BRI

TH UHF o STRATT o Y ST

T SEAEETE Tl H A0 B R
ol oot = SrgRaATE Hell % wed ey
Tﬁ(‘éﬁv‘ﬁ;

et O % emf (%@HWW) =
e 3 = THERT F I
FT TH T Tel F AF v ) wienfi
Tﬁ(‘éﬁv‘ﬁ;

T o weE fava, ga situfea «f fiss
o ud Tek T fomw o way wenfig
Tﬁ(‘éﬁv‘ﬁ;

st forTam it AfageRar (p), e
(1) T Hier = (A ) i A
Tﬁ(‘éﬁv"ﬁ;

MAtE  (SEESATHS) TE sAERITE
e § favg w5 TR

AT Toreral 1 =erehal AT
faferat o1 =i T TR U SAET HiTR
AMTFEAA Fl IHHTT L Foh;
faerami 1 =Rl TE AR =Tl
(UMW ST AR FOWHA F T
R % ST w oS W T A,
(3 FEA A ST TIA T AR =Aershal
(TH ST ATEERAT) I ARG T
T,

weE fem wi i w2 w1
T ST ST
SEATIEA % A W ] TS T
FF WS T Huraw S et
T FT WA T AUA HL W
TR o AEATEEARE W % wq o
AT TR

Tchch
.

0)

B[

A\

C : c{

b
’ |

“TrarETE TR (e Sl 30 F3 & frT wgEd ®t o gt 8
e g s @1 w9 37 At sifitmanett i rartaT w
& forg fopar o W & O @ oIRa T8t gidn”

TYAEE A Yatdd THEtE arefma § i st
o ford 3Sced v fagda Sei o W@d: Avafdd qHEeR
TRt # STET w1 st ?) 9 o dgifas uo wEifTe
T 1 foeml | SEnT ¥ ¥gd Wi oy, Hiferw TReeEe,
FAN, TSR T 377 950 TR TEEH, JEewrars fatmt
B S S 2| Sefel ue e ge THEte St %l Sea
Tt & uREfdd o € ud fafe= syl ud e H
UF T W WM H A0 W 2| g SR
Tt WO (efficent) T 3109 WSHF 2l €, IF: SARETIA
W HAFI FE A3 kARl & ANaWRR, W 6 uHierer @&
fom @ =, & fo Hecaqel 21 WO Wendl w1 iRt
o Ak = THes faudia feen o W=Ror w9 FifvewEd o
e HR 1 o SUR SEAUEEe & €, 1 JaeEH
T HAfdEd Uel Sqdawet favg ¥ T9 The § TW e
THh PO HeoU URINH TEgE W fEm i
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(i) TF *1 e 5% =g 9 (i) T stoen famgaemg (i) AT F HAF FW A
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Zn(s) + Cu2+(aq) - Zn** (aqg) + Culs)
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i 21 2|

(i) Cu® + 2¢ - Culs) (AI=FT 3 ATafwmaT) (3.2)
(ii) Zn(s) — Zn>* + 2¢~ (TR0 A AF9iRan) (3.3)
% HATHRRAT Sl Gel o & Fo= 9§ =i 21 Au=ee o srnma
FIR TeOE W 2l ¢ it Al s1f sfufman R goireis W ad 2|
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TOHIE T e Bied H T wdl & TSEE 6 Fe wumeiid @ e
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#I 98 oA G, FEH Al 2 2, TS Feadl € Ud foeme o ey
ST T FoTcAs 2l €| TR w1ef Het Te st 2T ], Shets St
2 U 3o Tave Toe o WIoel ek 2T ¢ 56 WehR 21 Seleeiel oF HeA
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FT AR T T T Uo7 AT TEH 7 (emf) FE T | 3H 99T A H
Y HIE 9N Yerfed 72 & @I el A 98 Wied qiaet 2 6 ool 9el &l
forEd 999 &9 Al *i 9t 9% ud Sheffe 1 G iR fered ¥ fodH W
&1 fore & ToU HERuaT #1g s Sgqsiu=ied o Te T iR T et
Tg 31 AgaTEAl i, A% 9% @ U 5R TS T 2 Al Sk HeT § HeEieR
e TR, o =an 21 3W 9 o STTER ford §el 1 emf A 2T
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T =T € S fh—
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Cul(s) + 2Ag'(aq) — Cu**(aq) + 2 Ag(s) (3.4)
o718 U AR —

FAT (HTFFT)  2Ag'(aqg) + 26 — 2Ag(s) (3.5)
T (A Culs) — Cu®'(aqg) + 2e (3.6)

g TE ST Ghdl € TR i g (3.5) uE sAtufmen geie
(3.6) I I FHHIU (3.4) A1 ¢ U oo FoERIS Sheite &1 T 991 FHIW
TR T ® 7@ 1 w2 A w9 R ° fefug fee S
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Cu(s) 1Cu™(ag) Il Ag'(aqg) | Ag(s)

T T UM B T Eay = By — By = Engtag — Eou?t e (3.7)

stehel A4 W o faya &1 7o T8 R <1 ka1l €9 haa &1 o1 Hell o
favel H & +! W Fhd € THY el F1 emf W 2T 21 4% 20 w1 °
T e (@t ¥e1) +1 fave wafa w2 of ot oHeh we g o1 ge
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Frefefad safafmar & o9 gae adl ®, 3= s fm T E-
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frefafEd 4 &1 AU emf 0.34 V 3 St fF fmafafes s o«
Afafmar &1 TF IeEge favg o 2

Tor

Pt(s) |Hy(g, 1 bar) |H*(aq, 1 M) || Cu®* (aq. 1 M)|Cu
a7¢f de At
% (ag, IM) + 2 e” — Culs)

TH WepR, FrETeIiEd Bel T AU emf —0.76 V € S T fefoias
514 He Al o AFE oeee favd & W 2

e

Pt(s) | Ha(g, 1 bar) | H (aq. 1 M) | Zn?** (aq., 1M) | Zn
a1e g st
Zn** (ag, 1 M) + 2" — Zn(s)

Torv feorfq & W ToRRlE fasa 1 oo W 30 & § TR cu?t
AT T AT Bt qor & ST o STar=d & S 21 gHehT fauid vy gee
& BIa1 27iq ST afold A TREfaEl § gEgeT ET Cu &l Aladisd
T R HFHd (A9 70 TE i F2 Thd € TF ITESSH T FIW A HI
A= L Fehdl ) THAT Cu(s), HCl T8 S[fa1 21 iz ord o 72
T2 APl | SiFfiFd 2a1 € 7 T 2Eeen Ao 91 39 fefd § aeew
ForRerE T 1 SMCAS A 3107d a1 & TF 2eem e e &1 s
Y R (A Tk TR ATl 61 7= B Gohal ©) |

39 et oF ufged ¥ fom 3.1 ¥ Wi 2w oa & o1 safufgmanst &
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ﬂ'ﬂ?%@lﬁ@'&’— Cu®* (ag. 1 M) + 2 ¢~ — Culs)




Tl 1 THT AR SWid aAfafwanett &1 a9 gt 21 s
Zn(s) + Cu?* (agq) — Fn (aqg) + Culs)
¥ ®1 emf = E =EG, —E5,
E(%a) =0.34V - (-0.76)V=1.10V

Ff-Foft wifem ud ol S5 oy @fFT wreE o ' ¥ W 2d
F1 9 sfafean o a7 o, W A U Ay sttt o fa
Ul TeaHl o =eH o fou S0 Tee 92 idl €1 S0 o fom Frefetad
a1l Gell # Pt &1 ST BT B

S 33 =T Q%E - Pt(s) IHy(g) | H'(ag)
Fort and ST - 1 (ag+ e > & Hylg
FH TeiRE— Pt(s) | Bry(aq) | Br(aq)

Toreent a1l sfafman 32— % Bry(ag) + e —» Br(aqg)

T oS T9a 9gd FEcul ¥ UF BH eI Y HEedyul T 9T Y
Thd &1 Fo A 316 ot s sfafwaet & o ame o T
@& A "R 3.1 ¥ fau T ¥ Afs R o 5 AN Teeie fave g
G Afereh BT € d THeR! SUTHd SAere TITS S 1Y o e T 2t 8l 5E
TR |, A A 3eiRie fave omcAs 21 2 df 2EeeE 19 SH Sfieis =1
Ao sFereen o wafeds e gt 21 7g 3@ S Hehat & Tk gRolt § wepirE
FT UHF e 99 S=IaH 21 9 I a1 € TR wgeiiy () #
THRES AFE (F) § i gH &1 wgi aifeehan 21 o9d: weeidE iy
TaoaH SFIHRS ¢ U9 FeiEe SEF eoad u=ad 21 iy &
ToIE fave =qw 2, 7% I R @ TR oliferm a1 geoan Afrisns
T v whfem ong soird faem | Jaode =g 21 98 <@ 5 9l §
o Aol 3.1 § 99 20 SR 9 = H AN W F 9@ 96 Sereie favd E
FHT ST € Ud S o Wi AfAmAr oF " S ) Tl i A
&THAT sIgd] € T I AR o WU BT AT &7 S&dl &1 SEd TEEi
el w1 =aTqes YA faer@al o1 pH Ad w3 9, facaar oHwa, dreareree
el qe 3171 SATideh @ T ud fasafadia st o 2

Qg leled 926t
3.1 TR™ Mg IMg &1 AF® o a9 o 59 TR h 1?7
3.2 I HAY UH Tofeh & U H HIW Gothe 1 T 1@ Tohd 27

3.3 WM TS TaNa F1 diferst w1 Fieon X dF T8 gared gdqen S s uhiefa § G
AT T AT HD FL Hhd 2

67 SR



AR 3.1- 298 K W UFeh TR [aud
A ST wisi & &9 €, U Sl 59 o &9 § IUCd €; 79 Ug 29 S g Ud s ¥ a9 1 )

SATTRAT (SR STERAT +ne — STOTEA STEwT ) E°/V
Falg) + 2¢” — 2F 2.87

Co® + e — Co™ 1.81
HaOs+2H + e — 2H,0 1.78

MnQ, + 8H* + 5e” — Mn** + 4H,0 1.51

AUt + 3e” — Au(s) 1.40

Cly(g) + 2e” — 20 1.36

Cry0,% + 14H* + 6¢” —5 0™ + THz0 1.33

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

Bry + 2¢e7 — 2Br” 1.09

NO5~ + 4H* + 3¢~ — NO(g) + 2H,0 0.97

2Hg™ + 2¢” — Hg,™ 0.92
Agt+e” — Agis) 0.80

E Fe* + ¢~ — Fe?* 0.77
O,(g) + 2H* + 2¢” — H,0, E 0.68

Iy + 26 — 2I° 0.54

Cu' +e” — Cu(s) E 0.52

Cu®t + 2e” — Cu(s) 0.34

fer AgCl(s) + e — Ag(s) + CI° 3 0.22
E. AgBr(s) + e — Ag(s) + Br~ E 0.10
2H' + 2e — Hy(g) 0.00

Pb% + 2e” — Pb(s) -0.13

Sn + 2e” — Sn(s) -0.14

Ni** + 2¢” — Ni(s) =(,26

Fe® + 2¢” — Fe(s) -0.44

Cr** + 3e” — Cr(s) -0.74

Zn®* + 2¢” — Zn(s) -0.76

2H,0 + 2e” — Halg) + 20H (aqg) —-0.83

AP + 3e” — Al(s) ol 0

Mg”* + 2 — Mg(s) w200

Na' + e — Naf(s) -2.71

Ca®t + 2¢” — Ca(s) DT

K'+e” K(s) -2.93

Li*+ e — Li(s) \/ _3.05

1. FEw E° ® #Y # 5 Efew @ H'/H, 79 & gow ¥ ya9 omaTw 3
2 umEw E° #®1 9o # 5 &ew g H/H, 39 F gow ¥ gda qvaE
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3.3 aaigg wd weT F T HA & TR Soleeie SR § W S SN %1 Ao HiEd
U THE ¢ AEvas TEf 6 9 TN 9 gl M 3 i e e
AACOVT e

M"*(aqg) + ne"— M(s)
o Toru, fordll ot Higd TR A SEgeH SeieRie o HTUeT WIaT T SoeR e Tava

7 wehR fefud fema < Hepel 2—
B g _RT MO
) M) T [M™ (aqg)]

I Ml(s) T i, THIE AT ST E, gEiem—

_po RT 1
E(Mﬂ+/M) - E(Mn+/M)_ E In [Mn+ (aq)]

(3.8)
Ef e @ TE@ 31 ufeenfom feen s ogwn g, R T feertw

(8.314 JK 'mol ™) ¥, F e e (96487 Cmol™) 2, T ohfead ¥ arq
FU ¢ Ud [M(aqg)|. [M™(aq)*] == %1 Hier @iz 2—

2= BT Cu?t TF Zn?t ST @ et off Wi & fore 7w fored i

g o fem—
RT 1
Pt = Forn - St 6
g o feam-
o RT 1
Elnvrzn) = Blgonsm) — 35 I (aa)] (3.10)

e fawa—

E(ﬁﬁ) =E(Cu2+/0u) - E(Zn2+/Zn)

1 1
o RT S RT
= E(Cu2+/0u) —ﬁ In |:CL12+ (aq]] E(Zn2+/Zn) + ﬁ In [Zn2+ [aq)]

. " RT 1 1

= EP . o] -1
E(Cuz+/0u) {(zu2*/Zn) IR n[Cu2+ (aq)] n[Zn'“ (aq)]
o RT, |Zn*]
E(ﬁﬁ) = E(F\WT) - ﬁ n[cu2+]
TE @1 T HRAT E R By, A A, Cu® TF Zn® F Wga T sl
FIA F AT Cu®' A H WEA TGH W TG ¢ T Zn?' ST I WAl
qEH T T 2

(3.11)

69, ST



HHRAT 3.11 ® Uipfde SO o STTHR &1 10 ¥ ' & |/ 1E
R F& 1 T84 W, T8 T=208 K T 3% 79 T&R ¥ 950 <t 8—

e 0.059, [Zn*]
= B - 5 log [Crlllml
2 TerRiEl o Ty Seril i HEA (n) WO 2 =iey, o frefared
@a_
Ni(s) INi**(aq) ||Ag*lag) |Ag =F T S gHtetor fre gwr | foret
ST Hehdl B

(3.12)

E 4

RT [Ni%*]
T o B odbh o 00 L
TS Tk WA SRR SAffma-
aA+bB—" 5 ¢cC+dD

& fom e g e YRR 9 forEt S HeRdt @

o RT
Eww= Bam - 5

o RT [CIFIDF
= Eae) — 7 ™ [AF[BP

InQ

(3.13)

gamEeur 3.1 FEfatEd Afyfea g 9 St Hefag Sifs)
Mg(s) + 2Ag"(0.0001M) — Mg>*(0.130M) + 2Ag(s)

THF Eq 1 AR Hita A8 E, = 3.17 VI

B@ 9 T safmE o O S T WER ¥ famr ST gt 2
Mg |[Mg®*(0.130M) || Ag*(0.0001M) | Ag

RT, [Mg™ ]
By = Eiam) T oF n[Ag+]2

0.069V 0.130

e - lo - _ -
3.17V ) g[0.0001]2 3.17V-021V=296YV

331 W witewer Ak 39 d (e a0) F e w1 Ak w e S @t fe st
[ W feemim T E

Zn(s) + Cu2+(aq) - Zr12+(aq) + Cuf(s) 3.1

WY T TSRAT & Zn?t A B Wi st St @ seien Cu®t

ST T Gigar Tt wdt &1 76 9Hg Ol i aicedl, T99 Sicedtel gR1 we

ST Hehdl 8, T S €| B9 9 IR Cu?t Ud Zn?* ST i SiEa R
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21 S @ U divedieX Y S S 21 98 ¥ el ¢ foh safafamean § e
Tt &1 91 €1 39 Saen ¥ A giwr #1 e wRR O feran s ek

-
e 2.303RT . [Zn*']
Eam=0= Eqq - oF log[Cu2+]
2.303RT . [Zn*"]
T E@w = 10
(%) 2F g[Cll2+]
T | W,

[n*]

o = Ke iR (3.1) & fom

;T = 208K W ITIE FHHT i T4 ThR 4 foman s gehar 8—
0059 V

E@

=]
iy = logKe=1.1V  (E, =1.1V)

(1.1V x 2)
log Ko= iV X2)
08 Re= 5050V

Ko=2 x 10°7 (208K W)
H=T 9 H,

=37.288

] 2.303RT
E(ﬁa) =

log Ke (3.14)

THRIT, (3.14) 991 o AM 999 g 9r feris oF | See g9rdr
2| = wRR sfafmw & fou um fens, 98 3= ToR 919 599 &2,
Yol & §d E° AF § Uftehford fdar =1 gl 2

saweo 3.2 Tefafeag afufean &1 w= ferie 9o sifsu—
Culs) + 2Ag'(aq) —» Cu2+(aq) + 2Ag(s)

=
Bd £ 0.059 V
=5 l0gKe =0.46V

0.46 V2
Tlog Ke= Gopgv = 15:6

Ko =3.92 x 10'°

3.3.2 SEEEtTR O TF e § A T ol wrf ga vefed s o foEde fave o
stRyfrar =t fies TR & SUeR 2 21 A T ool 9 | wifusdhdd s o =@ed € a
ot HTET T FollE e A0 BT BT T Tel o R el T Scopuoite e

e Sl # AT & SR BT 2| 37 97 ¥ F1 emf, E Fdled &9 nF

Ty AR




Te AR HI st S, A G 2, T
A.G =~ nFE 4, (3.15)

T B F E., TF WaA W= 2, AE AG TH AETE
FoTfaea o € e 79w W AR =R #1139 weR frefated
CISIETRIE

Zn(s) + Cu**(aq) —— Zn**(aq) + Cu(s) = U (3.1)
A.G = -2FE 4,

qen sAryfeman

2 7n (g +2 Cu*(ag) —2 Zn**(aq)+2 Cu(s)

o 0, A,G = —4FE.,

g T sAfsfewarer] wiefia @1 Higa T 367 31, a9

=]
o =]
AGT = nFE(ﬁa) (3.16)

TIER E, | % AT H T U Hea ol SeAmiahia e, sfsina

A et st A.G2, I L Hhd 21 A.G® § 39 T HHieho g0 |19
Tl &1 9fEheH % Had 2

AG°=-RTIn K

@Bl 3.3 2 U o U 9Ee goeere favd 1.1 V 21 Frefafaa sfafwar & o g
fes ==t 1 Ufished Hifa|

7Zn(s) + Cu2+[aq) —_— Zn2+(aq) + Cul(s)

Bal °_ o
AGP=-nFE,
IR FHEOT H n 6 99 2 21 F = 96487 C mol ™! T& Ef’ﬁaf 1.1 V &d:
AGE =—2%x1.1Vx 96487 Cmol™'=-21227 J mol™! =-212.27 kJ mol™

TG 98

3.4 pH= 10 < fae@A @& Huh 9l 2ESH IoiRie o fasd %1 qiher Hif|
3.5 TH ¥ & emf 1 Ui wifsw, foed frefefga sl 26 2 R mn & £

(%)

=1.05V
Ni(s) + 2Ag" (0.002 M) — Ni%* (0.160 M) + 2Ag(s)

3.6 T% Ha fowd fefafed sfafea @@ 2 2Fe™ (aq)+ 21 (aq) - 2Fe® (aq)+1, (s)
1 208 K a6 W E7,_ = 0.236V 2| el Al K1 7 fText Sl 0ol W1t Feerdien
EIECASERCAIE
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fagd & SgasTeet faerrl § =ohe W faoR &0 @ 3@ 9 15 &
TR AT SAEvh ¢ Taea wialiel &1 geies R & Fiefud o siar @
Ts 30 &9 [ohm ()] ¥ 7 51w € S fF SI TR § (kg m?) /(S° AY) F
69 21 70 EIewN U &1 GEEa 9wl S ehdl € ey sy ifaew T
& e | oiifed € =k 21 TRdt ot ag %1 Tagd afadr SueRt we 1
& ATHATIT TS TIIE F1E &% A o WfaeiHam 2iar €1 s1eiq
l l
R = XOtR:pX
HHOE e p (1R, T, rho) ! UiaRreesar (fafsme ufagy) w=d
2 TEHRT SI IHTE AW WX (Qm) T T AR ; THRT STeeh ATH Feriex
(Qecm) ot ST # fern S 21 S IUPAC 7 fafyme 9fady o oM 1@
WaOaeRaT U i TWET W ¥, of: [k % oW % T®i ¥ gn
WieHiendl U8 o1 &1 STam wid Sifae w9 F et e w1 wfadedd
IR IE F(akieT § T T8 Th HIX T B UH THhR] AT I BT AR
1 m’® 2| 7 3= W e 7 fH-

(3.17)

12m=10080cm™A 1 Qcm=0.0]1 &&m

WaE R 1 FhH, Tetehe (conductance), G F2dl € T 29 f
e T A &

B s o (3.18)

=TeTehe T S "R = ¢ T8 waieh 'S o Trefad femen e @ uel
72 ohm ' (A mho) I Q' & TF 2T Walgwdr &1 Ufaci™, =erehar
( fafyre = ) Feana @ 98wl « (i vre8 i) ¥ weiE w3 2|
TUPAC + Taf¥Tse STefhed o T WX Teihdl I165 1 3TIRIET 1 &, 37d: 310
T 2H Fehdl % 1 2 ST H3| ek & S| 7EE Sm! € W
WA; «, F Sem ' § = A A4 21 fondlt vEred R S m # Aeihdl 3Ee
T2 Tehed ¢, 5 T2 1lm Tl & TF THRT SI Fe &A% 1m” 2l TT
AR 1 Sem™ =100 S m™

grelt 3.2 @ 98 <@ S Hohdl 2 T =erkdl & A § TR fo=ar Sdt @
wd Tg e ®i gEfa @ el w21 9w 3w a9 9 w5 R oft faeRk et @
59 W HH Ho fRa S 21 Seihdl oF SER W US| & e,
PR T el St e T 1 e U e S
agd A B o RO 32 FICRE FeEl ST 8| S HAUHY S RS0k
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AR 3.2— @ FAM TSI % 298.15 K W =l o HH

T e
2.1x10* IS W 3.5x 107°
5.9x10° 0.1 M HCI 3.91
6.2x10°% 0.01M KCl 0.14
4.5x10° 0.01M NaCl 0.12
1.0x10° 0.1 M HAc 0.047
1.2x10 0.01M HAc 0.016
T
1.0x 10718 cuo Ix1077
1.0x 10718 Sq 1.5%x 1072
Ge 2.0

(- Tt , T TH F9 FEEE a2 o TR e 2 2
e, J faedt (Faifae) onfe S weref fSFe] =Terhdl sgd &W el ¢,
Torggmiel Feamd €1 o weet S fafewa, Sifua fofaea, ifemm smhee
FSTeR! =ITefohdl, eTeh] Wel TaIauiierdl oF weat gt 8, a7edeltereh seend & ud
4 Heeaqol gorRitE el ¥ g uwd | i wiienfuss 9 @ stfaeneren wed
¥, Y1 TieRiehe A1 ST SeRhaT 91 B €| TET] WHE ST o T et u1gy
TS fasenge € g9 S a1 (0 to 15 K) W e 26t €, Tig S=iehe] 9gd
¥ foifae qoref v fafyd sifommee off 9 € St 150 K S 5= amf | o
HAf=erRdl 33d 2|

Al H Torgdta =reehed i Hifcrsh 91 goERITTR Hckhed Had & a0l 98
AR HT TG F FRO A 2 TS Ao e W AR e

(i) #Tg T Wl T WL

(i) Wfd TRHTO] HWAST el HeA

(iii) 9 (€ 99 TGH W KT Bl F)

TR T TR E gaw w § U g R ¥ frehe S ¥, i et
Tt T Heed ufEfda @al ¢ SRR o SRk ®i fwaary e
Sifeat 1

gl W e - 1977 ° Hw-feuhe, ¥R aer wuwrE 3 @ie 7 fF afareeiT e % agerdieT §
TetifateeT TgeE W [ Geal & W SgifeT 9y % 99w d o W e 99% UF weal W w1 o
21 IWF =% TG W BT TgAH-AF TN TG F, TG Geluaed, Wt 7 WenurEiw =l 98 s o &
FEAATT TEATH YUT: FIEA, FEGITT TUT FH-FH A, TG TF GeHL 5 A7 3 T BRI GHT qgAT BT
qoT 7 ST Bodk 813§ SEiee, T99 go] Hefid A o Wl &) §9% Sfaiad g aieled S| Jiaw 7 o°f
B0 &, 97: 79 gt G seiagitiE gl aol 4 g% el wiftes Wi o9 9%d 31 Wi agerdl w1 @i &
fore i fetfre, F1 aer T B A% 2000 F WA HEH #F Ti6e [{EER § [T 5 @ A

L REIREE R



3.4.1 AR fae=ei
Wl TTASAT &l

forT 3.4— T SOTT-T THA
& Il Hol

T TEel © & S € (FeN X1, Thdh 7) T st g 9o F ot o
T FELSH U wEgieEe S (~-1077M) Fe € S T 38 wgd oty
TRl (3.5 x 10°S m™") WM Fd 2| SEaeuEed s ¥ Hiel H WS
A Taema it WoH Fd ¢ e ey &1 Serkdal 98 Wt 21 e §
UM ST o FROT TR o eished 1 SYAeuEAT A1 S etk
FEd I aeATse] (St ) faeEl Ht Serkdar FEeEd T e s
3

(i) fAeme, T SegaeTTEed w1

(ii) 3T AT T HAMEY TS AR (dedem AleH

(iii) TaeTreh ot Yehfd To THR! Tl

(iv) SYTHATHA HT Gigal

(v) A9 (419 98H W 78 Sgd )

T T TR TR faeEe # e O (DC) e S W SaeEE
wAfafmarsAl & HROT TR Goed uiEfid & 9odr © (Fe 3.4.1)!
=0 W £ T T giewm e (Ug) o g0 et 1= gfais o1 9w
o < Wk 71 forg foplt smafass faemm < wfate omoe & 28 <1 woemat
T WA BT TZAT F| HerW T T fe o/ (DC) yanfed 3 | faemd &
e SR ST 21 T 42 % faerE &1 aifs a8 @1 9 39 e H
& forst | i1 42 S Wehdl| UEel WHET R HHIEH YAEd 91 (AC) H
T Fek F6T R <At 81 g6l wHen U favm R & fesed Ry gu ar
1 SUAN Hleh 2 I A €1 TH U FI AR U Had 2| TAerhdl ¥
e Tesedl o Sucied € udl 3 Wiel fewgd f=1 3.4 # =viiu 7 €

Tord: THH wifeTH sk (wifeTn Fowiet) © faeifta (gem fawfsg afas
Pt %! dgaTHEEt fafe g eegiel W ey e s 2) S seieere B
Z| TR STIIE I HT &% A F1 € AR A 1 S W ok B 21 39 TR
3k 1= 1 9o 1 4 T A’ STIW 12 o &%l F1 iAW 2 2l
oo = 39 FIeM &1 Way fafatEg g g faan s €

I I
R=p oy =4
TR I/A i S T el il © 159 qaieh G+ 9 oo feham S 2|

TZ SIS o ST ®I g0 UE ST ST FIE o Ghel W R e € ud
Toeh! fam ofad ! B 21 T8 1991 A %1 W T 21 W uieRfed R S
That 21 1 TF A F1 °H0A A Toh sgfaasys ¢; 9feh W 7 Afavas- e
off 21T 21 HeT Teerioh 1 HIHHOEA Ueel § 10 =iefhd] are] o i =ehd]
GoT  oiht o TR WK AT H A TRAT S €1 TH S39F & fow 2d
Hr=rd: KCL faem@m 1 ST +3d & 59! =iefkar fafs= wigarst ua
W IRgEa ¥ 91 B ¥ (TRl 3.3)1 G feriE o #t 99 FreEfared
GHfeRoT | agiian ST Hehdl 2

(3.17)
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oraT T ey

Gf=— =RK (3.18)

T AR Hel Feei® 1 A1 [G & 54 9 &9 SH] SUAm TRl off faema
T WieRie o1 =eTehel W9 § ot Tehd &1 Wik WO i sl T 3.5 H
ENIERIER

3OY ) 9faE R, TS R,, U URadHa wfald R, Td 314 ufalia R, ared
HeThal ¥el 2l 21 g T T 2ifes, O (oscillator), (¥ S |
550 ¥ 5000 TR Wd YHUe el Fearad! W (AC) T W) § ST @ar
21 P TF IR WYEF § (T 2eHH A1 1 faz@ ) qen s dg=s o
FE fagd & veifed & 2 9 fast Safed 2ar 21 37 uftfeafast 5

R R,

TR 3.3— 298.15 K W KCl &l ATEHhal UG HIEH SATeehal

mol L mol m=
1.000 1000
0.100 100.0
0.010 10.00

e faae 76

G W, R, = (3.19)
3
S cm Smt S cm?mol! S m? mol !
0.1113 11.13 111.3 111.3x10*
0.0129 1.29 129.0 129.0x10*
0.00141 0.141 141.0 141.0x10*

TSR & =Temehd] Hiel Suced & T8 ekl 9o § SUree faerem
FT weThed A1 Wi W € qgr S Ghdr 21 UF 9R O § s9reerd faereH
1 Hel Teee Td wfquy 99 24 9 faeed #1 =k Hefafad gHiem
G & S et B

O G
R R

w & T # o) weE a9 R, fafee demereeeat & faorat w6
etehdl H Hd To=ed oF Wiy 99 del SAEHEl o 3eY T SAHY 990
I! Wigdl A1 Ta9a UGUTer (Potential gradient) o S AT & HeeH
FT g F o= & wRT 2 21 o7 ofifas 9 9 vk safee ayefqol afy
i IR T STavaF €, T8 WieR Sefehal (T 106 =efhdl) el Sl
2T A, (NF o= ) ° fefie s 2 92 faemm & =eeda 9
FrefefEd T & g Hag o

(3.20)

n‘lwaaam:%:% (3.21)



IS UL | IE ¢ hi Sm™' F T Higdl, ¢, % mol m™ ¥ =
TR ST &t A, &1 456 S m2mol™! 2 98 &4 3 479 ¢ 76

1 mol m®= 1000(L/m® x Heldl (mol/L)
Hd;
K (S )
~ 1000 (L m™) x "ierar (mol L)

I &9 x 1 A= S em™ UF WiEAT H A5E mol em™ T q9 A, BT
=& S em? mol ! & 38 Al T =1 30 w1 ufiswfaa f&a
ST TR B

AS m? mol )

k (S ecm )% 1000 (cm® /L)

A_(S cm? mol™) =

HEar (mol/L)
G ST TR o HSeh I T ST 81 St WER FrefetEd et
S Heg o
I1Sm?molt=10*S em?mol ' =

1Scm?mol™ =107* S m? mol L.

G@EEOT 3.4 0.1 mol L' KC1 f9e@™ ¥ W g TF =eihal ¥al 1 Walie 100 Q 21 4% SHi
T T w1 Wial 0.02 mol L KCI faerH W W 520 Q g al 0.02 mol L KCl
feT@ i1 HleThdl Td Hiel FTeishdl Uitehield ifsid| 0.1 mol L™ KCI fae@= =i
TeRal 1.29 S/m 2l

=@ Hel Tes frafatEa S gm oo s 8-

T feotier = G* = =Torhdl x 9faus
=1298/mx 100Q=129m'=1.29 cm™
0.02 mol L' KCI fae=m = =ehal = 99 fers / ufaiy

g_M_02488 -1
R~ 5200 m

Higdl = 0.02 mol L' = 1000 x 0.02 mol m™® = 20 mol m™®

_ 248x10° Sm™

K
Aol =efhdl = A, =— = 5 =124x 10" S m*mol
c 20 mol m

_1.29cm™
520

q9 A, = xx 1000 cm® L' molarity™

fgdhead:, x =0.248 x 102 S cm™

_0.248x10™ 8 em™'x1000 cm® L

0.02 mol L =124 S cm® mol
.02 mo
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GEE0l 3.5 0.05mol L' NaOH fee & i &1 fagd wfat® 5.55 x 10°ohm ¥ 38
ME 1 cm T @@ 50 cm 21 SHh! Gfaierehal, eiehal a9 HieR Shdl &
T {ehet hifeL|

B A=nr?=3.14 x 0.5 cm® = 0.785 cm” = 0.785 x 10~ *m*
[=b0cm=0.5m

L _RA 5.55x10°Qx0.785cm”
T A @ P l 50cm
=87.135 Q cm
el = k = l—(7)8 -
=R T g7.185 ) P
=0.01148 S em™
x 1000
HITT =leTehdl, = & 5 emS Lt

_ 0.01148 Scem™ x1000 cm® L
0.05 mol L

=9229.6 S cm? mol™
TfE 29 'cm' & ¥H W 'm' @ Ug | fafa= ufiat & ofieen &0 =R d@

_RA 555x 10° @ x 0.785x107* m®

l 0.5m
=87.135 x10%2 Qm

1 100
k= - = ———QOm
p  87.135
=1.148S m™
* 1.148Sm!
TMA, = — = ————

c 50 mol m™

=229.6x 10" S m? mol™*

3.4.2 HigaT & W AYASTIEZT HT Higdl H Ulad" o WYY Aol TS He) Feihdl aH1 §

aEA TS UftedT BT 31 gefel U Weel ST WK o SRMATEEAl w1 WiEdl HeH W
OieR STear o OFd SR S E| 3HE 36 a9 ¥ S F S Wl ¢ {6 agH F
ufrasT W AT TR A § FREHN o S aTel ST 1 Sen ue S ¥ fR

e faaE 78



£

]

o
!

CH,COOH

AL /(S em™mol ')

S
o
=

S

0 02 o4
e/ (mol/L)'"

fax 36— wertg faow 7
i =T (S
dgFATIZT)  TF
e Forivse
(9 FGASTTTET) F
foIq Fier =TT @&
fardia &* =1 setE

ot G W faerT 1 Forhd 39 Tacme o ThTE AEaT %1 = 2 g,
o TR TeE 3 W o vF TRE A9 S §F%e ar & wiieTH
SorRIel o He | T

72 Tr=fafe T § o= g

G=$=K(Aqaldﬁﬁwmﬁmmcmﬁ%)l

TRl <1 T Wigd W UF faeed &1 qier Aeehdl o9 fae@d & VoS Ea
FT e ¢, T SgAeTuee &1 UF Oiel Jel & 997 S U gW ¥ IR
Tl T T, A ST B &Il dTel B oISl o WEd L@l Tl B 3;

Am=T=K

A 1= 1 Td A=V (379, T5HH Sgasoeed 1 0% Hie Se0 21)

A =KV (3.22)

TiEdT T2 & WY HieR =ehdl 984l 2| UH Hian 2 € i 9% &
A (V) *ff 95 a1 3 T T A SYdeTEed SUed € g8 e T
T ToF oo & aORto W AFEe | ghg x § € arell wH ki gert § el
Aok 2t 21 ik ®9 9 38k 99 9% ¢ 6 €1 g 9igd W, A, I 39 TER
afeenfa feRem ST Gkl € T 98 SRHTTEd & 39 fao@d & 39 AEa &
e ¢ o el B9 & TER RE S W RN ol & 7 @
T ¥ UF R ST 1 €5e 39 991 § TR 9 faere & 39 v
AT H TUEITS HY Hob T SgasTqed &1 Uk Tiel 5ol €| < Higdl
I I R g T ¥ 9 HioR Serhdl HHIG HoR =eehdl et § T
T8 et £, 9 Freftd fan san 1 9iEa & 91 A, § uiedd gee e g6

| SEeTTEEAl ¥ STer- T i @ (T 3.6)1

TS SEAITHEd
ToE SEAsTTERAl & fa, A H A A1 F WY iR d9@d € U oW
FreAfetaa gHieoT gr1 et feman <1 gl 2—
A =d4"—-Ac* (3.23)
E 2@ S Gl & TR A€ A, B /2% Tawlia snftEa fear s (e
3.6) o B0, Ueh Eief @ 9 Fid) @ TS 3 @ 40ue el A’ o e
F U U, feremeeh Ue A9 R TEeRiE (A’ T I SEHHATHET o UhR, #eilq
ToeTa § SREeIsed o faats § Ie=1 ©F/EF U Roed o et ) el

FT 21 #G:, NaCl, CaCly, MgSO,HH: 1-1, 2-1 Tef 2-2 SAsToeea &
T H 1 S 2| TR UHR o el SgheTTeeE o A A R 7 99H 2 2
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SEEeT 3.6 208 K W fafy= wigarst & KCl faemml &1 Hier Semhde frefated 21

o 3.7—- cle & fasg A,

L CEIREE R

¢/mol L! A_/S em® mol™

0.000198 148.61

0.000309 148.29

0.000521 147.81

0.000989 147.09

e T 4, Td /2 & Aeq e U Wd @ 2 KCl& fau 4,ud A
HH A i

B@ @ T Wil ®1 aiye oF W EH U ¥

2/ (mol L' )*/2 A_/S cm’mol™

0.01407 148.61

0.01758 148.29

0.02283 147.81

0.03145 147.09

A (y-318)TE /2 (x-3187) ol 3@ F=t 3,7 W <1 T 21 92 <@ <7 Hehell
2 T o2 o e w2

HIET (/2= 0) 20 UL EF 4°=150.0 S cm? mol™' TF
A=-T =87.46 S cm® mol™ /(mol /L) 1/2.

149.8
149.4

149.0

148.6 ' \

(e
148.2 + \

147.8

(]

7 qiiadq

A,/ (S em’mol™)

147.4 4

147.0

&
T 1 1 I 1 I

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

FIEAST (Kohlraush) 7 ®3 Waol SgaeT=edl & o 4, o TH &
weor foru U9 9 Fafmadstt &1 sacis fean =i 9m fF Saeraeeat

80



NaX U8 KX o A2 o HFl @1 3a€ feel ot X oF foig emem fer @& 2|
TAELT & ToW 298 K T—

] ] (] (]

A (BCh — A (NaCl) ™ A (KBn) A (NaBr)

o
,Am[

qn T TR U T Toh—

o o _ 0 . B 5 r
Am [NaBl']i 4 m NaCh ™ Am (KB1) - m(KC) — 1.8 5 cm IIlOl

I VIO F SHR T IR AT S Tad ST Rl RISy
Fram feem FeREY & 3@ FEW F ER TH SdeiEEd ®i Wil
I ATETohal Shi IR FTE Td HUTET o STETT-3761 AREN & arT
& SR Frefud forar < gehar 81 39 UER, AR A%, T A% HAI:
Hifeam Td FANEe Al 1 WG HieR Feshard, g 9 Wifeaw FeEe
G HeR Areihal fEfafEd o g & S gehdl B
A;[NaC]] = ﬁ’ONaJr F 7“0(31‘ (3.24)

=k €Y H 4f€ T FRFATEHA Taaee | v, S TS V. HOTE Sl
T 99 THH! WA HieR Aeihdl Fi e Ed FHr g A S Hehat 2

A=V A" +VA° (3.25)
& 30 W 20 HUW: €A T 0TI hi W Aol Seishdn 2|
298 K W %8 *FEHN Ud HomaH! o A° & 9 grvlt 3.4 # fau w &)

. 2 -1
_— 23.4 S cm” mol

AR 3.4— 298 K W @ 7E1 i o1 § HH=T HeW ATeAHAT

H*
Na*
K+
Ca2+

Mg2+

2°/(S em?mol™) AT A°/(S em? mol™)
349.6 OH" 199.1
50.1 - 76.3
73.5 Br- 78.1
119.0 CH,CO0"- 40.9
106.0 soy 160.0

Ufifes 7wt S gooT SRAHATHA $=F Hindl W 3T s g €, o1 T
FEAATHAT & A, T TA1 & W1l URere, faaisH 7 & gfig o wRoT & &
TIOTHEEY Tk Hiel SEReTu=d 9l oo & $el ST § S!St 9
Tt T T WRLOT W, FERIaan SET WiEdl o WHT TR W A, I G Sl
T (T 3.6) | 31: AT T A, I Hisdl a9 sfede (extrapolation)
S U TE TR S FeRaTl S 99 W (Sefq WA ¢ — 0) I
ol Toreifed e S € (o=1) T a1 &9 Gigal W fae@ 1 =reehd o
%0 T W € T 39 ardfad AH H TEN WO ST Hehdll #1d: gadl

8oy AR




SRE 3.7

CEERU 3.8

1G]

e faam 82

IgaTEAl o Tol A, FICRISI ®1 AFEl o fo Tods st frem &1
ST T W TRl ST Hehall ¥ (SARAT 3.8) | FoRelt sft Higa ¢ R =fx famm
FOWET o @ d T HEA ¢ W HeR Fehdl 4, T8 HHG "ol Serkdl
Ay T UE o GiRS WHT ST Thdl 21 39 TR

o =—
A (3.26)

T 2H WHd 2 T UEifes st S ged SEmeeed o fo (Hem X1
Theh 7)—

co” cAZ cAZ
Ka - 1 - AL (AT
( - OC) A:f [1 _ AmJ Am (Am - Am) (3.27]
AL
TICHISYT FEg & STwE

S S Tadsl AT & RieRISY 799 o1 39 &1, TRl ot Segasroea
& S T A° U W A, B UTERTH S WO €1 3HeR sffaft Afg g
T HiEd ¢ W A, T A, & TF A4 & a1 THifesd 370 9 oo degerases!
& o goeT famieH feris I &3 off w9 2|

groft 3.4 # faU T SRS F WEEAE ¥ CaCl, Td MgSO0, o A, 1 TiEHeH
Al

FHiesy oM 4 79 Sd # T

Acact) = Mggee T 20 = 119.0 S cm® mol ' + 2(76.3) S em® mol ™!

=(119.0 + 152.6) S cm? mol!
=271.6 S em? mol™!

A gso,) = Py Agoi- = 106.0 8 cm® mol ™ + 160.0 S cm® mol

=266.0 S em? mol™

NaCl, HC1 Td NaAc @& fam .4, %A 126.4, 4259 Td 91.0 S em? mol
#| HAc & T A° &1 ufiser Hifsm)

AO

m(HAc)

= Arﬁ(HcD +Arz(NaAc) _AT(:l(NaCl)
=(425.9 + 91.0 - 126.4) Sem?® mol ™!
=390.5 S em? mol™! .

e o a9 o
_kH++ 7\.AC_—;\.H++ A

Q ] ] ]
cI- +}’Ac- +;\‘Na+ -k _}’N‘f

Cl™



FEEOT 3.0 0.001028 mol L THifeH 57T H =emhdl 4.95 x 10°S cm™* 2| 3 UHifes
T & Tew 42 1 HF 390.5 S cm? mol™ 2 1 36 Toaiis feeriss w1 afiseH
wHifem|

-5 -1 3
Ba _k_495x10 ScmilXIOOOCm _4815 Sem® mol™
¢ 0.001028molL L

_ A, _ 48.15 S cm®mol™

=l o 0 =0.1233
A, 390.5 Scm” mol
2 0.001028 mol L™ x(0.1233)"
E="% = o'y ¥ 1.78x10° oL
(1-a) 1-0.1233

QAT 92T
3.7 TRl faoma #1 Fehd ad & WY F& Sl 27
3.8 S Hl A, T@ HT FHT TH TR =T

3.9 0.025 mol L' 98HgF 37%7 HI =ethdl 46.1 S cm? mol ! 21 SHH1 faasH 46m wd fausH
T 1 Ufehol Sitaw| & T 2 fF A%(HY = 349.6 S em? mol ' T8 AY(HCOO) = 54.6

S em? mol ™!

3.5 BgagaEicsn egreTUEe Wer § qHEtE Sfafwa w3 % fon fava w1 9w wh v
St @ Toha STl 8| STt TR T AR Ue qHEth Se § agd ey

A 2 ¥ WeeH dgEATHe O ¥ ¥ Uh ¥ R Gehe o Sold e
W H 31 R TergE Hafem 2k ¥ 3 A seegel W DC favye s =,

at cu? #PF ke (W AEfE) W faufsia 2§ v frefatea sifafw

Hfed B 2
Cu®*(ag) + 2" — Cu (s) (3.28)
FIW o1y e | T Fid #1 Ui W wm cu s #, frefarad
sifafsen g ufEfia 2 &
Cu(s) - Cu®'(s) + 2e (3.29)

T YHR IR (dien) TAe G facid (Afrgd) a1 € ud el W
fefta (erafed) el 81 98 39 =i wohy o1 oMeR € ey agg ®im
FI 559 Yl o FIR H =800 a1 2| 3G HIR i QA 59021 e & 5 fF

83y AT



T faam o84

A FeTfEd i W foef= 21 € Ud Ig i Fere T el 2ar &1 o=
HIqY S Na, Mg, Al #1fg foFer foru Suged THES so=mad Suee T2l
T, I2% TR W TG AT oF dgauEaEie SUeEE g Sdnad %1 Wl 2
Tifeaw ud FET a1 & STk Ao FREe! o dgadTTIT gR
Scnfed fF S € ud vt i weieRe % osutefs § tgfatem
HATFAIZS o dgasTTRT g1 Scaiiad Tehan Sl & (e XII, Theh 6)

SYAATIET K AR T&T
HTEehel HTE WO ST 9 f=2i SemeTased & AT velt 1 9viq fRa|
3% 99 SR == & AR W o qHen S R 7

W2 o AgheuEeT & fvan- faorHl ud degewmedl o et o
JgasTTee W fawdiot sr<muT & uvee U2 T 183334 H o0 uftormi
frefafed, Teama 02 & Se[ersed o 3 faml o w9 § yehiym Rl

(i) 7@ e fage 90 50 Sg@ewsed § qomteh fooed & A
JgasATIeg (faeea =1 o) ® wenfed faga &m0 ST A0 & EEAT
et 7

(i) fzeig faw- fafa= SggerTee faermt | fagd 1 99 9= Yared &
T Had fafe=1 gererf o1 AT 39k TETfTh qodieh] SeqAM (91g
T FoAHM + HEH i STIA9d F § T SeRrgHl ol WEAT) oF
THMAE gt 81 B2 & we § feer SR oR & Wh Syoe T 9 i
U T Ta T off 7 U FolmEd (T HEe Sgasueedl Het)
1 FH w TAeifa =1 Suged org (W faeet O M) & wei |
fagd &1 91 a1 E S off T perenrdt sl sy 8 T
T AN W 37 TR 41 (1) & 9 Sy €, Ud vefed foRd S A
T O FEfeTE et ) ST Ghdl -

Q=1
@l Q e ® €, weien [ UfeR § e ¢ Gehs | 2
TR A STT=TA o Ty sTesa foaga (0 &IeEwr) & A e
AR #1 T | FR w3t 71 samoned fre sifafear §-
Ag*laqg) + e — Agls) (3.30)

THTaR STl o6 Uk Hie] oF U= o ol T HIe geiael ol STesahdl
T €1 T9 S € T U Toe W SEY 1.6021x 10719C o SR &
| 39 T T Al W OSTERT 2

N, x 1.6021 x 107" C = 6.02 x 10** mol*x 1.6021 x 107'°C

=96487 C mol™



o[ 1 T8 W0 *t S wEd ¥ U9 I We F 9 e e E
Higehe TUAT o fow 29 1F &1 96500Cmol™ & &l o §

frfafed soeee sifafwmanst—
Mg>*(l) + 2" —— Mgi(s) (3.31)
AP'(D) + 3e —— Al(s) (3.32)

& fou 7= v ¥ fo U W Mg?' ue A & fom 2H % 2 "
ToRH (2F) o 3 Hiel Soiaei (3F) i AEwIhdl el SededuEe g o
TaTTed HEY fagd g (YERR) 18 999 (She) o [OHw o aUer Bl
T Uge & SAERITIF ST ¥ AN 50 000 TR 99 1 S €W WA
H o Sl & S @ 0.518F Wiq Gk oF Sl gl 2

GEEQUl 3.10 CuSO, % e & 1.5 U &l 9 ¥ 10 fAe 9% Se@ersied fFan =
hete W Teifad I 1 Soame = 2

351 RIS &

t=600s
HEY = U x 999 = 1.5 A x 600 s = 900 C
Afafma—

Cu**(aq) + 2e"—— Cu(s) & FIR, TF AT A 63 g Cu i F6Ifd & o6
fom 24 2F I 2 x 96487 C 3G9 &I @IS 2

#d: 900 C g &t Cu 1 g9
= (63 g mol™ x 900 C)/(2 x 96487 C mol™!) = 0.2938 g

IYASTTA o IS ST B AT TR HT AN 9T T eIl
TR W T e B AfE e T 2 (S o fau Pt S#EE Au)
af o Afufora # few 7€l oid1 vd g ohae soieRMl o did HAYen THa &
T w T SE R AT geERiE ATATRATi B 9 98 e At §
owm o 21 30 R AfufFamis i @fea somgiel & fom dgasTee &
I AT B Wohd 2| SEHETTE o Seqs ogasToee Hel | Sutter
fafe= stiedieer Td Su=as TS Ue Sk Heh Tefere favel sk
Fd | THeR AT o IUd THEHE T T qod 2 €, g Tk
T 9 34 W 29 € T 3 Fre fawe R afed 20 wda T 21 e g uRifefa
F arfafer fava (98 fufaya wed &) o1 edr €; ST 7R 39 oAl &l
#R wleT o 2 2|

FareRone 9% 29 ed NaCl 1 i &8 at SeaeTTeed & 3 Hifead
g T FAH T E | T2l TR U whad U 9P (Na') € S ki W
#ufed (Na' + e — Na) 21 € Td U ROMEA (C1) & 9 UAle W Aifia
(Cl = Y%Cly+e) ZAT E WfeaW FENES o S foed < dgdetoeT o
A NaOIl, Cl, T& 1, 3% a7d &1 399 Na* TF Cl- o sifarad [1* 1
OH~ @17 g Taemae 1] [,0 ff sufted g €l

85, AFATHH



L CEIREE R

FUE W FAfarEa sfafeast & a9 sT=ee & o @ 2 d -

Na*(aq) + ¢ — Na (s) Ejyq =—2.71V
+ — 1 =
H'(ag) +e - 5 H, (g El =000V

Heie W AeF E°qH el AR &1 Siad WId 24t 2, 54; ke
W efeteT Afafmea 2 e

1
H'(aq) +e” — 3 H, (g (3.33)
W 1,0 % s gR1 HY (ag) ST g1 &, = fh—
H,0 (1) - H" (ag) + OH ™ (aq) (3.34)

3d; SheTE W e ATTEAT (3.33) TE (3.34) oK AW ok w9 H fom =
Herdl 21 gHieu—

H,O()+e — %H2(g] + OH~ (3.35)
AT W frAfarEd sesior SRR §9a 8-

1
Cl-(aq) » > Cl (g +e E ., =136V  (3.36)
2H,0 (1) - 0, (¢) + 4H'(ag) + 4~ E =123V  (3.37)

TAE W wH E° el #AfufwEa & gl w S 7 gEfan s ok
HIFHRWT 1 Cl™ (aq) o AR HI gor ¥ gl fHert =ifen) wg
SiedsH &1 Afufawa & wror AufwEa (3.36) S " e 26 21 &;
a7 AffRar T YR § S99 & S gedl 2

NaCl (ag) —22— Na' (aqg) + Cl (aqg)

1
HAE W— H,O() +e - 5 Hy(® + OH (ag)

1
T W—  Cl (ag) - 3 Cl,(g) +e
T ATATRET—

1 1
NaCl(aq) + H,O(l) — Na*(aq) + OH (ag) + EHz(g) + EClz(g)

gl T o WHIEd i o U A eEere Tasel & M WA
TR (W 3.8) ® fau g wemge fava wieeenfw few s oE
TeHfeh 97 o dgdaaeed ¥ e R Fefaiead sifafwarg garfaa 2

2H,0(1)- O,(g) + 4H'(aq) + 4¢  E_,=+1.23V, (3.38)

280, (ag) > 8,0,” (ag) +2¢  E; =196V (.25



AT 924

T Fewfih A | SAfufwar (3.38) Wi a{war W g6l 8 g H,S0,
FT T Higdl W ATIREAT (3.39) I alEmar g Fd 2

3.10 3f U onifearek aR § 0.5 CHOER 1 o 2 s o fou yantsd a2 a1 a8 # § fRdd somed

Tated &7

3.11 57 Mgt F TF G IR0 TR SgaeuEe fees 2 €

3.12 fr=fafed sifafsea § Cr,0,% A=Al o T Hiel o 70="7 o oy petrm o fomgq i forat
A 1 AR 17

Cr2072

3.6 el

forT 3.8—-1tF FaFEFE T
o o &% T3 F
ez FalE & Y,
T H1 HET B

“+ 14H" + 6™ - 2Cr** + 7H,0O

FE ff S (arde | TEE UH A UF ¥ wfes o dofieg wd ¥) W Ad
T8 20 fagd & 99 < &9 8 WA ¥ o €, ger: U fioa Ot @ 5 S
AT 1 THETER Fsil w1 fagd ol § a@=el 341 @1 fobg Sl oyt
IO oh ToT0 g Beeh! q91 YHaw 21 16T, U YA | efid 993 36! aieedl
H aaferch aiedd Al € =eu) SefE gE: 2 YRR T gl g e
et vd waw ef|

weifa i@t § AfafEar dhae T SR g € 991 B8 HHT 9% FAT & 919
S fafteps 2t St € U O WA H T R S Gehd | 38T ey FeR-ufifee
T I U € TS SOk Afashieh oF 9 T Sraeiel /el oF A9 | S
ST €1 # g 'Y § it ud afegd ¥ v § o = €1 39 99 ¥ e
FT TF T 2a1 & | A F FE off Rar & g FweA (IwEe) F s S
TR AR W gfola HrisedatmREe 9o FE § 5 w2, ue 1w
HwE 2 (Pl 3.8) | RISl & o= 1 ®H SEIfTE FeEe (NH,Cl) T
% FRES (ZnCly) & 79 U= ¥ W Rl 3| ereE dAfafman wfea 2
W 7% Gihe &9 9 T WhR 9 for@n ST ok 2

Q‘ﬁ?s’— Zn(s) — Zn** + 2¢”
&g—  MnO,+ NH,*+ e— MnO(OH) + NH,

helTE i AT § WIS + 4§ + 3 STt fereen | s1af=d & Sl
T Affsran § S Wi Zn?' oF WY Ha [Zn(NH,) 4| ST 21 6
F1 fa9a T 1.5 V 2 2
Fferrelt o Tor, Suee atdt & (P 3.9) | 30d iAol steerT UHrS o1 der

87 AFETH



faT 3.9-9mr=a: T3FT AFG
e, 9% srrars a9
AFEE (1) TR
iR &

3.6.2 WOEH diEAr
( Secondary
Batteries )

T Taem

forT 3.10— & Ta&F T

e faae 88

HgO Tg e 1 T hele &1 & w3 21 KOH T ZnO #l T
FAATHA Tl 2| WA B TRl AR = F T ¥

TE-  Zn(Hg) + 20H — ZnO(s) + H,O + 2¢

wAS—  HgO + HyO + 26 —— Hg(l) + 20H ™
Y el AR T TR 9 fTefad &1 S
Zn(Hg) + HgO(s) —— ZnO(s) + Hg(l)

o1 faued T 1.35 V 26T 8 a9 Tyof el ofafy | fer wa
Fifh T Hor Afafma § w1 ff 15 omEn Td € et disa faea
H BH o ®I, Wl 1 GY0l KA HATH § dg5eT Hehal 2

T e Hel i 3TN o 9 faudia foen # faga &m0 & vane g 4
e HL B | WA § A W Gkl €| U =g U e SHE
AR ferarst U9 = < =90 ¥ TR Hohd! 2| a9 Heeyv S 9 o
HqareE 92 & (F5= 3.10), o9 wmw=a; ot ug 3324 | 5 fman
ST 2 TEY UAE W 1 e Il € 99 kYT e SRATEES
(Pb0O,) ¥ W TC == F U 2 2| 38% HHY(h T 1 e
JAATHA HT ®E HT ¢ 5 S WA F At 2 A FreAfarEd g
srafswam 2 £

TAE— Pb(s) + SO, (aq) — PbSO,4(s) + 2e”

Fodis— PbOs,(s) + 804}(aq] +4H"(ag) +2e” — PbS0y (s) + 2H,0 (1)
T YHR HUT T TS SATSimars & THemn 997 Hel Sremma

frefafad 2

Ph(s)+Pb0,(s)+2F1,S0, (ag)— 2PbSO,(s) + 2H,0()

S R AEEE W St

I B S & 991 THe ud e off
FHA: PbSO,(s) Pb TE PbO, ¥ &&d
S #
\ T HEoul HaraE g e
o T Srefrm g (FF 301 § e w0
W T

I FFafe ore H=Esw gl § wfuw ¢ fag
st fmfor e sAfuss 21 29 39 O
e I Tpafare qen =TS ud e Wi
I . TR # B Al seere ARt
PbO, % 7= firgm Torqa ol &1 | feearst ol gfshan o
T el g9 wfafee fefate 2

Cd (s)+2Ni(OH), (s) — CdO (s) +2Ni(O), (s) +11,0(1)




for 3,11 — U q9: STEEH A0 FeTIHR et
= §, 79 Gifeqg T NeREH SEgieaET
T gl W § geaEd oo $efiag o7

3.7 e Al

HE — H,O +%uis

forT 3.12— o o7 W H, S
0, ®T ITIT FT
forga e w2

o

Fo HeA o ford SR agd aifee suEnt fafy 92§ en 7w veww
% UH 9g G g T G F Sieredt oAl (FrEen, oA 9er) w
TEEFAE Fe1t (359 FO1) 1 STATT UEe Sl i = ad Hl ard ¥ FEer
H o ST € TSGR SR ETA i el fagd samed H fR S
2 20 9 € T fiead O THEte St & WE @ for o=t | o=
A 2 ud THE A o afasw ¥ oW U8 G w1 fei gewa @ A
HATeRHeRT I SIMAR Tefiel T IUers AT ST Hehdl & 997 S i
YYIATTET BT G AR T2 S Hehal 2| UHl Tood Tl wi o
TELEA, HIT Td HOATS o0fs =9 et 1 <27 ot 1 Wie & fogd ot
¥ uftafdd o s 2, $om et hed 2|

TEH ATHH A%l 389 96 | SRS Ua HlFHSH & 9AT | 5 a9
I Sl F1 ST R i € (7 3.12) | 38 9 7 S stafe
SR | foed s YSH i o fou wEm | o e an e stfeen
o YT ST AT R HEd Y IHRT STANT FHafeed A= oF fou vt &
T F o T o W TRSSH UE SoRie Tl o Jeie i i Hed
TSl oF WETH 9§ HiE Sl Hifean TReleEe faor ¥ warfed fee
ST 2| SegE AffEa %1 W aeH & fou gem fawtsa wifem =
Heifeam o1, W9 SR & ToEeiel § quEfd R s 21 weee
sty = & T E

FAB—  Oug) + 2H,0() + 4e —— 40H (aq)

Tg— 2, (9 + 40H (aq) —— 41L,0() + 4e”

THY ATH 39 TR B
2H,(g) + O,(g8) — 2 H,0())

W a% kTRl w1 Sd 2 €, 99 AR FE Rl 21 S
o T qorT § TSRl SetT 40% B @, 96 Tel 70% el o WY
farg Sefad el 21 $o Hel 1 2 T2 o A A e e 5

89 e




I Tol dgaeuEeal & faw™ § ogd Al s-id g 21 ! ST At
H W % IR W foRa T 71 e Tl yeu U9 B € ud wies ¥ 3 wee
FT 2GS gU Ik YRR o TUH Well w1 Fffa & SR glieror fmem e g

3.8 ABR0T o argH! F HAE F AFEES A A1 & A GO § 6 N § A
" F 3T 2| TR H T T, G T S_T 2, FIR T W W2 R o
BT, GYRO o 9 S0 €| FE YoAl, Yo, Seral qen oget 9 o weft
e, TorgToeRy T2 | o et i Tcatereh &fd TgeaT 81 WeNOT % wRol
X wfeerd gl Foat i e edt 2|
HemoT |, o7q SIS i o IR Al 2 W § U SHE
HTFETEE o a1 2| e H WROT (W= T ST o Fad ¥) WA i
ag w1 SufeEfd H T €1 WO %1 TEEA ¥9gd e @ W 39 e
YRR T T S Hebel 21 w8 § =41 et =g o fomiy e W
e TR 0T BT € 41 g TIH UHIE o1 e ar & (P 3.13) 9o 39 =
frefafaa sfafsEa 9 =19 = 9d 2
THE- 2 Fe (s) —> 2 Fe™ + 4 & Ej o pg =—0.44V
UATST oI W o o, g o HIEAH 9 HeeH o |0 & SH T
W g € qe oRl HY e wt sufeld § sAoRdis &1 1= S €1 (e
S & o T 38 CO, o 5o § oo @ & H,CO, § U 2 21 2egisH
A ATHSe | SURSId 7 T SATuge! o sl | =gor o 9 Syesd &
Tohd %) | T2 T FrefafEa Afafeman & FRo Fele Fi 98 F9eR S 8-
FAMES— O.(g) + 4 H'(ag) + 4 & —— 2 H,O (1); Ef|o, mo = 1.23V
Y AARRAT— 2Fe(s)+0,(g) + 4H'(ag) — 2Fe” ‘(ag)+ 2 H,0 (0 Ep,,=1.67V
U T ARSI SaESH gR1 HH S 3R o e g
Tk oA | 9861 9 & 1 Serited Hie ATRE (FeyOy x ,0) T
S & w9 F 4@ 39 ¥ U 3 Wi & gRgiSH A ;S & od 2
HeIHOT R UFHA Ao Heeayol €1 THE 7 hdl €9 HI o= el &
Aftg Yeif o 224 A1 HeROT & FROT FRE Heaynt ek o fAfwa 20 S
TeeTEt 1 Uk H RS foerdl 21 Tk TR 1 Te Wi fafy €, anfa
HAE ! AYASH o Hh § 7 A A1 TE a2 i Ue AT 37 TWEH! (3,
TagwiATer) § it Hieh AT ST Hehal 8| Uoh 3171 9L Tafe €, Oae 1 fondll
= UHT o7 (Sn, Zn M) § HA=L1ied BT 1 AR B 41 I% BT B
o foman & 9 | U SRt Aty € R o= UE aig (SE- Mg,
Zn #fE) F S oIS SUsd AT, S T Henfid e 9% i @
F E

forv 3.13—w @7 = ATRIHTIT— Fe (s) — Fe’'(aq) + 2¢
argrEe O SR )+ O . ’
* Fe*' 2H,0 HTET— O, (g) + 4H (aq) +4e — 2H0()
' ARHEE STTERIERTIT—

2Fe*'(aq) + 2H,0(1) + 5 0u(g) - Fe;0s(s) + 4H'(aq)




QA etled 98

3.13 =T o SR T gerelf T A SeerE A U O T Hel i S fRear & e
Tt Afafmaet & FEEar | S|

3.14 TESSA H BISH 69 Toll § TIF T0d 1 T a1el & 7= 7519 e
3.15 HHEY fF U o} T S o 1 FRO UF SgaudrEtaE e a9 qE S

ESGIGE oot grefarex

I H AR Aefoaer i =eT ol Sl o HEd Hid STaTed $o S8 hiEer, ool AR T E) Se-sy
T TR T AT S TR QAT ed ¥, G8I9N Sh] S 1 AEvdhal f seil| andd ¥, S
T i AT ST FIhre 1 YT AT ST 21 S99 THH 98 T T fF St S e ¥ gge
Fe ¥ 7 fF ored & o ot 21 2 Teel 9 @ Sd E R 0 wew were Ssitared $et o w1 9
ST HTe SRS 1 & RO 21 T9Y Yedt i HdE 1 99 5g @M € 997 THY g o oo
T € U HEMEIR 1 T o@H o 2| T WHR ok RN o e e ¥ 9 o S uE e
T = T 219 €, 9 Aeia, o yofd: S8 W 61 @aU 21 30 YRR < Wi | 9= oF forg 2 e
I e o WA i TG A I ATETEART €| SESSH THh Y fahed €; FiTe ek 9T |
el ST ST £ T TR GRSl g W o foEsE § und 2 el 36 YN e Sl
o T TSRO TS SN Hid & ®9 § AN H1 S Ghdl 2| FE TR dALUIE FT ufEhed
2| STl o AT © SIgSISH i ScUed Ud o Uol § BEgS ol 28 Ml &1 fasy § Heeayol
2| A I 2 deheieh SEEuEEtTE fagidal w e 2

SR

T ETAratTR ¥ § 2 e weiwe Sgmers e (o) @ feiee @ ¥ W T
AR Tel 1 W HEeyU Y ST Ao A SEaIEd | SepEEtes il 3 WK o g
Fl Tt B ¥ T e YEiEm oIfafEwar %1 et S GEd el § Wi g6 8, Seiw
AEmeTaTet et ¥ fEn S 1 SUEN UF oTed: IS stfafmaT ®l WA H @ ¢ TR ST
foere o Fmfram sooiE &1 W ORI fave BTEeeE wiaee % Wy o wiwf e fEe s e,
fSreehT A fawe S WM S 21 Wl % AE e e UF Ui % 9 fEavel o o | wrE
ﬁww%(E&angm—E%ﬁ)@aT%ﬁWﬁw,@aﬁﬁﬁwaﬂlﬁqﬁmﬁwﬁww

(ArG° = nFES, )Te amewen fems (AG° = —RTIn K) ® Tatmd 21 ¥ soiael w9 ol %

()
foral o1 Wz W et i o g & S 2

U SgAeATEeAT foeTe i =, «, AAATIEE B Higd, e 1 wld ud arg w e e
¥ R WA, A, H A = x /e SO WA Fa ST ¥ S ¢ HeR WA 7 WHEa e % we
Tl T2t 3 STeifsh TeT STethal T&d! 2| Toiel SasTasZal = fore o7 wiza =24 o = -+ st
2 S 79 foerrt ® goel SgmeEEdl % fo 92 9fn wgd o=t 9 @ €1 wewsy 4w B fE
JEESTIZA FT I TGN T A AARA T SN FT AR AAFAS F AEA F qed At ¢ roAn
77 Tormifsr 2T 31 38 oTa o AT STRNTa =T F1a9 8 @ U9 w0 %% Syan ¥ JgaueEts
el ° suftdd foerem o e w1 oo STl g e € Wy SHHRl UH Siwwed i WihA seiae
W EE 31 d=fat e faw e oo Bell ok Wgd STAnt Y F| el @ Han SEvas w9 9 Th
A T B SRRt fgid s - % '

Ol e



SFATA

3.2

3.3

3.4

3.5

3.6

3.7

3.8
3.9

3.10

L CEIREE R

Frfafa aget =1 =9 w0 ¥ sqafiam wifsy food 3 1 o #1579 wavn & faeet § 9 wfeenfa
Ezuild
Al, Cu, Fe, Mg T Zn.
= fEu T T Teieie fawel oF STYR W TGS ST gl g ST Gl o s § et
EAlE
K'/K = 2,93V, Ag'/Ag = 0.80V,
Hg™* /Hg = 0.79V
Mg ' /Mg = 2.37 V, Cr”'/Cr = — 0.74V
30 oot A = Zwiten e freafafaa sfufien e 3
Zn(s]+2Ag+(aq] 4Zn2+(aq]+2Ag(s], FHH AU~
(1) FA-H T BHF ARG 87
(il) W § oo = = wH o 87
(iil) TEIF TEIT W A Al srufEa wm 8?
Frreferfin sfifmanst =rel Tresr Sl o1 o Her-Tave Tieterd S
(i) 2Cr(s) + SCd2+[aq] - 2Cr3+[aq] + 3Cd
(i) Fe''(aq) + Ag'lag) — Fe™'(aq) + Ag(s)
ST sfafEast & A G” us wr et #1 f om wif)
Frafafag 9 #1298 K T & ¥He® @ emf faftam)
(1) Mg(s) | Mg '(0.001M) Il Cu®'(0.0001 M) | Cu(s)
(ii) Fe(s)I Fe” (0.001M) IIH'(1M) | Hy(g)(1bar) | Pt(s)
(iii) Sn(s)1Sn”"(0.050 M) IIH'(0.020 M) 1H,(g) (1 bar) | Pt(s)
(iv) Pt(s) |Bro() | Br (0.010 M)IIH'(0.030 M) | Hy(g) (1 bar)|Pi(s).
wfed wa o gfEal ¥ satas Swan § S oelt sed Oell | frefatay afutea g 3
Zn(s) + Ag,Ols) + HaO) — Zn2+[aq] + 2Ag(s) + 20H (aqg)
sfafr % faw A.G° & E° 3@ #ifsm

ferelt SremsTTza % faeTa St SIeTRal U Hier Siethal i g S HWiEdr % |\ sk g
Fi e i

208 K W 0.20M KCl Toereq &1 Fresa 0.0248 S cm” ' 21 THHT Hiel =reishal &1 TiaEer i)

208 K T U% =a®al 9d f58 0.001 M KCl B 8, &1 9ffle 1500 Q #1 9% 0.001M KCl
foeTad ®T AEHT 208 K T 0.146 x 10 S em - & o Ha feow® 0 87

208 K W wifewm weiiwse =1 fafts wigarsti @ =reea &1 "ww fEer TR sies
FreAfefaa €

HiEd/M 0.001 0.010 0.020 0.050 0.100

10°x x/Sm ' 1.237 11.85 23.15 55.53 106.74

Toft Hizast % o A, 1 aReer FIL S A, 991 ¢ 3 HeE UF ST Bitau A, w0 HF 6 Hi
92



.11 0.00241 M TR s #1 9a®d 7.896 x 10° S em | 2| THHET HeR weRal # T
Fifsm) afy weifer o & fw A %1 WM 390.5'S em’ mol | B A wEeR foeisT e w87

.12 frAfafea =6 sTraem = fau e sest #1 sTavasman aen?
(i) 1 @t AI* = Al H
(i) 1 9 cu® =t cu ¥
(iii) 1 W MnO, =t Mn”" &
.18 TrefafEs =t W\ w0 § fea e BEE #t steweswa 2
(1) Mfed caCl,® 20.0 g Ca
(i) Tfea Al,O,H40.0 g Al
14 Tefofas #t stiwdgd 6 % fou fra Fomm o smees 27
(i) 19 HyO &t O, H
(ii) 1 T FeO & Fe,O4HI

15 Ni(NOy), % T ToIere =1 =ifem soiaere] & o9 5 UfiTen $t O o 3 g0 20 fie 7% form
sTHed TR Tl Ni 1 At A spee X fAafE enn?

.16 ZnS0,, AgNO, T CuS0, R ot 91 JgaeTTedt Sei A.B,C % vi=g fFa T 1@ 1.5
ity #1 fagaemy, ¥ B % %die W 1.45 g faeer fafrd 29 a% oman werfed wt e frgaam
ToFa T9a a% veed ge/ Meifoa s wd 5% @1 g9 F=a gy

17 afersrr 3.1 § fau o aee e faval w1 werd @ eEE e B a frafafeg sfsds
= sAfufEa Wy 27

(1) Feg+[aq] F ['(aqg)

(i) Ag'(ag) 3 Culs)

(iii) Fe* (aq) 3y Br (aqg)

(tv) Ag(s) 3 Fe™'(ag)

{(v) Bry (ag) #i F62+[a ].
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(i) faear soiael & W9 AgNO, =1 weita faerad

(il) wifeTm seiaiel & W9 AgNO, =1 S faerm

(iii) =ife™m weraRel & W9 H,S0, &1 99 faerad

(iv) wifem sewel % |9 CuCl, F1 e frweram
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3.5 E., =091V

3.6 AG°=_-4554kJ mol ', K, = 9.62 x 10

3.7 0.114,3.67 x 10 mol L™



