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Il dHdets, ylsts yomlsdyr SCMdHO uddfSa = itd
5 HOHzdzdids J § § Gedzd o & Is @dsMDdogf dzd L dz0 Y dtdsQ figiis jdis
Zd3j dz' M jded j B3 OMd WPty §f bEtd dydw dz0scC
f sdzz yj dedd KCI. wwls 2d Is  ts5,lsdsid<Odjds' dn®r  § ts dzlg y jodzd
~dzstdH ) ¢ OdzdW ], udgdFzif s dgp gt sdz@ I dizdz"
tAnd MedzOMEze smw M HO&d &3d 1 ¢ ( tod iz dat

@SV W)

{ dMEz4BEQ Cf dL 5B tcOy jZdlf v f @iy deigads H dzd -
f dzts Is Wiz 15 §.:jR1,20,2¢ / f(d®), 10,64 / f(ds 2MNaCl(O ) &
2MKCl (o )teted § jtoj dgj " d & Odzd

1 tod | SoEsdjgdsCdn § dslsigrBlsWs 1 ¥ @
dZOB dz¥ HOdzd Istsdz SZmO sz ® PuL k& § j,toj dygylshts
fsHIsSe jte HOJIsMw  H Odgdm G datg A ¢ 4 . dB Guj T ls tes( ]
CsdiiB  2Oydtsdzdetsec s tOMMmj wdedw Mojjds2@:1,2sB to
o/ Moy zidzBe jMisjMmlse j dedets? Ctsdeoj Sydd Isd
Mistelz ¢ Is Iz to ts PL66916 By af jsdRO wing @ds(eP dzls | 58 OADG) d3
ls O CYQI, 380, 414, 438, 57 585 fn) tats Is dzsShip™i 1sO $ Is d o0gs HAD d3
¢ fdi @z Profswtsy, f SO Siphs f) o ssfis B2 M d di3d3j Is t
(f 9P d438M B, § 54 § to jUdBBEGI 414 B d  § totsH s @2 -
d585fd st Isd uj NICIET i) dizlsds ] .I$ telfizff db 700, 285, 332,
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483, 534, 653, 695, 975, 1075, 11401147 s Zmlss © Isfpo W L ) dz

C 3 d dzB g b B teffstetesy geis@y @" (R BSSY Is d W (3BE d -
d1075md, wsflsdui M¢dn (663dBWGMs d @) SOEF j tsc
BsH, ldshMwhdamy ¢ (200 48%G3402758E11HE j147ls s d
fnd [166].1 d L € sy O figssts iz §izs H @ jo@f, 7BJ130Mdz S OC ¥
s dMmr 9 Odzd M* o UYOMELSR[I68H dzv dz0 dzts

0
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A zno-kcl (@) | =l
J 0
|—
wl 3 ZnO-NaCl
I
o
30 o 5
I
20 F ] 8
o T ZnO-KCl
8 10 F 1 =
g —*_w l I l 11 I l I 1;0 3(30 45l0 ()(IJO 7%0 9(I)O 10150 1200
0 1 1 glvg 1 A__rl 1 1 ST St
S ittt} + aanas + PamaHoBckuit casur, cm™
== ) 1 o
o ZnO-Nacl
E owf lg I (B)
X T |3
30 k ﬂSJ
O o
20 7 5
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10 = o S
| A | | | il | | |
Y B PN S BT IR SN 3
12 15 18 21 24 27 30 33 36
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26, rpag PamaHOBCKUI caBUT, CM"

i dMzdzE g d# DS s s@OBOMHE| SIster € sd3B d dzO
teOMMmj "z 8O Blods § sfidzd j &l dmdzj dzdd vy d dz
f slsdzsmisw o Is 2§ Ots @ f) MaNGAPM KCl &) i3z iy dzs o W
dMmisiMmlse jdzdets?2 Ctsdzo j Sydd d tOL dzsy J dzd |

l J W Is dzts, sSBteOL s9 Odzd J ydmisr
CGdHEBS Misn dzsSte d H BShyo Gfiztse drH @ tdzCichglef Hits o6 OL 59 ' +
Clsstetsets sMEHHN e dfvw zOfipdzse o ©OMIse ts5te
Btsdzj J ddzlsj dzifd o dz' did sazte® L dzo DA Bz gz M M
[ HAEZORBsdIs ®Glsdjolsdiss iz tHhyjdsts dsd " d o Odzed W  dzC
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L 2Oy dls jozdas@yj tOydw yOfmksdy, vyt §&Hls:
(ted MRESCIsSts MowL Odzets f lsjds, vyt ftd ko
Yyddz€ 0 d ¢ dHtesS fdZnOd s ditg o, | My 1 6 fipigiaskiyz Is
ZjcCtt OctjcdsoOls! MW, ©BEOL Y fhsfzd H
cOL d&3J169k o

100 —_ "5

5
103 - 5 1/nm

t d 4Bl ¢ [
yomlsdy sSMdHO yddk©] Hitziz ik 45 Cf0s d
¢ / feBM NaCl( Q )eB2M KCI (G, H, B4L f jtej d&3djh de O

vydlr aOv fHwswedehdjmw tOL dzd ydzy dzcpw
yqddz$ 0, fsdzyjdd &= o ©OMo BL@®E § igdtpdzi it
odzdw dzdj { dzjChttsddlsO &0 Wsttdkdtse Ode |
Mddels j L Jetso Odzdz” 1 C BAOE flsd Q dztstodz € Istots dzg Is s ¢
fdzj H z¥ M §ECl 2MKCI, 2M LiCl, 1M BaCh, 1M NaSO, d 1M NaF.

I Odedz" | it AO OdzOdzd L O ModHjlsjdz Misa Iz
sBteOLEENdjMmMY fted sEOMz) e~ yENES@J Hots
ftej HilsOo dzv ¥ Is fucefthyls O dzafdin®] (B € @ & deil). | ©
smdzseo Odzdd HOdzdz" = t A9 BT dzds d tgq O figfin yiff @ © @z
L dzj Bj dzls Otedzts? wyj 26 d.
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70 T T T T T
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82 (a) 60 | (6)
8
0 < 0 50k — JKCNepuMeHT ]
- =
8 8 - « Pacyet :
= - — Pa3HoCTHaA Kpueasn
N < 30 F 4
&) O ﬁ i
I I~ I 20EF ]
(O] 1 () u
= \ A A A A =
= T 10 .
N = |
3 T by e
WYEITNY W iy
20 30 40 50 60 70 80 20 30 40 50 60 70 80
20, rpan 20, rpag,

t d fkz dzsiSt jadzldlelj desc e Odsds’ ftesHES IS
tc O f) ls oNa® &G, LiCl, BaCh d Na&SO,f 6 Mt j H dzd B § s Is dzts
2, 4: 12020)/dydf ted &3] & ks ts  dzj ZagdfNaCltigls ts 15 @ bs st
t dlso j deiH @ j(talsd ¢ O tslzr f y cfizff dafdES/MEcd SHBO L
R,=13.6,R,,=14.8)

vinlsOdzetse dzj dets, yYlsts oM yYy&Misfitgy b Ists3dz
Odzd L SRSy ko jakd gHdEXEisNg80,<NaCl (98 dzd y O
4.3).

s OB AP OL d3j 6 YOfgls 16 ¢ dzff xip @zls O tc dZND, W Y -
f tsdzkz y j dzdygterjjHfltizts s disstn@s@1,2¢ / fpds OL dzr 7 ¢+ dzj € Ist

, Reenydrated | Diyie | D1oo, Dood 1 Ot Od3j Iste Y
CRIEBY CCokd das |dads |0 YD o, il M,
2M LiClI 0.076 15.0 13.6 21.9 1.61 3.2565 5.2160
2M NacCl 0.097 16.5 12.9 34.4 2.67 3.2541 5.2155
2M KCI 0.133 17.1 14.4 26.3 1.83 3.2555 5.2154

1M NaSO, 0.097 22.4 18.4 48.1 2.61 3.2539 5.2158

led SCdmdzj dedd y qMiANaG s B tc JHsCHNIs otfstictg s h 5 ¢
Mjesets MOERO] tAdmMBadulplsdzissdy, Ykt
s5CMdHO ZNEOME Qxf ff 2 dzts2O ) 40. e d M 2dzS jo  4f .telj H fyls C
4Cf d 16C¢f] dLtBtO)yjddY ftesHEzGCIstBM NaB¢$ d fi
Il dHdes, Tyt dOdsyofnisdy’ t©oOL Bjtsd ¢t
OC dzs d3j tc Ols '
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{dLizdzd EPigs dH | Is§ el ediaf dyEaswW s dzfdeti ddsd e
Y O ldschin d Y 6 éz2Y @& dzlz  j sdddfaCl qtaf M) iz dzis €, KEL (Bf3fif) dats §
4.134), LiCl (taf Mk dzts ) o NaS®, (taf flz dzts Cdp e dl 3 ftsj H «
f dzts lSWZBsfElg.R 2, 4 1,22 tci@@iisdiClse tc OL Bedfin e d j
Wi ted yu@hégqdOdsj BUe-tB8G3dzd3. §f iy sdz' L MaClbdzd
C O f)tizy GUSUD® tg® fisq dz) o b Is v dzt s ks iz d tc d dzBM®
23 Hodzd dEBOzds, o st KOG teg Hh @ diEOL d €20 dzdg
50 dzgEM s tsls o j Is. 7 lsinj jC dedaen,80f 5 zOc s e d BB Oa &) B d
f dzOfmls d dp@®)ltepe dzd dats sz " d to o G

I sdzg jjls Odmsdagigs S s d ujd ME € s dzasfipipdyistdas & O d
by®fse dz@ 161t dL t5B84d®s,j ™ RS X tod Ik gzl
dzCHAADF-STEM d L sB tc Oy jddrvdes C ¢ tet . 13 ) , ftojH
Msec?2 s’ odklsted yOMiIsdy,Kdd e jLsi s ©s ¢
o BICtoitclssctOldd o' MSCBEE ©OLtjh 4 ded "
JLBSBEOY jddY GlHjd d'f7 yombdy (slsdj u,
HjBsdhstedekéls HW©LOCydeddzz® € Otsls d dalz
fodHjlsjd flsekjlsOMmE dUst &Y te jwldids Oajdzw ¢ Is
MstelzClskter o §ter dzj t©OLHJ IS s udsds ] b€
slsdgj syisB OL djcdgsls 08 té jzdp H O3, dejeSiSls Bic |
Cslstsigs f H d dgj Hzibs B 500 dz@iddzq d2B1R50 dzc®  dzj § 5 1s 15 t
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§ed d &3k ziiigls it J 6d ud M¢ dJ 58 & OBMEYaTOL IO
f tod fizls fddpetezif gD MiIsd y O~

0nm ;?J 40 nm

{ dfmiz4Asicl ¢ [ (0,8, H,§4, d,¢, d-9), 1
d B O J ded W B o " H ] (zp GptROBAASEH-STEM) IS | 2
dLBtcO¥ | dd)y B, MHdPO U ddf Watiddsts gKEl (oHL )
LICl ( gc3)] NaSO, ( edn)

1 0 tod Mia4Stgj H ls Oo dzj dzGs OUFHRDS |s e ts dasy | dzdz
LiCl, Ilsd§ dudzOv tHisarl ysipded@LRytH o .H (& HeEqifl [sdf
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Ctsdzyj dalsted yj M¢S g~ HAW e OC yd fs dzdigs Betdts O R ds ik
ModHjlsjd Moakjls & §oddStedhlsoddadyjfns
HdW OS¢ yd &tzde ROGISo | Is i§ deafpislO dzdzd 1 ity 0 & d i3 Is
¢€jCMOC sdZedz dgtsass Misc &ZOME j sMw ) H Odzdz &g

ZnO type B4 (P6,mc)

t d MEz4adiCC dzj § IsciadSizENgE) iCl

] dztsh OH!  EHj dezseld , f tsotfjtigjcH j dzj dzdzOw o t
sBtOL Yytso, fd diaCl KCiglsG QN0 tsofjls O  dzO® 1 9
31, 4 ol .d3tOslsdg j Ismlse j dzdzts

Rs My jifdloids j L Jteso Odztfizic g H I§B @ D dz)y dz'el. 15020 |
ltedmklsmlsadj hdesStsets §HdS B 4Hosddind dify
9 Odzj dzls dz" o35 € tsdzj B O dz@-M.Bds d ) eSside]j B OEA v f T
Yyomlsts MeawrLr 90l M dOdzdydjdz cecdHtetsSC M
HiWjiClorn O lstjtidsqd BEas iz Isted yj SR, 17)d oz ¢
Mo s syjtej H' , HyWJjSlsdz j Mtsmilstsw dad v ,
mMfsmseMmisokzels HdMMsyqdoydd d - BEEZZIC EZd
1iBtde hs2 ¢ ssftstEamsls &O,0 fipay L Odz M o Odz,
e waAn-@ 173l MmOt OSC s jtedMisd yj MS O  sdksMOi § ¢
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BsHEEL OAL (HO), Mbtlse jdsldisply daddsds] Is gHY(LQ) Yl
Hdzv §BEBOL fsdkzyj dd = o rfdstedHi ¢ Oddw
mdsd 22" sipdesmdlsj dz' dets ©BEOL yoO, § sdzkyy
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yJ dzstetseo o HBDPDL(pdzssBEJYDIS| dz! dzgts L Otew y
yd dzV@)[175], (i) tltedyOlsj dz dzs L Otew Vi, (ds] j ¢
(iiil ) f Ots" HjWjCltse sdqf O slsted yOlsj dz
Yyddz€ O/ d3j 3y HiskZL j dz! (o jiW jORslas o3 f sV GDATE]; oz )
9 BB d&OMIsd GO ddIsHAsE s fif s (et GSHEPEROY Y dzl
Hd Of OL t5dz]943) 9Py dlIsj dz! dets L Otew 3 j daeder § €
Vo' [177, 178] s sdzy j dzlste Oydd f OtcOdB3Oc dzdlsdz” = vy
L dg@ dzd WZn®&NECI- N(Zn) =22 L dEN(Vo)= 2, &2t hakw
ZnOKCl - Ngzn= 6, 2° d Nvg)= 3, 7° @, 1HadPvLICl -

NiZn= 1, Z23LN(¥0= 3, 2d%L waNaSO,- N(Zn= 5, 4
10 @Y N(Voh = 2, 3° d. ABstsdzs i3 daj My delsdzr j
yddz 0, MmMddalsjL dtctso Odedz' = 9 =~ dzstedH | dzOIst
ted MizdeS J d H dzts, Yylsts Hdw ofjn dMmMdzj Hiso
Wslstsdzs dsd dzj My j deydw ) C tc Ofndats 2 tzg RO Mts
cOL dzdyde » HiWjSlsOn o MbtekSbkztej ¢ MdH
sfdmr e 0 hdj dz¢ d3d dzj Myg dzlsdz” § ZMYO) € s’
5B j Hdzj dedzr Zn . pY defyebflgls f &3, MoewL '™ 9 Ot ls Isdff +
J 65 dz¥ 3 dzj My dels delztszd ) s ldso? sy @eadig] o oy if df

HisfMis Ol syldas dzindas!s st [1@9], 1 Adsdzrodgzj dzd j o OS O
fMdMmisd &3d o J HPBy LY lststdaztcdiis 3] ~ Odzd Vo) d dz® d
fsWodzj dzdstc@Pgeziss™ 7 d StwOfmdr 7 f sdzsfy) dzO
bolsstc@Pl@de ™ dz f toj HOBEEYQdg B tcOL ts9 Oded W ts
9 OCOdMdY ddd yYyddz€ © tCMdHO ydpes, of tstisAsfe
o Cdz¢ yOjls o fyj B2n(OHs Beteddd Hste OUAYE ¢ s d3tf dzj § )
OHMtstcB Jtotso Odedz’ BB dzO@ 5o j ton datsfrplsf ¥ )
GdHtesS Mddzse o fistshigizite jtc Of oak | et figtzily c
ZnOdzOB dz H OzOf! W islstsdzs B dzj My j dzyd %t Ofg 5P
[180]o sL dzd S dztso j dzd j] P diesCtsets SO Wislstsdzs
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G). Cld L dzOud dedvw dzkyagais ¢ tds B dzq i3Edz @20 (O
1)) d toLddyos kY o LOsdMmdishisd ls
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v @t Mo BHdEE s to G be; ts 156D, ) 54 /g0 ( 14 ON=iyIsS: Is
W slssHj ceOHOYydd (tedfbkdsS 4.17¢) .

U OB A G Sdzls Odzls T O BHMEHEHE 5S¢ & toff O Y
% slstsHj GtcOH@uwdsth jAsAlso s hdj St W digldj fizb
B dzj cOdzd L DYt d Ml Is af dscfizlz y j dedets e s o tcOL
ftodtslidstsh j dzd d Mtej H dad fuju ¥ dsistafshis§ R Mdzr v

] BtoOL § 3 > A A . . .
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Mzt dzsisd sy Mmtse ftsH Hj2Msoadj &3 1 R

Potential, V (Ag/AgCl)

: ) 3 ‘ 2H,0 - 0, T +2H* + 2e (5.10)
Ig — B el Y S (5.9)
= .
or - :
1 q,r L ‘ Cuy,0+ 0" © Cu0 + e~ (5.8)
© - e
] 8' 1 = L 2Cu+ 0" < Cuy0+e (5.7
: <l }- 2CuCl; + 20H™ © Cu0 + H,0 + 4Cl (5.5)
L _I _E ‘ CuClgyyy « Cu** +Cl™ + e (5.6)
| 0 C | CuClgyp + Cl™ & CuCl; (5.4)
I C 4 Cu+Cl” © CuClgyyy + e~ (5.3)
C CuClgyrs+ e~ ©Cu+C (5.11)
o] f Vs ¢ l (5.11)
31 1 . Cup0+ H,0 + e~ © 2 Cu+ 20H (5.12)
% i E Cu?t +2e o Cu ‘; l‘
TR 0, + 2H,0 + 4e~ © 40H 514
e -
4]
ol _t -
*'2 o N 2H,0+2e” — H, T +20H (5.15)
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03 I ;

- s5C d mdh azddg 906 (5.6) f tceP3E I >

- v gt 6 @iy @ddgs . 7) f§I-dl E> 0,

- cOL teWH (Jtdetse & disaq®9 ) & ' eiidig & df flzd3

9" Hj dzjodd8.305 ftcd §dCmser s fwslsjdydOodOn E
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Positive pulse ‘

o’ I\\/ "(B)

Pause ' Positlve pulse Pause
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sBtOL EZjIsmv ¢ tcdaig@ded. OB CuO (
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ftso jton detnlsg dzABus H Otew o jL SsBz dL d3j daj dad
ftodt dzj ChtesH[@RE? B &ZOMJ
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