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(iii) <yto� (ii) f?, soe.>.Efi.<:,C.:rl 25.00 cm3 clS®of)d 0.20 mol dm-3 HCl co®c:o 25 "C � q�®ooIDc.:, tslc:525'l c�-
0®251m:i e�ii,�@d .� so0�ed pH �(I)c.:l (O�l5)c.:l 2516.:rl25'l. (25 °C � Kw:, 1.0 X 10-14 mo12 dm'"°)

(H3NH2(aq) �) HQ eJ!etlO ��@Gne) e)�es3. 

CH3NH2(aq) + 'HCl(aq)�H3NH3Cf (aq) (or CH3NH/(aq)) 
g6)@C5)@V cl@O)l'M3@C53@oo 
CH3NH2(aq) : HCl(aq) : CH3NH3C:I (aq} = 1 : 1 : 1 

0.2 mol dm-3 x25 x10-3 <im3

50 x10-3 dm3 

(03) 

(02) 

=" 0.10 mol dm-3 (04 + 01) 

C'l@e:i)5)) @:D@2S@ci pH �b�C5 r.»6ei> �8)@C5)e) 0es3@es3; 

CH3NH3+(aq) + H20(I) � CH3NH2(aq) + H30+(aq) --------- (A) (03) 
6@ t:,HD�� 0.10 O o. 

(A} �cnE> �C5)J :

K 
= (CH3NH2(aq)][H3o+(aq))

a [CH3NHI(aq)] 

X x moldm·3 

.. 

1.0 x10-14 mol
2 dm-6

5.0 x10-6 mol dm-3 
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e,®�8z:»tl):>e.Joo 66®®c:> cyf:l to5m C�· ®®5c:l qi:)de�oc:, qtJw· �cg@c:i2rl �c:, 13 oiwi�(3 �:>D'1l6� ceJ 
�- �lfi� HX(aq) �@e q®ec:id ©Gm @c:il �d8.

(i) �wm �:1c}-eii,C:ta)&3 o0B2)") e:,��8.mz:ii:i i=�too oooC.'l�z::si gto@c:i� {3o.:rl2$).

HX(�q) �W(aq) + x-(aq) 

MX(s) ¢M'(aq) + x-(aq) 
H2b{I) ¢W(aq) + oH-(aq) 

(04) 

(04} 
{02) 

MX(s) + HN03� M+(aq) + N03-(aq) + HX{aq) (05) 

M+(aq) e)© O){!S)b�re = 1.0 mol dm-3 (04 + 01} 

Ksp(MXJ = [M+(aq}] [x-(aq)] ( Pln">�;f f s-;/:ft,,1!,-e) · (05) 

3.6 x. 10-7 mol2 dm-6 • 7 ? 
.-. [X-(aq)] = ----- 3.6 x 10- mol dm-"' 

1.0mol dm-3 
(04 + 01} 

\\0 
\/ 



(iii) 25 °C � MX 63 e,ornadt:n oec., pE>.eEiots> q1S [X-(aq)) ,ytom (b)(ii) !o e& <l:>� q<0cxl 0®:lm <i �En
't �<33:le 't c.:im t)(D @!Oz:il 'tclE>@m _ea:ii,mm. �-

e@�. e)��©� .e. rx::.(aq )J.�t]Om. f).�.��.Ksp.®�-�-�� .............................. (QS.l

��pJ�l<.1.:=:J�����)J.lt{��lJ.:=:.}.-.'?.:�J�.�.�.�9.(�A��.�--············································:.
[X·(aq)]2 = 3.6 x10-7 m�l2 dm-6 

· -

(OS)
. . . .. . . . ... ............ . .... . .. . . .. . . .. ... ................ t .. • ... . ... . .. .. . ......... ...... . ... , " . ... ...... .... . ....... .... ..... . 

[X·(aq)) = 6.0 x10-4
. mol dm-3 

. 

(OS)................................................................................................................................

���-�-�� .. nu.� .. g�?? .. ��.'};.�s.� ............................................................... {9.�1
-

___. 
[X-(aq)] @5@:)G} e)eD@ei) Ksp@@ei) a@� (05) 

@O� qce.€5:> q:>e)O®:) €5:>0('5) ( 05)

{;)e)iJ.X8 e5eD('5)a5('5) @eJ 

@©© efC5:>al (ii)© q<S)ce.0 e)e)) �l-

(OS) 

(05) 

I· 3(b): �� so I 
% Cf) 0..(

1.;;_u , \f\ 4. (a) C5H 12
0 q�tl> g�o ?.:i&30J A, D, C e,w D c.,m i:rte@�=:i� c,&m<!tl'.Sl� 0l!<D o®:>0c®l'.S) @�. A, B e,w

\ • \ � C g�J<l;l e,®JD��Z1>zme:>c:., 130�8. 
() ') (i) A, B e= C c<to,J £lcJc:., !OI!Sl e)eo q�mm. 

e)_§l9 �.!9;® �(,Je.:>@� qttam ts>t.t» 

B,Ce:lro D Cf.�� K.iCr
2
07o®m 9£3@cJ zsi� &:> 8g�� X, YowZoi®( X, Yoa>Z cm 1'C 

NaBH
.; 
e.,®m g�@c,n B&®m 8�0gw B, Cow D @DD m,fm) eBOOmmc., t:ll{; G)tz:s>. 

(ii) A 53 0lJl5:lc., �d �?

A 

OJZl!'.; H;iSO 4 c®co dcl z:ne; �c) A t!)J B �eD{;m E (OJ F eab �� cps,6 C t!)J D' �® .G Z>®t.63 C,cc.: 
e@J ��- G 0:>o@®ns) c.,®:IElc��� @emf)t3. E, F c,a:, G c.,m �o@Q� z:ilmO® C

5
H

JO 
q�ts, � 

(titti. E ow F, HBr o®a, g.B@� t'llg �e> �® H m®tti3 �eo 01�&. 

(iii) B,C,D,E,Fe:icoH53 D�w q�irim.

B C D 

E F H 



b 
--

(b) omm � cnB sB@<.:il �® l.'J� �m2S').

9 
CHzN� 

NaN0
2
/HO 

0-5 °C 
J 

CH
2
CJ CH

2
0H 

0 V 
I. 

0. 
w 

�c.-,:if) 2 

(i) J, K o!:!l L � D�i:o oa,� � q:tB et:n,§ �G q�m.

eic>CS>es>: J = +N2 

N2Cl 

¢ ¢ . CH20H 
CH20H J K 

�©�� 03 o®8' e,0u>a) i K� 

(�62:) 04 X 12 = � 48) 

I 4(a): �� 48 I 

O-OH/OH-

Stil��D 1 

CHO 

6 HCN 
gtn.@c� 3 

L 

Ci\! 
l 

CHOH 

.. ,.. 6 
·�; 

L 

-1-Cb 
?·0 

'Q 

0cl 0- se>�OO OH ©<5) 65@� �� �cS>c.s. t.5>6�. 
(ii) V �co W 9&:i� .OtOe) � �l� � �€ .�o�.

v =I..._ ._N.....,_�..,._�i.:,..c�,__�_�_o_H_· ___.J w =.I._ ___ Pc_c __ .___.il�,"" ·"/�i f-

-

(iii) A
E
, AN , SE, SN@<!:)� E ate� q�J� ets1J900� �� 1, 2 cw 3 oZ) �zsr cizsr gtn�aiaz) ����::si 

q:,z;,:,� (A
E
), 15'39d��9� qo�em (¾), @��8z:si q�{a, (Sf), �9��eo*3� 

��C) (S
N

) @COO <yDl:>i �® (E) eeco e:>b'��6�c., �OWts>. 

(c) (i)

"""""' 3

G 
(�� 0Sx8=©�� 40} 

1 4(b)= �� 40 J 

C�CH=CHz cco HBr qz:n6 s��Z) gB@o:>eOO � �e� f)}la)O � <:.? 

CH3CHCH3 
. �r (03) 

Br 
I 

___ .__ CH3CHCH3 



B�- � 

gdm �� o®-c6i= S�ot 0�trlm. (�cl � saJ=o <9� 15 @ililtrl et0QI.) 

·',.�.,) .t...� s., �':-"·
(a) NaHCOis). 100 "Ce <wa:i� clii6:ii,SE>t:1t»c) ocl t»t:., &> ocoz,, 9ii!@c:,x) s" �.

rf,.,., 
NaHCOls) .ilot�cl.o5®:>€l 5.00dm3 E)25) �= a>(; e,�Zl> 'tac:.'.l tnoom� �Ga,@:> 328 °Ca 6d ::»�
�- e,®��o0c:ie> os@� 09 NaHC0

3
(s) �OJ g®J�d a,�6ecl t00omec.:i@ �S6D Sfl&. �o�ed

8c)mo ! .0 x 1 if' Pa �D =o GJtnmo C�- � �618c> qtB =. �l5dtn9 o8®oe:l emo�c:,sio· esn� a:itii'I
· @el cot»<:!o= �6trl2n. 328 °� � RT= 5000 J mo1-1 el>.

(i) 328 �c � e,®��O}�a �c;�� oo ti)� (RB �O(g) ®�c �" G)�mo �6m25).

2NaHC03(s) � Na2C03(s) + C02(g) + lhO(g)

a�e;:)8>� C02(g) e9) H20(g) 0)ges5 @@m tfit». 

o!3gb@O �('.;8('.'.')® ca1.1>@0i3)C5 l530©®es5 @eS)3 (PV = nR T) @C51!@@es5 {03} 

ntotal = Pro121V/RT 

= 1.0 x 106 Pax s.oo·x 10·3 m3 
I 8.314 J K" 1 mo1· 1x 601 K (02) 

/ 

v 

-= 1.0 x 106 Pax 5.00 x 10·3 m3 / 5000 J moi- 1

= 1.0 mol 
fitotal = n H20(g) + J;l C02(g) 

n IDO(g) = n c�(g) 

· · Ilttzo(g) =0.50 mol

KP = PH.ZO(g) x p C02(g) 

pHZO(g) 

' PH20(g) 

PH2o(g) + Pcoz(g) = 1.0 x 106 Pa

Pco2(g) 

Pco2(g) = 5.0 x 105 Pa /, . ..1 � 2-­

(S.O x 105 Pa)2 
= 2.5 x 1011 Pa2 

.,25°'l\.10' 0

Kp = �c(RT)M 

An =2�0=-2 

:. Kc = Kp / (RT)2 

= 2.5 x 1011 Paz I (8.314 J K-1 mol-1 
x601 K) z 

= 2.5 x 1011 Paz '/ (5000 J moz-
1 ) 2 

= 1.0 x 104 mol2 m-6 ( 1.0 x 10·2 mol2 dm-6) 

(OS) 

{02) 

(03) 

(OS) 

(05) 

(04+ 01) 

(04 + 01)

(05) 

(03) 

{02} 

(04 + 01) 

1i®is5 e Kc @ �®� Kp 0C5� (5)8)@� <5>s:>clXS � gi�. �m 8��6t 
�� C§c5>)©l:@6t 



(iii) ey!D.m !)�tlld' =<5:z:s.) e� t0ldZ>Oo 3� 0c � COz<g) q®:a>0 g®:H!lii� cn::n� .tS>ow e�- c:l®�8z:l>a,,E>oo
�tf>.m c:>E;@� �a C02(g) to. q:io(5lts1 8t.:>�c H20(g) in �Sc, 8Dts)c (!)@m Si> (4) <!J�od l}c,. @®@

. z:nclmDc:1 c.,Q6-m � COz(g) = HzO(g) in q:iol.i3ts> 8Dm a,�z,c z:1>omw. 

PH2o(g) = x Pa @@O G:>es3eD • 

. :. Pcoz(g) = 4x Pa

�i� Kp = PH2o(g) x Pcoz(g) = x. 4x = 4x2 

C�!J:Jrne>c:5 ©� E>es> ii)i��. 

2.5 x 1011 Pa2 = 4x2 

(2�5) x 1011 Pa2 = x2 · 

e:) X 1010 Pa2 = x2 

� 
5 x = 2.5 x 105 Pa 

](.I() 

.2. 

· :. P82o(g) = 2.5 X 10.5 Pa

Pco2(g) = 1.0 X 106 Pa
s 

IC> 7'10 

(OS} 

(OS) 

(05} 

(04 + 01) 

(04 + 01) 

S{a): �� 75 

(b) 2 NaHCOis) � N3zCOis) + HzO(l) + C02(g) 9S@c� c.®®rsi d�tl)ieS ��f50:l'OC} {oHc) zlli.@!nCJ .615i!•
c:lCcl:00 8� 0��m (I = ll) c,®�m omm c'tlDm o5dl!J.eijjc., z:D:i®c5 cil�@d � s, .tS>c5l)) e�-

aa,ru I: �cz:s> qtS 1.0 mol dqi-3 HCl q®e &�63 100.00 cm3 o NaHCOis) 0.08 mo! c':z:ll� c.,cm e�­
c�t��oB cc:.,8® oa,m Eltc)e) 5.0 .°C @e) �:) <Dww, e� 

[B� �Z) �: NaHCOis} + HCl(aq) � Na .. (aq) + Ci-(aq) + HzO(l) + COi(g)J 

&llf>O II: �Z:i)o� qtS 1.0 mol dm..a HCJ q®c, s�-ein 100.00 cm3 e, N2zCOis) 0.04 mo1 o� z:si6t5> G�, 
c�oID0do co8® @mG GO@> 3:5 °C @e> � ©ml)):i e�. 

[B� Dw gB@�D: Nc1iCOis) + 2 HQ(aq) � 2 Na+(aq) + 2 Cl-(aq) + �O(l) + C02(g)) 
HCI �®c ,�� .253� &l� � 009C> m,p CJJ6�D too �o �ee>gzrl 4.0 J g-1 K-1• !!):> 1.0 g cm-;; 

@l>. c»W.tl) 8�6 �G'� � �� c)z:s,� � 09 �"'� 06®0 01:0 � ee:)ZS')Q @�1.etoc, '5'.){B-o>e:J 
co?:S)do2S)c �. 

(i) tj� I ti>:> II 8Qt)dE)e � qtB eiil@c:,;,E>i:rlB �ma,tcl8 &t:5co=,� (kJ moi-1 D� cr,.es;ma, i:s,c52:rl�.

&5�6 I: 

NaHC03(s), o.oa E><"D o�c.:ne) �es)) 

NaHC03(s) + HCl(aq) � NaCl(aq) + C02(g) + H20(l)

Q = mse @CS>3 Q = mc0 

= 100 g x 4.0 J g·1 K·1 x 5 K = 2000 J = 2.0 kJ 

:. �@1cl�e.m 

Q = 2.0 kJ / o .. 08 mol 

Q = �H = + 25 kJ mo1· 1 (rnJo es)�) 

(05) 

(04 + 01) 

.:if' G).5) qG)C5� (j)@t::5 g�)(9 � �es:):) 02 



-�
r k ·

.' I 
L�. 
-.....:..; 

NaHC03(s), 0.04 � f>ei> ��Jf> �roJ 
For the reaction with 0.04 moles of 

Na2C03(s) �2 HCl(aq) � 2NaCl(aq) + C02(g) + Ib0(1)

Q=m.se 

= 100 g x 4.0 J g- 1 K-1 x3.5 K = 1400 J = 1.4 kJ 

:. for 1 mol 
Q = 1.4 kJ / 0.04 mol 

(04+01}. 

Q= MI = - 35 kJ mol"1 (t»JO �5G&�m) (04 + 01) 
a,ail:,�e(Dm�S'58�J�02 

(ii) 'f�l!S> (i) � c,S:i a,zsf �m e1>� m,o OmlG!8lc � �cm • 

2NaHC03(s) -> Na2C03(s) + C02(g) + B20(l) �C)X) e,rorn f»JO 
oe,�� � � e.� 15)�. 

.lli1 (OS) 
2HC1 (aq) + 2NaHC03(s) --. Na2C03(s) + CQi(g) + H20(l) + 2HC1 (aq) 

+2 ;-� 'l.,..., ��\ l (@l'S>3_HC1 ��00)

Afh (OS) ! MJ3 (O�) _ 3 S Mro rl
2NaCl( aq) + 2C02(g) + 2H20(l) 

(�JO 60� � �� �®O es>® � �6e:> � �>

/)11 ! .+ t>rl .3 ·� I> fot '2--
(O�} 
(OS) 

(04 + 01) 

MI, = 25 x 2 - (-35) kJ moI-1 

MI1 = +85 kJ mo1-1

(iii) 96!@<.,� � �. �m ad� � � �uJ �mmteS· ��e,o e� a,E}_ �a 0eca>m
2510��-

(i.v) "'°z:n oa� @� � geo£> � q;Mmm. 

ts>i';@O � t5):J&DJtD6 eoz;m. {Jl,i.,16r.;-o �15" 1,'n�� 

�� �ei) l)� � � 
�:;gJe� 

(05) 

(03 X 2) 

�,h,,_.7� I 



(ii) c:>®=�zi 9B@clo!:>tn la�:>:J cs�i::.1e:)o E)� �cl o@<n VzEl vziezi @lrl <;I8 c:ii!:01�8 B5®0
� � 'idDmtti.

. .
<5n:Q@ qz;OOei:i Br::g:m0 es)) ei@e5ei:i <53cl63G'.50 0e:J) 0z:ID <53cl�� eioo o�@G'.5)t'.D6eu cl'@
�)©€)© ts:>)@G'.5 e@ei:it'.i30C5 ei@@ 0iID�. 

. 
{05 + 05)

(10) 

(10} 

M ��l:il� �c:iti)c:J k, cm �':lB&l®�l:,1 G:io<Q6t» x, .v, z /:.11$) xA + yB � Z'.C 02:0 @81:ll gffi.@c�0 
c�i.oo &.�?SlJ �ea�� {::'-'lzim. 

Rate== k [A)X [B]Y 0t0) .!: (-A[AJ'\J = k[A]x[B]Y �3 .!: (-d[Al) = k[A.]X[B]Y. 
X M · X dt 

�s -:�AJ = k[AY[BJY �s -��AJ = k[A]x[B]Y (10) 

6(a):©�50 

'.� 
./<..t'J 

: I 

�/ 



! hl ,A + yB � ::C c.:ll:i) gB@c.:i:0 ,:i,.19)�::5) c:>El::ix.,� l:I')' cte�ai2$$ o®�til �Be:! �()met:!$ �� (1W�� 
::i,,,:iz,) e�. A Oo�c:ko<.:.1'z:n(;"l:::i e<;e:::i!:o® � �Z') � B � o8r,:1 � � r,:it)n �-

z:ilC,J� q,::i,6 A &l 1:)J:)3oflc.:i e:i�m, &!>,en Oo�6C<..:l, KD = A(org)] = 4.0 <!tD.'

\:aq) 

A o"�©'-' <B,;:,c,&:, o(w£3Q<) �� ?:»o c::i®��:R)oo -i:>s�®a '§el l:J6'?5) �- 080 o�eQc) B 
C'.l?�O�,,..:, m�o,e,6<.., (injecting) &0®m sfil@c:ilD q:,O'®u-1 �� e�. �OS@c:ilo �a-fjjj� � �roe:,� 
e0z:il'BJ .nz!i:rio e�. · 8� z:sx:SZ'> e<; c,�e 9tJ!oe t:,�tii �' tnis,. 

'
, 

o6da;� 
�o:z:;)Q 

I 

..,,lai3r.:n 
l:l)(;:ft:>SG:l!n 

�6®:>v (cm3 ) 

oac.'3 ::,c.,oetc.i&> o{D6kiD Gl:llq} �� 8 
06®:>€) (cm3) .Q)e A 9&>60 9®�4iic.1 (mol) 

(mol) 

q:,d��i.l . (-�A)
(mol dm-3 s-1}

100.00 I.00 x 10-2 LOO x 10-i I 20 x 10-5

l II 100.00 100.00 !Zix10-1 l.OOxl0-2 750xto-5

t __ �,_n_�----� __ o_00_•_� ___ 5_0_� __ �_6_�_5_x_1_0_�__,_1._oo __ x_1�_
2 

____ 1_.s_o_x_1_�_� ___ � 

�: I EJzi o6tlf!ll-e&o �mt:!) l:ll(::)O� <!-�®tiile 8s ?:lldm C�-

( i) :;;;�i::1 I, lI ioo HI a5?ias�0e cec:s .e.,c:ioec:sB �l'j)� A tMm!;6C (!)6Z)c:, ::;:,62rl�.

05�@:JG) l 

\� d('gco tll@)O@Gl8l A© ffi)_es,b�co, [A(l)Jaq = l.OOx10·2mol/lOO x10·3 dm3 = 0.10 mol dm·3• {01 + 01)
\O i>, 
\_.,/ 

�---:-; 
\ �- ; . V / 

\/ 

o5�@:JC5 II 

K = [A]or9 � 4
[A]aq

4x = 1.25 x 10-1mol - x

x = 2.5 x 10-2mol

x 2.sx10-2moL
[A(Il)]aq = v = 

10ox10-3dm3

[A(II)] aq 
= 2.5 x 10-1mol dm-3

--::-c; ., �5.

a�@:Jc:5 III 

d(ge5 �©:>O@ci5 qc:,e» A g©:liJ:Jc:3 Y �©e::l �©t'.i)@e£> 
y

[A(lll)]aq=v

y 6.2sx10-2mo!-y -=-----..c.. 
,v VX4 

4y = 6.25 x 10-2mol - y

y = 6.2sx1
;

-2mo! 
= 0.0125 mol

lA(l II)] . = 0.0125 mot 

aq so.oxio-3 dm3 

[A(lll}]a-q = 2.Sx10·1 mol dm·3 

(03) 

(02 + 01) 

{02 + 01} 

(02 + 01) 

{02-+: 01) 

(02 + 01) 



t,. 
/.o " 

(."5 / / 

(1/ 

(ti) A���.� ,ae�. 

A�@����® 

(i) �) (ii) O�il:lt>@ I!��� Be)� e)@):>eD �.

1.2 x 10·5 mol dm·3 s·1=·k [0.1 mo! dm·3]x [0.1 mo! dm·3]Y 

7.5 x 10-s· mol dm·3 s·1= k [0.25 mol dm·3J· [0.1 mol dm·3JY 
,-

1.5 x.lO�mol dm·3 s·1= k [0.25 mol dm·3y [0.2 mol dm·3JY 

· 1.sx10-s = (�)x 
1.2x10-s 0.1 

2.52 = 2.sx 

X=2 

B E!!��eri @0@ <§e:)00) 

03 

(ii) �J {iii) ��c)© I!� tD@:>o� A �J�lro ffi©)6) @e).

1.sx10··3 

� (�)Y 
1.sx10-s 0.1 

2i° 
= (fY 

Log(20) = v log 2 

1.3010 = y X .3010 

Y = 4.32 (= 4) 

(i\l) � � � a,.cii!S)d �­

�)@e} ©®ts>J ©�cs@�@ 

(i) oO�reJ:>� �oo ts>��oo

k = Rate(!)
[A(/))�[B(I)r

k = 

1.zox10-5mol �m-3s-1 

(1.oox10-1mol dm;-3)2 (1.oox10-1mol dm-3)4 

k =1.2 x 101 mol-4 dm12 s·1 

k::,:, I 5 

(02 + 01}

(02+ 01} 

(02 +01) 

{03) 

(02) 

{03) 

(02} 

(03) 

� 

(01) 

(v) � Ill � A� c6 e.,e�� ��c> 'lle) Ul"L50i)� � w:>ii)zb �
10.QO r:;m3 � 'l)Si:!t � ml!), � � � Q'ti5) � � � to1,B c:,? ��
e�o ��;�� �

��� �)O@CS>tS> �)� @e)eDffi <§ei):i@e), o� tl>@'.lO� A e5�G!ll00 @06:>cl @6:>)@(i, 
{02+o2} 

6(�)=�4;150 1 

·:-----....

\�� 
' ·/ 

-\--0 - -
0 ,• . , 
'v' 

. ·/ 



·,/4o'J
. I I 

�/ 

'-.... _ . 

(r.) X = Y s�@ 88� o6g� � l!)t.BelS. &ai ·Gllf�ors 'ft6S � � � qs 
!:i:>t?£c, � e.,®«>· � cnS � =� X sao 1.2 io:, Y � 2.8 (ft8 �. �- �o SDmco 
3.4x 104 Pa0�. � ce� '9 � � e.,h, � <n8 ,f> � e:>og& X ®� 
1:i.�� V � 4·.8 Dw ro, � � � 3.6x 1<1" Pa 19t> . .ee G��?; X !Sl3 Y &! eol:»ldui E>,ctt:, 
Bt)m C!>� =dmtl>. 

Ptotal = Px + Pv = X,_px0 + XvPv0

X _ 1.2 mol 
x - 1.2mol+2.Smo! 

Xx
= 0.3 and therefore X

y 
= 0.7 

@eE)@ �Ctl �ev), 

X _ 1.2mot 
X - l.2mol+4.8 mol 

3.4 x 104P� = 0.3pJ + 0.7p� - (1)

3:6 X 104Pa = 0.2p� + 0.8p�· (2) 

��6iro @C,e:5:l �o!!@®es'S 

Pxo =2.0x10' Pa 

Pv° = 4.0x104 Pa 

: ( IN / 9, • l-i( f.... � . �. 
- --<> 

pC 
(<.,k:;{J 

{05) 
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{04 + 01) 

(02 +02 +01) 
K tJ 
�� 

.,fl 17" 

(04 + 01) 

(OS) 

(05) 

(04 + 01) 

{04+01} 

6{c):�so ,.

(u::/J 
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0 
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N0

2 

_C_H_3_C_I __,..,._ ·6�3 
anh. AICl3 ,,,,, 

(06) . (06) 

A!tem�tive route 1 

·o I. 
h' 

CH3COCI
anh. AICl3 

(02) 

Alternative ·route .2. 

6�
CH3 

_z_n_(H_g_) __,..,_
.,,.,, cone. HCI · 

Br 

,. 

(02) (02)

C�C�CHCH;, 

A 

J30 marks I 

· 0) qf)&:o � X Qt!) Y ec.,� CDi§3®zrl A= B �ae=cf 8cl:l6 OC5IQIE) (5) liml€lt!> &,Sl6 � ©Qi
8gece =ozrlezrl (!)C)@d (itS <90m0zrlm. 

CH3CH2c=cH 

� . (05)
B SO � CH3CH2CH=CH2

a 4 (05) 
(OS) Quinoline 

or 

H2/Lindlar' 

catalyst 

. 0 
Hg2•/W/H 20 11 NaBH4 or 

CH3CH 2c=c-H -----'II•� CH3CH2CCH3 • 

v (05) (03) (03) 1. LiAIH4
A 2. H+/H20

(03)

HBr 
• 

(05) 

Br 
I 

CH3CH2CH-CH3 
A 

�20 
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CH3CH2C=C-H 

� (05) 

NaNH2 or 
Na or 

RMgBr 
(05) 

· e @ (OS) 
CH3CH2C=CNa CH3CH2Br

or ---....:i•• CH3CH2C=EC-CH2CH3
CH3CH2C=CM9Br y_ (05) 

(05) 
!Hg2+tH+/H20

(05) 
0 

II 
C_H3CH2CCH2CH2CH3

.El 

mO� : esoe•e:i �6> X t:5>l Y O � � @i),ets � X t:5>> Y BS� 

©e>tc5e�e8d3 

�30 

7(b):� OSX10=� 50 

(ii) �� � q.£3 A CU) B �ti) t:$)0 8c,f)d � (5) � ea,E)O � C do�:kt>Q !)Q) sg�c
:::s>olrl<;tm 0� �S <:tez5i>!rlm.

Br 
I 

CH3CH2CHCH3 

(05) 

Mg 

��/
C�CHi�

C 
II 

� c�� 

C 

MgBr 
I 

CH3CH2CHCH3 
(05) 

0 

II 
CH3CH2CCH2CH2CH3 

. (OS) 

(05) 

H 
CH3CH2....._ f .,,.....

CH3
C 

I 

CH3CH:t''� -cH2CH2CH3 
0-MgBr

I W/H20 
y (05)

H 
CH3CH2......._ / .,,.....CH3

C 
I ..

CH3CH2_..� -cH2CH2CH3.
OH 

(OS) -+ OE

QOes>cD : esa � &e>6 �� t:S:>�. e�t61! �& �lDJ � � � � �. 

J - ,. ' ' t>l-' '.?.?)..-.c...,,,..i

7{b)(ii): �q;i 05 X 8 = � 40 

(;) )c::>LJ 6 J � 
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II 
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i,'Y(J) 8. (a) Y saD�@�!i3 t»lc:>oc.,� � Cfll� <M),

@e® ® 2:1:n:c>.io� eo��acot�® eceoa Oeo!:S> C55dl'!la � 2:Sld?Sl ef. 

Y @ �@o �oo=c:> !:S>�Z3l HCI tbd t!:>� e�. 

P 1 =6a ee)zrl tsid S�"' �gm H2S @§e=:) 2:1>6m e�.

·�

a, OttntB q�Glocid (P
l
) 

�� ottoiB qe:>d�ood (P z>

(j) 

® 

@ P 2 e-060 @Dm Z3l0� C�· 1½S <y0d IS6® O<!,:tOJ e:t06mo :!5>D�. 
88(! i::w. NHpH/NH

4
0 c')d �2':> e�

q�mfocd 0�:>@i!:S>. 

,,<r. 
·' "

!}-

@ s3o�o �gm H,,S E1@e2S:1c1 tsldto e�

CJ� cO� 

P, I. P 1 cl dee'.'J Od tsld ��·-e&o mei0m e�-

IL ,eo!:S) I 63 ®@� c�s�s §IDci � �oo. 
caoozno (F

1
) i:oo @Cdee3 (R•) ®l:!l c:ieor.n �el 

B� .ci6m e�. 

�(F1) 
9 c�e@ f\ ·a tll22)Z3l H

2
S0

4 
od %:l>Oto e�. 

�(R,) 
. C<!§�® eecae3m R1@�m <M:l:f<tJ .o,�� 

NH
4
0H � l:l>om e�. 

. �mo9. KI s:>€l�d tn:::i tsidz, e� . 

I pl c.f.§9® t,i22)tsl HN03 &I P 2 !;0-e.iiio l:ll6 00:>DiSo® 
®;;J:fe®O �,.:)�cd od ts>ots.> e�.

P3 
I. c�9@> coazrls HN03 � P 3 G06o ::W:!5> e�-

I 
.. _ .... ,_,_,._,_,. ____ , __ ,._,_ .. ,_ .. .__,,,_, .. ____ 

II. �rot)) I b:ie� c,c:o?:ll � e'la� l:S)Oz, e�.

! • �:>m�HCJ 

I 

I 
.. t:i>m� NHpH 

(ii) I. Pl' P1 ioo P
3 

q�®eo: 
IL 1;21m 3 � 0t5�c;zro ew�Dw ��om

l'!)�=©z:f�.
(GL9: 6=�.cn 99 o®.;i,d ec.:izw:i.)

P1 : PbCh and AgCI

II 1 �irorn : Co2+ ©tm Co(N03)i (§CS)S 

2 �®:Jrn: [COCl4)2" 

. 3 G)e)�re: tCo(NH3)5] 2+ 

tsl6 o,i:o,B qe)dC:J!lll'ood (P � 

� 

P1 !ii � sc>�c., �&. 

9� qe)d��d 

R1 St:14!.!oci §&. 

°''< 1.:Dto OttotB qe>d�OC.,!Z> 

:.NO Oitntt:il q�ood 

oo�co ettt>tB so.96� 
(1 (;:iE>zQ) ...... ,_ .. __ ,_, __ ....... , ... ,.._, _____________

�e ei.l!OlB ��::sr 
(2 �x>�) 

t:!lto·S@6t ota,�t;, b�0�;;.,esf 
(Jc�) 
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f�i�>-1 
� 

�:4!.} 

j - {05) \ 

,(05) 1 

(OS) I.





(iii) iycot:0 @ © 63 q�tlo Dti> �iox.,�cl::ii�� qJ®�l:ll �:is<!ld � qc>tsi� 0m,�wecl ®cl �8
e� oico1�8 z:no'mZ).

O@CJOO � �.®'J@CO� eslifu5es:> eiie�a �@ �esn. 

[M2+][s2-J > Ksp. 

�@;D @JG)�@cl � [s2-1 ��-

(iv) Q)J@3ID<003 �© e@<'J&lE>© K,p > (ii) tl)J�e)@c5 �oc)J�e:l© e@C9tBID€>@ K.p 

(Mnu, Zn2+, Ni2+, Co2+)

,-(04) \

\ (03) \

(03) 

(03) -�-
ep®� @)G)2S©C5 e, [s2·1 e®0e:u ���. @®c5 (iv) eslJftle)@cl e3©C')c3e) e)!elcl@@o �5@0 
o@)@!J0cl @ei>J@eJ. OOz;C,eSS t,e:>J �@::J� o0�. r(o3} 

j s{a): ��� I 

(b) �� =®oe� (NHJ2S04, NH4N03 e,co gS@al�� emx>m GE>;;o qe:lo� SD �COJ 0ffl'�o c�. @®®
c::):>®oeec! qi�63Q@) ct>6i> 9®04!lod BtS6c B� d�= OG:>� (,de>:i q._S @c.:,,8g@t)s �"=<iJ (;)zrlm;, c�-
� �� l.OOg� �d �� tSiO 250.00cml � 06'®:l®S=i �� � � ::,o'Z)

. e�- (� cs9 S � eeo !!>i�ffl@!>.)
�

s �:>Deii@'-3m 50.00 cm3 e::,x>e� go>e cl� (NaOH) Dtf'lsd 9�0 o®<D 85oer � @.<;_©cl � 
� . ex.;e> 0.10 mot dm-3 HO 3().00 cm3 � c.,&, e�. Cy�5i> qiS HO C'i'B� .S6®c:l (fuZl,(!d�

<.l1e;,tnc ecc � ID63®m> qf>cQ:is � 0.10 mot dm__., NaOH 08®� 1020 crn3 &I. 
@c:oegef)& 2 

s �,!>�cm25.oocm3 ecaoot1)o Al-� <i. (;)2'!09 e@e tsitSloo.t:il Oz� g®J�� <co� ::3:d 
®�� om t96!5> c�. � � c))gE) 0.lOmol dm...:i HCI 30.00cm3 �sD G:l�Z)) ��- <i>S5e> q.S HO 
c<c>Btn &®O (A@=dc::fz»� �ts(Q?:S>C �o � m33®m) qf>a:ill � 0.10 mol dm...J NaOH 08®:>e) 
15.00cm3 &. 
(t::lt..g: ee®e tnE:x;�s �i,, cd®irl 1 QCO 2 ���e D:ia SDOO o®�ts� �a 06�:.e� Qd.:s, c?-> 

(i) @c��ef>� 1 6' B(icod � � to�2:l'W).

NH3 . 

(ii) €j�c)(; 2 w .iic;es>c:f §l � w�2rlm.

(ill) �ef>G 1 � 2 lo � � �w siii� e�ioo � 6ox.,B� o&:1166 Be.,�.

1 @ane:>®@o© ot»@@ 

(NH4)i$Q4 + 2NaOH � Na2S04 + 2NH3 + 2H20 .............. (1) 

NH4N03 + NaOH � NaN03 + NH3 + H20 ........•..... (2) 

2 @r.5Je:l[P@c© A&@O) 

,-- -. 
· (03}

(03) 

{04) 

(04) 

/, ...... (.'
,!}}
•1/

\b 
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(iv) �m o�®oeea! qt&l (NH4)2S0
4 

et0 NH
4
N0

3 
<.:1i:i, ·ei:sr � �00a1:f<D@O/i:l c:rts>mw sB�mc., co��C:l 

:::llc5m2S'l. (H - l, N .= 14, 0 = 16, S = 32) 

, ' 
t:5:>@0@@Gl© ei1i81 (N H4)2S04 �@J.il%5 = x g (01)

(NH4)2S04 © �@r.sl �@Glal = 132 (01) 
X 

(NH4)2$Q4 © �© !;;)@J�G5 = - (01) 132 

1 Q}QJ0(00) 

NaOH @§(g �@J.il:JC) 

= �x.!.x2 +Lx.!. = O.lO xl9.80
132 5 80 5 1000 

!l@@�@ 2 @QJe)COOlO 

NaOH @�© �@J.il:JC) 

o� (l?roS NH4NQ3�@>J� = y g (01)

NH4NQ3 © �@� oooG)c.:; = 80 (01) 

NH4NQ3 8) ®�@ �@)�C � L (01) 
80 

= O.IO xl0:20 .- � (01)1000 1 • 6 1?( f 0 

0.10 30 0 0.10 = --x . - --.x'l0.20(01) 
1000 ,... � 1000 .-

3

,.3?(..!C ·- 1,c'2..i11 IC.

O IO .., = _. -x 19.80 ,.. ;S-(01)
I 000 - I "q S-x·, (,

= O.lO �19.80 .... � (01)
1000 .- I , '1 R'X fv 

X 1 = -x-

132 5 ( )(. f;G) 
--- ;. - (01)
l 3::l :2.5o 

y 1 
=-x-

80 5 

Su 

( j_ i'\ ,-- (01) . 
'- JO ;lSO 

... . 
- :S 

j ,q &:,� 16 .. : ........................ �

�,-· .� 

(07} 

= O.I0 X 15.00
1000 

j ... f,·J(/(l (01) 

,... '?, = Q.lO X 15.00
1000 

I .. S :.:i (; (01)

= Q.lO X 30.0 -· O.lQ X 15.00 (01)
I 000 _ J 1000 � 3:?,;,<cl(: ·- I .5 X! 6 = Q.lO X 15.QQ (01}, 1000 r 3 

= O.lO X 15.QQ
1000 

i ·6�/(; 

(01)
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25.00 cm1 &
J 

�� (NH4}2$04@�© �©)iX>C3 
X 1=-x-

132 IQ 

'25._00<J
1ffi � NH4N03 ®g;J(Q �®:iiJX3

. ? 

y l 
=-X-

80 IO 

= 

x . I 2y 1 0.10 -x-x2+-x- =--xl5.00
132 10 80 10 1000 

X I -x-
132 5 

y l 0.10 +-x- = --xl5.00
80 5 1000 

I 
,, !:> 

..... J · .. ?""-I. r., ••• (S) 

=liil X l · y 1 _ 0.10 9 S 1 ! , <-7 �J".. /0 � IL 6 =�6@:Jc::3-X - + - X- - --X 1 . 0 X- ............ ..,_, ............ 111) 

} 
· 132 5 80 10 1000 2 .:.1 

Lx l_ = O.lO x 15.00 - O.lO x 9.90
80 10 1000 1000 

0 10 
y=-· -x5.10x800; 

1000 

v==� 

,... � . -= f · 5 � It. 

(01) 

(01) 

\ 

(07) 

(01) 

�-
.

{01) 

(02) 

� = 0.10 xlS.OO _ 0.408 = (6.0-4.08)
4000 

,... j 
( • .:::1:.;, .,;; C 

660 1000 400 
r;=0.317 j

= 31.7% 

·= 40.8%

·' ;.

I_ _ l . , 4-.8 · .. 1 c.
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b Q .,.._ I� ,

·1- - i l _, 1, 
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rf-.,. 0
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1 @)0@C5 

e)t'.i:iC>J@© N H3 �@))i)OC5 

\:...: r, ..... ··7 --uV' 

2 @)0@rn 
e>�C>J@© NH3 �@))i)OC5

i. 

= (30.00 ·X 0.10 � 10.20 x 0.10} x 10·3 mol(02)
0 

= 1.98 x 10·3 mol 

= 1.98 X 10·3 X 5 

� 9.90 x 10·3 mol 

{01) 

(01) 

(01) 

= {30.00 x 0.10 - 15.00 x 0.10} x·10·3 mol(02) 

. = 1.50 x 10·3 mol 

= 1.50 x 10·3 x 10 mol 

= 15.0 x 10-3 mol 

(01)

· (01)

(01) 

e5)®0©@C5© 1 g © �i63 NH4N03 ®�© �o'2)2S)e) = x

ts)®O@©C5® 1 g 8'> �it» (NH4)2S04@�© eso{V2S)0 = y

J @c.5)0/.g@�ei3. NH4NQ3 es:l) (NH4)2SQ4 e)� NH3 00@� 

e)�z;�es'5. x + 2y = 9.90 x 10·3 mol ................. (1) (07) 

2 tyc.5)0®@rnes5, N03·, NH3 Q)e)c) .o00tl0)€S)(.5 �. NH4N03es:l) (NH4)z$Q4 0�eD .@i@� NH3 es®G:l 
80@�. 

(2)- (1} 

0®S3e.'D, 2x + 2y = 15.0 x 10·3 mol · ................. (2) 

x = (15.0 - 9.9) x 10·3 mol 

·;-x = s.i xl0-3. �oij
l__ 

. 

y=!.(9.9-5.l)x 10-3 

2 

(07) 

(02) 

(02) 

\-._� =. 2.4 X 1Q·3 �<?! J (02) 
---... � 

. 5.1 x 10-3 mol x 80 g moz=1 
� 100 

(04 + 01 for mol. mass) ts)®O©@C5© ei:e)oe52 % NH4N03 =------___;::'------
l.O g

= 40.8% (OS) 

�,!ii ( H ) SO 
2.4 x 10-3 mol x 132 g moz=l x 100 (04 + 01 for mol mass)-e'.J.J',:'.JO©@c.5© �e)o<,J % N 4 2 4 =--------=----- . · 

l.Og 

= 31.7% (05)
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@� �6) HCI �© mo@me) 

H(I : NaOH = 1: 1 

NH4QH + HCI � NH4CI + H20 

= O.lO 
X 30.00

1000 

= O.lO xl0.20
1000 

= O.lQ-.
X 

30.00- O.JO X 10.20 
1000 1000 

= O.lO 
x,19.80 = 0.00198

100.0 ' 

{01) 

(01) 

(02) 

{02} 

�i5@, 80§ NH3 @� e6o@2S:>0 (50.0 cm
3 �e:liro@� �083 NH4NQ3i:5)J (NH4)iS04, 0@65) 

2 @C5)0@C5 

®� �i� HCI @�© eioli)zs:>0 

= 0.00198 (01) 

= O.lO X 30.QQ1000 

= O. lO X 15.0�
1000 

= O.lO X 30.Q - ?· 1° X 15.QQ 
1000 1000 

= O.lO 
X 15.00

1000 
= 0.0015 

= o.001·so x 2 = 0.003 

= 0.00102 X 80 X 5 g 

(G1} 

{Ul) 

{02) 

(01) 

(01} 
(' '!· 

' .. �,:. t; (07) 

{01) 

0.00102 mol x80 g moZ-
1 x 100 x:.5

1.0 g {04 + 01 for mol. mass) 

=40.8% 

NH4NQ30@eo ©li))G)cl NH3@�© G>� (50.00 cm
3 0�) = 0.00102 

(05} 

�-

OO©mJ, (NH4)zS04 0®eD ©li))G>cl NH3 @�© et3oQ)25:>e) = 0.00198 - 0.00102 = 0.00096 • 
1
) {07} 

(NH4}2$04 : NH3 = 1:2 

e)@©e3J, (NH4
)
i$Q4@�© mo(2)2SJ0 

r :0 0.00096 = --- = 0.00048 :)•lj>;-•I:; {01)

= 0.00048 X 132 X 5 g (01) 

0.00048 mol x 132g moZ-1 x 5 x 100 

= 31.7% 

l.Og
(04 +o1 for mol. mass)

(05) 
I �{h\· � 7S I 
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IV. c(:;!�6cl q®e ����mo (de,& �®c.:i)

(i) � (}cl @<.,,D(3&0e � ':ll��:m l::l>O� q:,o®to!'.1) sD:o cc;tom t:!>6ml5).

I e'.l6oa@ ��- C�(Q3 (f§l,'lfSJ@ilCaO (�5� @t5®)/Ca(OH)i (e3@@�e'.l@a®) e,ei) Clz
-

ll Calcium carbide - CaO(��� @a®)�CaC03 (��(5)@), � coke (C)

Ill ge'.>C5). - NH3 (I or gas) e,ei) CO2 (I or gas) ,., () 
._) ,/ 

IV H2S04 - t,@(')b (s)l F.eS2(<'.1!� affi6t5b) .�� t,ei) a@C5
' 

(�� 02X9=�� 18) 

9{a)(i): @�� 18 

(ii) q��X> �'lm0C � 9�9 ��e) C�Wm �m f!>cl 6d �� � t)� sB� C�3 � Oc:lx.:lm
0®!'.1)6-@li) ��2)i2S).

f 5600(5) � 

/j, ,. CaO(s} + C02(g)

Ca(OH)i{s) 

3Ca(OH)z(s} + 2Clz(g) · RT (Ol),,. Ca(OCl}i .Ca(OH)i.CaCh.7H20 (s)

{03) 

(03) 

(03) 
12-15 hrs. (01)

11 ?;"Du@&.5® ?;"D)�8e:1 

CaO(s) + 3C (s) 2000 + rnooc (Ol) CaC2(s) + CO(g)

�s 

2CaO(s) + SC(s) 

©tS)) 

2CaC2(s) + C02(g) 

9{a)(ii)I: ©� 11 

{03) 

Ca(03 (s) + 3C(s) --•P. ICaC2(s) + CO(g) + C02(g) {� e>t:56 ffl�ts>) a�) 

9(a)(ii)II: ©�� OS . 

Ill g5C5) 

[9(a)(ii)III:. ©�� 10]



.v ��·g@w 

�(s) + 02(g) 
.,

2S02(g) + 02 (g)
VzOs (Ol) 1Jt 2S03{g)

450 °C (01), 1 atm (01) 

$03(g) + H2S04(I) 

H2S201(I) + H20(I) 

H2S201(I) 

2H2S04 (aq)

� : a (i) ev:> (ii) tM:,(S)J @� ooe> �2'CNB. 

{iii) Oto%» l!Jr::J ocl � �!Dl 900:Joz:, � @i@zrl C)�ID� t1>d�tti: 
eo�� �- =,dB"® �!l. �6c.,, ioo 0<:!As6r::J qeec:i 

c�3oo 

ei6o02'D ?;\1e:l 
• �6o06) ts)JOe:i:>00 @@el
• O@C) 8e)J�6ei>c, �ei>J
� �Co':

,.

·")") �)6 .z)CA :S� 

. ts)�@l'.ac.5@ ts)� 
• ®@ es:>OC5l�® �es:>J

• O@ey)� <!)�00 �es>J
• <:lciaqi80� �Z©© � �C@ ��em

• qi8c>©� ��� �Ci)) <.. ,)t ·v

c:§t'x5J 

(03) 

(03) 

{03) 

(9(a)(ii)IV:. � 15] 

[9(a)(ii): � 41J 

,c;.. 
r. r-;... ,./ 
r 

• 2'.D8Qoei3 � @O:>@es:>)fficl ©eJ�J6 �ei@ �es)) 

• @c:>3®�EM} IDes;i qe)CR)� t;>r};.® e;eem

H2S04 

• @a� @O:>@es:>J6 ©oe,�@

• (NH4)i$04©e,��

• @�(.5)€'.D es:>J e3@:>ed0ci5 �e)(§)c) 
• 00©��0

• �!d6�e)25 ©ae,�c)

• ·@�cl��@() 

• Q)c;c)5 �@C) ��
• e)J� �d@ei>G)· �C®e:>

.
(02 + 02) X 4 = �� 16 

� �· aa� � C§c5>� f)§e)tl) miB Q&CS3d� � . ' 

=���too,������. 
9(a)(iii): � 16 

. 1 9(a}=�� 75 I 



(b) e0edm � IS)� (OLD). �Q c�® (GW) 1C:J qee c>t8 (AR) �ZS'>C!d � �o � �� �
e�d6Z3> <DtD� (!}�. ca,� (itcf<K>m 9<dm c,8� � �!SI ,;tMOm <!>t� l:03 e:ieamw Co.'), 

(i) �5lm cco m8gcim � 08� @o:>1::11� Dm 0/.�IDd dcx.,�a &a <1t�=d �.
L �m � o���m c,m:m �d "d �53 �m oDtiltl) 9D:,m � eo cvilnffl �tom

�mZ) : 
�39�e0cl, �:iciDe, ��- OB�� �. 

II. mBgom e)�Q6:\ ��0d Cfl:D N2 D:igt) (fi)d � oto 9�.flil �- � Dm0m � ctt8
e�a,c.,m CO�IS:>ffl z:nc5mm.

BI. iz):>@m !>��"'� i:st�s ��m �'°� D2'> q�:>c5 � co�a:im c,�m .

. I 

II 

• <31))7.;S) - ©��3cl/81!il"Jc:.5/@e)eg�)cl/®��

• a©c:5 - HC03· / co/· {C02(aq))

• oac3� �@@)@-CaC03 /CaC03.MgC03/@C9:>8© �al ((5)(g
ej!�6i,@a@&}3®a5®> I G>�aoo r E-6 h'>5 )

fy(;) 7f � 'P
®0�al g)<.i))OO 

(02) 

(02) 

(02) 

{02) 

• �J'5@� � �5@(@es3� @®a:,)/ qe:5>2Soo6 �es:,ai �/ �� C�es:>clE>

0@ (! �es)a>C5 (02) 

• oo �)cl@� §6 £t>® <�e:16)·636es.>oo �OOa:,))

9 . 0:>g @G>3®a:, � ti1t5@ (q�� @�0@ @©�)

��1;'.)5®:Ja:, Val g)7.;S))6a:, 

• N03' I N2 1i)e)c) es)()e)es) alt3gae'.&ro@5� @��J

.�$ _;5 �� <i�b· {?[:� <i>U>?1 t C 2 ,��6'f · 

(02) 

(02} 

(02) 

Ill 0)g@a:, t»ti5cle) a:,c)@cl l:5@ffi© eri§ �)@§� e5o@03@ C02 '2JOO oti50!5> qa>6(02} 
.. _. 

,_-eftl!:--

©be)Jfg eD� a,e>@ciS e'.30) CH4 & CO@e)c) oOObeDa>C.5 �. . (02)

9(b)(i}: ©t\>.tm 20 

(ii) (t®e 0t8 cntil 8®o 'l��z::si DZ) E):i��:ieed oll6J2)) mSgeSm qE.)0<52 gl}=>Z)' 0�co � tot=«>mts:i.
�� cSe,Jc::i� e®tw4!lii qJw:>c5©C.:,trl C3'®® co� e>tS eec., cpeS= t,)O�ts-$ �d �8 eom£>mzn.

2NO(g) + 02(g) � 2N02(g) 

Cia>l 2N.02(g) + H20(I) 7, HN02(aq)+ HN03(aq)

(02+ 02} 

(02,) 

(02) 

9(b)(ii): �� 10 



(iii) ci,to-'" ��cozf i,d =s oo8'c:i8'25l m��t>e) (OLD, GW; AR) �x.,ts, £)25i z:s.,:>tS�t:11 @c,:,JD(3 � �
��mm. �® e,d =s ;,,�b'®� �J€.)e� ®@� e>:>s�ec.,O �Jiot@62"> �r:i, (Sc,�o:.i:!2:1) Co��
@tta� io�,«itsiffl.

rf.l@e:i� �aiev 5))(:}ei)al ,\ C .... \ � 
• e)� e:,�f.Sl� l'.Sl�rn<:5 (CFC/ HCFC / aerosol) ..;17,{ - ,, 
• ©O)f.5)6iY.J f.Slb@J�o,c, (CFC/ HCFC}
� c,;ie>rore�J rs,t,@� <95>3 �t>@t'lJ©� @a� (N02)

• �alil 6o:Jm&-:5:l l'.Slt>@:>es5t5.KB {CHaBr 0@ ��. �®�:J6t!>OO)
• Ch es,)e}ei> l'.SlOO @e!i>3 S3�c!i)cl 00@ ©© 00@® @t>®:ies5ti:lCB

®G)3{99 C®a®tD6il'Jai 
• f.Sla@�b®re (CH4, N20·)
• e)� e1®f.Sl6@'JC5 (CFC/ HCFC)

(a>t'>®�cs (02), �� !)�ta,cs (01)) X 2 
,. 

6'1S6'c�} f. cJ ,;;f. •?,./.; o.- r ·r.:r : {' C ,. ;'. )

• ©ei>es:>6� f.Slt>@:les5ei>C5 (CFC/ HCFC) £;"6 e);)'!j<:h ,r,,J;'!..)i ,� "Y)(._' I� f_'(; .'l.. )

• ��© 0)@'5)C5 (CH4)
• ®@ej!�i �®J6 (CO2)
• ei>t.8<igcl @0)@15>)6

Lf-'�� �- ...>;), 

c..i?JO ,S...J �...-, 6./1/0

• @a� 6ro:ic,&;» l'.Sl�al (CH3Br 0@ ei>�ts:>, �®ts:>JOO�)
• ©® �@® CatIJ6®'Je}© �@@eD f5)J� .
• �@@30@ e):ige) e.>:>e'.lei>) ts)Qei) @5>3 �5>e3 ts)9ei> @e®:les5ei>
• Aerosol / e.5@�es,6ev �€l2S

(�'5@�c:s (02), 6esxs� ��8<:S {01)) X 2 

,, 

·• �e}J�@cl � '9C'J:>8@ @e:D�ei> �5>� (NO, N02)
-,f C �:,_.I.;-.- - . 

• ®@ et!�6c; '2)©)G)J66@ @C'J:>8@ ��es:,�� (S02) /J-r-J c,..,

• q� Cllii>Ocli�� �e5:lei>al 
0

(NO, N02) 
.::> 

(m�Ji!i5ts>c:s (02), �� �<i�$C) (01)) X 2 
9(b)(iii): �� 1.8 

(iv) cS�D·coeo i:,�o �� COo@dW � �®D e3te8� � q�®m �� f)Z> �z:, � �
a,�z:s,:lf.l.')ffl2:l'l, @®® coo�:kn i:!ec.,D to:) o=D qi�e f)� ®� �®ciltl5wf> q�wd .:,d�m�.

(01) (02) coa 

nitrifyin!L
bacteria 

(O_g) 

{04) 

(OJ) 

9(b)(iv)� ©�� 18 

.. � l 

(v) �q(!e sc:-ac:1 E:Ji� qr.!)®e>,:ll) =� a6� qo�e>:x, o>ta>td lS!�e> (i!Ol:I) e:ic;co2)'J' �06°2:l'l sa:t�

ra�m tl)�o eite&,, � �Jd�!:lf �i:sIDB. es o:>6�&si 9a;Jzio co$�lS) Cfr.!i®Dz:ii @eo
m:>� � (fOS!:>1' @tl:l)rO �® (f'iJ$ 0:>6=6c> s;i:l�c:iO �:)(.)Cl elm@� <.!tcied �8 � ��trl . 0 q 
::s.om�.
0)&5JOOes5 @ei>J60 � �,ens '2)c;es>z;6 �C@ §o:i §00:)g) oocl0 c:5<')@53 (02)
w��:J0@ @G))l'.S)� to�) ®©e:D CGJev ey�0?S cia6 eiitD6> ®@oo 0?gi0 (02)' �Qi)�
e)(!'o@G'.l� §oc,�. ®@oo c.5@ es>Cei>J®)6 0:ig0tS3. (01) e>re. @G>3®c5. �®fs)6�
�� �- _(03) 9(b)_(v): �� 09

9(b): � 1s J



10. (a) (i) Ti0
3 

"'� eo ,;® OtCO'(B �=IS. d� � A Ul3 B Z>® Tia
) 

!il �e2S'lo � �ct � .. l:ll� eot�S. 
Jt '<' A C,IS) B "'� Hp U)O c,-e(l)m q� ql!!lol:1lec.:i cS»:>®B"'d e,!ilC) OOeO�c.,e� 'Oc<l)!S) t:)o@c.3:kD e�.

,..�:-\ -(,
'1'

' A= B � l:ll6 � o� =sB i3tS6c � �2S'l c�- =.i:n e,�a,tl'f .@Q38�e0� �m l:l>6' 
'?, e.:1o-.,� �()c)m 8C!l@d•� ::11625'.I o�. 

A@ 0.20 mot dm-3 9f)-«1o� 50.00 cm3 o ��ad' AgNO/aq) C,l:lf l:!>� � z:n� qie®� 63 �;>Di, 
9� oion6l qD��oc.:i� e�&. qe>z:sfne"' eeo:J�. c,znt11 �� &i (z:,k1l:l) dcww� et<3o>m �1.) 
e�tl'fac., 4.3os g £,c.,. 
B��
B 63 0.30 mol dm-3 ��� 50.00 cm3 o �6g::S AgNOiaq) �= �� � A lo ��� � etsl�
9� �� ® el§&. �l:ltM� �$�. c,�� e�� 5c> <�"'°' (.'$�:mc:ic.:i� ete@is> �6i.} er@� 
dl!Slz.iDo � 4.305 g ®o. 
(H = I, 0 = J6, a = 35.5. ·n = 48, Ag = 108) 
I. A� B S � o8�c�63 q;,wecleg:J�t11 �mm� 8',mm.

ii. A toJ B 0 f)�t.1) q@t:3:ftomc t:IX5m2S'l. 
m. A too B s IUPAC m® e��2'). 

�5 [Ar] 3d1 4s0 

(II) �&'J e>�!!>C:S. 

� ej!e)��ac.5 AgCI @�. (�� ®�� cl�e5?e:lc.5 = �43.5)

��@� � ®�© o�2S)e) = 0·20 
x 50.00 = o.oio 

1000 
4.305 

�e)�@�a@c.5@ 4.305 g e)© �0153 AgCI @�© 0�2S)e) = -- = 0.03

(02) 

{02) 

(02), 

·��

. 143.5 
e)@®e:D, � & �®�·�@@368fil �es:>�� @e:l. (3Ct) 
!l@®e:n, e:)oG;)O) @G:>3@@c.8© ef]@03ees:><5/�oo ��@cl +3 � � c.5. 

(02) 

(02) 

(02) 
(02) 

(O;l) 

. I

\.�o\1. 
'1/ 

. . . 
Ti �es:i�© cr)�ooes:i q&3c):ie) +3 

OO®o:i, e�& �Gla) a�� Tio ociG>tD @�. 
Oo6'S5l'ro t5o@G3XS)C5() q��G3 02S)@8}� qz;8} 8,o) lgG>es:i e5)00 (ei� �cle») 

Ck)G)is) �(5 ��- (02) 

(07) 

B© e),¥005 

�e}.®:J@�J! ®�@ oo@me) = Q.3Q X 50.00 = 0.015

1000 
. (OZ) 

4.305
c'j!e)�@�a�c.5© 4.305 g 6© eyz;& AgCI ®gJ@ eoo@z;)e) = 143.5 = 0.03 (O?) 

OO®oJ, !! � efG3©� �@@3600 ��� (2Ci-) qtD� @e), (O?) 
i!>@©o), eoome» @G>3@@c.5© cf)@63oes:>c.5/0o6'Soo qc,ses:>©cl +2 @C, (02) 
Ti E!!c.5es:>@o© cf)@;63oes:><5 +3 8,o) c)cl ej!c.5@00 Cl·��@� qz;ti) Ti e:3@(5) OoGm:l · 

� ��- (0_2) 
�o�'55@:Jc..x) q�� d25)@63c.5cl qz;ffi ©e:o Ti m®G> <� �me») ®Ci>� � oomrn · 

e'c.5 g�. (O�) 

[Ti(OH2)sCl]Ch �l [TiCl(OH2)s]Cl2 (07) 

e1c>too> : H20 / OH2 S@®;J9 @te& 
{Ill) � - hexaaquatitanium(lfl) chloride 

!! - pentaaquachloridotitanium{III) chloride 

(03) 

(03) 

lO(a)(i) : @ts>� 50 





ii� x. Y ,lDO Z 6y_3 M(ll) @e:f!I) qo2:l)ecio -e')cll).tl) C,o0G:1:ICD e,!), c5� t\)eC) . e,®vqidgnt:ll:>O enn�6l<Jcl q-illl. 

(b) 

X e,9E!Z)) �:fmc.,B. Y to d8C) 1:o�c:,t3)c) BaCliaq) �cl t!>S 00 a,yjt11 q®ef)e q�,e'.o B� otlDiB 
q�lilocd �1�Sl. d�CA ��� � z qol:l) �cl ean �a.

�:1 qi8 et8d�� E�S &ai111 @z::n:!cb ro.il�zs:f X, Y IDJ Z � 0lJW �� �G!lzs:fm. 

X: 

Y: 

l; 

K+. NH3, CN"', so!-

[M{CN)z(NH3)2] 

[M{NH3}4]$04 

K2[M{CN)4] �5 2K+[M{CN}4]2- ©!5>3 

0lS)) [M{CN)]{NH3}3)2 so4yJ (§'5))

�� K[M(CN){NH3)3] .so4 ( "f). (!��

- - - - ----

[M(NH3}41(CN}2 

(08} 

(08} 

[M(NH3) 3 {CN}h S04 ( r) 

K[M(NH3):dCN)J S04 (Y) {09}'

lO(a)(ii) : @ts)� 25 

j 1o(a): �� 75 

= -:... -_ -_:-_-____ ,,,,..---+--1--KCl (1.0 mol den") 
Ag ---------------- Pt 

AgCl(s) Hgp,(s) 

<yts:ltll Ott? o0t0ezs:f eozs:f&., qtB o� ©�� deoc�t:ll �:i'llC)cl on�n qii:;>. 

cnom �oo QOG!lo· qim. 

Ag{s), AgCJ(s) j .Cr(aq) 

Hg(!) I H��(s) I a-(aq)· 

E° = 022V 
E° = 027V 

��8esJ6e:il qt,G) g8)@rn)0 

Hg2Ch(s) + 2e -) 2Hg(I) + 2c1·(aq) 

(ii) ey!Dm e-l:ll:f�@ aicl8tsio� q1;50 g�@� 8C)mzn.

iilciS&6(5) q!5G) ot»@re)0 

Ag(s) + Cljaq) -) AgCl(s) + e 

@�� �8)@Cl)e) 

Hg2C'2(s} + 2Ag(s) -) 2AgCl(s) + 2Hg(I) 

(05) 

{05) 

(10)



(iv) � q,t3 E0 q�c.,m w�e>�::rl �� � �:>®z:!) @� �c z:»6mm.

@�3®�© e3.G:>). '2)©('.5

.. ,o 

Ecell = E0Hg/Hg2Cl2 - E0
Ag/AgCI 

= 0.27V - 0.22V 

= o.osv 

Cell notation 
.,, ./ 

Ag(s) I AgCl(s) I Cl ·(aq, 1.0 mol dm·3) I Hg2Cb(s) I Hg(I) 

Ag(s), AgCl(s) I Cl ·(aq, 1.0 mol dm·3) I Hg2Cb(s), Hg(I) _. 

(04 +01 

· (04 + 01

(10) 

(vi) �t0l!i) �� 6�,a,&' @:>Sl:1!!!!008 e:i� � @ec., d�c:i q= °'�G-el'oo ®tll 690DBl .:;_? fflo>G<rl
8�6 O�lS>l @trl�El/0td� 'tr::;ii)mm. f ,(a Son 

©tD3&@G3© e3es)0a> cl@@3600 {fC'.>ei> C))eDbei)G) @)O) � �)o0&. �� �ffi@G))@e)© 
W@@3oa�.qa>ei> el)�eoc5 efe}oGJ �)@CJ. (05 + OS} 

(vii) @�:!�®OZ) O.!OA � lh6oVd Bm,� 60tll tMec:.,z;if �S � c:an <tld �D Ag(s) +AgO(s) dtllml:>0<.'Jlil Bi;
� @e:l.:s'IO (l)�ZS)CJ z:n6Z'fm. . • • 

O.lOA e)ev CD60� �e:iJ)� 60 cl COO @'2))G)eD€il) �-

©tD3@ci 00c5J) (5)@eD�© ep©l63o€il g@)�G) = O.lOA x 60 minx 60 s min·1

=360 C 

e:>®Oe:} '&>@@cl��m© <gi@@cl�3fil gt»@rex) Ag(s) + c1·(aq} 7 AgCl(s). 

(04+01) 

@i:.'S))®G3 OJ§eD G)@eD � e:il® �@�@�3€iloo �es>)@), �cl Ag· e6@�6cl. c1· o®m 
e,@'2)eDG)� AgCl(s) ©oc;,08. 

= 35.5 g mo1·1 360 C/96500 C mol· (04+01) 

= 0.132 g 
(04+01) 

l.5)@©)68ro efG3ei> ffi)�<'SXB @eJ@e.5 �)� @c5J3 cl@(g36t.3ro ej!a>€il O)@C�G3 = 1.0 mol dm·3.

(10) 

. I lO(b): � 75
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