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5o a1 Jaitip 500 31 Aal ol oy A Wi g 5 s (g 58T Lagl) LA
(B3N eLaadl dagliay € N chudml e JS Glabs o
sadaBl! o AN B3t 3N cildal gdl) (2)
il sga Gulsdy @3y Ulee L jual 1€y bl s il 50 30 oludal odl
(8-1T) JS& 8 Laadiunalt 3 ol maia gy . Lt ASESY Ligna dad nie 43 i)

=123V (8-56)

-

Polorizing
circuit

To potentiometer

Reference elezirode

S

o3 Jardh bl ipy Aadlus (e paldal g cubiEl 3 jdal 50 30 okl i o 3(8-11) JSi
A Liais bivall Ao 45ty Gab op dllhy Al Lo ABLS aladiud L0 0da
ccalbeB) QUaRY 1) g daglia
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A e Aadlall 3 gl Wl 5 ona je b pe (JIl o ihaf IS Jually
S s M Ay pea gaaall Cahill den o Can g sl lile A e Opilal)
ca3Tall U GBS sie ta pall oSy 2 3 g 0 Y e

Aatlie o alidll @lly g QUi 7 sl o L (aY & yed paddud g
Al 33 30 duhl 4il) jR

O 5 8 0.5V N Juady kel 309 30 4dal i) 3 Ay Hhall o2gu
S Jgrally oy N aie 04V Hay 2080 xie 0.1V b a8 50 3 Lkl g
dlaa (o o gl Cilide e UaBY (g hagll A 0 520 31 olidad gill 0 eiia g
ool &I jaes) Chida

3 gmal) Citida a lbBY cpaa g Hagll 5 il 50 ikl il :(8-1) Jsan
ciiaall i elS 5 gt haan Jglaa aladiuly

Metal n (V)

Hg 0.78

Zn 0.70

Sn 0.53

Cu 0.23

Ni ! 0.21

Pt (bright) 0.10
Pt (platinized) 0.005

Cran g il Bl 1 il g8l Gy i yany

et Gl il g g el U g Joladl A0S Lileall 6 ulul Jal
FAJEN O ghaddl e 58T 2 SIKH ie aa g yaugd)
A g all At s N Jslaall hasg o HiOF psigsned) s i (1)
A g jall Ll e ooy yued gl ST (2)
celall il e 30 g el Sl alasi (3)
el e g Y o g yuel Sl Jiias (4)
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LS lgie ‘)g.u.l“ Sy u_'d\_, daladll ol s (4) c(3) G(S) d;'l)a." (paaas
s
M +H;O' + e ——> M—H + H,0 (8-57)
bl ke o 3 Fee g el S
b 13 Gang g dasiiall Gy el O3 e Oy el Sl 0585 (5)

A b
0 M—-H+M-H—2M+H, (8-38)
(5 il cielialy o)
B
(i) M—H+H0'+e —— M+H,; + H,0 (8-59)

bl pans e JeliS p g el Sliy)
(shoasS g ¢S g Lilly Jelinh 13a panny
ahil) s e G g el Sl e ol 61500 (6)
cebiaiall Ul e bl 0 4S5 (7)
Aoyl soanall 3 gdaall oo AL Jadjell e ) el 8 AKSLN (eSS
.Jeli
SLEY L 88 Adaall aaa Aoyl oaadl 3 sdadll oA (1) 35dasd culS 13
=2 (5) A (2) Go shall (saa] (4G Balall (8 . S i Ayl b oy Sl
bl A ed g il cagyh Jie Jubgalt e S o olld Gl g 3 sk Uad
FRELIA|
s et Jaladl 4 85 (1)
Say ALl Jad el 3 [(5)i] 350aN s Akt 5 ks of Ji5 - 581
Gyt a e s all i e sl LD O g puell Rl eall ¢
ANl A8l o Sy Apaalidll iy Bl e diliss

=2 | (8-60)
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2.303RT 2.303 RT
= ————  ag+t- ———— logP 8-61
F Ht F g H> ( )
Abobeall e amy o Sy SRl 5 3al dakaally Sl 4blEs e

ol Cum S G g 5 e plesy (8-61)

E

2H Hz; PHZ = Kp P; (8-62)
2303 RT )
E=K-———log P, 8-63
op o8 Py (8-63)
Al Asladdly G 5ot @l e 01585 e jun Shandy e Wl K 0l Cua
— g[f—ﬂ =k B =F(I) (8-64)
dt
o Ll BT ANy (5685 de yul) sda g e yull Culfh sa sk
I[=k'-P; (8-65)
B
logl=logk +log P; (8-66)
A obedl o Juass Jully,
303 R
E=k- 22—FT lOg | (8-67)

ad o )l 05 (8-44) G Ables (a5 ) o (o8 (8-67) Aslaall

— i’ L a2 ) Llaall Lalil e (388 LI ) jals Al 030 5 .0.03 Ly i b

g g 4B A8EAIL peandd Y A Al o385 b il I aladsud Al

il @l 5 0 Jaat s 3 5N Sldaally pH Jslaall Jin g2l a8l j36a5
SerSSIPUPREPEHIE IV PR RN IR

[Hags] =k P, (8-68)
':Li.\tﬂ\ 3_)_,44.“ ‘55 J._\ml‘ (8-67) Adalaall J:!_,a:l _\33;.:]! KYY '__.Mﬂ}
30
E=k - 332:;& log 1 (8-69)
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rdidal Jalasll 45 05 (2)

(4) Y (2) 00 daloall Gass e sull 220adll 3 ghadll () 4, ylail) o320 e
B gmo b g tuell A gl lin2l Jalad a5 shall sda of y Goludt Sl b
Go—d o—a e 3all Gl StEe Yl 8 da g0 el Akl i3S 13y o g g sl il
D Lzl JEt b aalu 5 ALk G 3l Al i b ads 2y seal)
AN Lol (5 sl yigall gl 354 G 5 seals di

AN 3y peally Jolaih Aoy e g o M Sy (-E)

I = (kayo+ e5F/RT)e(WOF/RT (8-70)

st Bl JSEH Gy 50 YV L) e S ¢ b o AR s3a (e gl
W AN G O el Ll L gaiia ) Aloled Aile 5 jqSh 3 geall 4 o
oo La il dllyy Jelith de o o 3yt Anl g2 Y1 Al 20 o yuad
LB s gbed 0 Uted 138 U1 35s) Aglaed daalial H3O' 5 ypp el cilisd 2ae
Al Abtedl e Juass o} €0 0.5

I = (kapso+ 2F/RT)(e!VOF2RT) (8-71)
I = (kap,o+ e5FRT)(e¥FRT) (8-72)
gyt ol 3aly 4ili 131 (E) dagill dhlis Lad g0 3¥) ATdall 555 Allall 038 i
AN A e Juans s Al A
I+ -S8F  EF _F (E+E) (8-73)
Ka ., 2RT 2RT 2RT
P
2RT 2RT

(E + é) = —F"— Inl- T In dH30% + constant (8-74)
Al 5 ) guall 38h Sl O s uell 26 o8 b
ER = % In dy;ot (8-75)

}(8-76) Alall (o 5 (8-75) bl (o ey g2illy
n = (E -~ Eg) (8-76)
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AN A W (L (8-74) Dslaad

2RT
E+tn= —F—ln I- % In ap;0+ + constant (8-77)
A Aol e Joans Wl 13)
1 = constant + 2X 2"3;}3 RT log I =constant + blogl  (8-78)

298 k aic b=0.118 o cua
el iall e 23 Al i) 334 3 e paadh e (30T 038 (b) e o Jaa gl o
A AdaaNe o elldy (cibin 2l ¢ dadl Jobath 4y ks 4 pkaill 038 daua i S
ol S 13y . gualiall e € p Ul eyt Al 500 30 Akl yill o Ayl
—iny 138 g B _psiaa (50S5 Qobaal Jetil Jap2mll A8 6 dadl Alle 3 aY1 Al
de pull Boaaall 5 ghall 3asd Lene Quanay Ao ol lasll 238 oLl 4oy ALY 3
0.5 = (o) Lall of 5S LY1 o38 Aithge o Jialy Gug padll pllailh 3

Al oY) Anhal) cliac By SSa g ASIYT Jalaal 48U 13T 1) 8
A Al 2sls ABUaN o3 o aad laeY) 3

Energy = %2 x charge x potential difference (8-79)
- rdagdll 386 Sy 5KV Jalal A8k
sgadl 38 x diadll x 15

o315 F/2RT —a my 3 30 &l gill Sl g Y1 Jadal 48tk ()6 aule
coabdl Jelit) hapiml A8 (paliss) puly Al
tilaass g 48 Al (3)

Lol il de b goanadl 3 ghdll ca (Si1) 5 shall el 45 jkaill 23gd b
g o Loga Lnd) il liay Gan gyt A (95 4dld Jelish b ol
fob LS clilae D0 eVt 3 33b of Laall e 58y bl

. 3|
M+H;O' +e T M—H + H;0 (8-80)
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k-
M—H + H30+ + (] —J’Hz + M + HQO (8'81)

e AU o ghall 35 gyl o el g 3 aa

H +e %.. H(adsorbed) (i)
H(adsorbed) — > H +e (i)
H(adsorbed) + H' + ¢ s, H, (ii1)

t M e b ALl SN Jal all lapkal il of U et 1)
AG3 AGS AG]
Sle gt 6 130 1 323 Akl gill ol y s S 3 (@ = 0.5) culs 1y
N pllly st 53 dall

r =k, [H] e @0 (8-82)

r,=ky [H] e % (8-83)
A Slad padiadd sl e Sl 4 o Gl 2l (1) paSe sa Jelill 1)
(Aaleadt 538

r3.= k3 [H][I_I+] e-(AG;—l‘mF}’RT (8-84)
| O el el ey e Aall Sl i By

[H] = constant
ki [H'] eF/2RT _ k‘2 [H] @F/IRT _ k‘3 [H][H"] e"F/RT _ (8-85)

k (‘:‘5 c_.lc e-AG'/RT a:u.uyl :La:liﬂ (’:‘E:“’
kl[Ha ]enF’ZRT
k' eAqF.’2RT +k‘3[H+]er|Ft‘2RT

2
Gh.u:ll (8'84) AR POA || G& l.d.'l L)a.!ﬂ‘ OS.Aﬂ :LA:\H! o;'lA_,
1,° +72  NF/2RT
r3 = klk3[H ] C (8-87)

* . -NF/2RT ’ + F/IRT
k,e™* +k,[H"]e"

[H] adsorbed =

(8-86)
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Oani k3 Al & jially Ky e O oS 4G e ¥ sl 13

Al AN e

r; = ky [H'] €"F2RT (8-88)
aieb = 0118 o Grn BL3 A 1lee oo s yal 5y g yiias Wslaall 238
o 138 Jusky uylills jis ad Ala 3 (Guhs Al 2a o Cusy (2980K)
5oLy Slin JaleS juaiell 134 ahastinl dueal sty olls ey bl ABS 4ad joua
Jrani (3 Lally 45\l (8-87) Astadll plia b A5l Aol Llaal 13y Alle
Al A e

ry= k— [H']e?nF2RT (8-89)

2,98k xic 0.04 k b (5 sud S35 Aslea o (531 55 oo 228
Cidine oo Gl ll o aa e @S sanly 4k aa Y 4 mdal g 0
b Gial Adaall o an g 50t 3 Agdal gill LAl Aol D puobialli iy il
Slia Bl L gl 58 o Al Lkl il 3 juatiall G L LAe ) saaall

alhell bl Sl aass S s Agbal

ol Ao O3 iy g Sadall oa Ailaas y S A il 5585 L)l
s auet AU A 0N o G Sl Jaladl 8 J<al g diadll Gl L
ALl Aobeally gl g LS Jglaall pH

Slagit Adoe b Aigaall 35kl o aa g s jial) Il <3 QUasy ol gl
A any Chill pha o Go o g puelt Sl Ge palil oo ca g pudd Sle
g -
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Llslay Jlua

Lloe Sellb;0119V 1.54V Mgl Jde aba Jibcyly s iyl (1)
Jalne 5—e D€ o Canal . pabio )l Cilad e Opa g jugdl @l pd J) s
LML Lol GBS o QY

n=a+blogl

100591 _ 0.0591

log 1y, b

OS5 W

Io
0497 B
o 2

log I, = -12.451, L=1.12x 10" A cm™

RSl o33 gaall 208 5 )18 e Chida Jslaal (2SI Qs o ja) e (2)

o1 135 0.394 V I Lt Juas 551 31 Ladalgilh of sy - Jutl bt

b 0.148 V 5380 51 Lkl il of cpm 8.0.01 A om™? a5 5 A4S e

Je—Y) Jales canal .0.0001 A cm? aie Ll 4BS e oG Lo U

b oo o g pued @l fom g e oY iy L 4861 ()
cJalaall 13a 8 J<a
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fdadt

M o Clblyily I ) plal clits)

Mm=a+blogl . m=at+blogh
(M -m)=blogl, -log )}

1al

0.394 - 0.148 = b[-2.000 - (-4.000)];

0.0591
o

0.394 =a+(0.123 x -2.00),a=0.640 V
b=0.123
a =0.480

b=0.123=

logl,=-5.198
I, =6.34x10° A cm™

@3S Sl AN L e Jgeaalt oSal 2 JASH S0 30 Aghal gt a8 2ic (3)
—le s Fing Uslan g Lugaiay 1.5 CmP dialos G0 o il phadiud
el il 21 a o233t 298 k aie Fe** @lppally Fe?* jsaall iy

Al Ll ZES 1S, o JEYH Jalas cobuaal

n(v)

0.02

0.05

0.07

0.10

0.12

0.15

0.20

i(mA)

3.20 | 9.95
|

17.03

35.18

55.89

110.78

343.62
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idadl
In1 e oo 083 Jaan Ly

nv) 0.02 0.05 007 | 0.0 0.12 0.15 0.20

I(mA cm™) 2.13 6.63 11,35 | 2345 | 37.26 | 73.85| 229.08

LnI(mA cm?) | 0.756 | 1.892 | 2429 | 3.115 | 3.618 |4302| 5434

-aF/RT=-2278 = Sl In T o o A8l g 55

sl 6500 U0 090 =In1, < 0.58=a o saitl

I, =245 mA cm?

s e (b Gt e e LA G S Bl 8 Ol aay (4)
u—ﬁDLJ‘uhuuAuY ad Je op oy (b=0.059V,a=0.280 V)
Sl L lad die o Jlad) e Jglaad (0 S Jlaslly @lldy O ladly
1 mA cm? b s Gl vie Jalata Jglaa & 2a )
2 sl
E=E®=.0.760 V for I = 1 mA em™
n =0.280 + 0.0591 log (0.001)
=0.280-0.177=0.101 V
taie ;iul Siaay 13
.-0.670-0.101 =-0.861 V
[H'] =-10" mol dm™ S 1 pH = 7 05 Jolatidl Jelaall i

E=E° + BFI In ag+ ~0.0591 log (107) = -0.414 V

3 e seliah oy yud O @lldy —0.861 V aie ypajlall oD oSa Y 1€
045V ge Agage S 4kl g
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PtiFe™, Fe?* il (3) o, luall (8 45 [ 0t o IS o plasiuly (5)
0.07 V ghasd 2991 dudad gl jlall 20K

idadl
(8-29) 53, Alslal ki

1 exp [—_O_f_ﬂ] exp [(l Ot)Fn}
I RT RT
n=0.07; I/1,=0.206 — 3.143 = -2.937
1=2937x2.5=734 mA cm?
hd a e el S aes e ciide Jslae 8 opagned ciligd Boled (6)
O—e p—ill Gilide aie il W0 40N A0 e Ulas 298 k aie o,
t S Jgandl A dnis gall g Ao SIS ool gil

n(mV) 20 50 70 100 120 150 200 250

mAcm?) | 057 | 140 [ 2.05 | 3.36 4.56 7.16 | 1505 | 31.55

B Jales Caual op syl JiG inie (e

_ :Jadt
: SN Jgaal Jael

n(mv) 20 | 50 | 70 | 100 | 120 | 150 | 200 | 250

I(mA cm?) [-0.562(0336]0.718 | 1.212 | 1.517 | 1.969 | 2.711 | 3.452

Inl; =-025 = sfiusall ¢ jabt phaia
I,=0.779 mA cm™

T _oF _ 38050 =14.808 V' (from graph)

'n RT
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14.808 _ 0.38
38.95

G 4.0x 10° A cm? La PY/Ce™, Ce™ kil dhaleadl Ll 35S Zad (7)
o Sl hill il aeall daf of =8 0.75 o0 U Jeles
e hE (P L L Gl as gl 8 U Alas o +0.61 V
tsh sl o gied da B8 ahasiul ] om? Adabus
1.90, 1.80,1.70,1.61,1.50,1.40,1.30 V
fad)
s MM A bl Ul Jgaall auy 8 (8-29) pby Aslaall alasduly
cpdiiuall agall Al ALEN § 4o SISN y A0 4V

E (V) 1.30 1.40 1.50 1.61 1.70 1.80 1.90
n(v) 0.31 0.21 0.11 0.00 -0.09 -0.19 -0.29
/1, -20.46 -1.73 -2.88 0.00 13.45 257.18 | 4777.21
i(mA) -0.82 -0.30 -0.12 0.00 0.54 10.29 191.1
s 055 A i) L o e ) (G 0paal]
Ol (bl () i Jolas 4ad 5iS 13 (8)
Cu+2¢ =—= Cu

a3 .298 Kk g Jib il g caanl 2.5 x 107 o Joliall L A0S (0.5 s
A2y aic taagl didlad Jelaa e Galadll o 1) 4 UV 3030 30 Auda) ol Cuaal
5% 107 A cm? asis S alasiulyy s ol 5l

s dad)

~2.303RT 2.303 RT
N= =" I+ = InI

anF onF
n=0278+0.059 log I, a=0.278,b = 0.059
n=0278+0.059 log (5 x 107)=0.142 V
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dale 4350

D 802y AR praia gy DS ) o AgualSadt il CLREYY 3 gg2 02 A5 (1)
clSail i AU agall 384

(Y} K 530 (2)
Agalyilt 2ol Ll GBS A o Clolaally J yuaall LiS

G Abskxa - 30 (3)

a3 31 Agdal il sl e W15 (4)

55 30 Akl 4} 3 ja0all licall S5 (5)

~liles bl 40 5il 325 5 Glylal yill 506 44 ey (6)

aic 4ilagiy (g el Cligd Jobadd AN Aleadl g Ll Jad jall - L20 (7)
‘ . pASh

doyudlian aall g i bl 5y tadll il Gy AN Sl Rl e WIS (8)
ALY sie eSle il
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