
tl'ff Mg2+ /Mg � � � P cf;T 1lR � '<tttt�Ptct> m'f cf;T � cfRt" ffl 
ffl i1 � �. � Mg � q;) 1 M MgS04 � -q � l uh �
� � 3{fcffi)ct,ji(qj �. q;f � cJ;«JJ t,
�Jlq;RlJRif> �j��'1Gl-1 �'� � (� 31tJiPA �) � 11'lfcr�

cJ;«JJ ti m'1 � -q �����Mg�� 31N � t �
����q;f�mmt, 
m;rq;)�Jrq;R�JJGft@fct;?nu11�t 

Mg1Mg2+(1 M)I IH+(M)IH2(1 atm), Pt 

q)�4k-< ��am Et,.� 'JJR � m-a �

Mg 

E� = E
0 

+ 1 - E
(M

0 

g2+ /Mg) (H /2H
2) 

= 0 - E�
9

2� /Mg) 

Electrochemistry 
vè;k; 
3

oSèkqr jlk;u
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� .;@, �"ij,-qp;r"q��q;yfc@<A.;@��i1 ctmfcp�"ij, 
lfAcp � rctircr (E°)cf;J 1fR � "ij, wrn lfR "fl q;q mm t1 3@: �. cpTtR
� arqan mra � t1 

Zn2+ (aq) + 2 e-� Zn (s); £0 =-0. 76V 

Cu2+ (aq) + 2 e- � Cu (s); £0 = - 0.34V 

am: � � q;y � � cu2+ 3WR � t cf2TI (�) � f.p;J 
WPR � t

Zn(s) + Cu2+(aq) � Zn2+(aq) + Cu (s) 

� 3. "qAq;�fsr'lcT-qft�q;J�cfi'{cft;r�llcW-f �;m 
� qf<�Rt4f-ij � 3'J'lAT � atMif,d �� �I 

� Fe2+ (�) 3WR, Fe3+ (�) 3ITTAT lt � lr<PR � me\ t

Fe2+ � Fe3+ + e- f3x =- 0.77V 
� "ij -© � Fe2+ 3WFIT q;)- Fe3+ awAT � 3fl�tpd <fR � t ur) Jt1�q;'<0i 
� �'ii�� �Ji�,�� cm� cfR � � � '(,,a,�Ptq; � ll � 
"fl � � m1 � c\R � Cl2(g), Br2(g) cf2TI F2(g) ti

� 4. pH= 10 � � � � � 61�{1'11"1 � � forqq q;J qf<cfit-H 
�I 
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= 0 -U0591 x (10 log 10)
1 

=-U591V 

E + 1 =-0.591V
(H /-H2) 

2 

·� 5. ��� emfcfil qf<cfil--H � � Pli:tlt1A§d 3ifitftfi'-U mtfi'tl
�'1JlU't,�=1.05V

Ni(s) + 2Ag+(Q.002 M) � Ni2+ (0.160 M)+ 2 Ag(s) 

� cft �ml��� tf4lcf>'(Oj &ffi 

Emi = E� - 0.0591 log [Ni2+]
n [Ag+f 

= 1 _05V- 0.0591 log (0.160)
2 (0.002)2 

= 1.05- 0·0591 log ( 4 X 104 )
2 

= 1.05- 0·059\ 4.6021)
2 

= 1.05- 0.14 
= 0.91 V 

� 6. � � � Pti:tf�Rsld diMftfilU mtfi t
2 Fe

3+ 
(aq) + 2r (aq) � 2Fe

2+ 
(aq) + I2(s)

cfiT 298 K ffltJ "ti'{ � = 0.236 v-t1 � 3iMfffi41 qft � � � � mi:ll
� cfiT qftcfic-H �I 

� cft �ml� -ct>) GT aTt-t14lct>'<0� "ij) �-it� "ijq)R � � t1 
2Fe3+ (aq) + 2e- � 2Fe2+ (aq� 

21- �l2 +2e-

��-i{ 2mol� 1WTaae, am: n= 2 

�,G 0 = - nFE� = (- 2 mol) x (96500mol-1) x (0.236 V)
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=-45548CV 
=-45548 J 

�,G O = -45.55 kJ
�Go

log f<c = -
2.303 RT

I K 
(-45.55 kJ) og,'C =--------'------=-__.;..--=----

2.303 x (8.314x 10-3 kJK-1) x (298 K)
= 7.983 

Kc= Antilog (7.983) 
= 9.616x 107 

Kc = 9.616x 107 

� 7. fciratfc@-q;J qfl i:tl�tfidl �*�cp:ff cfGCit t?

ire f<ra?R������31TmAll����lR 
�1R � t1 � cffi cfj ffl 'CR, � � mfm tfccfi t1 � cfITT'UT 
���'iftt1c�t1 

� 8. � ctft A"rn � c:rn- cfil ���I 

ffl 3FRJ � 'CR '7@ � � � <ffl' � (?l��cffil��. (?l��)cft't)�<t, 
� � � cft'th,�� (�'ift wra ��) � 3FRJ � lR � 
� a@ Wei cfR � �I � qi)e1'<1G!li � � � mffl ti

0 
O 

O 0 Am(Hp) = Am(NaOH) + Am(HCI) -A:m(NaCI) 

� 9. 0.025 mol L-1 qif.ff�q; � ctft � 46.1Scm2 mor1 ti�

� l:lf;U � � � cfil 4Rtfi�'1 �I � '1JllT t fcf; 
i..0{W) = 349.6 S cm2 mo1-1 � A° (HCOO-) = 54.6S cm2 mor1 I
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ffl �I HCOOH � � ctft 1ffilT (a)ctft T(1Jrl1 

km = 46.1 S crrf mo1-1

am: 

�II 

Ao ,o ,o m(HCOOH) = "'m(HCOO-) + "'m(W)

= (54.6+ 349.6) S crrf mo1-1

= 404.2 S crrf mo1-1 

_ km (46.1) S crrf mo1-1a --
A°n, (404.2) S crrf mo1-1

= 0.1140 

HCOOH � � � ctft T(1Jrl1 
uwJ 

HCOOH(aq) � HCoo-(aq) + H+(aq)

�� C O O 
'ffl'J:lJ 'tR � C(1 -a) Ca Ca 

� �. K = [HCOO-] [H+] Ca x Ca = Ca2
a [HCOOH] C(1-a) (1-a) 

K _ (0.025 mol L-1) x (0.114)2 

a - (1- 0.114) 
(3.249x10-4 mol L-1)

(0.886) 
= 3.67x 10-4 mot L-1

ffl � � � -irf3JT (0)=� � (i)x� (t) 

= (0.5 A) x (2 x 60 x 60s)= (3600)Amperesec 
= 3600C 

·:mx "fi 96500 c (1 F) � � m-' � �cil�-11 � � = 6.022 x 1023 

:.mx -q 3600 C � � � 'tR �cil�-11 � �

= 6.022 X 1a23 X (36F·r ') = 2_246 X 1a22
(96500C) 

= 2.246 X 1022 

00

70



�. � Gl,411'ftcl �. � PliA � �0iitiic6 � t, "c6J � 
�� � � ·q;m �. � lfcpR � � 1fifcl' 31Y'ql4c6 m"tft ti 
�-�. 4)��14'1, �. � .. �fll4'1 �I 

� 12. f.li:.tR;ff&a &iNfst,lli -q cl'ior 3'llRf '$ � � '$ � '$ � 
�-q � qft fct@;fi 1U'SIT qft dilc:4:lliqidi 111ft? 

cl'ior + 14W + 6e- � 2c�+ + 7H2O 
� ,aiflq;'<DI � �. 6e- = 6�1 

ffl ·:1 mo1Cr2Qf-q;) �� � lJT:;rT =6F::: 6x 96500C 
= 5.79x 105 C 

3IB: � � �-� =5.79x105 � 

�13. �'$���"qiffcmt(������ 
qft � fttiltl�� cfiT qUf;r (ltUli�qi &i'1iRfillldff qft -�""«�I 

� \ijif�����\iJRfitmm-rq;)�EJmiITTU'ffltf�J:rGA 
� \iJRfi t � � � � � m-r, � ·m-114Ptq; m-r � � cffl1f � t1 
� �. � ·m114Ptc6 �. m-r � 'R'mll � � � � mtft t1 
� 1R PbSO4(S) + 2e-� Pb(s) + sohaq) 
� 1R PbSO4(S) + 2HP(/) � PbO2(s) + so�-(aq)+ 4H+(ac;) + 2e-
� � 2PbSO4(s) + 2HP(/) � Pb(s) + PbO2(s) + 2H�O4(aq) 

� 14. ijl��"' .. q;)�'(��-q��'\Jjf�cl@''cU�� 
�I 

� ller-1 (CH4) � 1'$:m;r (CHJC)H)I 

� 15. �fcn��'tl{'$J�"qifcfiRUT'Q_c1; ��d(ltUlf�qi �er-RT 
'qRJ;;J@Jt? 

ffl �� �. mg 31tA ���;ri q;) � ffi � mat t oeu 
at1cR11�-s � t1 � q)Rl1J � � '<i'<114Ptc6 m-r � m uJ@l t1 
� � 1R vf1T � � Pti.t�f&d � m"tft ti 
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(i)� � � � � u@' � tffif crrg � co2 "ff WJcfR �
��ti��� H+ � � t1

HP+ CO2 ---+ H�03 � 2H+ + co�-

(ii) H+ 3ITTRT ��"ff, mm�� tfx �cpl�� "QITT=J
3l1"lR "iRAT � qR <roT t1 "if�� cpl q;J"li � t1 

Fe(s) off� ) Fe2+ (aq) + 2e-; [£(�82+ /Fe) =-0.44V] 

(iii)������� 'Gfffi t � H+ 3ll<R � � �
3flffi1Gl'9 ��cpl� qffift ti "if��� � 'cffl<f �
t1

02 (g) + 4H+ (aq) + 4e- � 2H�(/); [E(�+ 102/Hj)) = 1.23V]

(iv) � � � ����ti
2Fe(s) + 02 (g) + 4 H+ (aq)--? 2 ·Fe2+ (aq) + 2 HP(/); 

[Ek= 1.67V] 

(v) � 3l1"lR qlg'-1°.s�<l � aRT "Tl'� � � � 3l1<R
� t vi)'� "ij,�3fl"ij;�� �� ��
[Fep3 · xHp ($1)] � ti

Fe(s)--? Fe2+ (aq) + 2e-

� 02 (g) + 4 H+ (aq) + 4e_---? 2 HP(/). 
q1giio.g<.>ft4 311ffi1cf>'1DI 

2 Fe2+ (aq) + 2 HP(/)+ .:!.o2 (g)--? Fe203(s)+ 4 H+ (aq) 
2 
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� 1. RAr�f&d �aif cf>1' � � if &tcdl,i-ttt � � � � � cf>1' 
����if� !,l@�INd q;urrt1 

Al, Cu, Fe, Mg� Zn 

� Mg >Al >Zn >Fe> Cu 

� � t fcl; � mg 31tA � � 3ITT' � UJWmg3ll q;) � ('fqUJ "ij;

���cJR�t, 

� 2. � � � llRc6 ����"CR' �aif cf>1' � � � 
314-i:illtcfi ���if &tcl�d �I 

� IK= -2.93 V, 
Ag+ 

I Ag= 0.80 V 
Hg2+ /Hg= 0. 79V, 

Mg2+ /Mg= - 2.37 V, 
ct3+ /Cr=- 0.74 V 

� � Ellg31T ·q;r 31Qil"lFJ fct� � (� � E0 lfR) � ti � � 
� � � �� t �� ffl � �"fffi>@T � � m \if@tl 

� � fcl1lcf (Volt)

Ag < Hg < Cr < Mg < K 

� lfl1=@T q,f � wl=J 

0.80> 0.79> -0.74> -2.37> -2.93 )
� fcl1lcf q,f "EfGCfT wl=J 

� 3. � � m;r cf>1' � � RAf�Rsid 3lMMiltl mffi f­

Zn (s) + 2Ag+(aq) � Zn 2+ (aq) + 2 Ag(s); �� "CR' f.:rt::r -m � �

�I 
(i) �-m � SjiOll(i-tcfi � t?

(ii) m-rif �-mu���-�t?
(iii) ��"CR'm� 31MMiltl cflllt?
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� ���m-Jcffl�"RcPRJTGft@��t 
Zn·(s)I Zh2+(aq) II 2Ag+ (aq)I 2Ag(s) 

(i) � � (�) -3ti:Ulic'1cf> � t1
(ii)��awA

(iii)� Zn(s) 31'f� Zn2+(aq)+2e-
� 2 Ag(aq) + 2e- � > 2 Ag (s) 

� 4. f.t+:.i�f&d atfitfsfi41aif 0(@ � � � 'qRq; �-� qftcfi�d 
�I 

(i) 2 Cr(s)+ 3Cd
2+

(aq)� 2Cr
3+

(aq) + 3 Cd

(ii) Fe
2+ 

(aq) + Ag+ 
(aq) � Fe

3+ 
(aq) + Ag (s)

� atf1ifsfi<4taif ��l1rG0 1{c(��qft lft��I 

� (i) 1,4:Mlj�i'<, E�r
3+ /Cr)= - 0.74 V; E�d

2+ /Cd)= - 0.40 V

(a)� "ffi,f � (E0 )ctft T(1JAJ

Ek=E�-E� 
= (-0.40)- (-0.74)

Ek=+ 034V

l1,G0 = -nFEk 
=-(6 mol) x (96500 C mo1-1) x (0.34 V) 
=-196860 CV 
=-196860J 

l1,G0 = - 196.86 kJ 

(c) � �. (Kc)� 1J1Jl.fl

m, 

3'@: 

.A,.G0= -2.303 RTlogKc;

lo g It 
''C 

-- -.A,.Go 

2.303RT

= (-) (-196860 J) 
2.303 x (8.314 J K-1) x(298 K)

= 34.501 
Kc = Antilog (34.501) 
Kc= 3.17x 1034 
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(ii) ��-ilj'tli'<, E(�g+ /Ag)= 0.80 V; E(�e3+ /Fe2+) = 0.TN

(a) 1JAili "ffii1 � (E0)� 1JUAl

Ek = E� - E� = (0.80)- (0.77)V 

Ek =+0.03 V 

(b) .A,G 
O 

� 1J1Jl.fl

.A,.G0 = nFEk =-(1 mol)x (96500 C mo1-1
) 
x (0.03V)

= -2895 CV = -2895J 
.A,.G O = -2.895 kJ 

(c) ��(Kc)� 7JURT

!!.,.G0 

= 2.303RTlogKc;

!!.,.Go 
logKc; =---

2.303RT 

= (-) 
(-2895 J) - 0.5074

2.303 x (8.314 JK-1) x(298 K)
Kc= Antilog (0.5074 ) 

Kc= 3.22 

� 5. Pii:il�dl9a � qft 298 K �. t1+flcfi(OI � emf �I 
(i) Mg(s) 1Mg2+ (0.001M} II Cu2+ (0.0001M} ICu(s)

(ii) Fe (s) 1Fe2+ (0.001M} IIW(lM} IH2 (g) (1 bar) IPt(s)
(iii) Sn(s) I Sn 2+ (0.050 M) II W (0.020 M) I H2(g) {1 bar) I Pt(s)
(iv) Pt(s) IBr2(l) IBr-(0.010 M) II W (0.030M) IH2(g) (lbar) IPt(s)

� CT) 'ffiil ,aqlct,i(Di Mg(s) + Cu2+(aq) ---+ Mg2+(aq) + Cu(s) tn = 2) 

� ,aqlcpi(Uj E 05
 
91 log [Mg

2

2

+

+ ] ml = Eo ml - 0.
2 [Cu ] 

'ffiil "cf>T emf, E = [0.34- (-2.37)]- 0.05
 

91 log [
10-

-4

3]
 ml 2 [10 ] 

3@: 
= 2. 71 - 0.02955 = 2.68 V 

emf= 2.68V 

75



(ii) 'ffiil ,aqlcpi(Uj

'ffiil cf;T emf,

Fe(s) + 2 W (aq)---+ Fe2+(aq) + H2(g) 

E� = E� _ 0.0591 log [Fe2+ ]
'ti� 'ti� 2 [H+f 

E = [0-(-0.44)]- 0.0591 log [10-3]
ml 2 [1]2 

= 0.44- 0.591 X (-3)
2 

= 0.44 + 0.0887 
= 0.5287 V 
= 0.53V 

3@: emf = 0.53 V 

(n =2) 

(iii) 'ffiil ,alftct,i(Di Sn(s) + 2 H+ (aq)---+ Sn2+(aq) + H2(g) (n = 2) 

'ffiil "cf>T emf

E = Eo _ 0 .0591 log [
Sn2+ ]

m1 ml 2 [H+ ]2 

E = [0-(-0.14)]_ 0.0591109 [0.05]
ml 2 [0.02]2 

= 0.14- 0.0591 
X (2.097)

2 

= 0.14- 0.0620= 0.08 V 

emf= 0.08 V 

(iv) 'ffiil t1¥fl<1Nvl 2Bn/) + 2H+(aq) � Br2(/) + H2(g)

- O.o591 log 1 
2 [Br- ]2[H+]2

� t1¥flc61<Ui E 
� 

= E0 

�

�q;Jemf 

E = [0-1.08]- O.o591 log 1 
� 2 (0.01 )2 X (0.03)2 

=-1.08- 0.0591 log(1.111 X 107 )
2 

=-1.08- 0·0591 (7.0457)
2 

=-1.08- 0.208 

3Rf: 

=-1.288 V 

emf = -1.288 V 

(n = 2) 
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� 6. � 'Q_cf ar-=lJ � -q � � -q 31R � � � -q 
Ai:.tft¥tfuia 3fM8fi41 wit i 

Zn(s) + Ag2O(s) + H20(l) � Zn2+(aq)+ 2Ag(s) + 2OIr(aq) 
3fMfsti'-tl � � l!:.r G

0 'Q.ct E0 'i'@' �I 

� [J:1-t--lljttl-<, Zn � Zn2+ + 2e-, £
0 

= - 0.76V 

Ag,P+ H,P+ 2e-� 2Ag+ 2OH-; E
0 

=(0.80- 0.45) V] 

� � Fc\qa-< lt114Pi<t> � -q, m � (12iJ fiR;cR � 3TCfclfmt met �I 
0 0 0 

E� =E�-E�
= [035-(-0.76)] 
= 1.11 V 

�cCr� 

� 1R; Zn(s)� Zn2+(aq)+ 2e-
� 1R: Ag,P (s)+ H,P (/)+ 2e-� 2Ag (s)+ 2OH-(aq) 

!!,.,G0 =-nFE° 

= -2 x(96500 C) x(1.11 V) 
= -214230CV � J) '41- 2.1423x 105 J

� 7. M �¥1d3t46ti{'t �� �����cfi\'��I 
��������, 

it'lil qi('fcf>dl (C) � � � � mtft ti � � (C) = � 
R 

� qj('fcf>dl (1e)fctftre � (p)q;J � fctftre ��ti 
1- = 1 = / = / JC=JCJCJC=-
p R A A 

�. C = �. I=�. A=� q;re cffi �. R = � 
'mG I = 1 cm� A = 1 cm2, Qi{ 1C == C] 
31cf: 1 cm � � 1cm2 � q;re � � cJIB � � � <ffl' 
��lte'qfofctidl �ti� 1fP.iJip ohm-1 cm-1 "lJT Scm-1 men ti

� qi('fcf>dl (Am) 'mG fc@<A "ff ���)\S1 ij; eft'tt � � 1 cm mn � 
q;re q;r � 1 cm2m m fc@<A "ff 1 mol �� <ffl' �"CR�� 
����<ffl'lffi>R�(Am)�tl 

KA 1C 
Am = -==-

/ C 
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'mG, I= 1 � A = V; Am = KV 

� 1fP.iJip ohm-1 cm2 mo1-1 at� Scm2 mo1-1 men t1

} 
400 

�

H COOH

I 
5 200 

� 
<e o-+--�-----1 

0 0.2 0.4 
C112/(mol/L)112 

��(��)� 
� � (wra �) � 
� � � � � "flffifl -am 
c112 �lfElllllt1i 

� cffl ill('fcpdi � lITT'N � 1R lA1cf 
1. � � � "EfcR "CR,� treat t �ma� 31lmR "ff

3ITTAT ��treat t1
2. � � � "EfcR "CR,�� q;r lWr � t � 1 mol

� cffi Fi 31lmR l«; ur@T t1

Rr.f 8.: 298KlR'0.20MKCI�cfil -i:iil(¥1cifidl 0.0248Scm-1't1�-iimt
�cfil 4Rcifie.1 �I 

� � (x:)= 0.0248 S cm-1=0.0248O-1 cm-1

lTI& � (C) = 0.20 mol L-1
(0.2 mol) - 2.0 x1 o-4mol cm-3 

(1000 cm3 ) 

"11('1'( 
� �

••m,"1'f"II 
 (Am)= 

x: (0.0248 ohm-1 cm-1)
C (2.0x 10-4 mol cm-3 ) 

= 124 ohm-1 moI-1 cm2 

'llT = 124 S moI-1 cm2

am: lTI& � = 124 S moI-1 cm2
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Rr.f 9. 298 K lR' 't;lfi lqlt'lcifidl � ftR:rq 0.001 M KCl � t, 'cfi1' � 
1600 0 i-1 � 298 K, 0.001 M KCl � clfl -i:iil(¥1cifidl lR' 0.146 x 10-3 Scm-1 'gt
ffl���t? 

ffl A:t.,lj't1i'<, R = 15000; K = 0.146x 10-3 S cm-1

'ffi-1 �=Rx K=(1500O)x (0.146x 10-3 Scm-1)
= 0.219 cm-1

'ffi-1 � = 0.219 cm-1

Rr.f 10. 298 K lR' � cffli{l�a cfit fcfftr-f �l�dlaif .q{ lqj�cfidl cfiT lUtR 
��I�� f?i'"1�f&d t 

11Affll/M· I 0.001 I 0.010 0.020 0.050 0.100 

10-2 x x:/Sm-1 I 1.231 I 11.a5 23.15 55.53 ·106.74 

ll1fi �l�laif ��Am 'cfi1' � � 11!( Am clilT CJ/2 � � � ollffi§ 
�I A0

m 'cfil'llR'i@�I 
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1 S cm-1

100 S m-1

"flMfffl c112(M1/2)
(M) 

10-3 0.03162

10-2 0.100

2 x 10-2 0.141

5 x 10-2 0.224

10-1 0.316

124.0 

122.0 

120.0 

118.0 

116.0 

114.0 

uE <: 112.0

110.0

108.0 

106.0 

1e(Sm-1) ,c(Scm-1). lfm :{

1:
'<
��( S crrf mot-1)

1.237x 10-2 1.237 X 1010
-4 1000x 1.237x 10-4 

123.7
10-3 

11.85x 10-2 11.85x 10-4 1000 X 11.85 X 10-4 

118.5
10-2

23.15x 10-2 23.15x 10-4 .1000x 23.15x10-4 
115.8

2x10-2 

55.53x 10-2 55.53x 10-4 1000x 55.53x10-4 
111.1

5x10-2 

106.74x 10-2 106.74x 10-4 1000x106.74x 10-4 
106.7

10-l 

0.0 0.0 0.05 0.10 0.15 0.20 0.25 0.35 0.40 

A°m = A� 3T&f � � = 124.05 Scm2 moI-1

� 11. 0.00241M� � cfft' � 7.896x10-5 Scni-1 f1 �
� � cfil 4RcfiR-ia �I � � � � � A"m q;r llR
390.5 8 cm2 mol-1°ID"ffi'���cfll'Tf?
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� qiT1f I �- iUclchdl (A�) <1ft 1'fOAT 

3@': 

IC= 7.896x10-5 S cm-1;

C = 0.00241mol L
-1

= 

0-00241 mol cm-3 

103 

= 241 x10-amol cm-3

AC,,,= IC (7.896x 10-5 S cm-1)
C (241 x 1 o-8 mol cm-3) .

= 32. 76 S cm2 mo1-1

qiT1f II fclmuA � <1ft TflJAT (K8) 
(a) CHJCOOH� � � lffill (a)� Tf1JAT

AC,,, (32.-76 S cm2 moi- 1)
(l=-

A°m (390.5 S cm2 mol-1)

== 0.084 = 8.4 X 10-
2

(b) CHJCOOH � � -� � Tf1JAT

Ka_ [CH:,COO-] [H +]
= 

Ca xCa 
= 

Ca2 

[CH:,COOH] C(1 - a) (1 - a) 

(0.00241 mol L-1)x (0.084)2 

(1- 0.084) 
= 0.0000185 mol L-1

= 1.85x 10-5 mol L-1

3@: lITT-R � (km)= 32.76Scm2 mo1-1

��(Ka)= 1.85x10-5mol L-1

� 12. f.li:.:t�f&d � ���fcf>cR �cfit 3tlct}(4q,dl 'ffllIT? 
(i) 1 � Al3+ q,1 Al -q

(ii) 1 � Cu 2+ q,l Cu -ij
(iii) 1 � Mn04 q,1 Mn 2+ -q

� (i) 1 1ffiil Al3+ cf;J Al it �

��. Al3+(aq)+ 3e-.�Al(s) 
1mol 3 mol 

1 � Al3+ q;r Al�� 'ij; � 3TJcmiq; 31Tffl = 3F 

= 3 x 96sooc = 209500c � 2.895 x 1 o5c
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(ii) 1 'im-1 ell+ cpJ cu if 3JtlillR
� � cu2+(aq) + 2e- ---. Cu(s)

1mol 2mol 
1 moICu2+ cf>)cu-il �t� �aTmr =2 F

= 2 x 96sooc = 193000c = 1.93 x 1 o5c 
(iii) 1 mol Mn04 cf;J Mn2+ if 31tlillR

�� Mn04 +se----. Mn2+ 

Mn cfft 5mol Mn cfft
ff0�0=7 ff0�0=2 

1 mol Mn04 q;r Mn2+ -il � t � � 3TmT = SF 
= s x 96500 = 482 500 c = 4.a2 s x 1 o5c

Jl'9I 13. F.li=tfM&tt clil'��-qfcfitR��cf>'tauq'lltcfittlmift? 
(i) � CaC12 i 20.0 g Ca

(ii) 1Jftffir AI20a i 40.0 g Al

� (i) � � Ca 2+(aq) + 2e----. Ca(s)
2F 40g 

·:11ftrn CaCl2 � 40 lnlt Ca cf>) lnta ffl t � � = 2F
:.11ftrn CaCl2 � 20 lnlt Ca <ffl' JITl<J ffl t � � �

=2 x20= 1F
40 

(ii)�� At,P3(/)+ 6e- � 2A1 + �2-)
6F [(2x 27) 

= 54g) 
·:11ftrn- Al,fJ3 � 54 g Al lJTl(J ffl t � � � = 6 F
:.11ftrn Al,fJ3 "fl 40 g Al lJTl(J ffl t � � � = 6 x 40 = 4.44F 

54 

� 14. , f?ti=t�f&tt cfiT a«<Rftcf,d � � �fcm:R �-� 3tiq'lltcfi i°? 
(i) 1 � H20cfil 02 'qi

(ii) 1 � FeOcfil Fe203 ltl

i"ff: (i) H,P � 2H+ + .:!.02 + 2e-
1mol 2 2F 
1 lira H,P cf>) 02 -il 3tlcfuipd ffl t � � � = 2 F 

= 2 x (96500 C) 
= 193000 C 
= 1.93x105 C 
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(ii) 2Fe0 + ..!.02 -----+ FezJ32 
2Fe2+ -----+ 2Fe3+ +2e-
2 mol 2F 

2 lira FeO q;) Fep3 � Wffll� ffl � � � � = 2F 

1 � FeOcffl FezJ31t 311cfffitpd � � � � � 

1 F =>96500C = 9.65x 104 C 

� 15. Ni(N03)2 � � � q;r � ���61 � � 5 � ctft' � 
� cfi'(ff � 20 fiRG° cfcfi' �-� ml 11llll Ni cfit � � � 'tft 
�mift? 

ffl Wl<@ � � lfP.il1 (Q) = � � (amp 1t) x � (� 1t) 

= 5A x (20 x 60)s = 6000C 
�� � � 1t Wl<ffi '<l't11�Pfq, ,aiflq,'<ul 

Ni(N03)2(aq)+ 2H+ +2e------+ Ni + 2HN03 

·:nlfl'ffi � 3lmr, Q = nF
2F 58.7g 

:.1 mol� cffl � � � � 3TI<M =2F

=2 x 96500C = 1.93x 105c

�: � q;J lffi-R � = 58.7g moI-1

·:1.93x 105C3TI<M��'qj'("d'Jt =58.7g

:. 6000 C � � �lffftm 'q,'("d'J t (58. 7g) x (6000 C)
(1.93x 105C) 

= 1.825 g 

� 16. ZnS04,AgN03 � CuS04 � � cfR �%d.3Nblc!.fl � 

A, B, C cfiT � � lf?:U � 1.5 � qft fctyttf41<1, � B � � 'tft 

1.45 g � � � cfcfi' � � qft � ti fc1ytt�l<I fcmA' � 'ijqj 

��? �cf;ftR��q;J��m? 
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� (a) Ag+ (aq)+ e- � Ag(s) 
1 mol 1mol

(108 g) 
·:108g����mmt=96500C��

.-.1.45 g� ���mm t-
(96500 C)x (1.45 g)

(108 g) 
=1295.6C��

·:� (i) = 1.5A

.-. � (t) = 9. = (1295·6 C) 863. 7s
i (1.5 A )  

= 14 min 39 s 
(b) Cu2+ (aq) + 2e- � Cu(s) 

2F 63.5 g (2 x 96500C) 

·:(2 x 96500C)� � 'ffi lR f.?J� Cu= 63.5 g

:.1295.6C� � ffi lR f.?J� Cu (63,5)x (1295·6 C) = 0.426 g
(2 X 96500 C) 

Zn2+(aq) + 2e- � Zn(s) 
2F 65.3 g 

(2x 96500 C) 

·: (2 x 96500) C � � ffi lR f.?J� Zn = 65.3 g 

.-. 1295.6 C � � 'ffi lR f.?J� Zn= (65.3 g) x (12956 C)
(2 x 96500 C) 

= 0.438 g 
3Rf: �Cu��= 0.426g 

cf2lT f.?J� Zn� lfF-fT = 0.438g 

� 17. �-q��'t{Rq;�fcrqcifcfit����fcf; 
� f.li:.:t@f&d 3iMcfi4cn1 * � 3iMFsh<4i � t? 

(i) Fe3+ (aq) � f" (aq) (ii) Ag+ (aq) � Cu (s)
(iii) Fe3+ (aq) � Br-(aq) (iv) Ag(s) � Fe3+ (aq)
(v) B1"2(aq) � Fe2+ (aq)
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ffl � -ift � q'ift W1lq m-ifi � E� cf;J lfA � ti

(i) Fe3+(aq)+ i-(aq)� Fe2+(aq)+ .:!. l2(g)
2 

Eo Eo Eo m; = (Fe3+ /Fe2+) - 1 -12/12 
= 0. 77 -0.54 = 0.23V

am: � � t1 
(ii) Cu(s) + 2Ag+ (aq) � 2Ag(s) + cu2+ (aq)

Ek= E�9
+ /Ag) -E�u2+ /Cu = 0.80-0.34 = 0.46 V 

ara:���tl 
(iii) Fe3+ (aq) + snaq) � Fe2+ (aq) + 1/2 Br2(g)

Ek =E
(
� 3+/F 2+)-E01 = 0.77-1.09 =-0.32 V 

e e (-Br2/Br-) 2 
· ara:���tl

(iv) Ag (s)+ Fe3+(aq)� Ag+(aq)+ Fe2+(aq)
Ek= E(�e3+ /Fe2+) -E

(
�

g
+ /Ag)= 0.77-0.80 = -0.03V

ara:���tl 
(v) .:!.sr2 (aq) + Fe2+(aq)·� Br-(aq) + Fe3+(aq)

2 
Ek= E01 -E

(
� 3+ /F 2+) = 1.09-0.77= +0.32V 

(-Br
2
/Br-) e e 

2 

ara:���tl 

� 18. Ai:.tf�tf�a'ij�����-��llltij'��I 
(i) � �clq{iif �� AgN03 cfil��

(ii)� �clq{iif �� AgN03 cfil��
(iii) � �clq{iif � � H2SO 4 cfiT 'cG �
(iv) � �clq{lif � � CuC12 cfiT ��

ffl (i) fmicR ���Ji if;� AgNO3 cf;1 � � 
� � 11, AgNO3 cPm Hpcf;J 3Wr-R maT ti

AgNO3(s) � Ag+(aq) + NO3 (aq) 
HP(/)� H+ (aq)+ oH-(aq) 
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��Ag+ amFIT q;r �fct'Jfcl' H+ amFIT � 3N&TI q;;r �tam:,

ftR.cR���mllll 
Ag+(aq) + e-� Ag(s) 

�������Ag+ amr-n "it at1<N1"1pa mcft ti
Ag (s)� Ag+(aq)+e-

Ag t-ffis � N03 311"lFIT q;r ��ti am:, � 1fi � "if Ag+ 3mA 
�ffltl 

(ii)� 'i��� � � AgN03 cf;J � �
��"if AgN03 � H2')q;r � � t1

AgN03(s) � Ag+(aq) + N03(aq) 
H2')(/) � H+(aq) + O�(aq) 

� � 31.:tist>'1°icf>1.f\ � ma t1 am: � N03 3ITTAT � �
�<R1)1 
�� Ag�mcfttl 

Ag+(aq) + e-� Ag(s) 
� � N03 � OH- 3ITTAT 'ff �. � 0� 3mA � � ml) 
(� � fct'Jfcl' � "q;RUJ) � N03 3mA � 'ff �I

oH-(aq) �OH + e-
4 OH� 2 H2')(/) + 02 (g)

am:, � � 3il<Nfiut.:t fm � m1fil 
HN03 � � � "q;RUJ � � �I 

H+(aq) + N03 (aq) � HN03 (aq) 
(iii) � 'i��� � � �04 cf;J � �

� �-ii H�04� H2')GFIT � m111
H�04(aq) � 2 H+(aq) + SO�-(aq) 

H2')(/) � 2 H+(aq) + OH-(aq) 
� � H+ 3mA � ml) � �l��'1ut.:t 1Rf � miftl 

H+(aq) + e-� H(g) 
H(g) + H(g) � H2(g) 

� � �: OH- 3mA � ml) � � � fct'Jfcl' � "q;RUJ 
S04 3mA � � m111 

oH-(aq) � oH- + e-
4 OH � 2H2') (/)+ 02 (g) 

� � 3t1cRflwt -l)� � miftl 
� -ii H�04 � m.) � "q;RUJ � �I 
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(iv) � ,Jt�.is\i � 'fflV.I CuC'2 cf;( vRh �
� � "ij CuCl2 � H�� �I

CuCl2 � cu2+(aq) + 2 Cl-(aq)

H�(/) � 2 H+(aq) + OH-(aq)

-� 1R H+ 3ITTAT � �. � � �-"iji cpR1TJ cu2+ �
��3Ni1fmfml)I 

cu2+ (aq) + 2e----+ Cu(s)

am: � � cmtR mg 3Ni1fmf mlftl
� 1R OH- amAT � � c1- 3l1<R �: Pt-<1�1l1a � � �
� � fm ycffi mlftl

c1-(aq)---+ Cl(g) + e-

Cl(g) + Cl(g)---+ Cl2(g)
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