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R, = 1.67x10? mol? dmé min? (0.5/2 mo! dm)*(0.25/2 mol dm™) (05+01)

=1.30 mol dm™ min™
R>R, 83085 586@0 98D EmdD B¢ 8. (03)
B o)
(%5 mol dm”3)2(9'—25z mol dm™3%)
= 05+01

Q (o 75 ol dm-3)2 { )
Q = 0.056 mol dm™3 (05+01)
Q < K, 98 8e» 086830 g88®O @€ Eme0 8g 6d. ‘ (03)
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& @ot» Bmim ecetrne®Snd Seeantd

(viil) qum offuencs 25 °C 2 a8 cdesdwm & 8¢ mwed w8 weosdm. 08w vy B8wedd
Byt emed® dcwsles! emet ¢? 98ed BEno eddy ¢$08s3 mocsin.

&t 58D Begond i) 8. (01)
OBene o,
580 6 DODc FBODVD BN GSBrE Ed g8 BIHG BEed. (02)
o)
- 306000 Beyed gf) 68. (02)
Q3 = engy 100

4. (@) () CH, O aegn gos o8s A, Ben C en secle 0Senend D3 w®dudn 0. seenis
® 24-DNP 8060 2088 qosfeds @ od. 9 Ow=firf 82 mdo oluleicdE 52
mees ewned. A, B en C 602 dey® NaBH, 6@0 88w wop 80 880083 D, E e
F o woewndo @1 ¢8. E e F 0@ grmoe 8005mm0d euwsidd. B oo C o 0dn®
CH,CH,CH,MgBr es® gB88wr o0, @y Sedbedems ng 58 BEed8s? G ov H ax
Bewwdn G 68, G v@es gmin s@i0edmmmd sorty® »od. A,B,C,D,E,F, G en H
OE Ogo con & ¢ emdng efxin. (B0m ©o80wdn gund eesid® gbas aom.)

o)
I
CHaCHy—m G e CH,CHy C“sTH C—CHs CHyCH,CHy~——C ——CH
CHj
A B C
OH H OH
CH3CHy=—C~—CH,CHj, CHyCH— C e CHy CH3CHyCHy =G =—CHg
H CH; H H
D B F
" oH &0 : CH3CH2CH2. 60xO0
CHaCH~——C——CHyg CHaCH,CHy = C ——CHj CsH7 BB . CHiCH:
80mD0 C:H; BEmm ®e.
, CHy  CHyCH,CH, CH,CH,CH,
} G H
(©%%n 05 x 8 =40)
eOm® : D, E, FORD ondn soue 508 sem AB,C 8008 Bo guae
G® H oo end) oo 08 ocw B,C 8008 do gra.
) (i) oom scwst yBSwed dred Bnnw gxim.
CH;CH, . T
(1) 24-DNP S Cm=N—N NO,
(2) 86@5’)03 CH3CH2/ (05)
NO,

80D : Sond geeel’® aod crsde gdes eaned. A 6OxOO B 6™ C oD o
arSo® ©) Gmces BOGE dE & FBed gnd) SOBDE DOSD.

4(a) = @y 45
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& @otm Ben® ecetmedsind

(b) som & gf o O HhBwed ghe B Oeend Oxwe ggsivn.

0]

(if)

(i)

(iv)

)

(vi)

(vii)

(vii1)

(ix)

(x)

»
(iii)

(iv)

CeHy

C HNH,

CH,CHO

NOF
C Hg NZCI

C,H,CONH,

CH,CH =CH,

CH,COCI

C,H,CO,H

C,H,0H

C,H,COCH,

Hz/ edesd Ni

150 °C

Br, o

@

(1) &&w NaOH

(2) Bremo

H,PO,

A

&@w NaOH

A

e30253¢ H2$O A

NH

PCl

H'/ KMnO,

HCN

(04)
L 1 Be
r?“ 0a)
0
CHCH==CH=—C—H (04)
O o
0
CyHg—C——0O"Na* (04)
CHg——CH—CHj
(03)
OSO4H
CHy——C~——NH (03)
Csz-—«—g-———Cl (03)
CH3COOH (03)
OH
CoHg——C——CH, (03)

CN

O B BEHHSS 635 s Onme BEoD Huw.

CH3;CH=CHCHO 88®® . CH:CH=CHCOH ©c®) omé) 6anered.
@ Bgon om.
V) end) o &8 sem 0 o Na @ pedin cusdd gdwms exed. 0-Na ege £wed

sl gy 6EIed.

(vi) 0S0:0H B8mm &ow.
(vii) CHsCONH; Bgmo ®um.
(viii) C.HsCOCl B88m® ®om.
(ix) CH3CO:H Bgwwm oewm.

4 (b) : c# 35
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& @ Bmne ecetbned®sSnd Geesnt

(€) mechs »ged & CH, 80 Cl,ydfced e 8gwxd CH,Cl e8. CH,Cl orogm gmids eosion
188wed srigmed Buds Burstn. gecsedds won®eac O Soc/bn el Soe (NVY)
88 ¢foe.

Cl——cl L (04)
7Y

Ci + mH:s — HCI + CH3 (08)
Y YN .

CH; + Cl—Cl > CH,Cl + Cl (08)

6% 6d® Bodo esem

’ . > 02
CH; + (\CI CH,CI (02)

©0H® : gbd S0 gie HEH8, O O 88O (6880 vcm D engw (01) MBS

DS OO s8I gRlwdS®.
ond ©d0 cm o DD crde gdes 8.
B 0 Br0O SHhHosio Bedo 6@t SRl @R O35,

4 (c) : e# 20
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8 Qo Sm® ecnbuedSnd Seesnd

B em® — OO
gz eComd oS B8n0; nowntm, (0 o ydmed @R 15 385 cred)

3. (@) von wgwsd ghScs semuim.
M(CO3 )2.nH20(s) - M((.“,‘O3 )2(5) + nHzO(g)

M(CO3)2(S) = MOz(s) + 2C0\8)

©88® 0.08314m° § e¥ma md» @¢ ¢ dgmm M(CO,),.nH,0(s) e g®sesces (0.10 mol
. Agest cdesOe 400K ¢ 918 mom 8. ¢®® cdeved 2 M(Cog) ocdn Benite
Bowldoyw exnds mgs £#o38ndsme Yoo wdubsenst HreEBnces @82 Sgem8 Bom
1.60 x 10% Pa 85 &2 oxdon CE w2 ¢Dn 888 gund mdwizn o881 ermmem 29;6:.3 mR @b,

M(CO_;)Z-nHZO(s) pomeed o ‘n’ 8 gow BEeo mosls. oo

M(CO3)2.nH20 {s) > M(COs)a(s) + n H20(g)

M(COs)2(s) = MO (s) +2CO,(g)

20 § M(CO3)..nH,0 &8x¢nes = 0.10 mol

S0 Bgtenensd tds 6d.

PV=nRT, 08mens (05)

1.60x10*Pa x0.08314 m3

"H20 = g314  mol-1K-1 x400 K (04+01)
=0.40 mol (04+01)
M(CO3)2.nH20 (s) 0.1 mol 85 H,0 0.40 mol &@réncw Sese ed.
o0 Ben n=4ebd. (04+01)
5 (a) = ooy 20

(b) 2> v{oBeus cdeits gulng 800K ¢=01 918 mom & e®80 wxm el mdertoecst wd
g8 Bewidmes B Hig wEeske =8 wdnBomd a8 890 B85 Buenc o3 ce. dcom8 Boma
420 x 10* Pa 89 @mouisn e

(i) 800K 8 2 a¢g» ne o8 dciHravesd 0n8n B0 nerrs oduis.
800K & H,0 & oo 88

ny2oRT
Pyyo = —"“"‘Hzlf
0.4 mol x8.314 Jmol™ 1K ™! x800K
= (04+01)
0.08314 m3
=3.20x 10%Pa (04+01)
Bods BEmOS 01
800 K& & 8O B&w®, Pr =4.20x 10*Pa
4.20 x10* Pa x 0.08314 m3
© @& B, Ny = — 04+01
8o o8e o T 8.314 ) mol K~ 1 x 800 K ( )
= 0.525 mol
HeenS ot BO®B = PrXuo
=3.20x10*Pa (04+01)
Bodeo 8800 02
V &) Nuxo B Qoded, 800K & &
Her8 o&Em BB =Puo =2x1.60x 10*Pa (04+01)
=3.20x 10*Pa (04+01)
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& ©otm B ecentimedednd Oments

(i) 800K 8 § ag» ne 18 CO, 8 418 8Om0 oens oo,

800K & CO, 8 epoBn Bhon

Pcoz = Protar — Puzo

= 4.2x10* Pa - 3.2x10* Pa (04+01)
= 1.00x10* Pa (04+01)

(iii) M(CO,),(s) 8 Bowidmud ;;qag 80 w@nfom Bome, K,wcwr gmaenos Sools.
800K 8 & K, oehzxs wdesen.

Ke = P22 (05)
Ke = (1.0x10* Pa)? = 1.00 x 10° Pa? (04+01)
(iv) 800K 8 & echo mdesioend Bewldmne § 08¢ ghans ngins oD,

OB 38xue = 0.10 mol

eszeen CO2 588N = Neoz

S Peo2V

02 RT
1.0x10*Pax0.08314 m3 3.2 Xx10*Pa 0.4
Ncoz = a_ = e = (04+01)
8.314 J mol™1K~1x800K 1.0X10% Pa nco2
nco2 = 0.125 mol
M(COs); Beciesan § o8mao =% tonae § CO, &8
M{COs); 8 Beclssne § 8 oBeHG = 0625 mal o 400 (03)
0.10 mol
=62.5% (02)
(v) gum mssd woet ecln mdesidend Benidno agw 9x8mds ebme (AH) 40.0 kI mol™!
eb. apyht Suleint ebme (AS)vemme iy,
5E080 OnBomed gre. D8 Sy AG=0. (05)
AH
AS = —T— 3 .
AS = 40.0 X10°J mol (04+01)
800 K

AS=50.0)moltK!  e®3 0.05 ki moltK? (04+01)
o0m® : AS?, AH? B8on ex®um.

(vi) M(CO,),(s) 8 Bowdten oBBub 9B 2abd ows B8O mew m® 6eom ewldm misis.
cB50n 8 558 (05)
CO; 905 OO (05)

5 (b) = @& 65
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& ot Bone ecenbnednd Oend

(c) mats SeonsBies Oy w0 OQEOS g 18 et guidadenst swm w@wi PROEO 88 sovsy.

Bodws 88 e OuimEBe: (AH;) (kJ mol"\‘\)‘“\m
M(s) 0.0 T
M(g) ~ 800.0 '
0.(g) " 0.0
O(®) 249.2
MO,(g) ~400.0

() MO(g) + ¥ O,(8) —» MO,(g) AH® = -50.0 kJ mol™! a8 ¢ quS® MO(g) 8 =86nm crdesage
OTIEBY oehms It

AR
M(s) + Oaofg) —* MO(g) +% O2(g)

AHO; = - 400.0-kJ mol\ / H, = 50.0 kJ mol*

MO:{g) (02+02+02 =06)

e0n® : Do Be®) N HODE S880 cxSim HBTO BcHs Bg gt guwd 88m Ao B

aae.
MO(g) 8 eB0n cienem dSegB®, AH%
AH% = (-400.0 + 50.0) k! mol* (04+01)
=-350.0 kJ mol? (04+01)

(i) MO(g) 8 M—0 ax30m Belm dulmcEBe oems wdzim.

AH,®
% 0y(g) + MO(g) ——» M(g) +O(g) + % Oa(g)

H% = 350.0 k) mol? AH% = 249.2 k) mol?

AH% = 800.0 k) mol?
M (s) + O2(g) e — M(g) + O2(g)
(02+02+02 +02 = 08)

odn® : Ogo m@ésn ond) 50 8380 et HEEd BeHs e @t oo 88 e Bx

AnG.
MO 550 B0 dS5eSS eddes = AH,°
AHL=(350.0 + 800.0 + 249.2) kJ mol* (04+01)
=1399.2 k) mol* (02+01)
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& ©om Bmne ecentimedafind Omesnt3

(it) MOz(g) 8 M—0 asio Bals 2uomdBe oeme wdsim.

AH/°
‘ MO2(g) e M(g) +20(g)
. AHC = 400.0 kJ mol* AH% = 2 x 249.2 k) mol?
AH% = 800.0 ki mol?
M (s) + Oa(g) ey M(g) + Oa(g)

(02+02+02+02 =08)
005 : HPYE BCH) EREN OONG S300 enutSn SO ocHws PG an god 388 e Be
Qne.

AH,°= (400.0 + 800.0 + 2 x 249.2) kJ mol* (04+01)
= 1698.4 kJ mol!
MO; 8 M-0 2502 Besdw dsiord8 edmes = ¥ AH,? = 849.2 ki mol? (04+01)

(iv) ©®8n okt wdend & o 2000 K 8 & MO,(g) »MO(g) + 1A 0,8) gbigwd 2350880 of ¢
6t e B8 88 nedindme milm. 88 yiSuweds wddn Sulemlb sdme

30.0J K ' mol™ &b,

AGO = AHC - T AS° ‘ (03)

MOy(g) —————b  MO(g) + % 0:(g) &EG@D t3em) 2000K & E,

AGP = 50.0x10% J mol™* - 2000 K x 30.0 J K'* mol™ (04+01)
=-10000.0  mol* = -10.0 k] mol?! (04+01)

2000 K 8 & 58600 30m08E0 6. (02)

o0n® : @néy O 8O ocm By S czsde gbms 6B.

5 (c) = 65 &y

6. (a) o8y ¢ sduBws 2 deo (A) w0 IS oo (B) gud, aclst (1) 8 Sx0df sogenms
Renws B8 equr uldvaes 8y ode cE.
I, 8ge ‘n’ we.axmba g B 8 2000 com’® =®a A S 2000 cm’ 8g =0 83 cdedived €
o8nErmited Sgdd gluln ¢t
A meseusd 5.00 cm’® oo g8 3 8o 0,005 mol dm™ Na,$,0, edenes ede en@ioms
HBe®zt A newed |, msicens BYme nom ¢f. evie guless ¢ o580 goars 9 Na,S,0,
©8%08 22.00 cmt’ Bas. B measewd 1, emoigess 0.040 mol dm™ 80 Rbeso mom ¢t

(i) Na,8,0,5:0 I, a00 B8 wgm nfs dowdn ododema Bwuldm.
2Na;$;03 + |y~ 2Nal + Na35406
e®]

2 52032' +hh e 2 [+ 54052' (10)

(i) A mewecd |, oosigeis cmona nosin.

-~

__ 22,00 cm®x0.005 mol dm™3

A D@06 | = 04+01
@00 8g | & mBcin 2%5.0 cm3 ( )

=0.011 mol dm3 (04+01)

27
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& @om Bmwi® ecendbne®Smnd Gwesnt3

(iil) £ndB wegenms K, 8 soc weins mdste. K p= @8,
[L.],
;1B 0.04 mol dm™3
Ben® €3 6 =
0B KD [1,]a 0.011 mol dm™3 (04+01)
Kp=3.64 (04+01)
(iv) Aws B meos ogen® g @ [, 80c peme o i,
8 1,88 ®sgv®
n;, = 0.04 mol dm™2 x 20.0 x 1073dm® + 0.011 mol dm™3 X 20.0 x 10~3dm3
2 x (04+01)
=1.02 x 10 mol (04+01)

6 (a) = 45 marks

(b) A wa(;ocmc; I" con omg =0, gun oideesme 08 muldy cled € & end 08 cdomibed § m
@ 1, 5@0e50 1 €8 ©8&88 abmeny’ 'K)zuzs) 8e o & M«fwﬂu sl wem sepBorniied
@@,@JUU & ©8» c& A mewwewd 500 eny’ Bugurs 018 1, eon®ooc 808 s qdar &
0.005 mo! dm™ Na,$,0, ¢ e w888 41.00 Cm’ Sa. e85 B mewend |, srigenc
0.030 mol dm™ & 85@3@ mam &8
i) Ao B mcm goc 1,8 omdbe wem mdh s smd of 0H8s A nmuent
500 cm’8 B3¢ go w,gé?s Bpewmediidy O 1, ydise (e vans nishn.

ADs6 Q6 | 8 05 (80 I dnn ¢ 50)

[I12]a = [12]s/Ko (05)
0.030 mol dm™3
[l2]a = —; (02+01)
= 8.242 x 10 mol dm™ (01+01)
A @608 5.00 cm® & a8 1, 55®%0i = n
n =8.242 x 10 mol dm=3x 5.00 x 10 dm? (02+01)
=4,121 x 10° mol (01+01)

(i) eoo em@rsmed & Na,5,0, s8¢ g88w noo ¢ L,o¥eae BLc) e miss,

gehBh dSwe o8 A wEsen® 5.00 cm® & a8 |, 9®@e = n/
n/ = 0.005 mol dm™ x 41.00 x 102 dm3 x 0.5 (04+01)
=1.025 x 10 mol (e=®3 1.03x10* mol) (04+01)

(i) g (b) (1) 25 (b) (i) emded wew cirort BEnc elewB clng dulerd &8 A
wersend o BB qulls! Bede wemBud wadl odds,

A @860 gl gnn Dwe o h o | Doy 8 1y ezeed. (05)

A @36 Nays:0s3, 68® ga@isenn O» B0, 13 OB Bemwed ®» ;& NayS:0;
0 &88m ®OB. 8 Hen n’/ >n. (05)
6 (b) = @ten 35

02 - Senee Bemd (eminted® =8::00) | a.em.e. (E.008) Bonea - 2018 | 00 Boeeidnm aues e Mnd aw. 28




& @ot Bmn® ecestmedSnd St

(c) Xw Y oo ¢ doud Budo grodoe i eBeglien gobiemnwss wicl
W"“\\\

\ !
o \~-»-~--z>oa~5w RS

|
L mmas

//——"‘ .
{.j;
&
&3
G
its)
R
@
(&

¢ BOOE w8® L Bdome

Srsed eositr gt olf oltve min @ b BCHW g8t X gho v@ed amd o ©&8 ¢t
900 [ 8 shHtn oB8st odoBo 400 K 8 8 =vnfombiel oehed of 0 & @g@m? BEwxs
3.00 x 10° Pa ecee O omdon ¢, ¢& 8000 | B o 80 dudo mepued s 4.157 dm’ Bes,

ot v Y P B ned o »d X ¢de ede Bg wo odofic 00K 8 g w@q@mma&gﬁ&
2eBP0 38 08 @F. (O B0 I H vt odivn ¢&. ¢P wesesd XY &8 enpme 1:3 Q0

emotin cf. ftem® Borxe 5.00 x 10° Pa 88 Swosion of.

(i) 400K 8 2 X 8 srimeds Sede BOow o e ¢?

X & esomacde Endes BO»w = 3.00 x10* Pa. (04+01)

(i) c®npfoomded & ¢b mesed Xw Y8 88c wv oo ndsio.

1
= 04+01)
£0 peesed X 8 88 HHHK ) (
= 41 e®3 0.25
3
- 04+01
ed »Eeed Y 8 8hr &m® T ( )
=2 e®3075
(iil) Y oo m¢ vy =0nfombed & X 8 g8 Bhoo oame sz,

OB 8,  P= PP Xa (05)
=0.25 x 3.0x10" Pa (02+01)
=7.5x10% Pa (01+01)

(iv) e@nfomted & Y 8 gibin BOms venms @osim.

Py = Pyotat = Py
=5.0x10*Pa~-7.5x10°Pa (02+01)
= 4.25x10* Pa (01+01)
(v) Y 8 esrdmedn O Bhuxs oemma mdsin,
Y,8 somade Odes BOe P = g‘!
y
4
po — 425%10%Pa (04+01)
y 0.75

= 5.67 X 10*Pa (04+01)
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(vi) Doddes mesewnd e X o Y& 5®res (O5CORE) etmmws mSwutm.

@ wExsed g X @, ny
__ 7.5x103Pax4.157x10"3m?

X 7 8314 J mol~1 K~ x400K (04+01)
nx = 9.38x 10 mol (04+01)
Deed®,

n. = 4.25x10*Pax4.157x103m3 04401

Y T 8314 ) mol~1 K~ x400K (04+01)
ny, =5.31x102mol (04+01)

(vii) X209 Y ¢0 Byenuzs 081 qunbmad mossea g B0 28 mebn ndsist non weewdos
8BS g B 80 eb ¢8 wews ooy, 08ed BEod exdnt/edny cxfduin,

Y 3066i®n s5e80 @) oo ®u. (05)
Y o5 DN DR teenimn 8. D8 S Y 8 Oxdun eedd peesns se80
S 8. (05)

00 : (vii) 6o e 9O 8080 Py° o® Py ace BEndc amnas o6 53 0.
HeSImODE ®HDG DOD @S Px° ©® Py anncs and Ho gao.

6 (c) = @tgy 70
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7. (@) Ci8ned & ;i cwxsm ¢Op v®as bn o0 08 Lo esg’ o8obnme 8y movles] emed
a8 essidsio. '
C,H,CH,CHO — C,H,COCH,
Caoo 1 Gulind
&@x NaOH, HBr, &¢nendc KOH, NaBH,, H'/KMnO,
®ded COBSDEXS BROC 7 1O Oy XD emds goy ©.

NaBH, HBr
C,HsCH,CHO —» (C,HsCH,CH,OH ——————> C,HsCH,CH,Br

(DG e

wds5) Benento
KOH

C,HsCH—CH; ~ 58> NaOH

B — CzH5CH""—'CH3 4_._13_'.._._ CszCH=CH2

OH
Br
8o - gy 05x6=30
H*/KMnO, esoewi® - @8 06x5 =30
o]

Il = gy 60
CzH5_—C'—'—CH3 7 (a)

000 : Bodd nnmd &) Hdnd® @R 60 805 emDOs®.

C:Hs5CH2CHO e3¢ C:HsCOCH: es&m) @R SoOD0 emmmose.

g0t Dmens’ 8008 BBnds @msn 858

DOBmed 80 B0 BBnds ((98midmatS em) dant) greds it enen osiD.
adenoed 80 o8 BBrG (38midmals e®3 dEnts) @iedd 0l Ny oS,
@50% gm Don wOS®. godic ¢S @ £ 8008 Brdo ace gl D0
IO,

S80S Bcm) End e 880 B8 ®) DEX B® ecHw® BOIOE Bo me.

(b) vun ses gBGw vdudo wlubin B85S o R—R, oo X,—X, oo Y, Y, 000005,

) CH— CONH—(O)—C=C—CH,

(1) NaOH
(2) H*

y
&

Z@—cnwm ~CH=CHCH,
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(b) x1 = CeHsCOzH (06)
X, = CeHsCH,OH (06)
x3 = CsH5CHo (06)
Xe= @—CHO (06)
Cl

@
Y,= H2N—©—CEC-—CH3 e®) H3N—©—-CEC—CH3 06)
| . e
Y,= H2N—©—-CH=CH-—-CH3 6% HsN-—©—CH=CH—CH3 (06)

R1 = 1. L|A|H4 2. Hzo em] HZO/H+ (06)
Rz= PCC (06)
R3= FeCl/Cl, ®® Fecl, on gdda®e/ CL (06)

Rs = 1.NaOH 2. H,/Pd/BaS0s / s58een@e 63

1.NaOH 2. Lindlar / H» (06)
eD®n» : @né (06) @ O e NaOH gdos exned. (eta#n 06 x 10 = 60)
7 (b) = oy 60
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& @o Bm® eeenbeneBsind Sweant

B @@
. T(®) Xy= CeHsCOH (06)
» Xy = CO,H (06)
Cl
X3= CH,0OH (06)
Ci
X4 = CHO (06)
Cl

® (06)
Y1= HzN—Q—CEC_CH:; e®] H3N__©_CEC——CH3
— 3 | ©
Y,=  HoN CH=CH—CH, @& Hs”——@—CH—CH—CHa 06)

Ry= FeClyCl, ®® Feicl, ©®3 gBe a8e/ Ch (06)
R,= 1.LiAlIH, 2. H,0 &3 HO0/H! (06)
06
R;= PCC (06)
Rs = 1.N3OH 2. H,/Pd/BaS0; [/ 558em@s  em]
. 1.NaOH 2. Lindlar / H, (06)
ea0®n» : @wey (06) @ 8O em NaOH gbms 6xed. (@om4n 06 x 10 = 60)
7 (b) = cney 60
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3 @t Benm ecsoedsind Geeantd

(€) () vom ozl gBGwed wrigness ecrio.
C,H,OH + HBr = C,H.Br + H,0

3+  &-
OR H*(02) oOR H—Br (01)

(02) (01)
N (1)) ® H
CoHsQH +  H—Br > CoHs—O__ + Br
s0m® : GNO8S DS Bwesd H
AEEESOY b . (01)
(02)

CH3CH,—— + Bre — > CpHsBr + HyO

oA Newm
\H

e0n® : cafn pedicas gdes

(i) go eqwsl BB »oedm® (nucleophilic) auede gBfetd ¢ mwenis gecsedinm®
(electrophilic) guoda gBBwrm ¢ wrln sqws oosln. que 8 BguBewnSes e
gocdetunBee wemaoadm.

o _
BEtemIdm medmns, Bl (02 + 02)

(iil) BewdE (CH,OH) e Omenic (C,H0H) co sovwio ogm o8t 08 ai88n xlesd O]

a8 ey 308 wensd mduim. {(crpes 3.038)
) )
CoHsOH + H,O C,HsO + H30 (02)
5] ®
CgHsOH + Hy0 CgHsO + H3z0 (02)

00m® : H:0 qraes ®0 asad o8nttnomd gugy (01) D8] o0 @red.

o 9HD BBNBOD adE, BeIC B BB EERss, DDeNICH PRBD
@m0 D) 9EHKD H®GTe. (02)

o BOBD 6x5d, NeISOED tnedswd B grwedd SNBND,
ardememdded tedusd ardemsnid guned SOBmOD Oth

8 BeA. (02)
o PO groend® a8 cadn eedingns B8nremdD 8BS S8dwan
D» Bds DN SNB ed. (02)
o oBuEP O gT€® sem (02)
o arSemSedt qrwen® DO edin® BHdwen B8 orwm./
eoByrn D5 . (02)
o Beaid, dexn’dOed &) dim 68. (02)
7(c) = cmen 30
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& @t Hme ecenlmedsnd

Geeant3

C emde - Cban

ol eCEmd vend BEnc suwein. (& o wdmel e 15 § 8 168

g onn mewst elnes B odm cf.

2O

8. (a) P28 &fc penam mlons eCms m grzmws eCms qthe 28, 58® @O0 B SERMIED DgE0e B

obeans

B Seants

O | oom HC 8528 P en®fmim =0 godeic g8sd HS
gacmnes »on ¢E.

e Ef e Cule.

H,S 8ude @ ofnt Do mdy gon QbR mOL 8
easty HNO, 8o BBuusd omy 0 gbess nbgdls
518 moe CE. @ cbess 88¢ mo. NH,CUNH,OH
Sy 0w @

cES; B abtedews (Q) s .

Q eud ool 0 exsme st H,S agcss =om e

er-eds wp@B ebdeduss (R)

s,

6y

&

®

R eud o o H.S Sode & ool So d sudos
b @& cbect (NH),C0, oy odo ©&,

o abeme’ .

P& ogs emdund wers NaOH dmg mds ¢F.

fanYey]

Qo R soxdede sqwr olden:

elinfesstns

®

wpyps HNO, 8 Qb o, s B88 a¥c (e
&us i 8.

@

moye g¥cees R ¢dea =6, obaed my NaOH
b ez o,

QUG
e o0 ot
I} BaCl, gitenss P OEO Sy o0 ¢4 tag, admledons w1,

®

H

HCl & oz 8.

ge ebrfedos end obzl nd euledond myD

e, abmedoe ¢ene oS
: ;

Smn 00 Byes emlsl ewichn cE.

1 8 cosmens’ emamnd Cl, §ode 0 Hecideni®

Hecioeni® duce mo-gld
s s o0&,

(i) Pobesend o midoss gl 0o aronwm egR vgmX

DEOIE® Fe?* ) Mn?*

EBTENED: SO4% &0 Br

worlm. (g abias SI9.)

(10 + 10)

(08 + 07)

80D : 58 SO0 grIn®e (08), 6gdD FrDIBHG (07)

(i) Q@3 R gofeduie deafs gy Euzsin.

Q-  Fe(OH):
R- MnS

(10)

(10)
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& @o Bne ecenbiwe®aind Oweant3

(iil) owvo oz’ edEE wgwr ey eolo

. oz egw @ ebifeged & H S @osf 858

= HyS @88 eanmeg 6955 NHiOH/NHLCl Doy g BO MnS/FeS/ IV tngdted

Dee® gdewses BB o) gum. (10)
(I
* e HNO3 @B HoS e3g0b 200 RuiBmdsnc B mim. (05)
" HS 987 eming 68 BE® sdmd adwedents 080 e
€30EC MTED. (05)

II. mOsse sgwe @ oldeeed § ezl HNO, wdo of 880

* Fe(OH)2 & Ksp > Fe(OH)s & Ksp (05)
DO Bex) 8t adfedonnts Bedy Bt Fe? gurwm Fedt OO
S8OOLDHE WE HRGE. (05)
e®3

" 58 gred D 60di D3P0 DSBmoENG SO® sem) enese

HNO; B ¢ 0. ' (04)

" OB & Fe et qrSu® dn HlS @B 6mde anes 9O

RDSBwodEnes & Sed. (02)

* 6003 s NHaOH/NHACl 3080 8BS 3bén eees adedesmns

emed. (Fe** o Fe* grw Brpsnne @reld) (04)

8(a): ©wen 75

(b) oe8, et v Bdw covuss X Bogeod afq e X 8 g8 och ©) emosy Ddoduens RS
8¢ vun Hubfa 8¢ non 8.

B8
X8 (}‘285}; = tot Y] mz;:m HNO, @g8 i gdvesom ¢hens mom CE. eoBB b escors
C1@88. c1en Bl odesd NaCl gpoeses o mam CE @3¢ obuledue (Y) e é.
glsedos eud ebst o gbdedus (Y) o eudmae (Z) 68 0® Bdecues mom (v?
4 A
absedos (Y)
qéﬁm%@eﬁmfs c;é;:gg dpecB cDee i L K,CrO, ¢ooemaBed 9800 28 mom &8 o
o8 ebdedownt ©1g8. chfedus end o923 md wzy> HNO, 8 coene mowm e BB
o poeies CiE8. 088 besnd 18056 Ki & 200, 8oy I,,kqi*ﬁcamw G S&M @Wnen

0.100 mol dm™ Na, 8,0, ed0 epdons oo & asle esess Ci€ wew gias

&
Iy $56 ¥ Gom i TF 3 ; s asseasy DI X ¢ 1y £
Na, 5,0, es88al 27.00 cm” Bo. (gm@usmed ?\303 Guen Suldn SENEGN L rommcinEes 2t
o ()
gy - o - &N AN R e = SN A R
sodme opfiey 3 Sl OiBgo Kl & mon 8 8oy 1, ¢hama ece 8doe B,

0.100 mol dm™> 3\3325;2()3 =80 epn®eme odm ¢f asln exfese 1% e
Na,S,0; e8ess 1500 em® Be,

s &
QLBL

(@ BdFe tose s HN03 8 oo o8 o8 w0 o0 ofiSeercd G emed &
comEems ot

(i) X 8 05 oD v ool St gBan ooow vk, gog el B 585 SeueSm
wmces Buarin, 4
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,5 ©otn Bmxm ecebome®sind

Cu 5&ene 8bens S50

. 2Cu + 4> I + 2Cul e (2) (05)
e
2Cu% + 2 > 2Cut + 1, e (1) (05)
»
la + 2503% > 2I' + S406% e (2) (05)
(1) e (2) & Cu¥=5,0% e®d B8 Be0BBeni®s0 nem a8,  (02)
5,037 ®0E OHH® =010 150 (03)
1000
»® S Cu** B @Wen® = _Qigx 15.0 (03)
1000
_ 0.10
Cu S =" —x15.0 x63.5 (03)
1000
= 0.095 g (03)
58 Ses» % Cu = 0095 100 (03)
0.285
= 33.4% (03)
(en 30)
Pb g5@én0 8bénc 8068
Cr02+6F+ 14H'> 2Cr3* + 3l + 7H,0  —-———mn- (3) (07)

b + 25,032 2 + 54067

(3)+(4)x 3 Cr.074=65,0s*

$:0:7 @R emMm®

Cr07% ®8He ®&H®

2Cr04% +2H*S> Cr07% + H20
DO & Cr B8 ®oH®

20300 ebededescs PbCrOs
®® Besd Pb 89 ®#n»

® e Pb S500

»® Ben % Pb

68.

6®3 BOOR BSeHBBeEBB0 wesm e:8®. (03)

0.10

=—"""x27.0 (03)
1000
= l>< 0.10 x 27.0 (03)
6 1000
(03)
2 % —l—x 0.10 x 27.0 (03)
6 1000
(03)
=72 x l>< 0.10 27.0 (03)
6 1000
=0 x L, 010 or0x207 (03)
1000
= 0.186 g (03)
= M 100 (03)
0.285
= 65.3% (03)
(ctogn 40)
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8 @t Bm eeebiedsind St
Sodo BEmo

Pb 38800 SVgne 8OO

2CrOs2 +6F + 16H* > 2Cr3* + 3l + 4H20- ........... (3)

2+ 250:%> 2I" + $40¢> 00000 e (4)

e®3

CrO4% + 8H*+ 3e > Cr?* + 4H0

2 212 + 2e

e8mden B8 Cr042=35,03> 6®] 880€ BeDBBeni®B0 wee wise. (03)

0.10
52,032 ® ®ED =——x27.0
207 @@ 1000 (03)
1 0.10 9
| ®H® = — 27.0 03
2890 271000 (03)
2 1 0.0
Cr*® @D = DX X — 27.0 03
ge 37277000 (03)
=9x 10"
~2 1 0.0 _
d® e PbCrO, ®8@ @#n® = —3->< —2->< " x27.0 =9x10* (03)
2 1 0.0 »
®® Hen Pb ®8e @ = X —X x27.0 =9x10 (03)
3 2 1000
5O e Pb e = 9x10*x207 ¢ (03)
= 0.186 g (03)
58 Sen % Pb = 0186 100 (03)
0.285
= 65.3% (03)
(30 marks)

(i) Y quf@@uw Bddedueiod & wom qap@smesd gt crdesed & cred» oben Bubuaec
@l ¥

(Cu=63.5, Pb = 207)

8BS 00 — e 0 (05)

8(b): ©mén 75
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& @ot Hmw ecotmwed®Snd Geeant

9. (a) von sgost gods oluce s 30 @t 010G O ven® @b,

1Y ®@oidfe oo Hroem 7 gstt A e 3 £, P 2 o
(i) oo Capnienad cxwm B »lmued S pod weonesia. esifo ¢apdnoas B

a 218 O yBBurs eCws surst mdsim.
= 6®3BE cHME®O )0 B HDIN®O DX
€Oz, NOy, N20, O3, CFC, e®essl, D18088 o868 (03 + 03 + 03)
650 :

o ey B O3 Ende
o 6EepaH 6O 6DREDO
o BOEx s® BED®
o @e B5Eed BB GENOME B e eim 600E Brens cOd®/
@me e 00 9ng ®
o DBDODOLEB
e o® BEG BHO®
o 66O BHSOED B8
¢ &5E6dA 8x §) DiSBus u®nn ¢fde
o re® @a® BB DBRDED®
(Boz® ecwes)
(03 + 03)

(i) eod o Berams B i £ eoife ofudn i ewlst gt & aw, o o dewe O
e@nd de ot od@Bon! etmel B memn ox@lo @n ee® cwm L 055 08 wibebs
3 £ ! &)
Wi,

g8 O3 (03)

ven v {33 ” . ) e . o g !

(i) powm (i) 8 weoweslon @ efeln 00 st ovly S dwmefn Beden »® misie.
DI OB oy g P AN " C o S
@8® ©OEE B e @ Buo of de ol e688cs! podd acoed moudm.

SO/ SO3 / H2503 / H2S04 (03)
DEez®0 DD & MBS

e pHea®o (R5®) / B3O (D:0D8)

o @OHHMD (OEBDO)

a o O 6ER3® FE® NS (O:BES)
) o OB (BDO®)
. o  BBMEDDD (OEES)
(Bwz® =) (03 + 03 + 03)
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& ©ot») Beo® ecenboedeind Omesnt

(ly) Brgeniced Bends! @008 ebmE mdm (B I ewi gl od) wleln 0By ecot
vEEens 0®® elodd 88 B¢buior! emee a8 8o JweSn odmdes mlisecst
omdews’ ¢8R moxis.

g OGNS B0 (Bewis @i eng i) (03)
emetie o
DdE B0 ed® NO\glo® 6d. (03)
NO,(g) — > nNofg) + Ofg) (03)
M+ Ofg) + Oylg) ——> Oy + M (03)
(M - 60 &g1d)
Betsisd Bow ancee (Beesis g@xnc af) 68.) (03)
ewetie, o
* L] . . . 03
cBedim een Hwon ol  (x) (e.g. H, NO, OH, Cl) (03)
O8x Betslsd B 8.
Osg) + X(@ ——> OX@g + Oyg) - M) (03)
O,(8) —> 20(@ (2) (03)
XO@) + 0@ — X(g + Opg) —eoeeeer 3) (03)

(DHx2 +(2) +(3)x2
203(g) —>  30,(g) (03)

vy L “eslegomn wBobon (catalytic converters) ©8e3 Sawz Biod oged® g aBmmc Oy
Ao, eedmiud ¢8mnc A8 g iy L0 wBobmma 3y C1ed.” e®® gmaaw
endewnsl sl o,

c5e8tn sidbon BB

e NO(g), N2(g) ROD & e® (03)
e CO(g), CO2g) OO &35 685 (03)
o GNCIO ® D g HBeRRMD® CO2(g) &) H,0(g) DD &

&® (03)

II. cHledom o8otomon €8 ebmms 8823 qf Doy AL wlebmmae evnbm gBomd

D930 (CO, ©10) 28 woim. 608 Bnms D1 S Sx3de e Bocedsles! emed
48 endews’ sewsd ooz,

SO, (03)

850850 68 9509DE RO alo® 6d. (02)

&S0 crmn BOe® & SO, &z6s. (01)
9(a): @&y 75
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& @ot) BB 6esbre®dnd S0esnt

(0) P, w0 P, s» con eeecdn eqms w $0:827 9adostn o0y cam P, P, oo Poom o0
Breos weecke o Hocdn quc vve & e oi@® elrens qmed. Na,COy Bdesemed & P
agictsus eces widn of. P, o P, qod y88wiedsl P, Bdogme e amzs: P @L3EICS @Q‘»u

. o0 dediona ece 25D G»éj Bnc beesyl 0dn O gm@wﬁﬁ &2 P ﬁuuem% 2e P 08
> @8, &cons muddien ay ebudners Vo P wededveamed § P olo Qéi)

caniy N BcEs A o 5® wemm
M | Bduooge Beoofas {pc) FHEEC { ‘752“ iR\: Ao

oo/ Seen SudEe

P | eco @ a8ictn e

nés

(3

@w)ﬁm m/’om'f Sesas B ﬁm@é@cﬁ g

@ 5B8w eowmg aficdse (g8eds)/

o O1B8 sdnm sco® ndeRB tro ydHicd BEnd suwsin.

a (i) P, P,,P,,P, o0 P ogewosio.
;
P1=NH; (03)
P, =HNO;3 (03)
P3 = NHaNO3 (03)
P4 = 3831/ CO(NH2)2 (03)
Ps = (30 - 60IBGHHRD (03)
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& ©ot»y Benw ecestrnedsind Swesnd

(i) R, R, R, wgmonzio.

Ri=H: (03)
R2 =N (03)
R3 = CO; (03)

(iii) X, X, 20 X, ogmosio.

X1 =CO/ CO2 (03)
X2=0: (03)

X3=N2+H: (cum oonc 808 ece N2 o) H: o ecwd® acns ng aas.) (03)

(iv) S ogmocaie.

S = 3008 g /CHs 63 23/ (CeHia) 883 ®F e (D)) (02)

(V) gog 00E0EcE oo dwisBn o8nce o@sf PC, o PC, 8 8¢ &» Bwmdl endews!

wews’ »Sim.
PCi: CeHis(s) + 6H20(g) —> 6CO(g) + 13Hx(g) (02)
em3
CHsa(g) + H20(g) —> CO(g) + 3Hag) (02)
PC:: & Do, n&Ew eesdon s (02)

(vi) M|, M, w0 M, Bdugm Bt ogpmesin. (g dolin 58 end H,50, Hdugms)

M: =) @®n e®] NH; 58s1eon (02)
M, = 03080 @@x e®] HNO3;S88ncHne (02)
M;: = @b BEesre®n (02)
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& @om B eeentbne®cind Owend

Vi) M, M, 0 M, 8 &8¢ &2 588w esewm ufn dmaflin odnde gy oot 080 eqsim.
e 3% =6 = ¢ »

(200- 250) atnsm)

M0 Ny(g) + 3H,(g) = =~ 2NH,(g) (02)
(400 - 450) °C (01)
Fe (ctedom) (01)
K,Oand Al,O; (&vaw) (01)

- o]
M, 4NHs(g) + 50,(g) s (800 - 900) °¢ (01), 4NO(g) + 6H,0(g) (02)

Pt or Pt-Rh (eegiom) (01)

2NO(g) + O,(g) 129°C (U _ Hno, (02)
4NO,(g) + 2H,O(l) + O,(8) — 4HNO,(aq) (02)

(180-210) °C (01)
(30-150) atm (01)
M3 2NH5(I) + COL(l) > NH,COONH,(s) (02)

h Y

NH,COONH,(s) — (NHy),CO(aq) + HR0(1) (02)

l NEBmdenn B8 enSeen HO® (01)

(NH3),CO(s) (02)
0HD : 68D HBO FO®S 6:ed.

(viit) L. P, w0 Pyom o &3 seowdon e gun neosd od e O geeidmes s

egzim.

P1:

. DHIBHORE PBBD 300D £O8» SO0/ Be®iDmwm/ g Sen BOGE
50608

o 530D o 9B £MHERE BOD® 680h weld corBim S8O® semn
80 O cnem eS80

. B0 DD eEes
O DVEER &/ 30NSm &) Wase OdY HVOE IR WO BB
Dewm d6 SNBwdens SHOO

e B35 ab@®xnomed &
(Bz® dwes) (02)
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& @0 Ben® ecoboedSad Omesst

L 10.(a)

P2
o »BeJO H5cHBO 63
NaNO;s - B3 e 6@ 6m3
AgNO:; - 830263 830E 658 DRCE BeseddO
o O3 aBrr BescdHBO
o 5z30® WOOOEE sad0n B BOOO
(Boz® Dwwd) (02)

Ii. @;&;}g@ﬁwzﬁ eces wfn 888 00, P, Bdus S00fews R, 8 of gewidows eexin.

PBDDEE 6@ 6®) ELBG (450 °C cd)) 6 HHOO (02)
9(b): @ne 75

A= B oy ¢donfe S588ui g8 wdbem oo ), eCky gume 09 0O Boen B gif Bom!
62, S60 8 uo®ieEm wgBa On MinCH. N, . 05 o woRben qumecd Bom 82’5@
:@ﬁi Ty goemsd won O g, A 40 SBu DR erBel chercs woo BELS Y
Bo (: @ome Loaciom oieel. d8m cdaed g C o8t gum »odss cred. B a8oq S8 gadences
el Ba® chea wde B88:8 me 89 D meom weeding oweeld. d8a ga@ei@cj’ 2 Deds qum
gos @ed. C o D ewod® 2d0nfo £088e e, '
{m\g @;:aazt%m@ coes e¥e BEe® mg 80 Av B8 g8 918082 8 9:38mces gl elmed
SINIET.

(i) Ao B8 &foBudied moom & B o wgrnosim,
CN- & NH3 (05 +05)

i) ABCoxD#® Exm @i,

A:[Mn(CN)s(NH3)]* 83 [Mn(NH3)(CN)s}* (10)
B:{Mn(CN)s(NHs)]1> o3 [Mn(NHs)(CN)s]* (10)
C:K3[Mn{CN)s(NHs)] 03 Ks[Mn(NH3){CN)s] (15)
D:K2[Mn(CN)s(NH3)] o3 K2[Mn(NH3)(CN)s] (15)

(iii) A2 B8 815808 cumosis ectedifie Smmeust Bumin,.

A, Mn 8 R820% goi =+2
DB A 8 Mn D@ geeielin Do 1522522p%3523p63a° (03)

B, & Mn @808 ot = +3
05 B & Mn @ 9epedi® Doniess 1522522p%3523p63a* (02)
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B @ow) Bon® ecentmedSad Seesnts

ivy Con D3 IUPAC =8 Bardm.

C potassium amminepentacyanidomanganate(ll) (05)
D potassium amminepentacyanidomanganate(lil) (05)
800 Bomwe@s Gua eanered. aied Dumens S008 B s.

10(a): @=4 75

by @ L Ags) } AgCl(s) } Cl (ag) gecedind gog 9nBude qlic gffnt Fuslm.
AgCl(s)+e ——b  Ag(s)+Cl(aq) (05)
(=" ¢ 8300 5wm) w5 gdSD Edd gOwnd.

I, Ag(s) f AgCis) | ClMag) B geesteqlt) Bmiw ¢ eend Agt wsigews §n JgisdBsien
8 sepst oistn. Baed 8803 s mosts.
DT, (05)
Ag*(aq) @e@ied® &B8EO0 (0 EBEDD) BwtnNd eened. (05)

(1) oo B8l eemshs.

Fe(s)+ 2H"(aq) + 2 0,(g) = Fe’*tag)+ H,0(1)

I own g88wibd ape O58nde o ©xBude ol uBBs Buwim.

Fe (s) —# Fe?(aq)+2e (OSBmdsn gl oBE@EI®) (08)
% 05(g) + 2H'(aq) +2e  ——» H0(l) (BeSBo0 b 5EGED) (08)
(=== ¢ BRon o) c®BD GOBIND rde gdes 60.

I, pvm o880 Begs deedn enfecsn enje ghSad A0 & g @ 60 enisecs
288 Degs @@nm Dco Slagme odsis.
=~ 044V E

<

N o = 1.23V
H(ag)/O,{g)/H, {1

“Fe?*(aq)/Fes)

580D emis HwO® = 1.23V - (-0.44V) e®3 (1.23-(-0.44))V  (01+01) + (01+01)
=1.67V (04+01)
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B @otm B 6Cenboe®Snd Geoesnt3

Y11 L g i Do A i — ~ N p -
(iii) gmﬁ etz ©0g 0.10 mol dm™ CaBr, 88e ¢wesss 100.00 cm® 58 100 mA 0 Koo
Codabes s 8. wdufed cuemsiia 25 °C8 sonits onima & -
4
-
DS
<< Ca*(aq) Briag) =)
I geemelitie 8¢ O e8mies ey 238ude eB8w Buslm.
DBwOsn gl eBBw®
2Br(aq) — % Bry(g) +2e e®} 2Br(aq) —% Bryl) + 2e (05)
ReBewdgn gbl) uBGE®
2H,0(l) + 2 %  Hy(g) + 20H(aq) (05)
( e BRon uwio) eSS gdsd) crnd® adms 65,
i, Ca(OH)z(S) adrdeds 8@ B B0 om Em ZDIG DEBDS 2T,
25°C8 g Ca(OH), 8 ¢aduon @@ma 1.0 x 1075 mol dm™ of. deesd eoBmdess
EEcH B0z, E80 mEsesB ol Nend b8 89 conFumne mssis.
Ksp = [Ca**(aq)][OH (aq))? (05)
Ca(OH), Do BB e ¢des O [OH] guwm eidggns = [OH]
-7 _  [1.0x1075mol3dm™° 5 3
[OHT] = J o ©® 1.0x10? mol dm (04+01)
6O®® e @ B em) gdes O OH &®XNe = now- s
non- = 1.0 x 102 mol dm™3 x 100 x 10 dm? e®3 1.0 x 107 mol (04+01) -
085 DS dn @ Pedisn gexgus Q, .
Q = 1.0 x 10" mol x 96500 C mol* e®3 96.5 C (04+01)
epediesn &5®@ne 100 mA 6D endm 06 e BeH) HHOD B =t
t=—050 _ ow3965sem3 16.08 min (04+01)

100 X 1073Cs™1

(0ed) Buos e Fe®S 96500 + 100 C mol? goctsS @10 S6® B88nom ®um. mrded
B e F toeon ondo 0o @6 F arpdsd @@ o0 gra® 8itén emen
GEODG WOB®.)

t = 16.08 min e®3 t =16 min 88w ®w)

10 (b) = o4& 75
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