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M""(aq) + ne” — M(s)

/;lﬁc &/J)g/ﬂﬂf;}gﬂéjﬁ“J!Lf{(f{c c««gju{ﬁf‘g!u}wfgd/gaféﬁ
e Cﬁblf

RT M]
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RT 1
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RT 1
(3.10) E(Zn2*/2n) = E(Zn2+/zn) _ﬁlnm
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=E . )—§In+—E22+ , +Eln—21
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RT 1 1
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RT 2+

(3.11) E., =E 1 [2Zn*']

) " oF T [cu]
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A58, 208 K 3.10ss
-‘a“/gu?‘;g/nsfgﬁtu@fuiz‘auﬁ:)bdﬁ;&&uwmruﬁf“’&“} !df ~T

JL,‘J (ﬁd““+ne' -

FH

A Fy(g) + 2¢ — 2F 2.87

Co® + e — Co* 1.81

H,0, + 2H* + 2¢” — 2H,0 1.78

MnO,” + 8H' + 5e” — Mn?* + 4H,0 1.51

Au®t + 3e” — Au(s) 1.40

Cly(g) + 2¢ — 2CI 1.36

Cr,0,> + 14H* + 6¢ — 2Cr* + 7H,0 1.33

O,(g) + 4H" + 4e — 2H,0 1.23

MnO,(s) + 4H' + 2e” — Mn** + 2H,0 1.23

Br, + 2e” — 2Br- 1.09

NO;™ + 4H* + 3¢~ — NO(g) + 2H,0 0.97

2Hg> + 2e” — Hg,* 0.92

Agt + € — Ag(s) 0.80

, Fe® + e — Fe? 0.77
\\g’ 0O,(g) + 2H" + 2€ — H,0, Ny, 0.68
- I, + 2¢ —or = 0.54

3 2 3

! Cu' + e — Cu(s) ‘-o 0.52
N Cu® + 2e — Cu(s) R 0.34
-3 AgCl(s) + € — Ag(s) + CI 5 0.22
'% AgBr(s) + e — Ag(s) + Br- .‘3 0.10
2H* + 2¢” — Hy(g) 0.00

Pb?* + 2e” — Pb(s) -0.13

Sn?* + 2e” — Sn(s) -0.14

Ni%* + 2e” — Nif(s) -0.25

Fe?" + 2e — Fe(s) -0.44

Cr** + 3e — Cr(s) -0.74

7Zn%t + 2e” — Zn(s) -0.76

2H,0 + 2¢” — H,(g) + 20H (aq) -0.83

APt + 3¢ — Al(s) -1.66

Mg?* + 2e” — Mg(s) -2.36

Na* + e — Na(s) -2.71

Ca® + 2e” — Cals) -2.87

K'+e — K(s) -2.93

Lit + e —> Li(s) \ 4 -3.05
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Ni(s) | Ni**(aq) | | Ag*(aq) | Ag
- J}pjﬂd’@g}:éé

Ni(s) + 2Ag" (aq) — Ni**(aq) + 2Ag(s)
:‘Lﬁﬁﬂgu‘&{’_%}d}gzﬂabvwf

RT . |Ni*
Eiay = Ejceny — ﬁInQ
[ag”]
J@d&ffg}/ d/ug/)'
aA+bB—= —scC+dD
—— CCLP b %}d§gzﬂ/¢«bh¢&&{é£
RT
E(cell) = E(Cell) = Eocen) _EIHQ
3 RT . [CI°[D]*
(3.13) = Lcen _Eln [AF[BP

e eSO s A S S 0
Mg(s) + 2Ag"(0.001 M) — Mg**(0.130 M) + 2Ag(s)
‘ér’l’f E[ce]]] KJ' ;L& E(cell) = 3. 17 V/ﬁ’

Mg / Mg>*(0.130 M) Il Ag*(0.0001 M) | Ag
RT, [Mg™]
2F  [Ag'TP
0.059V 0.130
log 5
2 (0.0001)

E[Cell) N E(cell] -

=3.17V -

=3.17V-021V=296V
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(3.1) Zn(s) + Cu* (aq) - Zn*'(aq) + Cu(s) A Ve

Cu Lo bty 3ol gt L Uzl zn> A S L S sle b (Equilibrium
. LA ~ y . tant
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2.303RT, [Zn*']
E(cell] =0= E(cell) - oOF log [Cu2+]
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g _2803RT [Zn*']
or (cell) oF [Cu2+ ]

et Sy
[Zn**] -
=K <~
o~ K 231Uy
< Pl 2 At ind i tosd /T = 298 Koo

0.059V
Efcen = Tlog K. =11V (Ejcen) =1.1V)

1.1V x2)
log Ke =75 059V

K, =2 10*”at 298K
/?u)’d/

=37.288

2.303 RT
(3.14) Ecay = T F log K,

TS Fond i 23 1 S & N (B.14) bl AU
W e &l §2 P yiid LSO U e i S5, U S
e Feldeie-§EL Sy

_éwjd/.ﬁ:”c)ﬂ;écig)’@d;’gjﬂ 3.2\
Cu(s) +2Ag"(aq) — Cu*'(aq) + 2Ag(s)

E(cell) = 0.46 V
0.059V
Eean= —p 10§ K. =046V J>
log K. = —0643 5\; ?72 =15.6

log Ko = 3.92 10'°

ﬂ/ﬁl_ca L"nd)vi.,/J’L::C/y@/.ma/lggﬁ_u’g/)?(@/.tfguﬁ)bévg
EFG oS 2 P50 i 2 bl mbie JgH s
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(8.1) Zn(s) + Cu®*(aq) — Zn*'(aq) + Cu(s)
ArG = —2FE )
g efoa K
27n(s) +2Cu*'(aq) — 2Zn”"(aq) + 2Cu(s)
ArG = =2FE .
e K616 21 eSS
Eceny = Ecen
Sl
(3.16) ArGE = ~NFE )
Sz i £ Fe aree i Q07 A1 i A e T § Bl LA
-t Zi/ Jtl?wf Gl

ArG® = -RTIn K

LA L LU 11 v DG e 55

Zn(s) + Cu®'(aq) = Zn*'(aq) + Cu(s)

ArG® = —NFE £
Eeay = 1.1 VIF = 96487 C mol-192/ﬁJ N sl Ul ouae
ArGO=-2 x 1.1 V x 96487 C mol™! 14}
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Eeay = 1.05V Setxls
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Ofllw‘é bgfcuz LU-?( (Super Conductor)ﬁ/ﬂjg)l.f:.uz <l Jt}?!(«lm
2715 K 0) il {%@a/d/um!ufw.}/%_c‘- b poir S
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20t & s AT T e T e ow ST U Sb Qb g L Fir
gL e nE AL 150 K

Jabedaid Luml 57 298.15 K B.20s

| Smledl asl Smledl sl

s T Je s
3.510° dgﬂ; 2.110° 372
3.91 0.1 M HCI 5.910° 4¥
0.14 0.01 M KCl 6.210° -
0.12 0.01 M NaCl 4.510° i
0.047 0.1 M HAc 1.010° AT
0.016 0.01 M HAc 1.210 Ay
S =
1.107 Cuo 1.010°1 &y
1.5102 Si 1.01078 G
2.0 Ge

dre p 78Uz e S el § A4 Qs e et Uil
< C‘n/?d:)’,?/ﬂ/l/;’ K&J"Lq{ld!}’?l-g"_

=sdUieIlel )

;uﬁJu)l}?w)f("Zl& (i)

(+6¢f AL 3G 7 s ) P (i)

JJ’}” Jlm}"ug’ ng/}c—,g/@/u»!u} Py J%c,;/_gut}?u,z
_c‘“_u{fgyo}&}r'f.@ Ko{@!uﬁu}'}”ﬁ_alﬂuf&,ﬂjﬁ?f}

S sl A A B oS TR esz)  E G &L A
B.5x o st feredafUie o8 e dzr (107 M) s LenSust

S AUl S, ) S ohbn S pdal S S i) x5 LS @il ,s S Shirakawa, sl Heeger cMacDiarmid . 1977 *
G e Sl pant e el gl o Jas o 65T bt (e 2 UL S8 0l 2 o e S S5 ST
% o0 I s Mol S s SISl Sl ally ) Sl st o 23 ol L p ST ol S ool e
Ssp et S o g b ST o g 80 DBl am ol e o Bln e S b oS (8 (e s Do s (S ey S
e o er O o e ST et (S 58 o) (on Sy Ol (59 05 gl - er p (Sr el g blie S0l ple ey S
ot Sl a5t My g (Sl Sy ST LS o il o OV 4STG b 98 T 4 o Sl puan S
S )5 e il 55 S S 222000 S Shirakawa , 5 Heeger MacDiarmid o) T8 S ol Jlal
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S G L IAAIE T Ly b e 3 22109 s )
L SIS Y o 2 Juizrd/uj:!’uﬁ J)i+ bl s 3ol o =l Sule
e trr g Fioan Wl (1) B e Qg T

STy P A AT

JfJuum’v EUsTL s sy (i)

(Viscosity) =22 8 Ul /v}d/ &)

)m&%u;}?ﬂ (iv)

(o Py AL SISt ien ()

Jdﬁd’l’.,gd{/f_ca Cﬁlp y/(}”c;uJ@zuﬁ‘l%;/&?!/()b’tfuz&lgﬂ JU}J’HL;T 341

J}g/vé_/l}’f (Direct Current) DC,@U:{,-UZL}?U?&:&”»U&J}%JM’/ fkﬂ JJL;JI

& (L et 8t Qo S U UE e Qese frd 5 7 =0T

S L ) o s (Measurement of

ug/&‘;/»-‘a Cl l[JVL/ULW“! Kl (Alternating Current) AC&/}&/&? the Conductivity

s U 507»: -k VIS8 (Feda) e nd i3 of Tonic Solutions)
_ujéfLLaCuﬁ 3.4&1’;"{))’MV})L— uiu!-ug

Jed i S
Sty S — e
L5 Pt ik :3.4 [
M Sal & s aliea 3
5 A ek 3020 Pty Lok — o

u:f‘"’)‘a tre o7 .:«2 K..ag" ﬁ{ Juj P sz{ u»";}‘g!u J&d{/)bd)y

g/u.,g,:mcz. b A Kuﬁ?u’l/'/i u’-(a;. t‘lgLLwZ/?/)’J.L:{J/./?f)}glPth

,}'/i J.L"cu’!/ 'A'/)!&I:J T ngﬁwy/;éb}‘?lutc/w-q: Ln4 & e
s L«;(/:(b.,gj/}cc @bl/d}'g/ﬂ:’/cjl/d?g‘.ﬂé J}l;.c;. L“nﬂwu

t_1

A KA

el Ui o LS e Gr ettt gy 2L i S 1A

= A lfun‘a length L l-a @n/4 L FENSEL e L

S et 1l e pB¥ete ezt P § ami-e o d U uie

(3.17) R=p
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Ut L S Fq Seaip S EL e dlaipbre ot o boud e
s e § 2o S ek ¥ KCle ¢k el Ll bl
,33/5& ;;UL/‘J;;'.?/,&/ G* .135*“‘):‘(3.3 Jug)‘L ")J"“' é‘ggﬁt{ N7 o

- t‘by//;lb
l
G¥=—=Rt
(3.18) A
e §UF RC1,298.15 K 3.3Us
mol L™ | mol m™ Scem™ Sm! | Sem?mol? | Sm?mol?!
1.000 1000 0.1113 11.13 111.3 111.310%
0.100 100.0 0.0129 1.29 129.0 129.010%
0.010 10.00 0.00141 0.141 141.0 141.010%
el e SUEE I Ay Lol i Sz S
_‘4Kguﬁuﬁs.5dﬁg¢,¢«gf@fwuf_@£/ui‘fgJ
t‘ndfdw.iKch,«?lf”)’”L‘le M!//é"._gR‘LA!Rsufiﬂfuuﬁu’! R,

(£ §£ 5000 55025 S~ isl ACD O LK1 ers_c
1A L e D) (Detector) St -t k1P Ao e
S byl L“!zu/‘!i‘@/.?‘a G'Tlu.?(u L‘}'/.qufu’lﬁh,o.m‘g(,ﬁ

R4
Rl R4
(3.19) erpeds Ko =—p
3
fedaiberir SUFE Sl 2 g s 2 Qe e= ST o

UFKQZLQIJJ:LQLM,’}’”MI/JJ%,;,L&»JQ% %m"/?d‘&,g‘ S s S eV, S 58,5 S
< Pl (S cexlpe
-‘Lt‘lggéu'i bS5 oui S Hew S

. plas)
Lk g
—-=

Gse il S UKL oy 201 st P s i3l g =7z Lna,;tf(
S S Tt Lng}ﬁ_"/u,}?wﬁ&@/gmiu KuzTule 2 u(uﬂ-‘a
Sk /G0 G e A9 320 e bl 5 /% 1) ~(Potential gradient) (il
L(Lambda:&tg) Al |t ':é (Molar conductivity) c),,l.-e{l//& b
- Cl lf/;lﬁ,gj/)’:i ;:UL»»‘J;’.?/,C/JMKJ!:; :,ALQJ.IJJ)!_Q}L/;;%

(3.20) K=
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K
(3.21) el = An =2

Wbt mol mad il b b Ut smt s w Sle Ut e bl Ul s
f‘aCﬁlglx@y’,-was cem? mol ' UYKI S A

1 mol m- = 1000 (L/m?3) x /s (mol/L)

LASIs

k(Sm™)
1000 L m™ x molarity (mol L")

S cm? mol—légﬂ d/Am?uiJ mol cm‘%j{! JJ@’J’A’&S cm‘légl U(K(Z/’;’

-~ Gcla JJJJ’L)A Jabb‘a)jgﬂ-fn
K (S m™*)x1000 (cm® /L)
molarity (mol/L)

— J:’gjﬂyﬂﬂag/» ugul‘a Cl Q-’U(.’x"! KUKl JC/uja)u: -

1 Sm?mol™! = 10* S cm? mol™

A,,(Sm® mol ™) =

A,,(S m’mol ™) =

1Scm?mol! =10* S em? mol™! |

100 Q ety S el L2 se fe JF RC1L 1 601 mol L 34J%

0.02mol #% 520 QM!/JJQ}’!/? A J¥ KC16€10.02 mol L—l/’!_g
KC1d_ 1y J6210.1 mol L1 &= e lar b e et ¥ Kel s sgrL
-~ 1.29 S/meJla S

S &
e bl 5L s lsbalf 5 o i
Cell constant = G* = conductivity x resistance
=1.29S/mx 100 Q=129m"!'=1.29 cm™
=iy ) e = .."J,,La,{iJ dﬁi’u%(f t40.02 mol™
% -1
G* < 129m™~ -0.248 Sm™*
R 520 Q
J¥1 =0.02 mol L™
= 1000 x 0.02 mol m™
=20 mol m™
el = A, =5
c
_ -3 -1
=248x10 75m " _194410S m® mol”
20 mol m
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-1
k= 129M 6 948x10% S cm!
520 Q
A, =% 1000 cm® L™ molarity™ 1
_0.248x107°S em ™' x1000 cm®L™!
0.02 mol L™

=124 S cm? mol™

. P . 3.5Jke
5.55 x =217 b4 JJ:H NaOH Z_150.05 mol L™ é:(}u 50 cm ! 2 1 cm
S el et U-e 10°

=

A=1r=3.14x0.52cm? = 0.785 cm? = 0.785 x 10™* m?

[=50cm =0.5m

R P! RA 5.55x10°Qx0.785 cm?
= — or p = —_—=
l 50 cm

A
=87.135 Q cm

], 1
s =k=—= Scm™
ol P (87.135)

=0.01148 Scm™
_ kx1000
c

cm®L!

=Ji s A,
0.01148 Scm™ %1000 cm® L!
B 0.05 mol L™
=229.6 S cm? mol L™
Szt e b Sue gt m el em
RA
l

=z
I

p:

3 -4 m?2
_5D5x10" 2 x0.785x10" m" _ o 1ax 1620gm

0.5m
K= l—&Q m -1
>~ 87.135 =1.1485m
1.14 !
#A = K _L1485Sm 505 61044 s mt mol!

¢ 50 molm™
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J)U})/_‘L quﬁjguﬁ Udss el sl 2ol £ AL &,«;uﬁ 6L s )
LWJ! fj’/"‘”d/uﬂ-c;. @TJ;::‘Z U:Q:JW..'/? L [J&"/l K&U}}glﬁ f:‘uf;u?.lb
e Qe SE B SusTin bl de st e SRS Fe Sl
C/‘;l;/? &BéKt£+ Conductance KJ&JIL!;Z&W@JW'JJ#U/; J&“Ad’{u/(

ALK 3.4
el
it

‘e o ehlalfsohrg sz lend Usi Y 1%’3&1;,?/5 FEoS S Con d(l]i;ljittl;r;:lz
(ujuﬁcmgmu,ftﬁ./m;gw%JKwBJuJ» Lsia) G = % =K Molar
Conductivity with
10~ gfLL Conductance KJ;‘L{ J Id_1s f; V:«/J“ L,q{l/}" d/ J,L; ...g{ B _w < Concentration)
u:y_%réu/?zsék{ e il Wond Usds A1 (S s A 21 e
A, = E =K
l
A= V(FEEeLrdr =15
(3.22) A, =«xV
Jr 1 f{c, L“n{_ U e b Lol U2 e o A AL u[uﬁ Il
Z O AG3 10t AUty PRI U o - o FEFRUHFL 1 or0 €
Wk c)wbg/UAm/?)mz.n“g;f‘a,w o= &ﬁ‘g 8;4 ol
% < inductance {Jﬁjﬂﬁ/b’g! J’gf‘é Gﬁb U(
Lz e sl U D1l Joedan S
ug)L%,};Kf?m/aiurfug{éisémc.g/» 206
Cgi’f_/b» §UFL a0 S ~ CH,COOH
e A ssis =) ;‘L L“lgﬂ/"‘]&“/l - E
<1< O (Limting molar conductivity) E
1P &;;uﬁ A, AL I bl VrbeA, :E 200 —
“3.6) e Broinsid Loyt <l
(Strong Electrolytes) ¥ g 2SI gl
oy 2T TALL S diad £ e L5 . . .
- U:laﬁbf/:wau d/;«i;l/(f"},ppalm‘a 0 Orz O.I4 I

(3.23) A, =A, - A

¢’/ (mol/L)"?

MJIIUV»& ct sIA //U/a CQ, bis. 03 (G5 S 508) Sl Etot] o O gloen T 18,6 S

—AJ}!interceptu/Jl/ci A, u.fq?(SIZJQ)Lb
iy/)/)ld’gf_f:";)_‘at'ﬂytabfgz){?«}pd}VZ:
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L s fem L deu,}?'wdﬁﬁfJ&u;}?uﬁu{w ety 7
2 - 141 - 17 P MgS0,<CaCl,NaClif-< B < une Z e Tad
,‘Lénulffj:d/ AZ“LL&U;}?’&Z(D dt..g.ugL@é.t%ML&U%uz 2 |

1t Lo el S UF kel o8l 208 16 5.6 Jes

c¢/mol L! An/S cm? mol™?
0.000198 148.61
0.000309 148.29
0.000521 147.81
0.000989 147.09

$am A, L LKele Jufyvg.)ffgfgfuwﬁ c1/2 A S s
‘gufﬁq"/j

_‘at'nwlagj:‘z{.%d/l/k@@)l t
cl/2/(mol L™ )1/2 A,/S cmzmol?!
0.01407 148.61
0.01758 148.29
0.02283 147.81
0.03145 147.09

L P L B b o LS U2 3.7 ESUE (0 02 UFy) 4,
J/Uj LL fzc (c'/? = 0) intercept-< JU i

A% =150.0 S cm?® mol ™’ s

A = —slope = 87.46 S cm?® mol™' /(mol/L")"/?
149.8
149.4
149.0 4
148.6

148.2

/(S em’mol™)

F147.8

A

147.4

147.0

1 1 1 1 1
0 .005 .010 .015 .020 .025 .030 .035
¢?/(mol/L)"?

¢SS Ay LAl Sebs. 8.7 S
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§usdubL A S G Sunidd A L & e 50 end 9N
Jo o L}/le@;}’"ﬁ/'uﬁ A% o L RX s NaX 221 21 e d o 1 oales
4298 K/?/;&C
A®

o _ o o
m(KCl) Am(NaCl) - Am[KBr) - Am[NaBr)

o o 2 -1

= Ay — My = 23.4 S cm”™ mol
S LU

o o o o 2 -
Am(NaBr) - Am(NaCl) =Nwsy — Am[KCl) ~1.8 S cm” mol™

L SN ETINL L= fanlTEUTL U1 ol S lee sl
Fo L s 3L Tt o Ted & w1 e Smssar S v 2400 L b
it S UsTE0Em s 200 i A0, N AU (Pl L &
e LY 5 el s s el it S E S Tr 2l

(3.24) A vey = Mgr + A

It S Ui o T vy Ted v, fn Sy, 20 L leg b3
Y PR PSS Wy § PSYOS (5[]

(3.25) A =VA+VA°

Tl A 1298 Kot edlal S § oy Tl o Ted S AL 10 0 20 Ul

-t fd)dﬁSAJquzﬁJ A° 4:}.& uj:Twm

e, Lagt)rd»fd/ ui:l’f: S [}g {298 K 8.4

A%/(S cm? mol™?) A%/(S cm? mol™?)
199.1 OH" 349.6 H*
76.3 Cr 50.1 Na*
78.1 Br 73.5 K*
40.9 CH,COO"~ 119.0 Ca?*
160.0 SOY 106.0 Mg22*

LI5S 59508
— b‘n‘{ (Degree of dissociation) ij; 2ny J&“Aé;lg &UJ/)"..O 113 /4 JA o
LB o dore o 301 s w2 L PS5 AnS e Oty
LB U et gl Qo oo SusTUt L J}’J"&’; <A 21
L and Al (312 ) o b 3L = §F U Am Lo7 £ 560 ﬂf/’ég
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£(C - 05815 15 650 UL U UF b 581 2235 L Extrapolation
e Qen G SU¥#, 6 F e i = 1)‘¢L~Lgm):%~_ubd"(¢/u,}?t
e AT UsTL P M 2 L a2 Bu 0o S e EAS L
Kl a6 KNI F (8.8 (P U F LS 16, 6L

LA Pb bl 5o S S A i Sz dlat b

o= An
(3.26) AC

éé&ui‘?m/#(ﬂmquﬁ)jfdu.@“ufugag,ﬁd?

co® cAZ?, cA?,

Ka = = = o o
(3.27) (1 - (X,) A;)HZ (1 _ Am ] Am (Am - Am)

o
m

(Applications of Kohlraush Law) Jleiw! S 4S™ 5 ¢ J 5

Z TP £ o 21 E 5L S 5 FNFFe  fonts TS usT
L 1 Latr ot o9 9 s oo £ 1o P A = 0
231 Mg c I8 Z s s uj"/t < u'c' i ui”“ K (Dissociation constant) J&~
- A

'é%j.d//lniééMgSOyﬂCaChc_u L{/p’}’ﬁ’é%)‘_jﬁ3.4db€? 37dks

Ani(CaClz) =Koz ¥ 20,2 119.0 S em?2 mol-! + 2(76.3) S em? mol-1
=(119.0 + 152.6) S cm? mol-!
=271.6 S cm?2 mol-!

ATZ(MgSQl) = 7‘(1)v1g2+ + xosoi’ =106.0 S cm?2 mol-! + 160.0 S cm2 mol-!

266 S cm?2 mol-!

=

91.0S cm2 #1425.9¢126.4 5L U248 $ Ar L £ NaAc s HClNacl  38%

& oA d L HAc.rmol 1
(o] 0o o — o o 0o 0o (¢} o
Am(HAc)= 7LH+ + }\'Ac’ - 7\'H* + ;”cr +7\'Ac’ +7\’Na* _xcr _}\'Na*
= A":(HCI) + AT(V)I(NaAc) - AT?L(NaCl)

=(425.9+91.0 - 126.4) S cm2 mol-1
=390.5 S cm2 mol-1
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L s S1e 4.95 10-5 S em1 et § 42l 410.001028 mol L1
-;é r)ﬂ,&“v”&{ U179« 390.5 S cm2 mol-14.4 g Al

_ K_495x10°Scm™ " 1000 cm’®
¢ 0.001028 mol ™! L

x_4.95x10°Scm ™ | 1000cm’
~c¢ 0.001028molL" L

=48.15 S cm3 mol-!

A,

o =0.1233

co® _ 0.001028 mol L' X(0.1233)*

=1.78 10®°mol L!
=) 1-0.1233

Kk =

3.0k

&

‘o GFud el fUEAL Fld

_E Ly PR S AL L L

(Fﬁ@&%ﬂﬁ 21-< 461.1 S cm? mol el A il LF 120.025 mol L
Micoor) =546 S cm” mol™ 30 (1% 349 6Scm?mol ' < {3-

Qe e bl LK s bl sz ¥ 2 L LS QL F s F s 55

ULk 23 d/,':t‘ui' J‘.ﬁﬂ;}g! D}L/‘ug-LL AT A Juy&lfd/df o~ og,,f;ulu}:’”
Cu2+?+ t’b&@ 7;5DC{uﬁ)}glu:]»/;l-ujd@d.)juﬁd)g&lﬂéﬁéfp{.((Strips]
- b J@J’J’gzﬂﬂlujl@}f C/.Lf‘“f{fﬂq’f

(3.28) Cu®* (aq) + 2e” — Cu(s)

S st Cu2+/?b/uﬁ£ Z JL:’JJ";‘,?M?/? e &tgn Zf’/? 5%@[0:4(
~ellox

(3.29) Cu(s) » Cu?*(s) + 2e”

sk Jf&’yuﬂd_a‘-&lgn(d’;) O"/jﬁ‘fulc‘- L“lgﬁ(/&;”{)f/?f:':!/f@}u’l

B de3i S Foa bb U et (f U b o en K PL 2058 e

uflm U'gAchnga_‘L Clox (‘54 5)".:1}-//?&]1}[}/51% &lgn f4 Lﬂﬂi‘v‘/f}?g

M’u’!f)..fuj &lp beéﬁé ﬂ){é&‘.‘.{é/.é u;‘:qu:eb“fé Uiy J_.L;, X%
_‘Luﬁ(y?;%l&fuf‘v&/éz:

digf’g Ju d/ (Fused chlorides) wi’uﬁ Iy &'/ Z UI/ Uil *&".“JJ' ﬁ: 3y

Y d/fb/lA/TfJ:"/}Juﬁ diﬁ/d/ﬁfﬂg!//’ly)}:wl‘a Cl L:(J'Jlaai_u'é (Electrolysis)
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ed¥1xu Nt o G2y

(Quantitative Aspects of Electrolysis) st (6 yldis 1S ] 3 25!

/é/L:':;_lL;;"n/;"_guy. G U B e 312 Kl

oS 2e bttt L KL J%}?!L;ﬁl/;" VB 1833-34

gJﬁ)du,}?quJwég{LuLn/?ﬁ,}?uf'{ufaj./szi.v/ S ()
-~ &nuﬁq@&«“éﬂﬁd/&/g_bi./fc(&!/

Uit P b S LUl St nd e JF Bt s (i)
..';»3/ it :,«,/,{ U%' J < |») Chemical equivalent weights L Ul /L&VJ g’i_ﬂﬁ;

e Qo B L (ST S S L S FS s
/”-:;J/.,qu?, .’ig/rlp ..g‘u? uf.f}??)gﬂ K&/J”"ubné gfﬂ/::’
el by s 67}5 Gls Iz 5£/JL’3'“I g(d"ﬂﬂ)}?l Solrr VQ) (Coulometer)
U & n S B 2 e b P St i (b | K e it l)
=gy JJJ'JJ:;’;/,&/I& Jﬁdu 2_/?;.‘& IS K J//'/J&AJ.L' sl

3 e

Q=1t

Ul g e

(Stoichometry) JE: h(/L;JJGJ 5;}?!/1,&76/(6/?&) &/6}%4’: J:;L)(G
JoJ Song b oo ds /5’4

(3.30) Ag'(aq)+e — Ag(s)

- Greens PEUNA I L £ AE Ui T Uit

~ Uk 1.6021 x 10—19c4u!}?lugfugz'_kgﬁ

0l S U v L4

Na x 1.6021 x 1071° C = 6.02 x 102 mol! x 1.6021 x 1071°

C = 96487 C mol!

.,@J‘ug S e Fo el ile &M/ (Faraday) ;;”1/;"/!,@», Jé{
b3 & S8 1 F = 96500 C mol (il & o®

(3.31) Mg (1) + 2" — Mg(s)

(3.32) AP () +3e” — Al(s)

sceR iy 2 Ut & AP Mg Ur LIS 51;,, L
=S Ui LB g & L L s s (BF) 122 U

L e 95
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U Il JU;W{.LEZ.(?{LL t‘}f/.!/.éV/Jlbﬁ(wﬁ?)cﬁuﬂ(u‘f/f{!)
ce §olL U 30.518 F Sz bl WU 1K/ F ££150,000

inly 35 _ U A Fe 10w § e 1.5 A6J#L cuso,
RN ORGP}

1.5Ax600S=900C = = x 2/ = fub t=600s

Ju

Cu?*(aq) + 2e” = Cul(s)

L unsna x 96as7L2F L L8 S cupl 63l 10 L
edE L1l nFd Looo c

= (63 g mol™! x 900 C)/(2 x 96487 C mol ') = 0.2938 g
g

//1_‘4 wgﬂj—?;wﬁg L"n/?.;,/ﬁd/&uwf’d/s,}?u% K b2l U 20
;Lui%muﬁuf)w J@&g{,i(«fﬂfg(ﬁ‘ﬁﬁ)%(lnert}‘)’w/ém}@
JU 5;}-?1,?‘@“//; Jb?ﬁ,}?!fwiém_‘¢ 8/((4 L (Sink) Lt 2
gL L3P el L Sl Ul & oot
St 218 Fal S S St e s SO e ol £ s 2
d»{J/U*L/._/c_lupu*uéf%fdwd/fuw(ﬁJ!-LLr//‘/”/c!
L uyuu/i - (e s62s (Overpotential) 5); Aol T u’“}”;/ d__//,& rLﬂ
“LL{,JLQ ul[gnd!:

elsfire bl L g U Naclz e dE 41 0L Ji
< thn J,;{ Sﬁffca (Na*) QT&[VQJ/JQ 4./!:24 ul{{,-ﬁ u}’iJf Cl, s
QT [Cl - %Clze’j < [}lgn»;@ 37 JJ%LL (cr)w’w._,gm (Na* + e~ —> Na)
HQOJH'/; ¢/ T Hy 231 ClycNaOH e 2L 15 St g Sluns ﬁ}?léi’bfrﬁr

_ugé'_n‘»?rgf{c«UVL
e Qrr el B L e WG P 5oy 3L
NaH"(aq) +e” — Naf(s) Ecyy =-2.71V
H'(ag)+e — %Hz(g) E\ ¢y —0.00V

e e SO 5o 5 e o3 WL 1 B° wl B
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(3.33) H'(aq)+e — %Hz(g)

_U}Lnbg',H*(aq)uf?‘:Z: J.’.L;JHZO(jg

(3.34) H,0(1) — H'(aq) + OH (aq)
-< (L Wy LGS (3.34)41(3.33) S Uiy Lmjﬁ{ LAY
(3.35) H,0()+e — éHZ (g)+ OH"
-%dﬁéﬂ@’d}.{q}"}gzﬂéf}'z!

(3.36) CI'(aq) - %cg (@+e E.,=1.36V
(3.37) 2H,0(1) » O,(g) +4H'(aq) E  =1.23V

e bbb I eraa S QL vie Seed Wil E° ful
e AU Sbeird (3.36) fie 2§ (Overpotential) ~415L ST A
Bt SO

NaCl(aq)—=2—Na*(aq) + Cl (aq)

" 1 .
550 . H,0()+e — 5 H;(2)+ OH (aq)

b

1
S Cl (aq) —» ECIQ(g) +e”
Sy
NaCl(aq) + H,O(1) —» Na* (aq) + CH (aq) + Y2H,(g) + 12Cl,(g)
5’5}’?1{9)& (Eq 3.8).;',!;{/.5»:‘/3,1;0(/‘2/55}?!6/.[,”4;.?5 Jal)‘léi@)!
_‘auQJQQ}g/ﬂ{j;:!uu»L J‘J;}’v?é;dtuﬂyﬁ‘_‘a b U8~

(3.38) 2H,0()—04(g)+4H*(aq)+4e- Eiyy =+1.23V

(3.39) 2507 (aq) — S,0; (aq) +2¢ Eu =1.96 V

LML H,80, e Moeird 3.38) SBd LS s
&S besS 339 S0

SV g (g g e

?“érkﬁuﬁ(fu)%?u_uz_/fu:m?‘ab}fjgzwfgﬁéro.suﬁméwu’(ﬁ3.10
e bV e & B iy e pS Ui 311
_“é,f{ Cr,07 +14H!6e” — Cr® +8H,0 }iJ 3.12

Skt NEFLLYFS en02 Ukl
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ULl e e B (et by e b S FE G iy
G- L/(KZ//’J;rlfigth'//ufévﬁJJig P UE ) ek
"{/?/}}’LJ)"{‘L Sy /’J/LJ)}.ELA T di;/&)lgﬂ/(fﬁ/ﬁf({f@/
531 (NHLCD) X8 ot U o S £ usin 1 (3.8 S &
LA a5 Ll U 3 el 1 ot b K (2nCLy) K1
_%ébéé&)d)ijﬂ
31 1 Zn(s) » Zn®*" +2e”
4,5Y: MnO, + NH;, = e — MnO(OH) + NH,
w Pt o3 o GF 1o ZH U SB L L 35
< 8[:/. [Zn(NH,), I** J@Z’wi Zn?* ot Sls st U2 Jbl.c". &lp P~
—e tw1.5 VL A /
JL*”’! K.f/?/d (Hearing alds)/cfd/}/fi (3. 9(}')”6/} (jj:’)dgd/uaéarbé{:r?g;ck
ot K HgO sl 3521 (@’1 Sl -t viird LTl il S + NH,CI paste
Fe b S 2y 21 et KZnomKOH-u'a_r‘}?}m‘Z S b Jow hix iyl 3.8 S8
_u"J}C/)h_JU'L’J)}/’G"‘: @) HF
$s-1: Zn(Hg) + 20H™ — ZnO(s) + H,O + 2e~ - JW;KM
j,a?i/; HgO + H,O +2e” — Hg(z) + 20H" il !

e J’J.?/MJG}J(

ULES Al 3.6.1

(Primary Bateries)

Zn(Hg) + HgO(s) — ZnO(s) + Hg()
KL sl b 1.35 vi e
SSSHE e ey S
KN SN S S FEIFTFLS

_gnd:,y"ubuﬁ d_/(r(cfrd':

sl ple Jo 657 2:8.9 S
2 U Jlanzal
reducing agent
oxidising o9
s, —S — agent

—e» LLSTI(1d)
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d/i’-gﬂlc; - Cj:z/i; J?/l/..é,/%lgm ..é/g';"..:/mﬁ‘dfd/ﬁé 7 .,g_+ (S;condary
/le/@/;Tc/:brlcdl.ﬁ"i K (3. lOd{ﬁ)‘L (Lead storage battery) (ffuj:ijgf: Batteries)
45,5'55 (Lead grid) 5’/@ Lnie fe (PbO) IS Tilstisilly e Lo Ut L)
anuf Jl:&“id/‘.’?va,c"_ t‘/'/"{/? WL &U};Q'J#KM'J)%V 38%-< Jm}”"’
Y PA R Iy S P
3521 : Pb(s) +SO? (aq) — PbSO, (s) - 2¢
5;5‘[ :PbO,(s) + SO (aq) + 4H"(aq) + 2¢- — PbSO, (s) + 2H,0(1)
e Jj;'.y,wJLﬁJ»’J[/ by Wl 5201 305 T b
Pb(s) + PbO,(s) + 2H,SO, (aq) — 2PbS0O,SO,(s) + 2H,O(l)
Jrt PbOzu!Pb%/"ﬂgﬁ;}L;lﬁkl/’:"g O S OBY S S T~
-l bn

S omd L 18,10 IS
& FUHE AL - S
Bkl en Sl P31
&7k {_,UQLL b L G
REPL LT 6L S f e bTols
Jauwﬁg}?uuw;é.@gﬁmy@lg

:3.11 JSKo
Wy Slor g2 w0l g
4 g o kST USS

) SN S il ) e
b il

S el S e ot S s e w0

i . T L Bls ol
:‘LJ“J',.?//C-’JW %d/ o,(,,@ Sce B2

odle 4:.3)5 ; clza L;J'a

Cd(s) + 2Ni(OH),(s) — CdO(s) + 2Ni(OH),(s) + H,O(l) -2 )
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e 251% STy Sl ena PEE S Fe u JF T 37
&gégdlﬁﬂK(uu/JJ'pl)@u?@g{J(JELﬂ)’/)u%«ad")uﬁ ey L (Friel Cells)
S S ﬁ/uffd’g/‘uw%w/ém‘a bl St S Ly
et Ut §6d Ses e/ Suidd F B e b Aie bl
4 uﬁ)}‘?! J'V[ (Reactants) Us*b> % u}‘a UC'L’U. de..! e up'//’jgu&)
U RF e bl g S e e e el S A
S a7 S Uzl o dtﬁ"cw”’"{:u@i’g H,0 .
Flue b Yt didigay FN ! e

~g L (Fuel cell) | T
K7 Tl Pasy S S e o
et VU SIL L d S e __(
(ﬂ/};g @/.uﬁ(l/f/? u:'www K U1-(3.12 ’
Lt gl SO BUUL Li S
L usfed Je g1 LS et £ 3L
F T Py A S bl L
Eir 8T 5 T e Ui b s ru/urd// bt S5 il 57 0y 31 Hy 4 Joe (02 13,12 S
SUFESE e vp il JE R S
uﬁuﬁ)}gl/(Catalysts)U)hdaﬁaw)ﬁ%pﬁgupgKﬁ&éé'c/’:;w!

:wzé)uﬁdjaﬂb}“b}gl-‘at@y/da
557 0,(g)+2H,0(1) + 4e” — 40H (aq)

35712 2H,(g) +40H (aq) — 4H,0(l) + 4e”

e SionrJOF

2H,(g) + 0, (g) > 2H,0(1)

Z&S¥ 70% Skl e b L"/(KJ’VJ:‘L Gusb AU Foa
IR Uk P e (5 a0% e B S SAG o LS AL
be bl $72en ot GG e s Jo g0 Htaunt i1z L L8 S
St ET e ST e VUt Sy ek 4L e
e VWL F S Uk P L T ez oo
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Sk S St tn G ¥y S b iy Kbty ¥k I o
:f‘/ﬂ/u;/:g & L—LL}JJ}}L O2)4 Lffd e UP s sl Jig cu,»{’, cu?/Lfd U

¢
3

Ul (JTY u:i;/dtf/; uﬁc.?; Jgft‘-cﬁ- t‘“% ul.éﬁo:g)
- b
$%4 71314"_(3{7%4{6/4_; uﬁ?lfuf'{falwnuﬁﬂ‘
Ry db/gd/d/gﬁ'-‘a Cﬁuﬁ u@z/d/mm&g ~.f/4 e d e
S5 e gb e e e PSS B i1 F
(AL 5 Bl tn S5 Je b, £ Fe (s)>Fe*(aq)+2e &%

i Ll Ao o O Oy(@ + 4H + (aq) + 4™ — 2H,000} ¥

il 2Fe(s) > 2Fe’ +4e E_, . =-0.44V 53

‘v el cﬂ}g!Ll; STy .565!" 2Fe**(aq) + 2H,0(l) + 1£02(g) — Fe,05(s) + 4H+(aq)
. e b s LS :3.13 JS
AL L COu SRVH s sl Ut ZEE Spms g oy FEom S ks S

g& u,i’uwrf:f»zruﬁ)go/w’u’wi’g-ug Py Jilpc HQCOSZ'_LZ?
ek bl e e Qn f ST Sar S (U s s QL e
-

357 0y(@)+aH aq)+de — 2H0(0) =1.23 VE

H'10,H,0

Z‘L(J:)'.?J/C-’Jl}jgf

2Fe(s) + O,(g) + 4H'(aq) — 2Fe**(aq) + 2H,O()-E ey =1.67 V

SRS r gt L F ST R L L F TS T s
e TS0 X L a post Ut Z.T/’J/? L Kot B S (Fe,0,.x H,0) XL T
- ln

V2L Ut Lo dnesla pniirie Uee finbiesise So
- C‘Lu up’/uﬁi)u’/abbLb Lnuﬁcuﬂd/L//;(KL)'Z ('?lu/g,x Jﬂ’
Qb Wsbe bl T st 3 fol T KL d S
gf.!/i/&wf‘a,:;é{/l/»-‘a l:gla g&/;,;’ g(JWd:)"WI&‘L{/ZLL/JZ
AW Nl L s $E LUl SR e bl b o (S, zn) UTles
VEY T T Pu g(’flj'bfb.@K(o/f}Zn:Mg#)a«lm/Zuﬁ%_/&l:{J/.
_cc“_t‘/'/oblﬂ?Jé’.
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Y g g g o0

_ﬁgd/”/{véj.lgdzd/ﬁuiﬁy’;n&///:c/}u‘b K?igﬁ/é}dl/})éuéjkd/ 3.13
< O:‘g Wy b L S uku”’mdt»“ﬂ&fé;_lzrti EISnnikd i 8,14
e SIS G P I e AT 7 15

(The Hydrogen Economy ) Cedrn Q?,)Jf\jua

&)J)'%fu@4,/y¢¢,w§,lﬁ:Jfﬁw u@;;uj”}.g/;ﬂKJtu]uué.Ug/aif’dm e a0sRy
et U 35U o 36 I P 3o Ut el P ST S 2o b bear U
S e b e e UL e be UL & ao Gt S 16 (Ui bl bl 2 B
AT 159 5&;) d/u’l“a C"&L K}‘I/KXMLL &n l&,i/b(f&!ﬁ&/guﬁgé Jl}’!& U2k
Y= 11 ufu:éj; Lol e 2 Jwv%q?jutuﬁi/&wmkfi =y u%}:f:?‘a Cae Lol
Z uﬂgt&ww:";é Ze :)Tqu't“gbﬁ K';;ﬁ/?/h}‘(ié %ﬂLéa.{Z;:/H‘L
KJL‘I}"JY‘L tve fb &g S WAL U e HB YU P e 8L LS e
Qf/’: WL L ét!?wﬁ}éul,g,‘;g} G'ugdl.;’! o’ - l:gka y/gfila[cﬁui/g == d& Z e
S quﬂ,«;«,!/}!/ul{% u((j}'ufg ~ (Electrolysis) UC/"!: Y JL}E - /r”j(j; Kaff:”'d}'uj&/& - L:gla

Ut u’{ u)még{é/. u.f?%uj»d L u;fzﬂluﬁd;ayu? u]»u“i}’! Kcﬁuilg

Ao

R ﬂlKJf&l({J/. C/J’J'-uj’ ;/psuﬁd)fﬂu;}?w@&u}&nb}?iJw»uﬁg}fél{a@x
St o6 3 QeI QL S UG hsdn st B 2 & o (L e et L
U F o e e UL Lo p A1 S S i 2 16 (i B Ut Jf B0 2 G e G
S e §Ut w20 g0 /5 2 it &3 A PV i P75 A Gl & 302 20
e UL S O3 S i35 2 S e Bl

E(cell) = E(cathode] -E

(anode)
Rt Ink e300 (A.G = —nFE, ) 3617 o Sl St L Ut 2 Goler K UF

- b@g@?gné :JI;PM./:’JV;'/?J@IWL U}.L.‘A!b;glma bre P (A.G=-
b g el o sl B P £ a0 2 U516 K e(Conductivity) et § U Fus 21 (]
I e S Ul th Jul,. 2B AN, =x/c _.y/?gf A, (Molar conductivity) .:,gug;/y_%
ALt N £ oy e b it el e GTE Ut el o U
u/fggL FiH et §7 et 3oty & L iy 1t Ut d 8156 e b 351 24T 2T
mk‘iuﬁu;:fgﬁ‘a S L GSL 2l SunTunedai, b s d £ oy 4
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L usTdard For JFE ot 73 ot S I i ot K6 o T Ui e
Al J5 G (Fuel cell) JF 281 UL e Qg Ui F S uj:"d?g. bw a3
-QZJHD‘LWd@/fbf%dﬂ@“b{u"/.-%/’z‘(jk{u“/. ugcubdjﬂgﬁ?uf u;l@)-u&'uﬁ)ﬁ

-

&
‘J"

Al, Cu, Fe, Mg, Zn:()f (Elszc; u)ﬁ_ﬁ‘%uﬁ./»ygnuﬁfcﬁgu: ..’aj'}u“l:(u?lmgj:}gzﬂ 3.1
L NS B2
K'/K=-2.93V, Ag' /Ag=0.80 V
Hg> /Hg=0.79 V
Mg>* /Mg =-2.37 V,Cr* /Cr=-0.74 V
_gi‘gui’?g“}&n %% J.:,}(;‘:fdfuﬂfu?wuv
e b SO 5o &éugﬁj&@&(w 3.3
Zn(s)+2Ag*(aq) — Zn**(aq) + 2Ag(s)
NCHPt
Lndpd eSS ) e L $y A0 0
J’f&s/.;"ﬁ{ugﬁ (iif)
P e b S S o RSk A 1 34
2Cr(s)+3Cd**(aq) » 2Cr**(aq)+3Cd  (j)
Fe*'(aq)+ Ag'(aq) — Fe’*(aq) + Ag(s) (i)
_E ek g 0GE L Ll
~E eI slemtd L ukfioue 208K 3.5
s) | Mg2*(0.001M) | | Cu?*(0.0001 M) |Cu(s) (i)
Fe(s) | Fe2+(0.001M) | |[H*(1M) | Ho(g)(1bar) | Pt(s) (i)

Sn(s) | Sn2+(0.050 M) | | H*(0.020 M) | Hy(g) (1 bar) | Pt(s) (i)
Pt(s) | Bra(l) | Br(0.010 M) | | H*(0.030 M) | Ha(g) (1 bar) | Pt(s). (iv)

—e b U e Uk It Ty S 8.6

Zn(s) + Ag,0(s) + HyO(l) - Zn%*(aq) + 2Ag(s) + 20H-(aq)

_E N B siace LS
_éﬁg&gdu'gnjwi)muﬁuu;fug,.Q}Jg,gw)mu,gw“&LJ#L.&U;}?!VQ 3.7
_éfr,bfogw/,»gw“é 0.0248 S cm™! .;ngJ)’i’uﬁﬁe’go.zo M/298K 3.8
SJ#0.001 M KCL/1€x Y e 1500 Qul/JJf:fgugU’io.om MKCL;298 K 3.9

-2 0.146 x 167 S cm™ 4298 K=l

SIS A8 1By f{)é’;lﬂ/&”@lJfo’wgﬁ:ﬁ’f{QQSK3.10
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Lianb@'ﬁ_é(kﬁ,gw)r&ﬂ-ﬁ; 7.896 x 10 S em' el $ 421 L6410.00241 M 8.11
_érk”,ﬁv&gKJuiﬁ.sgo.s s em? md 8¢ A L
?Km&@/yl’?féiu}ﬂfd;pp 3.12
VAl AP U )
reud cur Jrdi
Ui M Mno; Jor g i)
(G 32 T L Lo S Sl L sie 3.13
carl/ 20 cacl, 25
Al(lf 4 AlLO, Lné (ii)
(s FHNE L LIS S0 3,14
0§ Ho Url 0
U Fe,0, § FeoJrdl (i)
G LD upen L uﬁ,}?lﬁi’ﬁjwzoé/db%! ¥er) sasJ¥L NilNO,), 3.15
_é(PaJJNiLuLn
LL J»‘A;,U«ug‘}’ﬁ}? CuSO, s AgNO, « ZnSO, 7\ J2 CBAJF Eus i f 3.16
_&lgnufc"dxlg 1.45 g{fﬁ{LBJfJJ¢+btgmfj&,w&/f“'gﬁKgﬁ 1.5-¢
tnnad Sim S Epdess
et M S ok U e LS8 750 15 3.1 s 8.17
Fed*(aq) and I(aq) (i)
Ag' (ag) and Cu(s) (i
Fe3* (aq) and Br~ (aq) (iii)
Ag(s) and Fe3* (agq)  (iv)
Br, (aq) and Fe?* (ag). (V)
e ekl L I i 318
JH3TE AgNO, AL 5 b
J#3T¥ AgNO, jvés,}%g:":ﬁ (if)
J¥eddisy H,80, jb«éb}?!f;‘% (iif)
JHEITE CuCl, AL

ezl Ui, Gy
K, =9.62x10" <A G=-45.54 kd mol" 3.6 E.y=091V g5

3.67x10*mol L' <0.114 3.9
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