(Acla .+ HaSO4 . PbSOs| _ + 2HAC (03)
L BKOH. .. .+  Al(SO4ds =  2AIQHN . *...3K250s (03)
IV. BaClo ...+ H28Qa .- BaSOul _ .+  2HCI (03)
V. Formation of white ppt
Pb(Aga ...+ NazS20s— PhS20sl. +. 2NaAc (03)
Turning black on heating
PbS20s + H20 — PbS| + H2504 {02)
VL Pb(Acla _* BaCl — PbClal + Ba(Ack ... (03}

Note: Precipitates have to be shown by | or as (s). If not, deduct {01) mark.
2{b): 50 marks

3. (a) A saturated aqueous solution of a sparingly soluble sait AB,(s) was prepared by stirring
an excess amount of AB,(S) in 1.0 dm?® of distilled water at 25 °C. The amount of A**(aq)
jons present in this saturated aqueous solution was found to be 2.0 x 107 mol.

(i) Write the equilibrium related to the dissolution of AB,(S) in the above system at 25°C.
ABy(s) = A%*(aq) + 287(aq) _ (05)

----------------------------------------------------------------------------- Emdbivd st aRIRR TR E

(ii} Write the éxpmssion for the equilibium constant for the equilibrium written in (i) above at 25 °C.

Ky = [47*(ag)][B~(aq)]? (05)

Kc = [a**aq)][B(aq)]? i .
BB )] Note: If only K. is given award (03 marks)
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(iii) Caiculate the value of the equilibrium constant stated in (ii) above at 25°C. -l"
-
S
[42*(ag)] = 2.0 x 10®*mol dm? {04+01) o
[B~(aq)] = 2[A2+(aq)] = 4.0 x 10 mol dm™ {04+01) ﬁ
K, = 2.0 x 10°mol dm?x (4.0 x 10°mol dm™*)? (05) =
Ko = 3.2 x 10°mol® dm™”® 05) 8'
(iv} Another mmrawd agucous solution of Aazwas prepared by stirring un excess amount Tﬁ
of AB,(s) in “2.0dm® of distilled ‘water ‘st B Cmdng‘ reﬂanns, preﬂict thsa value of 4
the equﬂ:bﬁmn constant Eur ﬁus a_w,'ﬁmn*f i .
Kep = 3.2 x 10* mol® dm™® (05)
Ky is a constant at constant temperature (05)
and does not depends on the volume (05)

(v) A stnall amount of the strong electrolyte NaB(s) is added to a Satdrated aqueous sofution
of AB, at 25°C. Giving reasons, predict whether the concentration of A**{aq) is increased

or decreased
Common-ion B-(aq) is added _ (05)
. More AB;(3) is formed to keep the K, constant or reverse reaction takes place (05)
[4%* (aq)|, decreases (05)

3(a): 60 marks

() In an aqueous solution, propanoic acid (C,H,COOH) ionizes as given below.
CHCO0Hag) + HO(0) == CH CO0 (aq) + H,O0Mag)
At 25°C, K (propanoic acid) = 1.0 x 10°%
{) Write the expression for the cquihbr!um constant for the abmre: ‘Tesction at 25 °C

_ [63Hs€00” (aq)]iH; 0% (aq)]
Ka = =" Ieohscoon (am) 03)
(if) 1000 e’ of an agueous solution of CHCOOH(ag) was prepared by dissolving
0.74 cm® of C,H,COOH in distilled water at 25 °C. Calculate the pH of the solution at 25 °C.
(C=12; O=16; H=|; consider the density of C;H;CO0H as 10 gem™)
mass of C;HsCOOH(aq) =0.74 cm®x 1.00 gcm>=0.74 g
moles of C;HsCOOH(aq) in 100 cm® = 0.74 g/ 74 g mol” =0.01 mol 05)
- [C:HsCOOH(aq)] = 0.10 mol dm™ 05)
Consider the equilibrium:
C:HsCOOH(ag) + H0() = C:Hs;COO(aq) + H:0* (aq)
Initial 0.10 0 0 mol dm?
Change -x x x mol dm’?
At egm 0.10-x x x mol dm? (1)
_ [CHsc00” (e)l[Ha0% ()] _  xx _5
K, = [C2HsCOOH (ag)] T oo10-x 1.0 x10 (02)
m—l{)xlfrs (010 —x ~0.1) (03)
x? =1.0x107°
x =10x1073 mol dm™3 = H;0%aq)] (05)
pH = -log [H;0%(aq)] =1.0 x1073 (05)
PH =3.0 (05)

_ [c2H5c00™ (eq))[H30* (ag)]
[C2tisco0R (ag)]

Note : Students may take —log of both sides of K, and calculate pH.

Award marks appropriately.

3(b): 40 marks
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4. (#) A, B, Cand D are structural isomers having the molecular formula C,H,,. None of them show P
optical isomerism. All four isomers, A, B, C and D when Lreated with Hgsoqfdil. H2504 give :h
products which react with 2 A-dinitrophenylhydrazine (24-DNP) to give coloured precipitates. :.E
Only A gives u precipitate with ammonical AgNG,. A has only one position isomer, which is B. o
B is a chain isomer of C. C reacts with HgSQ,/dil. H,SO, to give two products E and F. =
D reacts with HgS0,/dil, H,80, to give enly one product, which is E. 8‘
(i} Draw the structures of A, B, C, D, E and F in the boxes given below. Tﬁ
EH3 _ CHs CHaCHyCH,C=CCHs
CHyCHCH,GECH | | CH,CHCECCH,
A B C
= [l I}
CH;CH,C=CCH,CH, GH3CH,CH,CCH,CH, | {CH3CH,CH,CH,CCH,
(06 X 6 = 36)

D E

F

(i) Which of the compounds A, B, C and D gives a product that does not show diastercoisomerism

when reacted separately with H,/ Pd-BaSO, / quinoline?

GHs
CH3CHCH,C=CH

or Appropriate letter (A, B, C or D) identifying the correct structure

(05)

(iii) Draw, in the box given below, the struclure of the product G obtained when A is

reacted with excess HBr.

CHy Br
CH30HCH29—0H3
Br

G

(05)

(iv) Draw the structures of products X and Y obtained in lhe following reactions of E, in lhe

appropriatec boxes.

OH NaBH, . I. CH,MgBr

CHaCHaCHRCHCH,CHy |* Methanol 2. HYH,0

X

Name a test to distinguish between X and Y.

Lucas test or

anh. ZnClz/ conc. HCl or
H*/K2Cr207 or

H*/KMnO4

OH

CHUGHCH,GCH;CH
CH5CH3

Y

(05 x 2= 10)

(04)

4(a): 60 marks
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Sequence 1: e g
CH,CH=CCH, CH,G —iI:ICH: CHC=CN | &
J:H3 (Reaction 1) (Reaction 1)
CI:ECCH;;
HBr/Peroxides CH3CHCHCH3
1
CHj
| K
Sequence 2: HO
é Zn(Hg)/cone- HC . L Q HCN M
(Reaction YN (Reaction 1V) OCH {Reaction Y)
3
CHj i
CH4COCHAICI,
HO-CCH,
&n
L Q M
Sequence 3:
CH,CH,C=0 = CH3CHZE=N—-@
H,

CH, (Reaction VI)

CgHsNHo

R

Compounds/reagents (05 x 6 = 30)

(i} Selecting from the reactions I~ VI, give one (01) example for each of the following

types of reactions.

Nuclmphiiic addition arpsa R?aOCtlIIUO!-!JV FARBARF IR EAGFREI AN AT

Nucleophilic substitution  .....RReactionll ...

Reactions {05 x 2 =10)

4(b): 40 marks

L3

AL Qe

www.alpanthiya.lk '
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PART B — ESSAY =
| @
5, (@) A compound XY,Z,(g) undergoes dissociation when heated to temperatures above 300 K as given o>,
below. ’ et
A L
XY,Z(8) &= XY,(g) + Z,(g) E
A sample of 7.5 g of XY,Z(g) was placed in an evacuated 1,00 dm? rigid-closed container and (4]
the temperature was raised to 480 K. _Q'
Molar mass of XY,Z,(g) is 150 g mol~}, Use the approximate value of 4000 J mol~! for RT at «
480 K. Assume ideal gas behaviour for all gases. >
(i) Calculate the number of moles of XY,Z,(g) in the container before dissociation. E

7.5 /150 g mol™ = 5.0 x 102 mol 05)

5(a) (i): 05 marks

(ii) When the above system reaches equilibrium at 480 K, the total number of moles in the
container was found to be 7.5 x 102 mol, Calculate the number of moles of XY, Z,(2),
XY,(g) and Z,(2) in the equilibrium mixture at 480 K,

XY2Zx(g) = XYag) + Zag)

Initial 0.05 0 0 mol dm’ (05)
Change -x X x mol dm

At eqgm 0.05-x x x mol dm?  (05)
Total number of moles = 0.05+x = 7.5 x 102 mol (05)
x =2.5%10%mol (05)
XY2(g) = Z2(g)= 2.5 x 107 mol (05)
XY2Z2(g) = 5.0 x 102mol - 2.5 x 102mol = 2.5 x 102 mol (05)

5(a) (ii): 30 marks

(if) Calculate the equilibrium constant K_ for the above reaction at 480 K.

_ [xn@ iz 0S
Ke = [xv2Z3(g)] ©05)
Concentration = 2.5 x10™2 mol dm™3 (05)
K, = 2.5 x1072 mol dm™? x 2.5 x10™2 mol dm ™% (05)

25 x1072 mel dm™3

K.= 2.5 x10"2mol dm™3 (05)
5(a) (iii): 20 marks
(iv) Calculate KP for the cquilibrium at 480 K.

K, = K. (RT)A" (05)
An =1 (05)
Kp= 25x10"2moldm™3 x4 x10®  mol™ (05)
K,= 1.0x10° Pa 05)

02 - Chemistry {Marking Scheme) New Syllabus | G.C.E. (A/L) Examination 2020 | Amendments to be included. .
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iv. Alternative: @
Total number of moles at equilibrium = 7.5 x 102 mol 2
Proal = (7.5 x 102 mol x 4 x 10° T mol")/1.0 x 10° m®) =3.0 x 10° Pa) <
Number of moles of XY2 Z2(g) = XY2(g) = Za(g) = 2.5 x 10 mol 5
Mole fractions of XYz Z2(g) = XYa(g) = Za(g) = 1/3 Q.
P=Xi Pt Tﬁ.
Pxy222e) = Pxv29 = Pz2ig) = 1.0 x 10° Pa
Ky = [Pxvam) = Pza)] / Pxv2z2() = 1.0 x 10° Pa

5(a): 75 marks

(6} For the reaction XY,Z,(g) —» XY,(g) + Z,(g) described in (a), Gibbs free energies (G) at 480 K for
- XY,Z,(8), XY,(g) and Z,(g) are —60 kJ mol~!, 76 kJ mol~! and ~30 kJ mol~!, respectively.

(i) Calculate AG (in kJ mol™'} for the reaction at 480 K.

XY2Z2(g) - XYag) + Zag)

‘ﬂ'ern = Gproducts reactants (05)
= (.76 +(-30)) —(-60) = —46 k] mol~1 (04+01)

Note: No marks if AGY,,, is written.
5(b) (i): 10 marks

(ii) The magnitude of AS of the above reaction is 150 J K~ mol™ at 480 K. Calculate AH for
the reaction at 480 K by using the appropriate sign (—or +) of AS.

AS must be positive (number of gaseous moles is higher in products) (05)
5(b) (ii): 05 marks

(iii) By using the sign (—or +) of AH obtained in (ii), explain whether this reaction is exothermic
or endothermic.

AG = AH -TAS (05)
—46 kf mol™ = AH — 480K x 150 x 1073 kJ K~ mol™

AH = —46 kf mol™ + 72 kj mol™1 (04 +01)

AH = 426 kJ mol™? (04+01)

5(b) (iii): 15 marks

(iv) Deduce the enthalpy difference for the formation of XY,Z,(g) from XY,(g) and Z,(g) at

480 K.
The reaction is endothermic (05)
because AH is positive (05)

5(b) (iv): 10 marks
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(v) If the bond enthalpy of the X-Z bond in XY,Z,(g) is +250 kJ mol!, calculate the bond g
enthalpy of the Z-Z bond. :.E
(Assume that XY,Z,(g) has the structure Z—-}:I{—z) "E
\'§ 3]
AH = —26 kJ mol™? (09 +01) %
5(b) (v): 10 marks >
(vi) If liquid XY,Z, is used instead of gaseous XY,Z,, giving reasons, explain whether the value

of AH obtained for the reaction XY, Z,() — XY,(2) + Z,(g) is equal to, or higher or lower
than AH obtained in (ii).

AHpyn = AHpongs Formed — AHponds broxen (05)
AHpyy = AHzz— 2AHy g (05)
26k mol™ = AH,_,— 2 x 250 kj mol™!

AHgz_; = 526 kf mol™ (04+01)

(OR students may solve through an appropriate thermo cycle)

Higher 05)
It is necessary to supply energy to convert liquid to gas first (05)
(or XY2Z> () — XY2Z:(g) needs an extra energy)

5(b) (vi): 25 marks

5{b): 75 marks

6. (a) Consider the reaction given below occurring in a closed container at a given temperature 7.
 2N,04(g) — 4NO,(g) + O,(8)

() Write three expressionslfor the rate of reaction relevant to each of the compounds appearing
in the reaction,

_ AN,05(9)] _ AINO,(g)] _ A[02(g)]
2 At 4 At At

(03)
6(a) (i): 05 marks

Rate =

(ii) This reaction was carried out at temperature T with an initial concentration of Q.lQmol dm™ of
N,O4(g). It was found that 40% of the initial amount was decomposed after a pertod of 400 5.

1. Calculate the average rate of decomposition of N,04(g) in this time interval.
Decomposed amount = 0.10 mol dm™ x40/100 = 4.0 x 102 mol dm™ (05)

Remaining concentration after 400 s = 6.0 x 102 mol dm 05)

—-(0.06 - 0.10) mol dm™3
(400-0)s

Average Rate = = 1.0 x 10"*mol dm™3s7? (05)
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II. Calculate average rates of formation of NO,(g) and O,(g).

AlN:05(g)] _ AINO:{g)]
2 At 4 At

AN0aON _ 5 6 % 10~* mol dm=3 s~2
4 At

AlOa(g)] _ A[N20s5(g)] _ -5 -3 -1
e T 50 X10™" moldm™" s

6(a) (ii): 20 marks

A L_ _zg_l_ﬁu

=

o

. a‘

<

=

o ]
2

03) E

(iii) In another cxperiment, initial rates were measured for this reaction at 300 K and the results

are given below,

IN,O4(g)] / mol dm™ 0.01 0.02

0.03

Initial rate / mol dm= s~} 6.930 x 1075 [.386 < 1074

2.079 % 107

Derive the rate law for the reaction at 300 K.

When the concentration were increased two and three times, rate increased two

and three times, respectively.
.. Reaction is first order
.. Rate law : Rate = k /N:0s(g)]

(OR RyR;=1/2 :::reaction is first order}

(03)
(03)
(03)

6(a) (iii): 15 marks

(iv) Another experiment was carried out at 300 K with an initial concentration of 0.64 mol dm™
of N,O4(g). It was found that the concentration of N,O(g) which remained after a period

of 5005 was 2.0 102 mol dm3,
I. Calculate the half-life (:Vz) of the reacticn at 300 K.

Order of concentration change = 0.64/2.0 x 107 =32 =(2)° (05)
». Fraction of initial N2Os(g) = (1/2)° (05)
That is, 5 half-lives passed to reach this concentration (05)
S tir=500s/5 =100s 05)
1. Calculate the rate constant of the reaction at 300 K.
from iii,
Rate = k [N20s5(g)] = 6.93 x10° mol dm? s"'=k 0.01 mol dm’* (05)
k=693 x1073 5! (04+01)
OR
Reaction is first order
For first order reaction: ti2 = 0.693 /k (05)
o k=0.693/100s = 6.93 x10°s” (05)

6(a) (iv): 30 marks
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(v} This reaction proceeds through a mechanism involving the following elementary steps. :E\
Stepl : N,OJfg) = NOj) + NOJg : Fast E
Step2 1 NOy(g) + NO,(g) — 2NO\(g) + O{g) : Slow «
Step3 : N,OJfg) + .O(g) —  2NO,(g) + O,g): Fast %
Show that the above mechanism. ic.-consistent with the rate law of the reaction. (8.0 marks) *
Step 1: N2Os(g) = NOx(g) + NOx(g); fast g

Step 2: NOs(g)
Step 3: N20s(g)

NOx(g) = 2NOzg) + Og); slow

+
+ O - 2ZNOAg) + Oufg); fast

From step 2 (Slow-step);

Rate= k[NO3(g)] [NOg)] (05)
For step 1 (equilibrium)

K oq= { [NOs(g}] [NO:(g)]} /[ N20s(g)] (05)
We get, K eq [ N20s(8)]= {{NOs(g)] [NOAR)]}

.» Rate=k K oy [ N20s(g)] = k[ N20Os(g)] (05)
This is a first order reaction which follows the rate low derived (03)

6(a) (v): 20 marks

6({a): 90 marks

() An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closcd
evacuated container at temperature T. After establishing the equilibrium at temperature 7, partial
pressures of A and B in the vapour phasc are P, and Fy, respectively. At temperature T, the
saturated vapour pressures of A and B are P; and fg , Tespectively. Mole fractions of A and B
in solution are X, and X, respectively.

(i) Show that I, = I X,
(Consider that the rates of vaporization and condensation are equal at equilibrium.}

Consider the above described vapor — liquid equilibrium of an ideal solution with
components A and B. As the rate of evaporation equals the rate of condensation, we can

write:
Ay = Ay oo (1) (05)

7, and . are the rates of vaporization and condensation, respectively of the component A.

Considering (1), we can write;

r=k[Ap] = ki Xa (05)
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X, is the mole fraction of A in solution

Likewise,
Tl; =k "[A(_g)] = kz PA (0'5)
P, is the partial pressure of A in vapor phase.
At equilibrium
T =1y
kz PA - kl.XA (05)
o Py = ’E‘ZLX,, or = Py = kX, (05)
when X, = 1, P, = PJ = saturated vapor pressure of 4
&~ k=P) (05)
s Pa=PlXs 05)

6(b) (i): 35 marks

(ii) In the above system at 300K, the total pressure wus 5.0 x 10% Pa. The saturated vapour
pressures of pure A and B at 300 K, are 7.0 x 10* Pa and 3.0 x 10* Pa, respectively.

1. Calculate the mole fraction of A in the liquid phase of the equilibrium mixture.
II. Calculate the vapour pressure of A in the equilibrium mixturc.

D Piotat= Pa+Pp (05)

= XaP%%+ XpP% = XaP%A+ (1 -Xs)P% (05)
. _ Ptotar — PR
f Xy = Heh (05)
_ 5x10*-3x10* _ 1
T 7x10*=3x10* 2 05)
() « P,=PYX,= % x 7 X 10* Pa =35 x 10*Pa (05)

6(b) (ii): 25 marks

6(b): 60 marks
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7.(a) (i) To compare the properties of Electrolytic and Galvanic cells, copy and complete the following

table using the given terms.

Terms: anode, cathode, positive, negative, spontaneous, non-spontaneous.

www.alpanthiya.lk

Electrolytic cell Galvanic cell

A Oxidation half reaction takes Anode Anode

" | place at
B Reduction half reaction takes Cathode cathode

" | place at
C. | Sign of o -ve +ve
D. | Electron flow From anode to gathode | From anode to cathode
E. | Spontaneity of reaction Non-spontaneous spontaneous

{2 x10 =20 marks)
7(a) (i): 20 marks

(i) An electrochemical cell was constructed at 300 K by using a Zn{s) anode, an aqueous alkaline
electrolyte and a porous Pt cathode which facilitates the collection of oxygen O,(g) from air

as shown below, As the cell operates ZnO(s) is produced.
You are given that

o - -Q -
Ep oo | 2o | obrag = —131 Y and Eg ) ot +034 V
Zn = 65 gmol™!, O = 16 gmoi™ and i
'L arhe 64 Z e
I. Writc the half-reactions occurring at anode and cathode. |“" |geaayie |45k
- ety g Pomous
Anode—> Soaet—
Fo28] Calhode

anode : Zn(s) + 2 OH(aq) = ZnO(s) +H0(1) +2¢

(05)
Cathode ; Oa(g)+2 Hx(X1l) +4e-—-> 4 OH(aq)
(05)
[I. Write the overall cell reaction.

2 Zn(s) + O2(g) > 2Zn0(s) (05)

III, Calculate the cell potential E;u at 300 K.
Eoce]l =E% - BOL = Eocalhcdc = annode (05)
= 034 V-(-1.31V) = 1.65V (04+01)

IV. State the direction of migration of OH(aq) ions between the clectrodes.

From anode to cathode (from Zn electrode to oxygen electrode) (05)
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V. When the cell operates for a period of 800 s at 300 K, 2 mol of O,(g) are consumed.
A, Calculate the number of moles of electrons passing through the cell.

4 mol ens

Tmol 0ag) 8 moles of electrons (05)

2 mol O2(g) X

B, Calculate the mass of ZnO(s) formed.

8 mol ens X96500 C 1 mole _, 2 molZno(s) 5 8l g

Mass of ZnO(s) = 1 mol e X800 s 96500 C 4molen 1mol Zno
05)
=324 ¢ (04+01)
OR
Mass of ZnO =4 mol x 81 gmol (05)
=324¢g (04+01)

C. Calculate the current passing through the cell.

I=qgit (05)
= 8 mol ens X96500C — 965 A
1mol e X800 s
(05)
7(a) (i): 55 marks
7(a): 75 marks

(b) A coloured complex ion P is formed when the salt M(NOQ}ll is dissolved in distilled water.
M is a transition element belonging to the 3d block. P undergoes the following reactions.
ag. NH, excess aq. NH, :

T

e

(biue coloured prééfbirare) (deeply coloured solution)

[:P conc. HC1 " .
(yellow coloured solution)

. )

o

(reddish-brown precipitate)

T and U are coordination compounds each containing four elements. P, R and 8 are complex ions.

(i) Identify the metal M. Give the oxidation state of M in complex ion P.
M=Cu (10

Oxidation state: +2 OR Cu® (03)

7(b) (i): 13 marks

www.alpanthiya.lk
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(i) Give the value of n in M(NOp)_.
n=2 (03)
7(b) (ii): 03 marks
(iii) Write the complete electronic configuration of M in complex ion P. .

1522522pf3s23pf3c® (03)
7(b) (iii): 03 marks

(iv) Write the chemical formulae of P, Q, R, §, T and U.

P: [Cu(H0)e]?* (04)

Q:  Cu(OH). (04)

R:  [Cu(NHa)* _ (04)

S:  [CuClJ* (04)

T: Cuz[Fe(CN)g]

U KlFe(CR)el 7(b) (iv): 16 marks
(v) Give the IUPAC names of P, R, S, Tand U. . L

P hexaaquacopper(ll) ion (03)

R tetraamminecopper(ll) ion (03)

S: tetrachloridocuprate(ll) ion (03)

T copper hexacyanoferrate(ll)

) potassium hexacyanoferrate(ll)

7(b) (v): 12 marks
_(vi) What is the colour of P?
pale blue (04)

7(b) (vi): 04 marks

(vii) What would you expect to observe in I and Il given below?
I. When H,S gas is passed into an acidic solution containing P at. room 1emperaturc

black precipitate (08)

Il When the mixture obtained in I above is heated with dilute HNO, after the removal
of (ilssolved HZS

pale blue solution (04)
solution is turbid/ pale yellow or milky/ white precipitate (02)
or

turbid pale blue solution {06)

7(b) (vii): 12 marks
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the concentration of M™
: KI, Na;$,0, and starch.

Add excess Kl (01)

to an aqueous solution of volume Vi cm? containing M™ (01)
Here, M™ = Cu®

Titrate the liberated I {01)

with Na;S.03 whose concentration is known (M mol dm) (01)
with starch as the indicator (01)

2Cu®* + 2 > 26Ut + 3 e —(1)
I2 + 28:0:% — 8406 + 2I e (2)
2Cu?* + 25,05 — 8406 + 2CU"  -mmnm- (3)
OR

2Cu* + 4l — 2Cul} + 1  ————— (1a)
I2 + 2507 — S406% + 21" emeemcemeeeeeeee- (2a)
2Cu* + 28:0s> — 2Cul | + 840 -———-——— (3a)

(viii) Briefly describe a method with the aid of balanced chemical equations for determining
present in an aqueous solution, using the following chemicals.

(01)
(01)
(02)

(01)
(01)
(02)

Note: If correct overall equation is given, award the part marks for half

equations as well,
From both (3) or (3a) Cu?* = S:03*

Let the burette reading of S:0:> be V> cm?®

Therefore, moles of $205% =V, x M
1000
Therefore, moles of Cu?* =V x M
1000
Therefore, [Cu®] =_Vg__ X M x EO_O
1000 V4
= MV moldm?
Vi

Note: The above explanation could be given in words.

(01)
{01)
(01)

(01)

(01)

{01)

7(b)(viii) : 15 marks

7(b): 75 marks

www.alpanthiya.lk
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Compounds/Reagents (04 x 13 = 32 marks)
8(a) (i): 52 marks

(ii) Consider the following series of reactions.
Draw the structures of compounds G, H and K. Gwe the reagents K, Yand Z.

: 1. LIAIH
HO Cl A 2. H*/H, 0
—>— G m—,‘a- —3> H —} K

: H
Note that K gives benzyl alcohol ((j":ﬂ20 ) when reacted with NaNO,/ dil, HCL.

02 - Chemistry {Marking Scheme) New Syllabus | G.C.E. (A/L) Examination 2020 | Amendments to be included. . n

Department of Examinations - $r Lanka Confidential g.'
AL plfiy
=
8. (@) (i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,OH S
as the only organic starting com;}ound >
Complete the reaction scheme by d.cawmg the structures of compounds A, B, C, D, E and F ".E
and writing the appropriate reagents for steps 1.~ 7, selected only from those given in the list. E
Step 1 . :
CH,CH.CH,0H —ls o 202, 5 SP3_ o S
Stepd S
D
C
W ) A
L LI CH3CH2<(?H—(§H—CH3' StepS , p 2R7, C}gCHZEHv([ZHCHS
CH, . CH,
List of Reagents
HBr, PBr;, pyridiniumchlorochromate (PCC),
Mg/ dry ether, KCN, conc. H,S0,, dil. H,80,
Compounds, A-F
?Hg’ ?HE
A = CH3CH=CH;, B = CH,CHBr C = CH,CHMgBr
OMgBr ||3r
D= CH;CH,CHO E= CH3CH2CHCHCH3 F= CH30HZCH(I3HCH3
CH3 CH,
Reagents:
Step 1 = conc.H,SOy, Step 5 =dil.H,SO,4
Step 2 = HBr Step 6 = PBr;
Step 3 = Mg / dry ether Step 7=KCN
Step4=PCC

S
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Compounds G, Hand K
CO,H CONH, CH,NH,
(T e e

Reagents

X= H*/ KoCraO7 / or H*/ KMnOy4 Y = PCls or PC|3 Z= NH;

or H'/CrO,

Compounds/Reagents (04 x 6 = 24 marks)
8(a) (ii): 24 marks

8(a): 76 marks

(b) (i) Show how the following conversion could be carried out in not more than three sieps

Hz Br
O — &
- Br r
IR
N, Cl

Br Br
@ Br, °F Br NaNO, / HCI Br %" HyPO,
0-5°C
Br Br

Br
\ v \_ #\ J
® ® 0
8(b) (i) 20 marks
(it} Consider the following reaction. _ o
CH,CHCH,
OB

dentify the chemical substances Pand Q necessary to can:y out this reaction.

Write the mechanism of this reaction, -

P+ Q = (CHjCHCl + AlC, (5)

P+Q=(05)

02 - Chemistry {(Marking Scheme) New Syllabus | G.C.E. {A/L) Examination 2020 | Amendments to be included. . n
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+ -
(CH3)2CHC' + A|C|3 —_— CH(CH3)2 + A|C|4

@ &

+~\H AIC,

Qq. CH(CH),
@ CH(CHa)y — = @cwcmgz - O/

®

Intermediates 03x3 =09
AITOWS 02x3=06

Alternative answer:

IF the student has written the electrophile as R—CI molecule polarized by coordinating
to AICIs, only the marks allocated for the last two steps may be awarded as given

below.

@ (for both arrows)
A
) @-\ H @ “AICI,

©/—\ (;F _ CH(CHa),
(CH3),CH—CIAICl; — CH(CHg)p ~— ©/

®

02+02+02+03 = 09

The electrophile may be written as:

+ = + - o+ B6—
(CH3),CH=CIAICI; or  (CH3),CH—CI—AICl3 or (CH3),CH—CI--AICl;

8(b)(ii): 20 marks

8(b): 40 marks

(¢) (i) Explain why phenol is more reactive in electrophilic substitution reactions than benzene,
by considering their resonance hybrids,

Structures of benzene and phenol can be illustrated as follows.

©o W

S
R @ @ @

Consider fhese only for marking
Resonance structures and Double headed arrows 01 x 8 = 08

02 - Chemistry (Marking Scheme) New Syllabus | G.C.E. {A/L) Examination 2020 | Amendments to be included. .




Department of Examinations - 5ri Lanka Confidential E
’L;‘L_ z%a_ﬂ’?u
=
OR ';
Ia‘
@ Alternative to the resonance hybrid of benzene @ "..g
8.
‘oH  "oH SoH %0H =
. : Any one structure :
0 © O ©
Alternative to the resonance
5 hybrid of phenol

The benzene ring of phenol is more reactive towards electrophiles than benzene
itself because:

The benzene ring in phenol is electron rich compared to benzene due to the
Delocalization of lone pair of electrons on the oxygen atom
Over the benzene ring of phenol
04x3=12
8(c)(i): 20 marks

(ii) Hlustrate the difference in réactiirify between phenol and benzene as given in (i) above by means
of a suitable reaction.

Phenol reacts with bromine at room temperature!/ decolorizes bromine /
gives a white precipitate with bromine water

Benzene does not react with bromine at rocom temperature / does not
decolorize bromine / does not give a white precipitate with bromine water

OR

Benzene reacts with bromine (only) in the presence of a Lewis catalyst
Reaction of phenol with bromine occurs even in the absence of Lewis catalyst
OR

Nitration of phenol takes place at room temperature / at 20 °C / without
heating with dilute HNO3 (20% HNO3).

Benzene does not react with dilute HNO3
04x2=08

8(c): (ii) 08 marks
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(iii) Draw the structure(s) of product(s) you described in the reaction in (ii) above. (v}
L
QH OH E
Br, Br Br @ (441
— 2
g
Br
OR
OH OH OH
dil. HNO, @f”‘jz @
—_—
NO,
8(c) (iii): 06 marks
8(c): 34 marks

9. (@) (i) Write the chemical formulae of the substances A ~ Q given in the flow chart below.
(Note: Chemical equations and reasons are not expected for the identification of substances A~ Q.)
The symbols given in the box (dash lines) are used to reprcscm‘ solids, prempnares sabutions
and gases. - R ot o R L SR R -
@ dit. H,80, + § : v ;
e i, N bk « solid .. mc:pltatei
mat patedreen - colourless, T P :
v odourlessy. ‘ O i
) H 1
dil. NaOH 5 _solutien g
A + + | strong monobmsic acid |
black  pale yetlow/
. P milky white . J
dirty green R i —
1 LA ‘- 1 |
¥ 1
lErsawmpmndihatmmainslwo5 : S
Eelcmcnts belonging lo:ht:f_irsnwn.i I:F—I:] @ . dil.
! periods of the Periodic Table, | | cofourless colouriess, NH,OH
4 e dﬂ bed odour - [
V 1. dit. HNO v - NHOH. — - AgNO, . .
" v : B
: - : .
dark blue L reddish-brown yeliow-brown white
dil, NaOH
Hea o)
) J'ﬁ_'ghf;}' acidic lﬁf’m_ﬁﬁér paper
¥ : : moistened with
" ¥ Nessler's reagent brown
G - E
reddish-brown deep red
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A: Fe B: FeS0Q, C: H D: Fe(OH)2
or
[Fe(H20)s)S04
or
[Fe(Hz0)e]*
E:H202 F: FE{OH)a G: FEan H:KA[FG(CN)B]
I: FeqFe(CN)s]s J: FeCla K: H.S L: FeS
or
KFe[Fe(CN)g
M: SorSe N: Fe(SCN)a O: NH4sSCN P: NHz
or
[Fe(SCN)(H0)s]**
or
[Fe(SCN)*
Q: AgCl
(04 marks x 17 = 68 marks)

9 (a) (i) : 68 marks
(i) Write the complete electronic configurafion of A.
1522522p*3523p° 3P As? (02)

(iii) State the function of E in the oonvemonof D to F, Give the relevant balanced chemical
equations for the stated function. ' -

E: H:0: function — oxidizing agent (02)

2(Fe(OH)2 +HO— Fe(OH)s + H' + ¢g)
H202 + 2H* + 2e — 2H0

2Fe(OH), +H.0: — 2Fe(OH)s (03)

OR

2(Fe** — Fe* + e)
H:0; + 2H* + 2e — 2H.0

2Fe?* + H;0; + 2H* — 2Fe* + 2H:0 (03)

(Half reactions (01) each if written) 9 (a) (ii & ili) marks :07

9 (a) 75 marks
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{b) The solid X contains only Cu,S and CuS. The following procedure was used to determine the
percentage of Cu,S in X.
Procedure

A 1.00g portion of solid X was treated with 100.00 cm® of 0.16 mol dm KMnO, in dilute
H,SO, medium. This reaction ‘gave Mn?*, Cu®* and SO} as products. Thereafter, the excess
KMnQ, in this solution was titrated with 0.15 mol dm® Fe?* solution, The volume required for
the titration was 35.00 cm®.

(i) Write the balanced ionic equations for the reactions taking place in the above brocedmm

Reaction of Cu.S with MnQy4

2Cu* — 2Cu®* + 2 e (1)  (03)
S + 4HO0 — S04 + 8H" + 8e e (2) (03)
OR

(1) +(2)

2Cu*  + S* + 4H0 — 2Cu* + SO& + 8H" + 10e -——(3)
2(MnOs + 8H* + 5¢ — Mn* + 4H.0) ———(4)  (03)
(3) + (4)

2Cu* + S + 2MnOs + B8H' — 2Cu* + S04 + 2Mn?*" + 4HO (05)

OR
CuS + 2MnOs + 8H* — 2Cu? + SO + 2Mn?* + 4H,0
(If only this equation is written award the full 14 marks)

Reaction of CuS with MnOy _
5(8* + 4H0O0 —» SO+ + 8H" + 88) = —— —(5)

8(MnOs + 8H* + be - Mn%* + 4H0) = — ~(6)

(5)+ (6)

582 + 8MnOs + 24H* — BSOZ + 8Mn* + 12H.0 (05)
OR

5CuS + 8MnOs + 24H* — 5CuSO; + 8Mn* + 12H.0

Reaction of Fe?* with MnO,

5(Fe* — Fe* + e) e —— {(7) (03)
MnOs + 8H* + 5 — Mn* + 4H,0 = sceeeeeeeee (8)
(7)+(8)

5Fe** + MnOs + 8H* — Mn?* + 5Fe* + 4H,0 (05)

9 (b){i): 27 marks

www.alpanthiya.lk
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OR
Reaction of Cu* with MnOy4
5(Cu* — Cu? + @) (1a) (03)
MnOs + 8H' + 5 — Mn* + 4H0 (2a) (03)
(1a) + (2a)
5Cu* + MnOs + 8H' — 5Cu® + Mn?* + 4H0 (05)
Reaction of $% with MnOy
5(8*  + 4H0 — SO + 8H" + 8e)  — )] (03)
8(MnOs + 8H* + 5S¢ — Mn* + 4H0) pmmanes (5))
5+
582 +8MnQOy + 24H* — 5804+ + 8Mn* + 12H:0 (05)

Reaction of Fe?* with MnO.-

5(Fe®* — Fe* + e eee— 7 (03)
MnOs + 8H* + 5¢ — Mn®* + 4H,0 o —(8)

(7) +(8)

5Fe?* + MnOs + 8H* — Mn?* + 5Fe* + 4H0 (05)

Note: If only the overall reaction is written correctly, award the marks due to the

half reactions as well.
b (bXi}: 27 marks

(i} Based on the answers to (i} above, determing the molar ratio between,
I. Cu,S and KMnO,
[l. CuS and KMnO,
I, Fe* and KMnO,

Molar ratios

Cus = _1 Cus = 5_ Fe* = E (05 x 3)
MhnQy 2 MnOs 8 MnQy4 1

OR

CuS: MnOy = 1: 2 CuS: MnOy =5: 8 Fe*: MnOs = 5: 1

9 (b)(ii): 15 marks
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(ifi) Calculate the percentage by weight of Cu,$ in X. (Cu = 635, § = 32)

Let the number of moles of Cu:S and CuS be ny and nz respectively
in the 1.0 g of sample X

Molar mass of Cu;S = (2 x 83.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=955 (02)
159n: + 9550 =10  ——— —(9) (02)
2+ = 215
Moles of Fe** reacted =~ = == x 35.0 (02)
Moles of MnO. = fo_ﬁa % 35.0 >< = (02)
Moles of MnQ4 reacted with Cu,S and CuS
0.16 0.15
-mxwoo —EXBSOX- (02)
=0.016 — 0.001 (02)
=0.015 mol (02)
Based on molar ratios
2m + cnp = 0015 i (10) (02)
(9) + (10)
8 (1-159n1)  _
2ny + H T 0.015 (02)
2x5x95.5n, +8(1-159n¢) = 0.015x955x5 (02)
955n; + 8-1272n; =7.1625
317n; =0.84
N4 = 0.0027 (02)
Weight of CuzS =0.0027 x 159 g (02)
=043g {02)
% CuzS = % X 100 (02)
= 43% (03)

9 (b)(iii) : 33 marks

OR
Moles of Fe?* = % X 35.0 (02)
Moles of MnO4 remaining = % %X 35.0 x = (02)
Moles of MnO4 added fuj]"; X 100.0 (02)
Moles of MnO4 reacted with CuS and CuS
0.16 0.15
-m?(lﬂﬂﬂ —mx350x— (02)
=0.016 - 0.001 (02)
=0.015 mol (02)
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Consider the masses of Cu,S and CuS to be p and g respectively.
p+q =10g = e (9a) (02)
Molar mass of CuzS = (2 x 63.5) + 32 =159 (02)
Molar mass of CuS =63.5+32=05.5 (02)
2p 8¢ _
T8 T BEEnE T 0.015 e 11 ) (02)
From (9a) & (10a)
2p 8(1-p) _
gt TR 0.015 (02)
2p x 5 x 955 + B x159(1-p)= 0.015 x 5 x159x 95.5 (02)
955p — 1272p = 1138.84 - 1272 (02)

317p = 133.16

p=" =042 (02)
% CuzS =2 %1000 - (02)
= 42% (03)
9 (b)(iii) : 33 marks
OR

Let the number of moles of CuzS and CuS be ns and n; respectively in the 1.0 g of X
5Cu* + MnOs + BH* — 5Cu® + Mn** + 4H0

58* + 8MnOs + 24H* — 5SO& + 8Mn*™ + 12H.0

5Fe**+ MnOys + 8H* — Mn*® + 5Fe* + 4H.,0

Moles of MnO, added = 22 %1000 = 0.016 (02)
Moles of Fe?* reacted = % % 35.0 = 0.005 (02)
Moles of MnO4 remaining = 2= x350xc  =0.001 (02)
Moles of MnQy4 reacted =0.016 - 0.001 = 0.015 _ (02)
Molar mass of Cu,S = (2 x 63.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=955 (02)
159n: + 955n; =1 meeecceeeeeee- -{1) (02)
Moles of Cu® = 2n;

Therefore, moles of MnO4 reacted = 2m4 _

Molesof S = ny + m2 (02}

Therefore, moles of MnOy reacted with S+ = 8(n{ + ny)
5
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Therefore, total moles of MnQO4 reacted = 10ny_+ 8n; (02)

{(10ns_+ 8nz) mol =0.015 mol ° (02)

10N, 5+ 8n2 =0.075 MOl  ———-mmeemmm —-(2) (02)

(1) x 8~ (2) x95.5

1272 ny - 955 ny =8—7.14 (02)

317ny =086 Therefore, ny = 2=

Therefore, moles of CusSin1g = 95?2 (02)

Mass of CuzS =0.86 x 1599 (02)

% of Cu,S =22 x 159 x 100% (02)
= 43% (03)

9 (b)(iii): 33 marks

g{b): 75 marks

10. (a) The following questions are based on the 'pmbcnies of titanium dioxide (Ti0,) and its manufacture
carried out by the "Chloride Process", - ~
(i) Name the raw materials used'in this process.

Rutile (02)
Coke (02)
Clz (02)
o7} (02)

10 (a) (i): 08 marks

(ii) Briefly describe the manufacturing process of TiO, giving balanced chemical equations where
applicable. ' ; '-
Chlorination

Removal of water at 200 °C / 300 °C (02)
Heating of rutile and coke mixture at 900 °C /950 °C (02)
TiOxs) +C(s) - Ti(s)+CO2(9) ———(A) (03)
Stream of chlorine is passed over mixture of rutile and coke (02)
Ti(s) + 2Clx(g) — TiCl{g) ———(B) (03)
OR

Reactions (A) and (B) can be combined.
TiOa(s) + C(s) + 2Ck— TiCli(g) + CCz(g) (06)

For three descriptions above (02 x 3)
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After removal of dust particles, TiCls; gaseous mixture is cooled and
liquid TiCls is separated. (02)
Oxidation
TiCla is reacted with oxygen and TiO; is regenerated.
TiCls(g) + O2(g) — TiOxs) + 2Clx(g) (03)
Cl is re-used in chlorination. (02)
10 {(a) (ii): 19 marks

(iii) State three properties of TiO, and give one use edich, relévant to each property.

« White colour — as a pigment in paint, plastic goods and paper, paper

+ High refractive index — as a pigment

¢ Chemically inert — as a pigment in medicine and toothpaste

¢ Prevents the reach of UV rays to skin — produce substances to prevent
sunburn

Any three properties (02 x 3 = 06)

One use for each property (02 x 3 = 06)
10 {a) {iii): 12 marks

(iv) If you were to consider establishing a TiO, manufacturing plant in Sri Lanka, stale three
requirements that need to be fulfilled. :

e Availability of raw material
e Capitol
e Labour force
e Technology
+ Storage conditions
¢ Minimize environmental pollution
e Transport facilities
* Waste product management
Any three (02 x 3 = 06)
10 (a) (iv): 06 marks

{(v) Does the manufacturing process described in (ii) above contribute to global warming?
Justify your answer.

Yes. (02)

CO: is produced and given out to the environment in the
oxidation of coke (03)

10 {(a) (v): 05 marks

10{a): 50 marks
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(#) Currently, global warming due to. change in gnecnhouge effect is significantly greater than that N
before the industrial revolution. - '3

(i) Explain bricfly what is meant by greenhouse effect. o

ol

L

Heating of earth (01) by Infrared absorbing gases (01) in the atmosphere by "E
trapping energy (IR radiation) (02) reradiated from the earth surface (02). (]
10 (b) (i): 06 marks %

(it} Identify the major environmental problem that cccurs due to global warming, .
Climate change (03) g

10 (b} (ii): 03 marks

(iii) State two main natural gases that contribute to global warming,

CO3, CHy4, and N2O any two (03 +03)
10 (b} (iii): 06 marks

(iv) Explain briefly how microorganisms contribute to the release of the gases you stated in Gii).

CO.- Action of aerobic bacteria on organic substances/ plant materials/ and
animal materials

CHa- Action of anaerobic bacteria on organic substances/ materials

N20- Action denitrifying bacteria on ammonia/ nitrogen fertilizers(urea)/ and
nitrogen containing substances.

Any two (04 + 04)
10 (b) (iv): 08 marks

{v) In addition to the gases you stated in (iii), name two classes of synthetic volatile compounds
that directly contribute to the global warming, and selecting one compound from each class,
draw their structures. |

CFC, HFC, HCFC

F ¥ FF
Fm(l?“‘“ffl F—C—H F—C—C—H
Cl Cl F H

CFC, HFC, HCFC

Any two (03 for class +03 for the structure)
(03 x 4 =12 marks)
No marks for the structure if the class is wrong
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Note In addition to these compounds award marks for the following structures on each
class.

CFC - Any saturated organic compound that contain one or two carbon atoms with only Cl
and F atom

HCFC - Any saturated organic compound that contain one or two carbon atoms with only one -
hydrogen atom and others are Cl and F atoms

HFC - Any saturated organic compound that contain one or two carbon atoms with only one
hydrogen atom and others are F atoms.

10 (b) (v): 12 marks

(vi) Select one class of compounds from the two classes you stated in (v) that contsibutes 1o the
catalytic degradation of ozone in the upper atmosphere.
CFC or HCFC (must be selected from (v) to get marks)
10 (b) (vi): 03 marks

(vii) The siow down of industrial activities due to the Covid-19 pandemic temporarily eased the
global environmental issues in many countries. Justify this statement by using two main global
environmental issues you have learnt,

Reduction of Global warming (01): Due to the reduction of emission of
CO2(01) because of reduction of fossil fuel burning (02} due to limitation of
industrial activities (01) and transportation (01).

Reduction of acid rain {01) : Reduction of emission of 802(01) into the atmosphere
due to decrease of burning of coal and diesel (01+01) for power generation and

transportation (01+01) respectively .

or

Reduction of acid rain (01) Reduction of emission of NO2/NO into the atmosphere
(01) due to decrease of fuel burning (01} in internal combustion engine (01) of

vehicles caused by limitation of transportation (02).

Reduction of Photochemical smogq (01). Reduction of emission of NO and volatile
hydrocarbons (01+01) into the atmosphere from internal combustion

engines/vehicles (01) due to limitation of transportation (02).
Any two (06 x 2 =12 marks)

10 (b) (vii): 12 marks

10(b): 50 marks
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(¢) The following questions are based on the.polymers given below. '3
“Polyvinyl chioride (PVC), Polyethylene (PE), Polystyrene (PS}._:ﬂakelite. >,
Nylon 66, Polyethylene terephthalate (PET), Gutta percha e
(i) Draw the repeating units of fo  f the above polymers. ‘E
(4+]
L
e Luo—on) E

[ )

PE \CHz CH, ]

Clem O
PS 'é z 2 _)_

o
|

Nylon 6,6 NH—(CH,)s —NH—C—(CH,);—C

i I
PET G—QC—CHE—CHa —0
CH, H
Gutta percha \c: 7
/S N\
CH3 CH:

Brackets are not required for award of marks.
Any four {02 x 4=08)
10 (c) (i): 08 marks
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(ii) Categorize each of the above seven (7) polymers as'eithcr-, g,
1. natural or synthetic polymers. :.E
[1. addition or condensation polymers, E
8
| - natural/synthetic Il - addition/condensation Tﬁ
PVC synthetic addition
PE synthetic addition
PS synthetic addition
Bakelite synthetic condensation
Nylon 6,6 synthetic condensation
PET synthetic condensation
Gutta percha natural addition
Forl-Anyé6 {02x 6 =12)
For Il - Any 6 (02 x 6 =12)
10 (c) {li): 24 marks
(iii) Name the two monomers used in the formaltiq:i'nf bakelitc.
phenol and formaldehyde
OR @ and HCHO
OH (02 x 2 =04)

10 (c) (lll): 04 marks

(iv) Polymers can be grouped into two categories based on their thermal properties. State these
two categorics, Write to which of these categories PYC and bakelite belong.

Thermoset polymers
Thermoplastic polymers
Bakelite — thermoset polymer

PVC —~ thermoplastic polymer

(02)
(02)
(02)
(02)

10 {c} (iv): 08 marks
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(v) Give one use each for three of the polymers given in the above list. é
)
o
E
PVC pipes to supply water, seat cover, electric wire covers «E
PE food wrapping, garbage bags 8'
—
PS stylofoam cups, rigiform, insulating materials, packing g
materials _
Bakelite heat resistant parts for electric utensils, insulating
materials
Nylon 6,6 clothes, fishing nets & lines, tyre threads
PET bottles
Gutta percha insulation, permanent tooth fillings, golf balls

Any three (02 x 3 = 06)

10(c) (v): 06 marks

10(c): 50 marks
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