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1. von EPebn gecdegidn v aneds, pus sdergm »3GSTIOC ooy ubenvBed (ov
wéiewd gud e ¢7 (n = gD Hotho® qoms)
(1) n=5 — n=
2) n=4 — n=
3) n=1—->n=
4 n=3 —n=
(5) n=2 —>n=

[ ST o R

2. OIOR HotHu enicsim.
(1) ©5e Bdmcm gewbde mmtnen bt (1))

2) @1 Bud BiRIRUD, ReEnRO® oo n (G Petrto® gemw) = 3 o m, (H®D HeLro®
gom) = 0 B gecseldin owamt 4 8.

pecsened o wde® wBwb AP 8.

(3) »89dx=3 (N) 8 eogtémm gecBednenl (oD Li¢ »edlm maeditma 5 (C)8 woygtdon
goceHBEmO e»D LIC 8800 medoemat Lt Boe eda. )

@ Nat, Mg**, K" e Ca®* gu» geds Bocsivews’ 88eond DISe mesin gun e¢D Detens
K* e» Mg™* @.

(5) 2=RzOC QeEsedi® O Be® afBo maem .

3. Be,B oo 0 9¢ 0¢0» godnis ox8s (X*(g) — X**(g) + ) BBOD 6nB88ede Dmed,
() Be < B < 0]

(2) Be < O < B
3 B < O < Be
4 B < Be < O
(5 0O < Be < B

4. F,CI0,FCIO, & FCIO, 8 wowss oo BEe0ES,

(1) omeele, »8s Bemienmd s Seed a.

(2) >Bc ©PORcLIC, nEe HGomienmo & OmpddmEe o.
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5. voo & gif weewloed IUPAC 5900 e ¢?

HO—CH,—C=C—CH—CHO
) I
CH,—CH,

(1) S-hydroxy-2-ethylpent-3-ynal
(2) 3-formylhex-4-yn-6-ol
(3) 2-ethyl-5-hydroxypent-3-ynal
(4) 4-formyl-1-hydroxy-2-hexyne
(5) 4-formylhex-2-yn-1-ol

6. acdo deews’ (08 O AB, cOEied womidn SBw ¢Dews, 25 °C § eagozizn cg. AB, 8 g5

@& 25°C€ 3.20 x 107 mol® dm™ 8. eomntds goemed B~ gumed eisigess (mol dm™) ox%es,
1 1 1 .
(M (16 x10* 2 32)2x10* (3).(32)° x107% @) 20x10° (5 40x10™

7. BOE uawe emidsim.
(1) F,Cl &0 $* o0 Q10eBc90 F~< $2 < CI” u» 88eded 18 ¢d.
(2) Li*,Na* es» Mg™ o gidwces ace Mg?t > Na* > Lit a» BEedegd af ¢d.
(3) O,F,Cleso S &g Beyes enessnd F > 0 > S > Cl o BEeded ef . -
(4) Xe,CH,,CH,NH, es CH,OH &g moeez» CH, < Xe < CH,NH, < CH,0H s> 88e0gd (8 2.
(3) N,,0,,F, &0 HF 8¢ gl sc@rgm 230 o N, < O, < F, < HF o» 8eded (8 8.

8. Peov Q soeuio d8emend ©1d80i» ©@00dn ed. sun gEleds 591853 P av Q acewsiowsd
oD s do vudes ne= ¢?
(1) CH,, (2) CH, (3) CH 4 CH,0 (5) CH,,

9. CH, CHSCI,HZCO,HCN &30 NCO™ 8¢ 20233 (C) sd@gqed Beys’ enenmod Oi@0a 2m88edg Omed,

(1) CH, < H,CO < CHCl < HCN < NCO-
(2) CHCl < CH, < HCO < HCN < NCO
(3) CH, < CHCl < HCO < HCN < NCO
4) CH, < CHCl < NCO" < H,CO < HCN
(55 NCO© < HCN < HCO < CH, < CHCI

10. X =0a8m weeciows 2,4-DNP see B6s® mg 80 dbads gdednns @ esnees. #88» K Cr 0

o000 X secios 80u® me 80 Y ocws oed. Y oca 2,4-DNP 8800 oS0 edSedoas ca @q
Y @ Na,CO, gproemen oo 86w mg 80 CO, Bowa8. X eeewios 8w wisess,

(JJH (])H
(1) CH,CH,CHCH,CH,CHO (2) CHJCH:(T‘CHlf_‘H,CH,OH
CH,
OH OH OH

| I |
(3) CH,CH,CHCH,CH,CH,OH (4) CH,CH,CHCH,CH,CHCH,

OH

I
(5) CH,CHCH,CH,CO,CH,
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(1) B0 ed»e exwds Hen K, 06l @ma@@k .
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Se3nd su» DQed8 ¢ g,

3 el
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@ 0.20 0.20 ? |
0
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Y (aq) e23ddeas’ ocdm cog 6d. Q) s8fseamedt Z(aq) w:§e® gioum Regpode DIess,
(1 %" 2 % 3) R (4) 2R (5) 4R
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rasy(Il) eeEd (FeC204) 04314 g e®oEes D1880 HPD HzSO . 8 O DO L.
Sxbes c00en® 0.060 mol dm™ KMnO, ¢0e5u7s 00 an@smed 26 c&. gx¥m cesedE
592 sadens dxed, (FeC,0, O wedde gum Snsids = 143.8)
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16. s ww p e Geebs odariueas? oo § g ROB YOI qEDD <? i
(1) esemis (Xe) Bufo Digos Ho OP8mdg g +2, +4 e +0 O woswfe @S,
(2) »8uss ededl gredsl, V&8 AT o o3Be quidest HF O¢o @ )
(3) wwn (1) meited geLowsi® w8egrindove Brend gOumDD mgied oned wm 8o
@atluz god, dresd oderdods HLBmIYG 98 @b,
4) vegps (1) meibed ociy gmedz’ (Li 80 Cs ¢2300) BELHHEO 9RY (DDA JB-
(5) NH,OH 8 »8gdsive eslmde gomo 1 eb.

17. 25 °CE, &mdwm qi® x mol dm ™ CH,COOH(aq) 0@ V, em’ 0 v mol dm™ (v > x) NaOH(aq) go0 &
Vi em’ (V,> V) dmny mdm ¢, qOen 8geew® pH qow Oped,
(25 °C ¢ dcewl Buon Buna K @0.)

Voy-Vix Vyy- W g
| K. -log 2. | 2 a 2 A et 3) 1A\\-
(1) pK, %{—vl 7, } @) pKy ”"={ Vi+V; } o

- _ino ) Y2y =YX _ Voy-hx
(4} pKW’ !OE {W} (5) pK\\-' + I(}g{ L’I + V2

18. 00D PFD WOl vom & 4B YBB@D wey LY Ly RO DoxIBe Bk O ¢?
2H,(g) + 0,(g) — 2H,0(g) : AH® = —483.7 kJ mol”'

(1) gB8wm 88 Oms e 483.7 kJ » mo exdfws 8O 0.

(2) e g Hy(g) @8c e wqms 483.7 ki » o afBodd 80 0.

(3) e H,0(g) @gc ogmst wem 483.7 ki » mov eddfas 8O ¢O.

(4) 4H,(g) +20,(g) = 4H,0(g) g85wd e 9674 k] » 0 axiBes 80 e,
(5) oy O2 (2) ®8c Om wgme 241.85 k] » miv exffiad 8O 0.

19. von wewsl RO DosiBe ©iCG0Be enfvw: gy BICE e ¢?
(1) enis yBBwd €ow.8¢0 @b.
(2) endes Beysd B Bupd.
(3) menitae e qediBn e,
(4) @x8vie gbL-uBBwd menida @n 8 6.
(5) O8mde gbR-uBEd gremide @ 8¢ 8.

20. ©afo®easiBsB wdyynn Dyvws embdded vy ety dDI8 RS ¢?
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(1) Q’QL 2) [tjl?r 3) :©¢l§s‘_r @ @ifﬁ.f - @,ga_r.
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22. wden cdesied o BLned sbBn lde® ¢ @b Agst eeas ne Hy(g) 1.0 mol = 2o O (9) i
2.0 mol = gReq @b. oo BldB e¢m LBIBWY, Lo LY PO Lo @g‘q\} -
(1) H,(g) ©0 0,(g) e¢@0® ¢m® @W-cm aBas gi.
(2) Hz(g) 00 0,(g) ©¢0® O @us-ebowrd gu.
(3) Hz(g) %) Oz(g) @00 On® Wnsidas .
(4) Hl(g) %) Oz(g) @O0 U@ wHBOWE 1.
(5) Hy(g)®o Oz(g) e¢mO® Un® Bulids ebows g, ,
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33, 25°CEX® ewd® 9§8m ©gIO® - i esc0Be (J K- mol™)
§ 9ol oxfeBe 100 TK I mol™! e8. sun oeps OB X(aq) & @58» OD°Y
= =
¢xfO8 ¢ .
(1 170 (2) =30 (3) 0 4) +30 (5) +l

= - o e —'J_“'.’ i "(:J"m
24. CH,—CH=CH, wo HBr g2 8502 secSegBEn ames gBgwed 5% bew w@:i‘” ge?
A EO® aB8Sw0ed wsigeed S68 Budos ¢Eories oD g a8 enldd BYD ¢
F
() CH,—CH,—CH, Br — CH,—CH,—CH,—Br
o L% +
(2) CH,—CHZCH, H — CH,—CH,—CH,
#—/_H\\ + o
3 CH_\‘—CH=CH2 H—\Er _ CHS—CH—CH3 + Br

P 4 e
(4) CH,—CH=CH, H—Br — CH,—CH,—CH, + Br
: , BB gty

h .
) CH,—CH—CH, Br — Ci,—CH—CH,

Br
25. Suo cEas00n oS 20 O R SBedm Do BEnED SBR@ES BERED. sduBed Bhma
i < S | o T

0 5580 ecqess g 8O séoBed @nEmm Bema,

(1) onecsl o= (i] &b. (2) noss (%) @d.
(3) Secos =08 (4) ecpen @d.

26. 58 »BQED e E8u® m»BYED svm 585 HOE eI0Ed ECe B8O 555 ©dé.
Mg:‘N: (s) + 6H20(1’) — 3Mg(OH)2(aq) + 2NH,(g)
Li;N(s) + 3H,O() — 3LiOH (aq) + NH,(g)

9 3RB3® ecinc 8gc S 8O B8s® ecive emIgEHN s@renes 2lq BgBas 98ec N, Engd

2o slubsaess gBfe DGOD cR. 008 gBBweds ¢1ed® 5C Baeic sBglmecsi® =]
sco sPo g88e oo 80 NH3 DD 42 g Hoedo. eEi® Bgemed a8 BBcBoc it Duless,
(H=1.Li=7,N=14Mg=24)

(1) 18¢g (2) 42 ¢ (3) 126 ¢ (4) 142 g (5) 202 g

] 27. aEe@iSe, con QEEUD nED emmd® G4 SenaBn wdndmecs costih & e o0t 99e&
cEaERtct sodeCeHnc DE V1D

NO(g) + H,(g) = NH,(g) + H,O(g)
NO450 gew» H, 120 g 88 podeduame ne B i NH, gérese, g

; , G 28Ry} dped
(redme aan gnsios: H, = 2,NO = 30,NH, = 17)
(1) 24 (2) 48 3) 128 4) 255 (5) 408

28. ¢se&oe 25 °C € Bogd Senudim enijecs ne Beom 2H,0,(aq) — 2H,0() + O0,(g) B

E . +055Voip 00 co® HoBeud bl gB8&w Dxledd,

0,(g) + 4H' (ag) + 4e — 2H,0() -~ (1), Ef =123V
0,(g) + 2H" (aq) + 2¢ — H,0,(aq) oo @), E; =7

5688w (2) 8 c8en e88wde Bubw E; tped,

(1) =178V (2) -0.68 V (3) 000V (4) +0.68 V (5) +178V

>y

[scEx® BOP terin.
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29. o Lo GHBueb guno BCD Be odes Bed ¢

CO.C.H
d v £(8g0 NaBH,
_—
CH—CH=CH, eGneic
I
CHO
CH,0H CH,0H CO,C,H,
3 —
( CH—C]’I='CH2 (2) CI:H—CH-_—'CHE (3) (I:H-CHE CHs
|
CH,OH CO,C,H,
@ (|.‘H—CH2—CH3 ) (]:H_CH=CH2

30. ceetos 25 °C 2 8o 30,(8) = 20,(g), (Ko = 2.0 x 1075 mol™! dm’) 585w0® scaim. 0,(8)
0.30 mol e O,(g) 0.005 mol 25 °C g8 ebomra € (e o 1.0 dm’® 2= ned a1C ©0 vgude
PO eOnCombed Behod b vl cf. Cvo wews nos 25 °C§ @ sé0Bo s@nEmmOsO
e BO oo emns’ Bdnd @38 ¢? (O © gBBw cdTe ¢d.)
() Q.< Kc 5330 03(g) y@roiw 918 B wtnBombal €O @b.
(2) Q< K¢ Ben 0,(8) y@rea gy B wonlomied g ed.
(3) Q.> K, B 0,(g) y@reic g4 B wonlrobed ew ed.
“4) Q.> K. Ben 04(8) g@renes 9B 8 conBommbed ew @d.
(5) Q=K. B 0,(g) y@oene eLmed emned.

o aom 31 80 40 ensd v O yEmD e § ad (a), (b), (c) e» (d) o 5580 »od gReds’, Sl

o OB wodnds ewd BO10G . BTG eBEde/gBES mDel '8 emid vsim.

(a) o (b) v@es Hocf 0 (1) em» ¢

(b) wo (¢) s®ws BGE 20 (2) @ ¢

(¢) o (d) veeos BUdE 28 (3) @ ¢

(d) e» (1) vdes BOCE o8 (4) @ ¢

0D RIS 0D @9 weewidmws el Bt »@ (5) @ ¢
BEnG Lrewd (Eedn cueq ult Cre WOB3.

Qu cuecs Bd8aban
[ (1) 2) 3) ) (5)
(a) e (b) (h) e (¢) (c) e (d) (d) e (a)
o] oo 0O o o®ens e 392‘53836 30500 ©®d
HO088 Rl R0 ReS eowidnws eni SOCEa

31. 2 g Seowdm eBBwbn e cdatn 085 von wgons REE/RED IO On AcHEN ¢S
monies ¢!
(@) yBBum eLe E306s00) L300 BN (b) 0630030 D geROE DIED PR
(¢) 25°C 7 offwed wdvm OB ebve  (d) B8xed afum af8w

2. vow Elebs yiBmed walneis BEDBIBY.

O Cl,/FeCl, ©,CI

wom Grebs (uobis REs/ e Bon 008 uBH@d Bgo® Qs ©1eg ¢?
Cl H Cl H

+
| @ R, (b) TieCl, () @4(:1 ) EjfrH

e (oD 80O DI
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3. 25°CE u>» ocd 0ud3D 1Phl ,) N8BS gérsso

1.0 dm’ =8 Qe P b**(aq) ew= a mol esus el

Ch

By P T 24 ; £
(@) =080 eqpes ¢ 82 Pb™(aq) u®rese 2a mol .

(‘J

(b) o820 senes v

8 -
0 Pb™*(aq) e escs 2a mol dm™ eb.
() @ Nal(s) d9¢o gerescs emy me 80 Pb>(aq) geseics o .

ST EY ik - e B2 2+ " .
(d) 0880 sqqes we 80 Pb*(aq) uevesc £ mol 8.

" e e . . _ see v ) il =
M. »909m 20ned ees d eoNeEd greeds wigm miecin/gum =8AX0D v GLYE nEH
SRS IR BT @O ¢?
(@) = ¥C QI¢ & gdc 9 woo Cr, 0, u88w 888 Acemedsn 8t v
B ‘+ 5 s o
(0 Ee*t (aq). Fe'"(aq), Mn +(aq) g3 Nr (aq) g8eq ¢0eoE0 NaOH(aq) 335’52 mg 80 919yo
NaOH(aq) 8 a¢9s 0dede esred
(¢) }\\1”0 av K, Lr 0, u» e¢me '“363@:3 DIFO wOenig H 0 0 D0d sbobonme 8880

(B2 S ¢ d@ VBmic e,

,f‘:

(d) lCuClJ“ O¢ IUPAC swew tetrachlorocuprate(Il) ion 8.

5. coo § 0 ool no/00m &5 BT ¢?
(@) emvends 0®ced masema, 1-8¢0emiE8 08 gocd 881 98 «
(H) coxledr’8 misiema, 2-0083@8yedsi8 98 powd DO 58 w.

(€) BgOE8 mwemew, 1-830e53E8 08 avwsd D& 8 .
(d) coTedsI8 mowns, |-euoemics 60 gowd B8 B8 w.

36. »83=3 9®cw (HNO,) =0 88 coe 28300 von 6¢psl o gmes/gme SO0 68 &2
(@) 25 ey wxig HNO, o e¢ne @a38mi0m ece 91865,
(h) NH NO =3 50@585:::‘“.@:55' N,O e» des can od.
(c) HNO J(v N—0 8530 Budc® 283 e@m .
(d) oF m¢ DOF gog @8, enxsis HNO, 080 uf8w emmss.

37. Bewis €ide ©@IBVews? oy Bl RO® YEew/Yme ROSE e ¢?
(a) Bo gug digeniced (840 ericw) Bewdsl v g yedoas.
(h) o rgeviced wi@iaim B84’ AYED OBy yedaws.
(0) gu pbmens’ §uindsn wcdlge Soen ©ld wi¥dden @0 ewid® DeFdm gedans.
(d) o Bewdsd 3¢ 100 Fecils? guin Aein wrigenus vom o B8ed» yodass.

38. cdesoo 25 °C 2 Dom ¢¢ eadocon me 0.135 mol dm™ &8¢ m@;sg (C]—[ NH,) 48 e0es
10000 cm’ 0 ©=0@00 dew ©8o 8y e2ndm AR mc)m 75.00 cm® & w@® @mé}m @E
sEnEombul OeBHO0 gbwdn c8. dlo duouuﬁ 50.00 cm® 5 @© 0.200 mol dm ™ HCI ¢o0 eacssst
s@0 an@wme me D0 guin cawss 15.00 cem’ Bw. S8 B e 2B OB evd HBSwO:
B¢ ened. com oGus REE/Res do HOGE 7
(a) =madm e SGu 80d gmd CHNH, 8 08d wogeimw K 1.67 ob.

(h) =afm ev 68w 803 qgmd CH, Nll B DB e s !\D 4.67 @8,

() %Bw ddvw me CH,NH, u;E}qu rumu @b,

(d) =meBm didv ne (H NH 0By (L @b,

39, demobe dcod 0B ¢bn wmidy @00Y wlEHuewsl Lwn wGYE! PO YIBW/ YO BUGE e ¢?
(a) deod Bn aHBEsI8 wiuhe iyenifu WEBYSE wuWBo® bl
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apsiigl  Loswfig Sluirevid Guedas emdliny Gprb - 10 HLOLMse
Three hours Additional Reading Time - 10 minutes

Use additional reading time to go through the question paper, select the questions and decide on the qucstionﬂ
hihat you give priority in answering. J)

e 92l ) [q@md Bed® moce - 385y 10 8]

A Periodic Table is provided on page 15. Endex NOGE o TR sy ]
Use of calculators is not allowed.

Universal gas constant, R = 8314 J K™ mol™!
Avogadro constant, N, = 6.022 x 102> mol™!
In answering this paper, you may represent alkyl groups in a condensed manner.

H H

#* ok ok Kk ¥

Example: H—(:Z——(ll— group may be shown as CH3CH2—
|

H H
Q PART A — Structured Essay (pages 02 - 08)
% Answer all the questions on the question paper itself.
% Write your answer in the space provided for each question. Please note that the space provided is sufficient
for the answer and that extensive answers are not expected.

Q PART B and PART C — Essay (pages 09 - 14)

% Answer four questions selecting two questions from each part. Use the papers supplied for this purpose.

* At the end of the time allotted for this paper, tie the answers to the three Parts A, B and C together so
that Part A is on top and hand them over to the Supervisor.

% You are permitted to remove only Parts B and C of the question paper from the Examination Hall.

For Examiner’s Use Only

Part | Question No. Marks Total

1

— In Numbers

A 2

3 In Letters

4

5 Code Numbers
B 6

. Marking Examiner 1

< Marking Examiner 2
C 9 Checked by

10 Supervised by :

Total
8 J

{seé page two
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f PART A — STRUCTURED ESSAY )
Do not

Answer all four questions on this paper itself. (Each question carries 100 marks.) .
in this
column.

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

(i) Of the three ions Na*, Mg2*and F , which one has the smallest ionic
radius? et '

(i) Of the three elements C,N and O, which one has the highest second
ionization energy? e

(iii) Of the three compounds H,0, HOCI and OF,, which one has the most
electronegative oxygenatom? e

(iv) Of the three elements Be,C and N, which one will liberate energy when
an electron is added to its atom [Y(g) + € — Y (g); Y = Be,C, N] in the
gaseous state? e

(v) Of the three ionic compounds NaF, KF and KBr, which one has
the higtiesE Salnbslity: 1 AWATCY” R =SR2, . ... coeenn e

(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the
strongest intermolecular forces? @ e

() (i) Draw the most acceptable Lewis dot-dash structure for the ion, N2032‘. Its skeleton is
given below.

O—N—N-0O

(i) Draw three more Lewis dot-dash structures (resonance structures) for this ion. Indicate the
relative stabilities of the structures drawn by you, when compared with the most acceptable
structure drawn in (i) above, by writing 'less stable' or 'unstable' under these structures.

(iii) Complete the given table based on the Lewis dot-dash structure and its labelled skeleton
given below.

{Ql—N=N—Q—C=N: Cl—N'—N*—Q*—C*—N
N' N? o’ c

VSEPR pairs around the atom

electron pair geometry around the atom

shape around the atom

hybridization of the atom

[see page three i
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Do not
@ Parts (iv) to (vii) are based on the Lewis dot-dash structure given in part (iii) above. Labelling f’“'i;
. . n s
of atoms is as in part (iii). ol
(iv) Identify the atomic/hybrid orbitals involved in the formation of ¢ bonds between the two
atoms given below.
I. CI—N! O0 o cemmmmmensossmommsnssensns N s
II. N—oO N oo O e
. N'—N? R N* oo
IV. N—0O® N2 e ¢ AT e
v. o*—¢* ' o N B csrsvisasvnsmmmsrrons
VI. C*—N CF v 2 T
(v) Identify the atomic orbitals involved in the formation of &z bonds between the two atoms given
below.
I. N'—N? Wy, Svemm. aenwns N2 iiviiiiessennannenedonnes
. C*—N oamel . Becewmemm .
ol .. W N .o
(vi) State the approximate bond angles around N!, N?, O° and C* atoms.
N......i : NEL... o ,  ORes. ... : L.
(vii) Arrange the atoms N!, N2, 0® and C*in the increasing order of electronegativity.
............ c IS i e~ S v S H I (56 marks)
(c) Consider the following information.
I. The atoms A and B combine to form a heterodiatomic molecule AB that has
a o bond. This is represented as A-B.
II. The electronegativity of A is less than that of B (X, < Xg).
X = electronegativity of the atom
II. The inter-nuclear distance between A and B atoms (d, p) of the AB molecule
is given by the following equation.
dyg= I+ rg —c(Xg—X,)
r = atomic radius, ¢ = 9 pm
Note: d and r are measured in picometres (pm). (1 pm = 1072 m)
Based on the above information, answer the following questions.
(i) What is the name used to identify the type of o bond between A and B?
(ii) Show how fractional charges (8+ and &-) are located in the molecule AB.
(iii) Write the equation to calculate the dipole moment () of molecule AB and show its
direction.
e J
[see page four
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r_ Y
Do not
(iv) Calculate the percentage of ionic character of the H-F bond in the HF molecule using |write
the data given below. in this
Inter-nuclear distance of H, (dy;_;) = 74 pm Electronegativity of F = 4.0 e
Inter-nuclear distance of F, (dp_;) =144 pm Dipole moment of HF = 6.0x 10 Cm
Electronegativity of H =21 Charge of an electron = 1.6x 107'°C
(20 marks)
2. (@) A, B, C and D are chlorides of p-block elements. These elements have atomic numbers less
than 20. A description of the products (P,—P,) formed when A is reacted with a limited
amount of water and B, C and D are reacted with excess water are given below.
Compound Description of products
P, |a compound with a covalent network structure
& P, |a strong monobasic acid
P, |a gas that turns red litmus blue
B | P, |a compound with bleaching properties
P, |a tribasic acid
C P |a strong monobasic acid
P, |a gas that turns acidic KMnO, solution colourless
D P, |a colloidal solid
P, |a strong monobasic acid
(i) Identify A, B, C and D (give the chemical formulae).
Al e B Covreeieennans ) ) ST
(ii) Give balanced chemical equations for the reactions of A, B, C and D with water to
give products P, to P,.
[see page five
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Do not
write

in this
column.

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

I. P, with NaOH(aq)

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

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

(b) A student is provided with bottles labelled P, Q, R, S, T and U containing aqueous solutions
of Al(SO,),, H,SO,, NaS,0,, BaCl,, Pb(Ac), and KOH (not in order). Some useful
observations for their identification on mixing two solutions at a time are given below.
(Ac - Acetate ion)

Solutions mixed Observations

| T+R a clear colourless solution
I P+R a white precipitate
1 T+S a gelatinous white precipitate
v U+R a white precipitate
\ P+Q a white precipitate, tuns black on heating
VI P+U a white precipitate, dissolves on heating

(i) Identify P to U.

.......................................................................................................
.......................................................................................................
.......................................................................................................
1V:
L T R L LR R R R R ]

V: formation of White PreCipitate: ...........o.eeiviueurusreentaeieisiiiiiienieeareisiseasanens
turning black on heating: .........ocoiuiiiiiiiiiiii e

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

(Note: indicate precipitates as }) (50 marks)
3. (a) A saturated aqueous solution of a sparingly soluble salt 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 AZ*(aq)
ions present in this saturated aqueous solution was found to be 2.0 x 10~ mol.

(i) Write the equilibrium related to the dissolution of AB,(S) in the above system at 25 °C.

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

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

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

- -

[see page six
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!

(iii) Calculate the value of the equilibrium constant stated in (ii) above at 25°C.

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

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

(iv) Another saturated aqueous solution of AB,was prepared by stirring an excess amount
of AB,(s) in 2.0dm3 of distilled water at 25°C. Giving reasons, predict the value of
the equilibrium constant for this system.

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

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

(v) A small amount of the strong electrolyte NaB(s) is added to a saturated aqueous solution
of AB, at 25°C. Giving reasons, predict whether the concentration of A?*(aq) is increased
or decreased.

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

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

(b) In an aqueous solution, propanoic acid (C,H;COOH) ionizes as given below.
C,H,COOH(aq) + H,0()) = C,H,CO0(aq) + H;0%(aq)
At 25°C, K, (propanoic acid) = 1.0 x 107
(i) Write the expression for the equilibrium constant for the above reaction at 25 °C.

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

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

(ii) 1000 cm® of an aqueous solution of C,H,COOH(aq) 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=1; consider the density of C,H,COOH as 1.0 g cm™)

(40 marks)

Do not
write

in this
column.

>

[see page seven
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Do not
4. (a) A, B, C and D are structural isomers having the molecular formula C;H, ;. None of them show wmr;o

optical isomerism. All four isomers, A, B, C and D when treated with HgSO,/dil. H,SO, give |in this
products which react with 2 4-dinitrophenylhydrazine (2,4-DNP) to give coloured precipitates. |column.
Only A gives a precipitate with ammonical AgNO;. A has only one position isomer, which is B.
B is a chain isomer of C. C reacts with HgSO,/dil. H,SO, to give two products E and F.
D reacts with HgSO,/dil. H,SO, to give only one product, which is E.

(i) Draw the structures of A, B, C, D, E and F in the boxes given below.

D E F
(i) Which of the compounds A, B, C and D gives a product that does not show diastereoisomerism
when reacted separately with H, / Pd-BaSO, / quinoline?

(iii) Draw, in the box given below, the structure of the product G obtained when A is
reacted with excess HBr.

G
(iv) Draw the structures of products X and Y obtained in the following reactions of E, in the
appropriate boxes.
NaBH, E 1. C,H,MgBr
"~ Methanol 2. H/H,0
X Y

Name a test to distinguish between X and Y.

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

L )
[see page eight
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Do not
(b) (i) Complete the following three reaction sequences by drawing structures of compounds wn-::
K, L and M and giving the reagents/catalysts P, Q and R in the boxes given below. [in this
column.
Sequence 1: oy e
CH,CH=CCH, — P . CH,CH—CHCH, i i W
CH, (Reaction 1) Br CH, (Reaction 1)
P K
Sequence 2: HO
Zn(Hg)/ HCI
n(Hg) /conc- HCI L Q - HCN . M
(Reaction 1II) (Reaction IV) OCH, (Reaction V)
L Q M
Sequence 3: P
CH,CH =0 - CHSCHZE-:N—D
CH (Reaction VI) H,
R (30 marks)
(ii) Selecting from the reactions I-VI, give one (01) example for each of the following
types of reactions.
Nucleophilic addifiol = .ucsimuamnimsssis e s
[
Niucleophilic subsBIUHON  .....cccwiaiviasiiosasissiiive (10 marks)
¥ ¥

»

[see page nine
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General Certificate of Education (Adv. Level) Examination, 2020
% Universal gas constant R = 8.314 J K~ mol™
% Avogadro constant N, = 6.022 x 10** mol™!
PART B — ESSAY
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Chemlstry 11
Answer two questions only. (Each question carries 150 marks.)

5. (@) A compound XY,Z,(g) undergoes dissociation when heated to temperatures above 300 K as given
below.

A

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm? rigid-closed container and
the temperature was raised to 480 K.

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.

. (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 1072 mol. Calculate the number of moles of XY,Z(g),
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

(iii) Calculate the equilibrium constant K, for the above reaction at 480 K.
(iv) Calculate Kp for the equilibrium at 480 K. (75 marks)
(b) 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.

(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.

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

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

(v) If the bond enthalpy of the X-Z bond in XY,Z,(g) is +250 kJ mol ™!, calculate the bond
enthalpy of the Z-Z bond. Y

(Assume that XY,Z,(g) has the structure Z—)::(—Z)

- Y
(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,(g) + Z,(g) is equal to, or higher or lower

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

(i) Write three expressions for the rate of reaction relevant to each of the compounds appearing
in the reaction.

(ii) This reaction was carried out at temperature 7 with an initial concentration of 0.10moldm™ of
N,O.(g). It was found that 40% of the initial amount was decomposed after a period of 400 s.
[. Calculate the average rate of decomposition of N,O((g) in this time interval.

II. Calculate average rates of formation of NO,(g) and O,(g).

(iii) In another experiment, initial rates were measured for this reaction at 300 K and the results
are given below.

[N,O4(g)]/ mol dm™ 0.01 0.02 0.03

Initial rate / mol dm™ s™! 6930x%x 10° | 138 x10* | 2.079x 10~

Derive the rate law for the reaction at 300 K.

(iv) Another experiment was carried out at 300 K with an initial concentration of 0.64 mol dm™

of N,O(g). It was found that the concentration of N,O,(g) which remained after a period
of 500s was 2.0 x 102 mol dm™.

I. Calculate the half-life (t,/2 ) of the reaction at 300 K.
II. Calculate the rate constant of the reaction at 300 K.

(v) This reaction proceeds through a mechanism involving the following elementary steps.
Stepl : N,O(g) = NOs(g@ + NO,(g . Fast
Step2 : NO4(g) + NO,(g) — 2NO,(g) + O(g) : Slow
Step3 : N,OJ(g) + O(g) — 2NO,(g) + O,(g) : Fast
Show that the above mechanism is consistent with the rate law of the reaction. (80 marks)
(b) An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closed
evacuated container at temperature T. After establishing the equilibrium at temperature 7', partial

pressures of A and B in the vapour phase are P, and Py, respectively. At temperature 7, the

saturated vapour pressures of A and B are }iandP; , respectively. Mole fractions of A and B
in solution are X, and Xj, respectively.

(i) Show that P, = P, X,

(Consider that the rates of vaporization and condensation are equal at equilibrium.)

(ii) In the above system at 300 K, the total pressure was 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.

[. Calculate the mole fraction of A in the liquid phase of the equilibrium mixture,
II. Calculate the vapour pressure of A in the equilibrium mixture.

(70 marks)

J
[see page eleven
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-

7. (@) (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.

Electrolytic cell Galvanic cell
A.|Oxidation half-reaction takes place at
B.|Reduction half-reaction takes place at
C.|Sign of E:eu
D.|Electron flow From .......... s From .......... £O coervecee:
E.|Spontaneity of the cell reaction

(ii) 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 @
Egro00)| 2009 | ot = ~131 V 00 BG4y = #034 V
Zn = 65 gmol™, O = 16 gmol™! and gg;g,
1 F = 96,500 C Zn EPLS
I. Write the half-reactions occurring at anode — e g:z Porous
and cathode. o8| Cathode

Il. Write the overall cell reaction.
III. Calculate the cell potential E;u at 300 K.

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

. 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.

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

C. Calculate the current passing through the cell. (75 marks)

(b) A coloured complex ion P is formed when the salt M(NO,) is dissolved in distilled water.
M is a transition element belonging to the 3d block. P undergoes the following reactions.
aq. NH, excess aq. NH,

T
o

(blue coloured precipitate) (deeply coloured solution)

-
-

I:P"] conc. HCI "
= (vellow coloured solution)

U
.
(reddish-brown precipitate)

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

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

(ii) Give the value of n in M(NO,) .

(1ii) Write the complete electronic configuration of M in complex ion P.

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

(v) Give the IUPAC names of P, R, S, T and U.

(vi) What is the colour of P?

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

II.  When the mixture obtained in I above is heated with dilute HNO, after the removal
of dissolved HZS

(viii) Briefly describe a method with the aid of balanced chemical equations for determining
the concentration of M™ present in an aqueous solution, using the following chemicals.
KI, N825203 and starch. (75 marks)

|see page twelve
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PART C — ESSAY
Answer two questions only. (Each question carries 150 marks.)

8. (a) (i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,OH
as the only organic starting compound.
Complete the reaction scheme by drawing the structures of compounds A, B, C, D, E and F
and writing the appropriate reagents for steps 1 — 7, selected only from those given in the list.

Step 1 Step 2 Step 3

CH,CH,CH,OH > A > B ———>
Step 4
Y
D
C
|4 (PH N
Step 6 Step 7
g 2ERE CH,CH,CH~CH~CH, oy 2 CH,CH,CH-CHCH,
CH, CH,
G
ist of Reagents
HBr, PBr;, pyridiniumchlorochromate (PCC),
Mg/ dry ether, KCN, conc. H,8O,, dil. H,SO, (52 marks)
(ii) Consider the following series of reactions.
Draw the structures of compounds G, H and K. Give the reagents X, Y and Z.
1. LiAIH,
HO ¥ oa 2. H'/H,0
> G > -_—>» H —> K
H,0H
Note that K gives benzyl alcohol ( ) when reacted with NaNO,/ dil. HCI.
(24 marks)

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

H, Br
Br f Br

(20 marks)
(ii) Consider the following reaction.
CH,CHCH,
O-r -
Identify the chemical substances P and Q necessary to carry out this reaction.
Write the mechanism of this reaction. (20 marks)

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

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

(iii) Draw the structure(s) of product(s) you described in the reaction in (ii) above. (34 marks)

[see page thirteen
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9. (a) (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 represent solids, precipitates, solutions

and gases. e .
dil. H,S0, 5 <> v |
g * @ L solid precipitate |
mesal P STeER colourless, E :
odourless :l:__——l O ;
dil. NaOH | solution gas |
Y + + Islrong monobasic acid I
black  pale yellow/
\ milky white )
dirty green Y

A
P~~~ 3

1
1] I
1

L} -
1 E is a compound that contains two m ®
i elements belonging to the first two ! _ dil.

| periods of the Periodic Table, § | colourless colourless, NH,OH
il e e e z il bad odour
il.
V B 1. dil. HN03 V NH40H AgNO3
dark blue reddish-brown yellow-brown white

dil. NaOH
o -4, ()

slightly acidic

turns filter paper
\L moistened with
'] Nessler's reagent brown
reddish-brown deep red

(i) Write the complete electronic configuration of A.
(iii) State the function of E in the conversion of D to F. Give the relevant balanced chemical
equations for the stated function. (75 marks)
(b) The solid X contains only Cu,S and CuS. The following procedure was used to determine the
percentage of CUZS in X.
Procedure
A 1.00 g 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
KMnO, 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 procedure.
(ii) Based on the answers to (i) above, determine the molar ratio between,
[. Cu,S and KMnO,
[I. CuS and KMnO,
III. Fe** and KMnO,
(iii) Calculate the percentage by weight of Cu,S in X. (Cu = 63.5, S = 32) (75 marks) |
[see page fourteen
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10. (a) The following questions are based on the properties of titanium dioxide (TiO,) and its manufacture
carried out by the "Chloride Process".
(i) Name the raw materials used in this process.

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

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

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

(v) Does the manufacturing process described in (ii) above contribute to global warming?
Justify your answer. (50 marks)

(b) Currently, global warming due to change in greenhouse effect is significantly greater than that
before the industrial revolution.
(i) Explain briefly what is meant by greenhouse effect.
(ii) Identify the major environmental problem that occurs due to global warming.
(iii) State two main natural gases that contribute to global warming.
(iv) Explain briefly how microorganisms contribute to the release of the gases you stated in (iii).
(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.
(vi) Select one class of compounds from the two classes you stated in (v) that contributes to the
catalytic degradation of ozone in the upper atmosphere.
(vii) The slow 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. (50 marks)

(¢) The following questions are based on the polymers given below.
"Polyvinyl chloride (PVC), Polyethylene (PE), Polystyrene (PS), Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha
(i) Draw the repeating units of four of the above polymers.
(ii) Categorize each of the above seven (7) polymers as either,
I. natural or synthetic polymers.
II. addition or condensation polymers.

(iii) Name the two monomers used in the formation of bakelite.

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

(v) Give one use each for three of the polymers given in the above list. (50 marks)

* % ¥

J
[see page fifteen
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)
The Periodic Table
1 2
1| H He
3| 4 516 17 (8 1]9]10
2 | Li| Be B|C|N/|[O |F |Ne
1|12 13 |14 |15 |16 |17 | 18
3 | Na | Mg Al [Si P |S |Cl|Ar
19120 (2122|2324 25|26 |27 28 (293031 |32 33|34 3536
4 | K|Ca|Sc | Ti|V {Cr|Mn|Fe |Co|Ni |Cu|Zn |Ga|Ge As |Se |Br [Kr
37 |38 |39 |40 | 41 |42 |43 |44 |45 |46 |47 |48 [49 |50 51 |52 |53 |54
5| Rb|Sr| Y |Zr |Nb|Mo|Tc |Ru |Rh |Pd [Ag |Cd |In [Sn [Sb |Te | I |Xe
55|56 (La-|72 |73 |74 |75 |76 |77 |78 |79 |80 |81 (82 |83 |84 |85 |86
6 |Cs|Ba|Lu|Hf | Ta|W |Re |Os|Ir | Pt |Au [Hg | TI |Pb | Bi |[Po |At |Rn
87 | 88 | Ac-| 104 (105|106 |107 | 108 [ 109 | 110 | 111 | 112 {113 |114 |115 116 |[117 |118
7 | Fr |Ra|Lr [ Rf [Db | Sg |Bh |Hs |Mt|Ds |Rg [Cn [Nh | FI [Mc |[Lv |Ts |Og |
5758596061 6263 |64 656667 |68 6970 [71]
La|Ce | Pr |[Nd |[Pm |Sm [Eu |Gd [Tb |Dy |Ho | Er |{Tm |Yb |Lu
89 190 (91 (9293 (9495 |9 [97 [98 |99 [100 101 {102 [103
Ac |Th [Pa | U |Np |Pu ({Am|Cm Bk | Cf |Es |[Fm Md |No |Lr
— J
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Common Techniques of Marking Answer Scripts.

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

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

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

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

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

Example: Question No. 03

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

(i) 4 e ) -3 457 o o8 o

MCQ answer scripts: (Template)

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

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

3. Place the template on the answer script correctly. Mark the right answers with a 'V' and the
wrong answers with a 'X' against the options column. Write down the number of correct
answers inside the cage given under each column. Then, add those numbers and write the
number of correct answers in the relevant cage.
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structured essay type and assay type answer scripts:

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

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

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

4. Add the total carefully and write in the relevant cage on the front page. Turn pages of answer
script and add all the marks given for all answers again. Check whether that total tallies with
the total marks written on the front page.

Preparation of Mark Sheets.

Except for the subjects with a single question paper, final marks of two papers will not be
calculated within the evaluation board this time. Therefore, add separate mark sheets for each of the
guestion paper. Write paper 01 marks in the paper 01 column of the mark sheet and write them in
words too. Write paper Il Marks in the paper Il Column and wright the relevant details. For the subject
51 Art, marks for Papers 01, 02 and 03 should be entered numerically in the mark sheets.

k&
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(Instructions:

®  Periodic Table is provided.

% This paper consists of 99 pages.

#  Answer all the questions.”

# Use of ealcudators is not allowed.

% Write your Index Number in the space provided in the answer sheet.

% Follow the instructions given on the back of the answer sheet carefully.

% dn eack of the questions 1 to 50, .pick one of the akemrwe.s Jrom (1), (2), (3), (4), (5) which is correct
or most appropriate and mark your response on the answer sheet with a cross (%) in accordauce

\ with the instructions given on the back of the answer sheel. " )
Universal gas constant R = 8314 JK' mol™! © . Planck’s constant k = 6.626 x 10‘3415

Avogadro constant N, = 6022 X 1033 moi"i Veloczty of llght c=3x 10 ms

1. Consider the following dismvmes

s Posifive rays inside o cathiode
II. Radioactivity by cerfain types of nuclei

The two scientists who discovered the above statcd I and I respr:cnvely, 5

(1) J.J.Thomson and Henry Becquerel '

(2) Eugen Goldstein and Robert: Millikan

(3) Hemry Becquerel and Eugen Goldstein

(4) J1.J.Thomson and Ernest Rutherford < =

(5) Eugen Goldstein and Henry Becquerel

0 the atomlc structure

2, The number of electrons in the manganese atom (Mn, Z = 25) that have quantum numbets
{=0and m = -1 respectively are,
(1) 6 and 4 (2) 8 and 12 (3) 8and § (4) 8 and 6 (5) 10 and 5

3. M is an element that belongs to the second period in the Periodic Table. It forms a covalent mol-
ecule MICI, which has a dipole moment. The group of the Periodic Table to which M belongs is,
(n 2 2y 13 (3) 14 4) 15 5) 16

- 4. The number of unstable Lewis dot- das“h structures that can be” drawn for the' peroxynitric acid
molecule (formula HNO Hmtjmgmg.,ﬁ_ ) is,

(H 1 2 2 3 3 4) 4 ' ®) 5

5. The TUPAC name of the given compound is,
(1) 1-bromo-4-methyl-5-hydroxypent-1-en-3-one
(2) 5-bromo-I-hydroxy-2-methylpent-4-en-3-one
(3) 1-bromo-5-hydroxy-4-methylpent-1-en-3-one
{4) 5-bromo-2-methyl-3-oxopent-4-en-1-ol
(5) 1-bromo-4-methyl-3-oxopent-1-enocl

HO—CH,—CH -—({3——CH=CH—’-BI

[See nade two
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6. The decreasing order of radii of the species O, 0%, F, F, S§*, CI is,
(D 8 > CI's 0¥ F 570 > F
@ s> s s F S ES0O
B A 5 8> Ol » Ox F
@Ca>s>F > 0> 0>F
() ¥ > O > O 540> F's F
7. A rigid-closed container contains n, moles of an ideal gas at temperature 7,(K) and pressure P,(Pa).

When an additional amount of the gas was inserted into the container, the new temperature and
pres‘;ure were T, and Py, respectwely The total number of moles of the £as now in the container is,

1 2) L.Z_ (3) 2 {5)

(I) I 1 2 2 (4) 1T2 l 21
n, oy " T 3

8. The total number of electrons exchanged in the reaction of the oxidation of ethanol (C,H,OH)
to acetic acid (CH,COOH) using acidic K,Cr,0, solution is,
(1) 6 2) 8 5= By 0 s 4) 12 S Y -]

9. Which compound of the following, can undcrgo aldol condensanon, when' reacted with aqueous
NaOH?

() CH3@~OH @) CHE—OCHﬁ- (3) H—E—_OCHB “ CH:;CHEWH ) (CEI3)3Ci;f~»H

10. AX(s),A,Y(s) and AZ(s) are sparingly soluble salts in water having K, , values of 1.6 x 10,32 x 107" and
9.0 % 10712, respectively at 25 °C. Which of the following shows the order of thie three saturated solutions
of these salts in decreasing concentration of cation A*(aq) ,at 25°C?

(1) AX(s) > AY(s) > ALs)
(2) AY(s) > AX(s) AZ(s)
(3) AX(s) > AZ(s) > AZY(S)
4) AY(s) > AZ(s) > AX(s)
(5) AZs) > ANY(s) > AX(s)

Vv

11. Consider the following compounds.

CH,CH,CH,CH,CH,CH, mx_qﬂrruch-rﬂ CH,CH,CH,CH,CHO C}{SiCHO CH,CH,CH,CH,CH,0H

X W B R e D E
Relative: 86 i - B6 86 86 88
molecular
mass

Variation of boiling points of these compounds is best shown by,

- B b LY - A CENE—
e SEENENY B.P 1A 1 Be Ll oepl || bl
4/ A W i /
/ AN /N AN T . AL
£ N
ABCDE ABCDE ABCDE >  ABCDE® ABCDE
() 2 ) (@) %)

|See page three
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12. The increasing order of covalent character of the chemical species NaCl, Na,S, KF and KCl is,
(1) KF < NaCl < KCI < NaS

(2) KCl < NaCl < KF < Na S
(3) KF < KC < NaCl »Nazs
(4) Na,S < NaCl < KC < KF
(5) KF < Na,§ < NaCl < KCI

13. Standard combustion enthalpies of H,(g), (‘(s) and (‘H LOH(/) at 298 K are 286 kJ mol™ t, 393 kJ mol™!
and -726 kJ mol™, respectively. Enthalpy of vaporization of CH,OH()) is +37 kJ mol“‘ Enthalpy of
formation (kJ mol ™) of one mole of gaseous CH,OH at 298 Kis, _
(1) 2276 2y -239 (3) -202 4) +84 (5) +202
14. Phosphorous can be prepared in an electric furnace as given by the following balanced chemical
equation.
2Ca, (PO, + 6 Si0+ 10C — 6 CaSiO; + 10CO+ P,

When 620 g of Cay(PO,),, 180 g of Si0, and 96 g of C were reacwd 50 g of P, were obtained, Under
these conditions, the limiting reagent (reagent that is completely consumed) and percentage yield of P,
respectively are, (C=12,0=16,8i=28,P=31,Ca=40) :

(1) Ca,(PO,),and 80.7% (2) 8iO,and 80.7% (3) Cand 504%
(4) SiO,and 40.3% (%) Cand 25.2% :

15. Consider the following two equﬂibna cccurring in two separate rigid-closed containers under the
same conditions.

Nyg) +3H,(8) = 2NH,(p) : Kp =3.0x10%
‘NH,(g).+ H,S() = NH4HS£g), Kp, =80x107
Under these conditions K for the- eqml:bnum 2H,S(g) + Nz(g) + 3H2(g) =2 NH HS(g) is,
() 576x 102 (2) 7.2x 079 @3) 192%10®  (4) 340x10°° (5) 3.75 %107

16. Consider the nitration reaction of bromobenzene. Resonance stabilized carbocation intermediates
are formed during this reaction. Which ofmr the following is not a resonance structure of these

intermediates?
Br Br “HBr B Br Br
8 H 3} G3) + NO, (4 H G5) |
NO, \ . NO, |

“H No, | i H NO,

17. A reaction which is non-spontaneous at room temperature and 1 atm pressﬁ’rc' becomes spontaneous at
high temperature at the same pressure. Which of the following is correct for this reaction at room
temperature? (Assume that AH and AS do not change with temperature and pressure.)

AG AH AS
(1) Positive Positive Positive
(2) Positive Negative  Negative
(3) Positive Negative  Positive

(4) Negative | Positive  Negative
(5) Negative = Negative Negative

18. The de Broglie wavelength of a neutron travelling with a velocity v is A . If the kinetic energy
E (E = Lmv?) of this neutron is increased four times, the new de Broglie wavelength would be,

(1) % 8 @) ‘ff (3) 22 @ 41 (5) 164
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19. Which of the following corfeéﬂj( shows the electrolytic cell constructed for the electrolysis of
an aqueous solution of the salt MX? :

¥

) - 2 T _ (3)
anode + — cathode anbde + = cathode anode ~

(5)
anode — 4+ cathode anode

20. Which of the following statements is correct regardmg the reaction between a carboxylic acid and
an alcohol to give an ester?
(1) The overall reaction is a nucleophilic addition rcact!on of a carbonyl compcund
(2) 1t is a reaction in which the alcohol acts as a nuc!eophlie
(3) It is a reaction which occurs with the cleavage of the O—H bond of the carboxylic acid.
(4) It is a reaction which occurs with the c!eavage of the C—O bond of the alcohol.
(5) Tt is: an acid-base reaction. J

4 cathode

cathode

21. Decomposition of | mol of CH, OH(!) occurs at high temperatures as fol!ows

CH,OH() CO(E) + 2H (g); AH = +128KJ

Which of the fo!lowmg is mcm‘re(:t for 1he above rcaction’? (H 1, C= 12 L !6)

(1) The heat absorbed ‘when lmol of CH, OH(g) is deoomposcd is less ihdﬂ 128 kJ.

(2) Enthalpy of CO(g) + 2H,(g) is higher than the enthalpy of CH,OH().

(3) 128 kI of heat is released when 1 mol of CO(g) is formed.

(4) 128 kI of heat is absorbed during the decomp(}siiio"' of ‘a mole of ‘reactant.

&) 128 kJ of heat is absorbed when 32 g of products are formed.

22. Identify the incorrect statement from the following.
(1) Electron gain energy of nitrogen [N(g)] is positive.
(2) Dilution of BiCly(aq) solution with water gives a white pre‘éi-pithte.
(3) H,S gas can act both as an oxidizing agent and a reducing agent.
(4) The effective nuclear charge (Z*) felt by a valence electron in He is less than 2.
(5) Aiummmm 13 mert towards N, gas even when hf,ated o a hlgh temPcmture
23. The concentration of a dilute aqueous solutlon of a weak acid ‘HA is € mol.dm™ and its. ac}d
dissociation constant is K at 298 K, Which of the following cxprcssmns gives the pH of the
solution at 298 K?

(n pH=-2—pKa—'5|ogc
N I, |
(2) pH=~5pKa— 7logC
I 1
3) p m‘EPKa"' ElogC

' 1
@) pH=~3pKa— 7 log(1/C)

) pH= %pk’a - %Iog(UC)
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24. The strength of a H,O, solution can be expressed as the volume of O, produced at standard
temperature and pressure (STP). For example, a litre of 20 volume stmngth H,0, solution will
produce 20 litres of O, gas at STP (2 Hzoz(aq) — 2H ,O() +0,(g)). (Assume that [molc of gas
has 224 litres volume at STP)

A bottle labelled X contains H,0, soluuon When 250cm® of solution X was titrated with
1.0 mol dm™ KMnO, in the presence of dilute H,SO, the volume required to reach the end point
was 250 ca®. The volame strength of solution Xis,

(H 15 2y 20 3 25 4) 28 (5) 30

25. M(OH}E(S) is a sparingly water soluble salt formed by the reaction between M?*(aq) and
OH (aq) ions at 298 K. The solubility (mol dm™) of M(OH),(s) in water at pH = 5 is,

Kpmom, = 40 % 107 at 298 K).
M J2x1o® (2) 2x 10718 3) 1x10"13 @ Yo 6) 1x1071?

26. Which of the following oorrectiy denotes the standard galvanic: oell constructed by using a standard
hydrogen electrode, a standard Mg-electrode and a salt-bridge at 298 K?
(1) Mg(s) | Mg (aq, 1.00 mol dm>) || H* (aq, 1.00 mol dm™) | Hy(®) | Pt(s)
(2) Pi(s) | Hy(g) | H*(aq, 1.00 mol dm)|| Mg?* (aq, 1.00 mol dm>) | Mg(s)
(3) Mg(s), Mg* (aq, 1.00 mol dm) || H*(aq, 1.00 mol dm™) | H,(@)| Pt(s)
(4) Mg(s) | Mg** (aq, 1.00 mol dm™), H'(aq, 1.00 mol dm™), Hg) | Pt(s)
(5) Pi(s). H,(g) | H'(aq, 1.00 mol dm®) || Mg?* (aq, 1.00 mol dm™), Mg(s)
27. The following procedure was carried out at 298 K to determine the distribution coefﬁc:ent KD of a
monobasic organic acid between dichloromethane and watcr 50.00 em® of a 0.20 mol dm™ aqueous
. solution of acid were mixed vigorously with 1000 cm of dichloromethane and the two layers
- were allowed toseparate. Thereafter, the dichforomethane ‘layerin-the-bottom of the flask was
drained out. 10.00 em® of 0.02 mol dm™ NaOH(aq) solution were rtequired to neutralize the acid
remaining in the aqueous layer. (Assume that the acid does pot dimerize in the organic phase.)
[, of the acid between dichloromethane and water at 298 K is, :
(1) 0.05 (2) 025 (3) 400 + (4 12000 o (5) 245.00
28. A reaction C,H(g) + 30,g) — 2(202{3)‘”%’-‘2}[-2'0(@)- occurs in 4 rigid-closed container at a
given temperature. After a certain time, it was found that the rate of the reaction with respect to
consumption of C,H(g) was x mol (:lm"3 s7'. Which of the following shows the rates of consumption
of O,(g), iormanon ot (‘()2(g) and formation of H, O(g) respectively, during that time? '

rate/ mol dm™
0,8) COL®) H‘p(g)
v N W %
(2} X X X
X X X
&y 2 2
@, £ F +
(5 3x 2x 2x

29. Consider the foi[owirig- reaction occurring in a rigid-closed container at temperature T.
M(g) + Q@@ — R(g) + ZUg) _ T
The rate of reaction doubled when the concentration of M was doubled. The rate of reaction is
5.00 x 10*mol dm™ s" when the concentrations of M and Q are 1.0 x 10 mol dm™ and 2.0 mol dm™
rcspccuvcly. The rate constant of the reaction under these conditions is,

(1) 25x10%s (2) 12557 @ 2557 (@) 505" (5 500s”
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30. Consider the following reaction scheme.

: H
ClL,/AICI 1. LiAIH,
S Fiia 1
Sz e TR SRR

—

P and Q respectively could be,

O.H HO OH OCl | H?'Cl
3008 JREE % T
1 | Cl
@ éOL‘: &‘ 5) [’502}1 N (S’ZOH
and and

@ For each of the questions 31 to 40, one or more responses out of the four responses (@), (b),
(¢) and (d) given isfare correct. Select the correct response/responses. In accordance with the
instructions given on. your answer sheet, mark

(1) " if only (a) and (b) are correct.
(2) if ‘only (b) and (c) are correct.
(3) if only (c) and (d) are correct.
(4) if only (d) and (a) are correct.
(5) if any other numbe,r or combination of responses is correct.

Summary of above Instructions

E 15 @ 3) | Tl P %)
nd (i A g v o s ~Any other number or
| b [ d(a) |-
Only () R0y O ) aniligt 200 S?}_and (d) Sty hdyai @) combination of responses
are correct arg correct are correct are correct is cofrect

131. Which of the following statement/s isfare correct with regard to 3d-block elements and their
compounds?

(@) Among the 3d-block clements, Sc is not considered as a transition element.

(b) The radii of atoms (Sc to Cu) decrease from left to right.

(c) i_Ni(NH3)6]2+ is blue in colour whereas {zn(NH3_)4]2* is colourless.

() The IUPAC name of .lgNiCl is dipotassium tetrachloronickelate(II).

32. Which statement/s is/are correct re'gardin_g the following molecule?

I
H— (iIP—OQ— CECS_(I:Tg ()U
H H

v
(a) Atoms Iabelled P, Q, R and S lie on a straight line.
(b) Atoms labelled Q, R, S and T lie on a straight line.
(¢) Atoms labelled R, S, T, U and V lie on the same plane.
(d) Atoms labelled R, S, T and U lic on a straight line.

33. 0.01 moles of Ny(g), 0.10 moles of H,(g) and 0.40 moles of NH,(g) were inserted into a 1.0 dm’?
rigid-closed container and allowed to reach equilibrium at 500 K as given below.

Ny(g) +3H,(g) = 2NH(g)  K=20x 10°mol™ dm° :

Which of the following statement/s isfare correct for the changes in the system from" the initial”
stage lo equilibrium? Q. is the reaction quotient.
(@) Initially Q> K NH:;(g) starts to produce N,(g) and H,(g) and the system reaches equilibrium.
(b) Initially Q< K3 NH,(g) starts to pfoducc N,(g) and H,(g) and the system reaches equilibrium.
(¢) Initially Q< K No(8) and Hz(g) react to form NH,(g) and the system reaches eqm!tbnum
(d) Mitially Q> Kg; N,(g) and Hﬁ(g) react to form NH,(g) and the system reaches equilibrium.

ISee page seven
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34. Which of the following statement/s regarding the reaction between compound P and HCI to form.
an alkyl halide is/are correct?
(.Hg(?H-C/

T .3
(@) The major product is 2-chloro-2- methylbutane
(b) A secondary carbocation is formed as an mtermedmtc in this reactton
{(¢) In one of the steps of the reaction, the HCI bond is cleaved to give a chlorine radical (CI').
(d) In one of the steps of the reaction, a nucleophile reacts with a carbocation.

35. A binary liquid mixture prepared by mixing two liquids in a closed evacuated container at a given
temperature shows a negative deviation from Roult’s Law. Which of the followmg statcmenb’s
isfare correct for this system?

(@) Total vapour pressure of the mixture is less than the expected total vapour pressure should
it behave as an ideal mixture.

() Heat is released when the mixture is formed.

(¢) Number of molecules in the vapour phase of the mixture is greater than the expectﬂd number
of molecules should it behave as an ideal mixture.

(d) Heat is absorbed when the mixture is formed.

36. Which of the following statement/s is/are correct with regard to CFC, HCFC and HFC?
(a) Both classes of compounds CFC and HCFC have the ability to produce chlorine free radicals
in the upper atmosphere (stratosphere).
(b) Both classes of compounds HFC and HCFC have the ability to produce chlorine free radicals
in the upper atmosphere (stratosphere). '
{(¢) All three classes of compounds CFC, HCFC and HFC are strong greenhouse gases.
(d) All three classes of f.ompounds CFC, HCFC and HFC contribute significantly to ozone layer
. ::defp]etloﬂw N T T b & e ) :
37. Which of the following stau,mentfs isfare correct with regard 10 halogens nabie gases and their
compounds?
(@) Hypochlorous ion disproportionates rapidly in acidic solutions.
(b) Xe forms a series of compounds with_ F, gas, among which XeF has a square planar geometry.
(c) Among the hydrogen halides, HF has the highest bond dtssoczatton energy per mole.
(d) Boiling points of halogens increase down the group as a result of increasing strength of
London forces.

38. Which.of the follnwmg statement/s is/are correct rcgardmg the Daniell cell when it opemtcs at room
temperature? (E g +1.10 V)

(@) Net c!wtron ﬁnw oceurs from Zn to Cu. < i

(b) The equilibrium Zn**(aq) + 2¢ == Zn(s) shifts to £he nght

(¢) A liquid-junction potential is created due to the presence of a salt-bridge.
(d) The equilibrium Cu*(aq) + 2¢ == Cu(s) shifts to the right.

39. Which of the following statement/s is/are correct for ideal gases and real gases at constant tempexature‘? _
U (@) At very high pressures, the volume of a real gas is higher than that ‘of an ideal gas.

(b) At high pressures, real gases tend to behave as ideal gases.

(¢) At very high pressures, the volume of a real gas is lower than that of an ideal gas.

(d) At low pressures, real gases tend to behave as ideal gases.

40. Which of the following statement/s is/are correct regarding some industrial ‘processes?
(@) The first two steps involved in the manufacture of Na,CO, by Solvay Process are endothermic.

(b) The presence of Mg, Ca** and so ions in brine, hinders the production of NaOH- using
the membrane cell method.

(¢) The first step involved in the manufacture of nitric acid by Ostwald method is the oxidation
of NH, gas using O, in air in the presence of a catalyst to give NO, gas.

(d) High temperature and low pressure conditions are employed in the manufacture of NH, gas
using Haber-Bosh process.

[Qpe naoe eioht
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@ In question Nos. 41 to 50, two statements are given in respect of each question.

41,

42.

43,

44,

45,

47.

48.

49.

50.

From the Table given below, select the response, out of the responses (1), (2), (3), (4) and (5),
that best fits the two statements and mark appropriately on your answer sheet.

Response | First Statement | . Second Statement
(1) True True, and correctly explains the first statement _
(2) True ‘| True, -but does not explain the first statement correctly
(3) “True False
(4) False True
(5) False False
First Statement Second statement

Among the oxides of Cr and Mn, CrO and MnQO
are acidic, while Cr()3 and M“zo-; are basic.

The acidid/basic nature of the oxides of Cr

and Mn is dependant on the oxidation number
of the metal.

An acidic buffer solution can be prepzired by
mixing a weak acid HA(ag) with its sodium
salt NaA(aq).

When OH (ag) or H (aq) ions are added to a
buffer solution, the added amounts of OH (aq) or
H'(aq) ions are removed through the reactions;
OH (aq) + HA(aq) — A'(aq) + H,0() and
H'Gaq) -+ A(aq) — HA(aq) respectively.

Essential oils can be extracted from plants by
steam distillation at a temperature below 100 °C.

At the temperature at which a mixture of essential

oil and water boils, the total vapour pressure of
the system is less than the atmospheric pressure.

/At a given temperature and pressure the molar
volumes of two different ideal gases are different
from each other,

volume of an ideal gas is 22.4 dm® mol™.

At 0 °C temperature and 1 atm pressure, the molar

All compounds having a C=C bond" show
diastercoisomerism.

Any two isomers which are not mirror images
of each other are diastereoisomers.

Hydrogenation of benzene is more difficult than
hydrogenation of alkenes.

Addition of hydrogen to benzene results in
the loss of aromatic stabilization.

The reaction that takes place between SO, gas
and water in the production of sulphuric acid
is endothermic.

SO, gas. reacts . with concen&éted H,S0, to give
oleum. ;

Reaction between ammonia and an alkylhalide
gives a mixture of primary, secondary and tertiary
amines and a quaternary ammonium salt.

Primary, secondary and tertiary amines can react
as nucleophiles.

If P+Q—R is a first order reaction with
respect to the reactant P, the graph of rate
against concentration of P gives a straight line
passing through the origin.

Initial rate of a first order reaction is independent
of the concentration of reactant(s).

¥

On a sunny day, strong photochemical smog can
be seen in a city with heavy traffic congestion..

Photochemical smog is caused entirely by

scattering of solar radiation by small particles
and water droplets that are emitted by vehicle
exhaust systems.

* %

#

ISee nace nine
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PART A — STRUCTURED ESSAY
Answer all four questions on this paper itself. (Each question carries 10 marks.)

L. (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 Mg2*
radius?
(ii) Of the three elements C,N and O, which one has the highest second
ionization energy? SR © S
(iii) Of the three compounds H,0, HOCI and OF,, which one has the most F
clectronegative oxygen atom? e Oz ......

(iv) Of the three elements Be, C and N, which one will liberate energy when
an electron is added to its atom [Y(g) + ¢ = Y (g); Y = Be,C, NJ in the C
gascous state?

(v) OFf the three ionic compounds NaF, KF and KBr, which one has
o KF or KBr

the highest solubility in watee'? LAl
(vi) Of the three compounds HCHO, CH,F and H,0,, which one has the
strongest intermolecular forces? O - .0 S
(04 marks X 6 = 24)

1(a): 24 marks

(h) (i) Draw the most acceptable Lewis structure for the ion, Nzof‘. Its skeleton is given

below,
) s '..'9
O—N—N—0 el
E:E' ; N—nN—0  (06)

-

(ii) Draw three more Lewis structures (resonance structures) for this ion. Indicate the relative
stabilities of the structures drawn by you, when compared with the most acceptable structure
drawn in (i) above, by writing 'less stable' or ‘unstable’ under these structures.

o 0
Ui 0 e i
{less stable) (01) {(unstable) {01)

|

Mo N
eo— "--m}?---—-:(:::@ (02)
{unstable) (07)

(iii) Complete the given table based on the Lewis structure and its labelled skeleton given

below.
0P o
e [ —=N—0C—C==N Cl——NL—NZ—0%—C*=—N

° N? N2 o’ ct
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 (jii) above. Labelling of atoms
is as in part (iii).

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

. 0—N'  a ....300R sp? NU SR,

. N—o N ..% o . 2POR

ML N—N? N!0 P2, N LSPP

IV. NN—OQ" N2 a2 0% S

V. 08—t P i = R G R

VI C*—N c sp N 2p OR sp (01 X12=12)

(v) Identify the atomic orbitals involved in the formation of 7z bonds between the two atoms given

below. ’ . 5

LON—N2 N LN N2 ek s A
. C*—N O . S N N

R N e O (01 X 6 = 06)

(vi) State the approximate bond angles around N', N2, O* and C* atoms.
NLI20CAT TR 11D0 A8 e IDAS kT ¢ 180 21

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

(01 X 4 = 04)
(vii) Arrange the atoms N!, N2, 0% and C*in the increasing order of electronegativity.

e NZ... < ..N.L.. < LG9 . (03)

1(b): 56 marks

(¢) Consider the following information.

I. The atoms A and B combine to form a heterodiatomic 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

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

dyp= Tyt p—cXg—-X,)

r = atomic radius, ¢ = 9pm

Note: d and r are measured in picometres (pm). (I pm = 10~2m)
Based on the above information, answer the following questions.

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

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

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

(iii) Write the equation to calculate the dipole moment (1) of molecule AB and show its
direction.

—> _'_.p
p=daex8 OR p=qr, A—B OR A—B (01 + 01)
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(iv) Calculate the percentage of ionic character of the H-F bond in the HF molecule using
the data given below,

Inter-nuclear distance of H, (d u-p) = 74pm Electronegativity of F = 4.0
Inter-nuclear distance of F, (dp_) =144 pm Dipole moment of HF = 6.0% 10° Cm

Electronegalivity of H =2.1 " Charge of an clectron = 1.6x 10~17C
p =durx38, HF—F%
=gdp =74 =37pm (02)
2 2
rr=drz = 144 =72pm (02)
2 2
Therefore, dur = 37 + 72 -9(4.0-2.1) (01)
=109-9x1.9
= 91.9 pm (02)
= duF X 8, 6.0 x10%® Cm =38x 91.9x10" m (01)
8= 6.0 x10% =065x10"° (02)
91.9x 102
% lonic character = 0.65 x 10'® x 100 (01)
1.6 x 1071®
= 40.6% (01)
OR
tH=dw =74 =37pm (02)
2 2
I“F=QF_2' = 144 =?2pm (02)
2 2
Therefore, dwe = 37 + 72 -9(4.0-2.1) (01)
=109-9x1.9
=91.9 pm (02)
Rionic = 168x10"C x 91.9x102 m (03)
= 147.04 x10® Cm
% lonic character = 6 x 10 x 100 (01)
147.04x 1077
= 40.8% (01

2. {@) A, B, C and B are chlorides of p-block elements. These elemems have atomic numbers less
than 20. A description of the products (Py—Py) formed when A is reacted with a limived
amount of water and B, C and I are reacted with excess water are given below.

Compouand Description of products

¥, |a compound with a covalent network structure

P, |a strong monobasic acid

1 P, |a gas that turns red litmus blue

& ¥, |a compound with bleaching properties

P, |a tribasie acid

Py |a strong monobasic acid

1 75 la gas that tuems acidic KMnO,;, solution colourfess

D Py |a colloidal solid :

P, |a strong monobasic acid

(i) Identify A, B, C and D (give the chemical formulas).

A

B

(if) Give balanced chemical equations for the reactions of A, B, C and D with water to

..... NGh...*...3H0...=...NHa. .. (P3).. . .3HOCL (Pa).....oorviririeiriierescrrenneenns A05)
censPCI5,, L L 4HRQ, L 2 HaPOA (Ps), +  BHCL L (P8, i iiivies e si s nreenanns (05)
e s28Ch L A 2H20. 20802, AP b S (Pe)... . AHCL (Pa)yvvreeiivirienns (05)

Note: Award marks if correct balanced equations are given.
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(i) Write balanced chemical equations for the following reactions.

I. P, with NaOH(aq)

Si0» + 2NaOH — +NazSi0s + Hz0 © o (04)
------------------------- q.‘v.{zrlnl-|-|¢t|t;t'--u'-|-.--x;-----n’loa!clu!u-ll-‘lll'liDlll"i'l”"*'*""'

I1. P, with Mg \
3Mg + 2NHs — MgsN2 + 3H2 (04)

i1, P‘I with acidic KQCQOT'
3(80z2 + 2H20 T = 804 + 4H*+2e)
Cr2072 + 14H*+6e —  2Cr** + TH20
3802 + Cr207%+2H* — 2Cr3** + 3S04 + H20 (06)

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

2(a): 50 marks

(5) A student is provided with bottles labelled P, Q, R, 8, T and U. containing aqueous solutions
of Al(SO,),. H,80,, Na,8,0,, BaCl,, Pb(Ac), and KOH  (not in order). Some useful
ohservations for their identification on mixing two solutions at a time are given below.
(Ac - Acetate ion)

Solutions mixed Observations
1 CT+R a clear colourless solution
11 P+ R a white precipitate
15X T+8S a gelatinous white precipitate
1V U+R a white precipitate
v P+Q a white precipitate, turns black on heating
VI P+U a white precipitate, dissolves on heating
(i) Identify ¥ to U.
p: Pb(AC)2 Q: Naz820s . R; . H280s .
s: MS043 OR KOH .y, KOH OR  Al(SOd)s - -z BaCle ..
: b4 : A (05 X 6 =30)
(i) Give balanced chemical equations for each of the reactions I to VI.
L 2KOH ...+  HaSOs . KaSOas .. +..2H0  OR (03)
AlA(SQ4)s.. .+ H2804 = No reaction
I Pb(AGl2.. * . H2SQ4 . —  PbSOsl . *  2HAC (03)
OL. 8KOH ... * . Al(SO4)s — . 2AIOH)a L + . 3K2S04 (03)
IV. BaClo ... % H2S0s . > BaSOQusl _ +  2HCI (03)
V. Formation of white ppt
Pb(Ac)a ... N22S20s— PbS20s|. + 2NaAc (03)
Turning black on heating
PbS:0s + H20 — PbS| + H2S04 (02)
VL. Pb(Ac)z .+ . BaClz — PbCll *+  Ba(Ac)h ... (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 salt 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)
ions present in this saturated aqueous solution was found to be 2.0 x 10 mol.

(i) Write the equilibrium related to the dissolution of AB,(S) in the above system at 25 °C.
ABy(s) = A**(aq) + 2B~(aq) - (05)

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

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

Ko = [4%* (aq)][B~ (aq)]? (05)
K¢ = [A**(aq)](B (aq)])® . _—
[ABs(s)] Note: If only K. is given award (03 marks)
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(iii) Calculate the value of the equilibrium constant stated in (ii) above at 25°C.

[4%*(aq)] = 2.0 x 10”*mol dm (04+01)
[B~(aq)] = 2[A4**(aq)] = 4.0 x 10°mol dm™ (04+01)
Ksp = 2.0 x 10°mol dm™x (4.0 x 10”*mol dm™)? (05)
Ky, = 3.2 x 10*moP dm" (05)

(iv) Another saturated aqueous solution of AB, was prepared by shm‘ng an exeess amount
of AB,(s) in 2.0dm® of distilled ‘water “at 'ZS"C Qiving reasons, predict the value of
the ethtxﬁum constant for r.h:s sya.te:m

Kgp = 3.2 x 10® mol® dm?® (05)
Kspis a constant at constant temperature (05)
and does not depends on the volume (05)

(v) A small amount of the strong electrolyte NaB(s) is addeéd to a $aturated aqueous solution
of AB, at 25°C. Giving recasons, predict whether the concentration of A?*(aq) is increased
or decreased.

Common-ion B(aq) is added (05)
. More ABy(s) is formed to keep the K, constant or reverse reaction takes place (05)
[4%**(aq)] decreases (05)

3(a): 60 marks

{(5) In an aqueous solution, propanoic acid (C,H COOH) ionizes as given below.
CoH OO0 ag) + HOW0) = CH.COO(ag) + H,O%(aq)
At 25 °C, X (propancic acid) = 1.0 x 105
(i) Write the expression for the equilibrium constant for the above reaction at 25°C.

g [C2Hs€00™ (aq)][H; 0% (aq)]
s

[c2H5C00H (aq)] (05)
(ii) 1000 cm"’ of an aqueous solution of CH.COOH(aq) was prepared by dissolving
074 cm® of C,H, COOH in distilled water at 25 °C. Caleulate the pH of the solution at 25 *C.
(C=12; O=16; H=1; consider the density of Cz}l,,COOH as 1.0 gem™)
mass of C;HsCOOH(aq) = 0.74 em®x 1.00 gem?=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(aq) + H20(l) = C,HsCOO(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 (05)
_ [GHsC00™ (aq)l[H30™(aq)] _ _xx  _ -5
K, = [czHsco0H (aq)] T o010-x 1.0 x10 (02)
010—10)(10"5 (010 —x ~0.1) (03)
x? =1.0 x10°6
x =1.0x10"% moldm™ = H;0%aq)] (05)
pH = -log [H30*(aq)] =1.0 x1073 (05)
pH =3.0 (05)

_ [€2H5€00™ (aq)][H50* (ag)]
[c2HsCOOH (aq)]

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

Award marks appropriately.
ROy | 3(b): 40 marks
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4. (¢) A, B, C and D are structural isomers having the molecular formula CgH,,. Nonc of them show
optical isomerism. All four isomers, A, B, C and D when treated with HgS8O,/dil. H,S0, give
products which react with 24-dinitrophenylhydrazine (2,4-DNP) to give coloured precipitates.
Only A gives a precipitate with ammonical AgNO,. A has only one position isomer, which is B.
B is a chain isomer of C. C reacts with HgS8O,/dil. H,SO, to give two products E and F.
D reacts with HgSO,/dil. H,80, to give only one product, which is E.

(i) Draw the structures of A, B, C, D, E and F in the boxes given below.

GHs CH, CHaCH,CH,C=CCH;
CH3;CHCH,C=CH CH3CHC=CCH;

A B C

— 1l
CH;CH,C=CCH,CH, (;Hs{_;|.|2(;|-{2‘|'_!,C}.|2c;|.f3 CH4CH,CH,CH,CCH;,

D B F (06 x 6 = 36)

(ii) Which of the compounds A, B, C and D gives a product that docs not show diastereoisomerism
when reacted separately with H, / Pd-BaSQO, / quinoline?

CHj

|
CH3CHCH,C=CH (05)

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

(iii) Draw, in the box given below, the structure of the product G obtained when A is
reacted with excess HBr,

gy B
CH30HCH29“CH3
Br

G (05)

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

OH N‘dBH‘: K 1. CZHSMgBr OH
4‘ I
CHaCH,CH,CHCHCH; |~ Methanol 2. H7H,0 CH3CH,CH;GCHCHy
CH;CH3
X Y
Name a test to distinguish between X and Y. (05x2=10)

Lucas test or
anh. ZnClz/ conc. HCl or
H*/ KszzO? or

H*/KMnOs4
(04)

4(a): 60 marks

ZE|
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Sequence 1:

CH,CH=CCH, P CH,CH-—CHCH, i o
s (Reaction 1) Br CH, (Reaction 1)
QECCH3
HBr/Peroxides CH3CHCHCH3
v
CHy
P K
Sequence 2: HO H,
Zn(Hg)/cone HCI Q HCN -
(Reaction 1) (Reaction 1V) ocH, (Reaction V)
CH; (i
CH4COCI/AICI, @
HO-CCH,
eN
L Q M

Sequence 3:
R

CH,CH, (=0 - CHacrgimN—Q
H3

CH, (Reaction V1)

CgHsNH2

R

Compounds/reagents (05 x 6 = 30)

(ii) Selecting from the reactions I- VI, give one (01) example for each of the following
types of reactions.

Nucleophilic addition ... Reaction V.. i

Nucleophilic substitution ... 0 e ecee e

Reactions (05 x 2 =10)

4(b): 40 marks
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PART B — ESSAY

5. (@) A compound XY,Z,(g) undergoes dissociation when heated to temperatures above 300 K as given
below. '

XY,Z,(®) = XY,(@) + Z,(8)

A sample of 7.5 g of XY,Z,(g) was placed in an evacuated 1.00 dm? rigid-closed container and
the temperature was raised to 480 K.

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.
7.5 g/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 1072 mol. Calculate the number of moles of XY,Z,(2),
XY,(g) and Z,(g) in the equilibrium mixture at 480 K.

XY2Z:(g) = XY2g) + Zap)

Initial 0.05 0 0 mol dm 05)
Change -X x x mol dm™

At egm 0.05-x x x mol dm™ (05)
Total number of moles = 0.05+x = 7.5 x 102 mol (05)
x =2.5x102mol (05)
XYa(g) = Za(g) = 2.5 x 102 mol (05)
XY2Z2(g) = 5.0 x 102mol -2.5x% 10%mol= 2.5 x 102mol (05)

5(a) (ii): 30 marks

(iii) Calculate the equilibrium constant Kc for the above reaction at 480 K.

= Xn@ iz
Ke = [XY2Z,(g)] (05)
Concentration = 2.5 x10™2 mol dm™3 (05)

25 x107 2 moldm™ x 2.5 x10”"2 mol dm™3
2.5 x1072 mol dm™3

;i (05)

K.= 2.5 x10"2moldm™3 (05)

5(a) (iii): 20 marks
(iv) Calculate Kp for the equilibrium at 480 K.

K,= K, RT** (05)
An =1 (05)
K, = 25 x10"2mol dm™ x4 x10® ] mol™* (05)
K,= 1.0 x10° Pa (05)
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iv. Alternative:

Total number of moles at equilibrium = 7.5 x 102 mol

Protat = (7.5 x 102 mol x 4 x 10° J mol")/1.0 x 1073 m®) =3.0 x 10° Pa)

Number of moles of XY2 Za(g) = XY2(g) = Za(g) = 2.5 x 102 mol
Mole fractions of XY2 Za(g) = XY2(g) = Za(g) = 1/3

Pi= Xi Piotal

Pxv2 z2(e) = Pxv2e) = P72 = 1.0 x 10° Pa

Kp = [Pxy2) = Pz2g)] / Pxy272) = 1.0 x 10° Pa

5(a): 75 marks

(b) For the reaction XY,Z,(g) - XY,(g) + Z,(g) described in (a), Gibbs free energies (G) at 480 K for
XY,Z,(g), 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.

XY2Zx(g) — XYa(g) + ZaAg)

AGryn = products — Greactants (05)
= (-76 +(-30)) —(-60) = —46 k] mol~?* (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 k] mol™t + 72 kj mol~1 (04 +01)

AH = +26 k] 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
enthalpy of the Z-Z bond.

(Assume that XY,Z,(g) has the structure Z—}:\i;—z)

AH = —26 k] 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,(g) + Z,(g) is equal to, or higher or lower
than AH obtained in (ii).

AHyyn = AHponas formed — AHponds broken (05)
AHT‘JCR = ﬂHz_.z —ii AHx_z (05)
26 kj mol™ = AH,_;— 2 X 250 k] mol™
AHz_;, = 526 k] 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> () — XY2Z2(g) needs an extra energy)
S(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) — 4NOL(g) + O,(8)

(i) Write three expressions for the rate of reaction relevant to each of the compounds appearing
in the reaction.

_ _ A[N205(g9)] __ A[INO2(g)] _  Al02(g)]
Rate = 2 At AL a At (05)

6(a) (i): 05 marks

(i1) This reaction was carried out at temperature T with an initial concentration of 0.10moldm™ of
N,O4(g). It was found that 40% of the initial amount was decomposed after a period of 400 s.

1. Calculate the average rate of decomposition of N,O4(g) in this time interval.

Decomposed amount = 0.10 mol dm™ x40/100 = 4.0 x 10?mol dm™ (05)
Remaining concentration after 400 s = 6.0 x 102 mol dm™ 05)
~(006 - 010 moldm™ _ 4 o x 10~* mol dm=3 s~ (05)

Average Rate = Fonse
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Il. Calculate average rates of formation of NO,(g) and O,(g).

AIN205(g)] _ A[NO2(g)]

2 At 4 At
ﬂ’%{z’ﬂ—] = 2.0 x 10~* mol dm=3 s~1 (02)
A[02(g)] ety A[Nz05(g)] — -5 -3 -—1

29)] . AN2%0)) = 50 x 1075 mol dm™3 s (03)

6(a) (ii): 20 marks

(iii) In another experiment, initial rates were measured for this reaction at 300 K and the results
are given below.

IN,0,(g)] / mol dm™ 0.01 0.02 0.03

Initial rate / mol dm= s~ 6.930 x 1073 1.386 x 107 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. 05)
. Reaction is first order (05)
. Rate law : Rate = k [N20s(g)] (05)

(OR R/R;=1/2 :::: reaction is first order)
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,O(g). It was found that the concentration of N,O(g) which remained after a period
of 500s was 2.0 x 102 mol dm™.

[. Calculate the half-life (r%) of the reaction at 300 K.

Order of concentration change = 0.64/2.0 x 10° =32 =(2)° (05)
. Fraction of initial N2Os(g) = (1/2)° (05)
That is, 5 half-lives passed to reach this concentration 05)
S tiz=500s/5 =100s (05)

II. Calculate the rate constant of the reaction at 300 K,

from iii,
Rate = k [N205(2)] = 6.93 x107 mol dm™ s'=k 0.01 mol dm™ (05)
k=6.93 x107 5! (04+01)
OR
Reaction is first order
For first order reaction: #;2 = 0.693 /k (05)
. k=0.693/100s = 6.93 x1073 5! 05)

6(a) (iv): 30 marks

ZE|
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(v) This reaction proceeds through a mechanism involving the following elementary steps.
Stepl : N,OJ(g) = NO,(g) + NO,(g) : Fast
Step2 : NO4(g) + NOLg) —» 2NO,g) + O(g) : Slow
Step3 @ N,Ofg + O — 2NOg) + Oy : Fast

Show that the above mechanism.is.consistent with the rate law of the reaction. (8.0 marks)

Step 1: N20s(g) = NO3(g) + NO2(g); fast
Step2: NOs(g) + NO2(g) — 2NO2(g) + O(g); slow
Step 3: N20s(g) + O(g) — 2NO2(g) + O(g); fast

From step 2 (Slow-step);

Rate= k/NOs(g)] [NO2(2)] (05)
For step 1 (equilibrium)

K eq= { [NOs3(2)] [NO2(2)]} /[ N20s(2)] (05)
We get, Keq [ N205(8)]= {[NO3(8)] [NO2(g)]}

.» Rate=k K ¢4 [ N205(g)] = k*[ N20s5(g)] (05)
This is a first order reaction which follows the rate low derived 05)

6(a) (v): 20 marks

6(a): 90 marks

(b) An ideal binary-liquid mixture was prepared by mixing two liquids of A and B in a closed
evacuated container at temperature 7', After establishing the equilibrium at temperature T, partial
pressures of A and B in the vapour phase are P, and Py, respectively. At temperature T, the
saturated vapour pressures of A and B arc !f: and !ﬁ , respectively. Mole fractions of A and B
in solution are X, and X, respectively.

(i) Show that P, = P 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:

e

Agy = Aggy - (D) (05)
rC

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

Considering (1), we can write;

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

Likewise,
ry = k'[Aw)] = k2Pa (05)
P, is the partial pressure of A in vapor phase.
At equilibrium
sr‘v = TT;
k2 Py = kiXy (05)
» Py = EXgor o Pyo= kX, (05)
when X, = 1, P, = PJ = saturated vapor pressure of A
k=P (05)
P, =P X, (05)

6(b) (i): 35 marks

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

I. Calculate the mole fraction of A in the liquid phase of the equilibrium mixture.
[I. Calculate the vapour pressure of A in the equilibrium mixture.

@ Prota = Pa+Pp (05)
= XaP°%4+ XgP% = XaP%+ (1 -X3s)P’s (05)
. L Ptotal — PBD
K= (05)
5 x10%— 3 x10% 1
T 7x10%—3 x10* 2 (05)
a « Py=P{X,=7 X 7 x10*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.

Electrolytic cell Galvanic cell

Oxidation half reaction takes Anode Anode

place at

Reduction half reaction takes Cathode cathode

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

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

(ii) 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 7\

o r o 22 AP
B 7o | ot = ~131 V and EQ ) orrragy = +0-34 V
Zn = 65 gmol-!, O = 16 gmol™ and I
1 7 = 96500C = fod
I. Write the half-reactions occurring at anode and cathode. Eleetrotvte | 4o
P - $oog].. Porous
R &ogc8| Cathode

anode : Zn(s) + 2 OH(aq) = ZnO(s) +H20(1) +2e

(05)
Cathode ; O2(g) +2 H20(l) +4e — 4 OH(aq)
(05)
II. Write the overall cell reaction.

2 Zn(s) + O2(g) = 2ZnO(s) (05)

III. Calculate the cell potential E;c" at 300 K.
Eocell = EUR - EOL = Eocamodc - annoc[e 05)
= 0.34V - (-1.31V) = 1.65V (04+01)

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

From anode to cathode (from Zn electrode to oxygen electrode) 05)
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V. When the cell operates for a period of 800s 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

2 mol Ox(g) x>

= 8 moles of electrons (05)

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

Mass of ZnO(E) = 8 mol ens X96500 C 1 mole 2 mol Zno(s) 81 g
1mol e X800s 96500 C 4 mol en 1mol Zno
(05)
=324¢ (04+01)
OR
Mass of ZnO =4 mol x 81 g mol (05)
=324¢ (04+01)

C. Calculate the current passing through the cell.

I=qft (05)

_ 8 mol ens X96500 C
1mol e X800 s

=965 A
(05)

7(a) (i): 55 marks

7(a): 75 marks

(b) A coloured complex ion P is formed when the salt M(N()s)n is dissolved in distilled water.
M is a transition element belonging to the 34 block. P undergoes the following reactions,
ag. NH, o excessag. NH,

e

(blue coloured prétipitate) (deeply coloured solution)

DT[ cone. HCI . 1
= (yellow coloured solution)

S
s

(reddish-brown precipitate)
T and U are coordination compounds each containing four elements. P, R and S 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
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(ii) Give the value of n in M(NO,), . : _
n=2 (03)
7(b) (ii): 03 marks

(iii) Write the complete electronic configuration of M in complex ion P.

1522522p83523p83d° (03)
7(b) (iii): 03 marks

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

P [Cu(H20)e]* (04)

Q: Cu(OH)2 (04)

R: [Cu(NHz)4]?* (04)

S: [CuCls)* (04)

) §- Cuz[Fe(CN)e]

U: B HalFe(Ch 7(b) (iv): 16 marks
(v) Give the IUPAC names of P, R, S, T and U. : .

P hexaaquacopper(ll) ion (03)

R tetraamminecopper(ll) ion (03)

S: tetrachloridocuprate(ll) ion (03)

i & copper hexacyanoferrate(ll)

u 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 [ and 11 gwen below?
I. When H,S gas is passed into an acidic solution containing P at room 1emperamre

black precipitate (06)

1. When the mixture obtained in I above is heated with dilute HNO, after the removal
of dissolved H,S

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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(viii) Briefly describe a method with the aid of balanced chemical equations for determining
the concentration of M™ present in an aqueous solution, using the following chemicals.
KI, Na,§,0, and starch.

Add excess Kl (01)

to an aqueous solution of volume V4 cm?® containing M™* (01)
Here, M™ = Cu®

Titrate the liberated | (01)

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

2Cuz + 2 — 2CU*  + Iz e (1) (01)
I, + 285037 — S406 + 21  cemeememmmemeeeen (2) (01)
2Cu%*  + 28032 — S406 + 2CU" e (3) (02)
OR |

20U & @l ) = BCUL] kb e (1a) (01)
I + 25:08% — S406% + 2l e (2a) (01)
2Cu?* + 28,057 — 2Cul | + S406% -—mmmmmmmmmmemae (3a) (02)

Note: If correct overall equation is given, award the part marks for half
equations as well.

From both (3) or (3a) Cu?* = S;0:* (01)
Let the burette reading of S20:> be V. cm?® (01)
Therefore, moles of S,0:% =V, x M (01)
1000
Therefore, moles of Cu?* =V x M (01)
1000
Therefore, [Cu?*] = V2 x M x LOO_O (01)
1000 V4
= MV: moldm™3
Vi (01)

Note: The above explanation could be given in words.
7(b)(viii) : 15 marks

7(b): 75 marks
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8. (@) (i) Given below is a reaction scheme for the synthesis of compound G using CH,CH,CH,OH
as the only organic starting compound.
Complete the reaction scheme by drawing the structures of compounds A, B, C, D, E and F
and writing the appropriate reagents for steps 1 -7, selected only from those given in the list.

CH,CH,CH,0H —215 o 02, 5 Stepd
Step 4
-
D
5
V' Steps SH Step6 Step7 i
E —%>5 CH,CH,CH-CH-CH, Ry CH,CH,CH-CHCH,
CH, CH,
List of Reagents =
HBr, PBrS, pyridiniumchlorochromate (PCC),
Mg/ dry ether, KCN, conc. H,SO,, dil. H,SO,
Compounds, A-F
CHg CHs
A = CH3CH=CH, B = CH;CHBr C = CH;CHMgBr
(T')MgBr ?r
D= CH3CH,CHO E= CH3CH20H('3HCH3 F= CH3CH20H9HCH3
CH, CH,
Reagents:
Step 1 = conc.H,SO, Step 5= dil.H,SO,4
Step 2 = HBr Step 6 = PBr3
Step 3 = Mg / dry ether Step 7= KCN
Step 4 = PCC

Compounds/Reagents (04 x 13 = 52 marks)
8(a) (i): 52 marks
(ii) Consider the following series of reactions.

Draw the structures of compounds G, H and K. Give the reagents X, Y and Z.
1. LiAIH,

HO OCl 2. HY/H,0O
©,C ._..X_;.,. G L} @C Z > H 2:: K

H,OH
Note that K gives benzyl alcohol ( @L ¢ ) when reacted with NaNO,/ dil. HCL.
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Compounds G, H and K

CO,H CONH, CH,NH,
e > S ot

Reagents
X= H+ / K20r207 / or H+ / KMHO4 Y= PC|5 or PC|3 7 NH3
or H*/CrOg

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 steps

r—
NH> NH, N5 Cl
Br Br
Br, B' Br NaNO,/HCI B Br' H3PO,
E— B —
0-5°C
Br Br Br
\ I\ I J
(‘é e D2
8(b) (i) 20 marks
(ii) Consider the following reaction. .
CH,CHCH,
© + P —-2—-3-
Identify the chemical substances P and Q necessary to carry out this reaction.
Write the mechanism of this reaction.
P+ Q = (CHy),CHCl + Aicl, (5
P+Q=(05)
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®

"CH(CHg); ~ + “AICI,

9)\ H @ “AICI,

£y CH(CH),
@ CH(CHg); — = @CH(CHQz _— ©/

®

(CH3),CHCI + AICI3

Intermediates 03 x3 =09
Arrows 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)
r ) N\ @ P
@ AlCl,

/_\ (¥|— a +)(-\H CH(CH3)2
@ (CHs),CH—CIAICl; — @CH(CHQZ - O

®

02+02+02+03 = 09

The electrophile may be written as:

+ - + - o+ o8-
(CH3),CH—CIAICI; or (CH3)2,CH—CI—AICI3 or (CH3),CH—CI--AICl3

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.

® D _®
0 -

S @ @ @

Consider these onfy for marking
Resonance structures and Double headed arrows 01 x 8 = 08
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OR
@ Alternative to the resonance hybrid of benzene @
*oH oM ®*oH 340H R et
| ] ny one structure
© " e O
Alternative to the resonance

8- 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) Ilustrate the difference in réactivi{y 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 room 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 HNOs3

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.

OH OH
Br, Br Br @

—_— e

Br

OH @ OH
dil. HNO, @/Noz ﬁ; @
e R e +
NO,

8(c) (iii): 06 marks

OR

OH

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 symbals given in the box (dash lihes) are used to represent solids, precipitates, solutions

and gases. £ T o W o i S N -
! Ao o Faps Tt AhE : ’ :
; 3 ; e g i
dil. H,80, EE -- : s v :
1o - 8ol St Fa ¢ solid . precipitate }
metal i * volourless, : i :
s ey
t ]
dit. NaOH { soluion ' gas |
v - -+ I strong monobasic acid |
black pale yeliow/ /
i milky white }
dirty green ¥

1 :

1 1

+ E is a compound that contains two } : -

! elements belonging (o the first two | _ _ dil.
olourless,

i periods of the Periodic Table. | colourless ~ |NHOH
b e b ks i) i TnaRy bad odour :

¥ dil, '

1. dil. HNOB W NH‘iOH Ag‘N()..\i
- J PP, AN RS N
dark blue 2 B reddish-brown yellow-brown white
N . dil. NaOH
slightly acidic turns filter paper
¥ maistened with
¥ Nessler's reagent brown
G
|
reddish-brown " deep red
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A: Fe B: FeSO4 C: H2 D: Fe(OH):
or
[Fe(H20)61SO04
or
[Fe(H20)s)%*
E:H20; F: Fe(OH)s G: Fez0s H:Ks[Fe(CN)s]
I: FesFe(CN)s]s J: FeCls K: H.S L: FeS
or
KFe[Fe(CN)g]
M: SorSs N: Fe(SCN)s 0O: NH4sSCN P: NHs
or
[Fe(SCN)(H20)s]?*
or
[Fe(SCN)]**
Q: AgCl

(04 marks x 17 = 68 marks)
9 (a) (i) : 68 marks

(i) Write the complete electroni¢ configuration of A.
15%25%2p°35%3p°3dP4s? (02)

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

E: H2O2 function — oxidizing agent (02)

2(Fe(OH)z +HO— Fe(OH)s + H* + e)
H.02 + 2H* + 2e — 2H20

2Fe(OH)2 +H202 — 2Fe(OH)s (03)

OR

2(Fe** — Fe* + e)
HO, + 2H* + 2e — 2H0

2Fe?* + H,O, + 2H* — 2Fe* + 2H20 (03)

(Half reactions (01) each if written) 9 () (i & iii) 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 1.00 g portion of solid X was treated with 100.00 cm® of 0.16 mol dm KMnOQ, in dilute
H,S0, 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 procedure.

Reaction of CuzS with MnOy

gcut — 200 + 28 20 e (1) (03)
S* + 4H,0 — SO2Z + 8H* + 8 e 2) (03)
OR

(1) + @2

2Cu* + S + 4H,0 — 2Cu®* + SO + 8H* + 10e -—- 3)
2(MnOs + 8H* + 5e  — Mn?* + 4H,0) = = 4)  (03)
(3) +(4)

2Cu* + 8% + 2MnOs + 8H' — 2Cu? + S04 + 2Mn** + 4H.O (05)

OR
CuS + 2MnOs + 8H* — 2Cu?* + S04 + 2Mn?* + 4H,0
(If only this equation is written award the full 14 marks)

Reaction of CuS with MnOy4

5(S* + 4H;0 — SO& + 8H' + 8) 0 e (5)
8(MnOs + 8H* + Be  — Mn?* + 4H0) = (6)

(5)+ (8)

5S* 4+ 8MnOs + 24H' — 5SOZ + 8MN?* + 12H.0 (05)
OR

5CuS + 8MnOs + 24H* — 5CuSOs + 8Mn?* + 12H:0

Reaction of Fe?* with MnQ,

5(Fe** — Fe* + e) S (7) (03)
MnOs + 8H" + Be — Mn%* + 4H, 0O = e (8)
(7) + (8)

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

9 (b)(i) : 27 marks
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OR

Reaction of Cu* with MnO4

5(Cu* — Cu* + e) (1a) (03)
MnO4s + 8H?* + Be — Mn** + 4H,0 (2a) (03)
(1a) + (2a)

5Cu* + MnOs + 8H* — 5Cu® + Mn* + 4H.0 (05)
Reaction of S with MnOy

58* + 4H,0 — SO2 + 8H* + 8€)  —emeeeee- —(5) (03)
8(MnOs + 8H* + Be  — Mn? + 4H,0) -=eeeeme (6)

(5)+ (B)

58% + 8MnO4 + 24H* — 5S04 + 8Mn* + 12H.0 (05)

Reaction of Fe?* with MnOy4

5(Fe** — Fe* + e) bR (7) (03)
MnOs + B8H" + 5e — Mn* + 4H.O0 = s (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 (b)(i): 27 marks

(ii) Based on the answers to (i) above, determine the molar ratio between,
1. Cu,S and KMnO,
II. CuS and Kl\dn‘.’)4
I1l. Fe** and KMnO,

Molar ratios

Cu:S =1 CuS =5 Fe* = 5 (05 x 3)
MnOs 2 MnO4s 8 MnOy4 1

OR

CuzS: MnOsy = 1: 2 CuS: MnOs = 6: 8 Fe?*: MnO4y = 5: 1

9 (b)(ii): 15 marks
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(iii) Calculate the percentage By weight of Cu,S in X. (Cu =63.5, S = 32)

Let the number of moles of Cu.S and CuS be ns and n2 respectively
in the 1.0 g of sample X

Molar mass of CuzS = (2 x 63.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=95.5 (02)
189ny + 95.5n2 =1.0 e (9) (02)
Moles of Fe?* reacted = ﬁ X 35.0 (02)
’ _ 045
Moles of MnO, S X 35.0 >< = (02)
Moles of MnO4 reacted with Cu.S and CuS
=016 — a5 1
e x 100.0 e %X 35.0 >< (02)
=0.016 — 0.001 (02)
= 0.015 mol (02)
Based on molar ratios
2n¢ + Zn; = 0.015 — (10) (02)
(9) +(10)
8 (1-159n1) _
2 + o — 0.015 (02)
2x5x955n; +8(1-159n4) = 0.015x95.5x5 (02)
955n1 + 8 —-1272n1 =7.1625
317n1=0.84
ni  =0.0027 (02)
Weight of CuzS  =0.0027 x 159 g (02)
=0.43g (02)
% CuzS =22 % 100 (02)
=43% (03)
9 (b)(iii) : 33 marks
OR
24 _ 015
Moles of Fe = g % 350 (02)
Moles of MnQO4 remaining = fﬁ?ﬁ x 35.0 >< - (02)

Moles of MnO4 added = % % 100.0 (02)

Moles of MnQO4 reacted with Cu,S and CuS

=216  100.0 —&xSSOX— (02)
1000

= 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 = s (9a) (02)
Molar mass of Cu,S = (2 x 63.5) + 32 = 159 (02)
Molar mass of CuS =63.5+32=95.5 (02)
LA 1o - S —— (10a) (02)

159 95.5% 5

From (9a) & (10a)

et mas = 0018 (02)

2p x 5 x 955 + 8 x159(1-p) = 0.015 x 5 x 159 x 95.5 (02)

955p — 1272p = 1138.84 — 1272 (02)

317p = 133.16

p= izil;-ﬁ =0.42 (02)

% CuzS =22 % 100.0 (02)
=42% (03)

9 (b)(iii) : 33 marks
OR

Let the number of moles of Cu,S and CuS be n; and n; respectively in the 1.0 g of X
5Cu* + MnOs + 8H* — 5BCu®* + Mn?** + 4H.0

58% + 8MnOs + 24H* — 5S04 + 8Mn* + 12H:0

5Fe**+ MnOy + 8H* — Mn** + 5Fe* + 4H.0

Moles of MnO4 added = 22 X 100.0 = 0.016 (02)
Moles of Fe?* reacted = 22 %350 = 0.005 (02)
Moles of MnO4 remaining = f(‘}—loz %X 35.0 x i = 0.001 (02)
Moles of MnO4 reacted =0.016 — 0.001 = 0.015 (02)
Molar mass of Cu.S = (2 x 63.5) + 32 = 169 (02)
Molar mass of CuS =63.5+32=95.5 (02)
159ns + 95.5n, =1 e )| (02)

Moles of Cu* = 2n4
Therefore, moles of MnO4 reacted = 2n; _
5
Moles of S = ny + n» (02)

Therefore, moles of MnOy4 reacted with S = 8(ni+ n»)
5
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Therefore, total moles of MnO4 reacted =10n4_+ 8n: (02)

(10ns_+ 8nz) mol =0.015 mol ° (02)

10n4 5+ Briz: B0.075 MOl  wwsssmmnnasnsics ) (02)

(1) x8— (2) x95.5

1272 ny— 955 ny =8-7.14 (02)

317ny =0.86 Therefore, ny = 32

Therefore, moles of Cu;Sin1g = %‘-f?- (02)

Mass of Cu.S =0.86 x 159¢g (02)

% of Cu,S =32 X 159 X 100% (02)
= 43% (03)

9 (b)(iii): 33 marks

9(b): 75 marks

16. (a) The following questions are based on the properties of tilanium dioxide (TiO,) and its manufacture
carried out by the "Chloride Process".
(i) Name the raw materials used in this process.

Rutile (02)
Coke (02)
Cl, (02)
02 (02)

10 (a) (i): 08 marks

applicable.

Chlorination

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

Reactions (A) and (B) can be combined.

TiOa(s) + C(s) + 2Cl—> TiCla(g) + CO2(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
TiCly is reacted with oxygen and TiO: is regenerated.
TiCla(g) + O2(g) — TiOz(s) + 2Cl2(g) (03)

Clz is re-used in chlorination. (02)
10 (a) (ii): 19 marks
(iii) State three properties of TiO, and give one use each, relevant to each property.
e White colour — as a pigment in paint, plastic goods and paper, paper
e High refractive index — as a pigment
e 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, state three
requirements that need to be fulfilled. '

¢ Availability of raw material
s Capitol
e |abour force
e Technology
e Storage conditions
e 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 greenhouse effect is significantly greater than that
before the industrial revolution.

(i) Explain briefly what is meant by greenhouse effect.

Heating of earth (01) by infrared absorbing gases (01) in the atmosphere by
trapping energy (IR radiation) (02) reradiated from the earth surface (02).

10 (b) (i): 06 marks
(ii) Identify the major environmental problem that occurs due to global warming,
Climate change (03)
10 (b) (ii): 03 marks
(iii) State two main natural gases that contribute to global warming.
CO2, CH4, 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 (iii).

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

CHs- Action of anaerobic bacteria on organic substances/ materials

N2O- 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

¥ T FF
POl F—T""H F--(|3---—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 contributes to 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 slow 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 leamnt,

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 SO2(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 smog (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.
Polyvinyl chloride (PVC), Polyethylene (PE), Polystyrene (PS), Bakelite,
Nylon 6.6, Polyethylene terephthalate (PET), Gutta percha
(i) Draw the repeating units of fo f the above polymers.

Cl
e {me—bu)
PE ((:H2 CH, )

CH,—CH
PS % X 2 97

(8]
Nylon 6,6 NH— (CH)s —NH—C—(CH2)4—(|'!
I I
PET C——@—C——-CHZ—-«CHZ gy
CH, H
Gutta percha \ "
/c—c\\
CH; CH,
Brackets are not required for award of marks.
Any four (02 x 4=08)

10 (c) (i): 08 marks
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(it} Categorize each of the above seven (7) polymers as either,

1. natural or synthetic polymers.
[1. addition or condensation polymers.

| - natural/synthetic
PVC synthetic
PE synthetic
PS synthetic
Bakelite synthetic
Nylon 6,6 synthetic
PET synthetic
Gutta percha natural
Forl—- Any 6
Forll — Any 6

Il - addition/condensation

addition
addition
addition
condensation
condensation
condensation
addition

(02 x 6 =12)
(02x6=12)
10 (c) (ii): 24 marks

(iti) Name the two monomers used in the formation of bakelite.

phenol and formaldehyde

OR @ and HCHO
OH

(02 x 2 = 04)
10 (c) (iii): 04 marks

(iv) Polymers can be grouped into two categories based on their thermal properties. State these
two categories, Write to which of these categories PVC 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.

PVC pipes to supply water, seat cover, electric wire covers

PE food wrapping, garbage bags

PS stylofoam cups, rigiform, insulating materials, packing
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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