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® 3.1 AEERPOEEBEBELN E° (25°C) (1)

OB RS E°/V E B K IS E°/V
Ac**+3e =Ac —2.13 HCOOH (aq) +2H*+2e” = HCHO(aq) + H.0 0.034
Ag:S+2e =2Ag+S* —0.691 H:COs(aq) +6 H* +6 e~ = CH3OH (aq) +2 H.0 0.044
[Ag(CN)2]"+e = Ag+2CN~ —0.31 C+4H*+4e  =CHu(g) 0.132
Agl+e = Ag+I~ —0.1522 CO# +6H*+4e” =HCHO(aq) +2 H.0 0.197
AgCN+e =Ag+CN~ —0.017 CO:(g) +4H*+4e”=C+2H:0 0.206
[Ag(S:05)21*"+e = Ag+2S.0¢~ —0.017 CO# +8H*+6e” =CH:OH (aq) +2 Hz0 0.209
AgBr+e = Ag+Br~ 0.0711 HCHO(aq) +2H*+2e” = CHs0H (aq) 0.232
AgSCN+e = Ag+SCN~ 0.0895 CO# +3H*+2e” =HCOO™ +H:0 0.311
AgCl+e = Ag+Cl™ 0.2223 2C0# +4H*+2e” = C04 +2H0 0.478
AgNs+e = Ag+Ns~ 0.2933 CHsOH (aq) +2H*+2e” = CH.(g) +H20 0.588
Ag:0+H0+2e"=2Ag+20H" 0.342 Ca**+2e =Ca —2.84
AglOs+e™ = Ag+10s~ 0.354 CdS(s) +2e" =Cd+S* —1.255
Ag:SeOs+2e” =2 Ag+Se0i 0.363 [CA(CN)4]* +2e =Cd+4CN"~ —0.943
[Ag(NHs)2]*+e” = Ag+2NHs(aq) 0.373 Cd(OH).+2e”=Cd+20H" —0.824
Ag:CrOs+2e”=2Ag+CrOs™ 0.4491 [Cd(NHs)]?**+2e”=Cd+4 NHs(aq) —0.622
AgsPOs+3e"=3Ag+PO¢ 0.4525 Cd*+2e=Cd —0.4025
Ag.COs+2e” =2Ag+COS 0.47 Cd**+2e +Hg=Cd(Hg) —0.3515
AgBrOs+e™ = Ag+BrOs™ 0.546 Ce**+3e =Ce —-2.34
2Ag0O+H0+2e” =Ag:0+20H" 0.604 Ce'*+e =Ce* 1.72
Ag:SOst+2e” =2 Ag+S0& 0.654 Cf**+2e"=Cf —-2.1
Ag:0s+H.0+2e"=2Ag0O+20H" 0.739 Cf**+3e"=Cf —1.93
Agt+e =Ag 0.7991 ClOs"+H:0+2e” =CIO."+20H" 0.295
Agtt+e =Ag* 1.980 ClOs +H0+2e" =ClOs"+20H™ 0.374
[AI(OH)4]"+3e = Al+40H" —2.310 2CI0O"+2H:0+2e” =Cl:(g) +40H" 0.421
A1(OH)s+3e” = Al+30H" —2.300 ClOs™+3H:0+6e"=Cl"+60H" 0.622
[AlFs]*"+3e = Al+6F" —2.067 ClO:"+H0+2e"=ClIO"+20H" 0.681
AP*+3e =Al —1.676 CIO”"+H:0+2e =CI"+20H" 0.890
Am** +3e =Am —-2.07 ClO:2(g) +e~=ClO2~ 1.071
AmOZ* +e~ = AmO." 1.59 ClOs+2 H* +e~ = ClO:(g) + H:0 1.175
AmO:*+4H*+2e = Am**+2 H:0 1.72 ClOs™+3H*+2e” = HCIO:(aq) +H.0 1.181
Am** +e = Am* 2.62 ClO:(g) +H*+e~ = HCIO:(aq) 1.188
AsO:"+2H:0+3e” = As+40H"~ —0.68 ClOs +2H*+2e” =Cl0s”+H:0 1.201
AsO{™+2H:0+2e” =As0."+40H" —0.67 Clz(g) +2e"=2CI” 1.3583
As+3H*+3e” = AsHs(g) —0.225 Cl(aq) +2e~=2CI” 1.396
HAsO:(aq) +3H*+3e” = As+2H:0 0.248 Cls™(aq) +2e-=3CI- 1.4152
HsAsOs(aq) +2H*+2e” = HAsO.+2 H.0 0.560 2HCIO(aq) +2H*+2e” =Clz(g) +2 H:0 1.630
[Aul.)"+e = Au+21" 0.578 HClO:z(aq) +2H*+2e” = HCIO(aq) + H.0 1.674
[Au(SCN)] " +3e = Au+4SCN~ 0.636 Cm**+3e” =Cm —2.06
[AuClL] +3e = Au+4Cl~ 1.002 Co(OH).+2e"=Co+20H" —-0.733
[AuCl:]"+e = Au+2CI~ 1.154 Co**+2e =Co —=0.277
Au**+3e” = Au 1.52 [Co(NHs)]** +e~ = [Co(NHas)s)** 0.058
Aut+e =Au 1.83 Co** +e”=Co** 1.92
B(OH)s+3H"+3e = B+3H:0 —0.890 [Cr(CN)s)* +e = [Cr(CN)s]* —1.14
Ba**+2e =Ba —2.92 Cr(OH)s(s) +3e"=Cr+30H" —-1.33
Be**+2e”=Be -1.97 Cr**+2e =Cr -0.90
Bi:0s+6 H*+6 e” =2 Bi+3 H:0 0.376 Cr¥*+e =Cr** —0.424
Bi**+3e” =Bi 0.3172 CrO# +4H,0+3e = [Cr(OH).]"+40H" —=0.13
Bi+3H"+3e” = BiHs(g) —0.97 Cr:0¢"+14H*+6e~ =2Cr**+7H.0 1.36
Bk**+3e” =Bk —2.01 Cs*+e =Cs —2.923
Bk**+e” = BKk** 1.67 CuS+2e” =2Cu+S* —0.898
2BrO"+2H:0+2e = Br:(1) +40H" 0.455 [Cu(CN)z]"+e = Cu+2CN"~ —0.44
BrOs"+2H:0+4e” = BrO™+40H" 0.492 Cu0+H:0+2e"=2Cu+20H" —0.365
Brim+2e =3Br~ 1.0503 CuO+H:0+2e"=Cu+20H" —0.29
Br:() +2e" =2 Br~ 1.0652 2Cu0+H:0+2e”=Cu:0+20H" —0.22
Br:(aq) +2e" =2Br~ 1.0874 Cul+e =Cu+I” —0.182
BrOs +5H*+4e” = HBrO(aq) +2 H.0 1.447 [Cu(NHs):]*+e" = Cu+2NHs(aq) —0.100
2HBrO(aq) +2H*+2e” = Brz(l) +2 H.0 1.604 CuBr+e =Cu+Br~ 0.033
BrOs +2H*+2e” = BrOs~+H.0 1.853 CuCl+e” =Cu+CI~ 0.121
CNO +H:0+2e”"=CN™+20H" —0.97 Cu**+e”=Cu* 0.159
2C0:(g) +2H*+2e” = H.C:0:(aq) —0.475 Cu**+2e =Cu 0.340
CO:(g) +2H*+2e” = HCOOH (aq) —0.199 Cu*+e =Cu 0.520
(CN).+2e"=2CN~ (—=0.176) Cu**+Cl +e” = CuCl 0.559
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® 3.1 ABFRPOBEEREN E° (25°C) (2)

E B KU E°/V E B R IS E°/V
Es**+2e =Es —-2.2 Mg*+e” =Mg —2.657
Es**+3e =Es —=2.0 Mg®**+2e =Mg —2.356
Eu**+3e”=Eu —-1.99 Mn(OH):+2e"=Mn+20H" —1.56
Eu**+e” =Eu* —0.35 Mn?*+2e”=Mn —1.18
F:0(g) +2H*+4e" =2F +H:0 2.153 Mnz0s;+3 H:0+2e"=2Mn(OH).+20H" —0.25
Fa(g) +2e"=2F" 2.87 MnO:+2H:0+2e”=Mn(OH).+20H"~ —0.05
F2(g) +2H*+2e” =2 HF (aq) 3.053 2MnO:+H:0+2e” = Mn20s+20H"™ 0.15
[Fe(CN)e]*" +2e =Fe+6CN- -1.16 MnOs +e” = MnOZ&™ 0.56
FeS+2e” =Fe+S* —0.969 MnOs~+2H:0+3e” = MnO.+40H" 0.60
Fe(OH):+2e =Fe+20H" —0.891 MnO:+4H*+2e” = Mn**+2 H.0 1.23
Fe(OH)s+e =Fe(OH).+0H" —0.556 Mn®**+e~ = Mn** 1.5
Fe**+2e” =Fe —0.44 MnOs +8H*+5e” =Mn**+4 H.0 1.51
[Fe(CN)e]* +e™ = [Fe(CN)s]*" 0.361 MnOs +4H*+3e” =MnO:+2 H20 1.70
Fe**+e” =Fe** 0.771 Mo0:+2H.0+4e”"=Mo+40H" —0.980
[Fe(bpy)s]** +e~ = [Fe(bpy)s]** 1.11 MoO¢& +4H0+6e” =Mo+80H" —-0.913
Fm**4+2e”=Fm —2.37 MoO¢& +2H.0+2e” =Mo0.+40H™ —0.780
Fm®**+3e =Fm —1.96 Mo**+3e"=Mo —0.2
H:GaOs"+H:0+3e"=Ga+40H" —1.22 Mo0O:+4H*+e” =Mo**+2 H.0 —0.008
Ga**+e =Ga* (—0.67) [Mo(CN)s]* +e™ = [Mo(CN)s]*" 0.725
Ga**+3e =Ga —0.529 N:(g)+6H*+6e” =2 NHas(aq) —0.092
Ga**+2e =Ga (—0.45) NOs™+H:0+2e”=NO."+20H" 0.01
Gd**+3e =Gd —-2.29 N:H(aq) +2H.0+2e” =2 NHs(aq) +20H" 0.1
HGeOs™+2H:0+4e” =Ge+50H" —0.89 NH:0H (aq) +H:0+2e” = NHs(aq) +20H" 0.42
GeO:z(hex) +4H*+4e” = Ge+2H:0 —0.019 2NH:0H (aq) +2e” = N:Hi(aq) +20H" 0.73
Ge**+2e"=Ge 0.247 2NOs"+4H*+2e” = N:04(g) +2 H0 0.803
H:+2e " =2H" —2.25 NOs"+2H*+2e” = NO:”+H-0 0.835
2H*+2e"=H: 0.0000 NOs +3H*"+2e” = HNO:(aq) +H:0 0.94
Hf**+4e” = Hf (—=1.70) NOs"+4H*+3e"=NO(g) +2H:0 0.957
HfO.+4H*+4e” = Hf+2 H.0 —1.57 HNO:(aq) +H*+e"=NO(g) +H.0 0.996
HgS(black) +2H*+2e~ = Hg(l) + H.S —0.085 N:04(g) +4H*+4e" =2NO0O(g) +2 H.0 1.039
Hg:l.+2e =2Hg() +21° —0.0405 N204(g) +2H*+2e” =2HNO:(aq) 1.07
HgO(red) +H.0+2e” = Hg(l) +20H" 0.0977 N:04(g) +8 H*+8e™ = N2(g) +4H:0 1.357
Hg:Br.+2e =2Hg() +2Br~ 0.13920 2NO:(g) +8 H*+8e™ = N2(g) +4 H.0 1.363
Hg:Cl.+2e”=2Hg (1) +2ClI~ 0.26816 2NO(g) +4H*+4e” = Na(g) +2H0 1.678
Hg:S04(s) +2e” =2 Hg(l) +SO¢& 0.613 N.O(g) +2H*+2e” =N:(g) +H.0 1.77
Hg#*+2e”=2Hg(l) 0.7960 Na*+e =Na —2.714
Hg**+2e = Hg 0.8535 Nb**+3e"=Nb —-1.1
2Hg** +2e” = Hg?* 0.9110 Nb20s+10 H*+10e” =2 Nb+5H:0 —0.65
10s+3H:0+6e”=I"+60H" 0.257 Nd**+3e”=Nd —2.32
I0+H:0+2e"=1"+20H" 0.472 Ni(OH).+2e =Ni+20H" —-0.72
L(s)+2e =21 0.5355 [Ni(NH3)s]**+2e = Ni+6NHi(aq) —0.476
I +2e =31 0.536 Ni**+2e” =Ni —0.257
HIO(aq) +H*+2e”=I1"+H.0 0.985 NiO+2H*+2e” =Ni+H:0 0.116
2[ICl.]~+2e = [I.ClI]"+3CI~ 0.995 Ni(OH)s+e = Ni(OH).+0OH" 0.48
210" +12H*+10e” =1.(aq) +6 Hz0 1.195 NiO:+2H:0+2e”=Ni(OH).+20H"™ 0.490
21Cl(aq) +2e" =1L(s) +2CI~ 1.20 NizOs+H:0+2H*+2e” =2 Ni(OH). 1.032
2ICls(s) +6e =1.(s) +6CI- 1.281 NiO.+4H*+2e” = Ni**+2 H.0 1.68
HslOs(aq) +H*+2e” =10s"+3 H:0 1.603 NisOs+8H*+2e” =3 Ni**+4 H:0 1.977
In**+3e =In —0.3382 Ni(OH)s+3H*+e” =Ni**+3H:0 2.08
[IrCle]* +3e =Ir+6ClI- 0.86 No**+2e”=No —-2.5
[IrCls]*~+e™ = [IrCls]*" 0.867 No**+3e”=No -1.2
IrO(s) +2H*+2e” =1Ir+H.0 0.870 Np**+3e”=Np -1.79
2IrO:+2H*+2e” =Ir:0s+H.0 0.926 Np**+e” =Np** 0.18
IrO:+4H*+4e"=Ir+2H.0 0.926 NpO#*+e~ = NpO.* 1.236
Ir'*+3e =Ir 1.156 2H.0+2e"=20H +H: —0.828
K*+e = —2.925 HO.+e” = HO: (aq) —0.744
La**+3e =La —2.38 0:+e"=0:(aq) —0.33
Li*+e =Li —3.045 0:+H:0+2e"=HO, (aq) +OH" —0.0649
Lu**+3e =Lu —2.30 O:+H*+e” = HO:(aq) —0.046
Md*+2e"=Md —2.4 HO. (aq) +H.0+e” =O0H(aq) +20H" 0.184
Md**+3e"=Md -1.7 0. (aq) +H:0+e” =HO: (aq) +OH" 0.20
Mg (OH)2(s) +2e~ =Mg+20H" —2.687 0:+2H:0+4e"=40H" 0.401
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® 3.1 ABERPOFEBRMEN E£° (25°C) (3)

wE R KIS E°/V E B KR OIS E°/V
0. (aq) +2H0+3e" =40H" 0.645 RhO+2H*+2e” = Rh+H:0 0.81
0:+2H*+2e” = H:0:(aq) 0.695 Rh:0s+6 H*+6e” =2Rh+3 H:0 0.88
HO: (aq) +H.0+2e = 30H" 0.867 [Ru(NHs)e)**+e” = [Ru(NHs)s]** 0.10
H:0:(aq) +H*+e~ = 0H(aq) +H:0 1.14 Ru**+e” = Ru** 0.249
0.+4H*+4e” =2H.0 1.229 RuOs +e” =RuO&” 0.593
03+H0+2e"=0.+20H" 1.246 RuO:+4H*+4e” =Ru+2H:0 0.68
HO:(aq) +H*+e~ = H:0:(aq) 1.44 [Ru(CN)s]* +e™ = [Ru(CN)e]*~ 0.86
O(g) +H:0+2e"=20H" 1.602 RuOs+e” =RuOs” 0.99
HO:(aq) +3H*+3e" =2 H:0 1.65 RuOs+4 H*+4e” = Ru0.+2 H.0 1.387
H:0:(aq) +2H*+2e” =2 H:0 1.763 2S04 +2H:0+2e” = S.0{"+40H" —-1.13
OH+e =O0H"™ 1.985 SO +H0+2e”=S0¢# +20H" —0.936
0s+2H*+2e”=0.+H:0 2.075 2S04 +3H:0+4e” =S.0f +60H" —0.576
OH(aq) +H*+e” = H:0 2.38 S+2e =8* —0.447
O(g)+2H*"+2e”=H:0 2.430 2S0& +4H +2e” =506 +2 H.0 —0.253
0s0:(s) +4 H*+4e” = 0s+2 H.0 0.687 2H:S0s+H*+2e” = HS:04" +2 H0 —0.068
0s04(aq) +8 H*+8e~ =0s+4 H:0 0.84 SO +4H*+2e” = H.S0s+H:0 0.158
[OsCls]*+e™ = [0sCls]*~ 0.85 S+2H*+2e” = H.S(g) 0.174
0s04(s) +4H*+4e” = 0s0:(s) +2 H.0 1.005 2H.S0:+2H*+4e” = S,0{"+3 H.0 0.400
H:PO:+H*+e™ = P(white) +2 H.0 —0.508 H.SOs+4H*+4e” =S+3H.0 0.500
H3POs(aq) +3H*+3e” = P(white) +3 H20 —0.502 S:0¢8"+4H*+2e” =2 H:S0s 0.569
HiPOs(aq) +2H*+2e” = HsPO.+H:0 —0.499 (SCN).+2e =2SCN~ 0.77
4 P(white) +2H*+2e” = PsH:(g) —0.347 S:0¢"+2e” =280 1.96
HsPOu(aq) +2H*+2e” = HsP0s(aq) + H20 —0.276 SbO."+2H:0+3e” =Sb+40H" —0.6389
P(white) +3H*+3e” = PHs(g) —0.063 Sb+3H*+3e” = SbHs(g) —0.510
PbS+2e” =Pb+S* —0.954 SbiOs+12H*+12e” =4 Sb+6 H.0 0.1504
PbO(red) + H:0+2e = Pb+20H" —0.580 2Sb.0s+8H*+8e™ = SbiOs+4 H20 0.699
Pbs(POs)2+6e =3 Pb+2 PO —0.557 Sb20s+2 H* +2 e~ = Sb204+ H20 1.055
PbCOs;+2e” =Pb+CO¢ —0.509 Sc**+3e”=Sc —2.03
Pbl.+2e”=Pb+21 —0.365 Se+2e” =Se*” —0.670
PbSOs+2e” = Pb+S0¢&~ —0.3505 SeO#"+3H.0+4e” =Se+60H" —0.357
PbBr:+2e” =Pb+2Br~ —0.280 Se+2H*+2e” = H.Se(g) —0.082
PbClz+2e”=Pb+2Cl” —0.268 SeO# +H:0+2e” =SeOF +20H" 0.031
Pb**+2e =Pb —0.1263 H:SeOs+4H*+4e” =Se+3 H0 0.739
Pb0:(a) +H.0+2e” = PbO(red) +20H" 0.249 SeO{”+4H*+2e” = H2SeOs+ H:0 1.151
PbO:(a) +4H*+2e~ =Pb** +2H.0 1.468 Si0#~+3H:0+4e” =Si+60H" —1.69
PbO:(a) +4 H*+S0& +2e” =PbS0«+2 H.0 1.698 [SiFs]* +4e =Si+6F" —1.37
[PACL]*"+2e"=Pd+4Cl- 0.64 SiOz(quartz) +4H*+4e” =Si+2 H.0 —0.909
Pd(OH).+2H*+2e” =Pd+2H.0 0.897 SiO+2H*+2e” =Si+H.0 —0.808
Pd*+2e"=Pd 0.915 Si+4H*+4e” =SiH, —0.143
PdO.+4H*+2e” = Pd**+2 Hz0 1.194 Sm**+3e”=Sm —2.30
Pd(OH)«+4H*+4e” =Pd+4H.0 1.228 Sm* +e” = Sm?** —1.55
Pd(OH)«+2H*"+2e = Pd(OH).+2H:0 1.258 Sn+4H*+4e”=SnH, —-1.07
PdO:+2H*+2e” = PdO+H-0 1.263 [SnFs)* +4e" =Sn+6F" —0.25
Po**+2e"=Po 0.368 Sn**+2e”=Sn —0.1375
PoOf +6H*+4e"=Po+3H:0 0.748 Sn0:+2H*+2e~=Sn0O+H:0 0.088
PoOs;+2e” = PoO#~ 1.477 SnO:+4H*+2e” =Sn**+2 H20 0.125
[PtCL]* +2e =Pt+4CI” 0.758 Sn**+2e” =Sn** 0.15
PtO+2H*+2e” =Pt+H:0 0.980 SnO# +6H*+2e” =Sn**+3 H.0 0.849
[PtCls])*"+2e~ = [PtClL]* +2CI- 0.726 Sr**+2e =Sr —2.89
PtO:+2H*+2e” =PtO+H.0 1.045 Ta0s+10H*+10e” =2 Ta+5H:0 —0.81
Pt**+2e” =Pt 1.188 TcO.+4H*+4e” =Tc+2H.0 0.272
Pu*+3e =Pu —2.00 T +2e"=Tc 0.400
Pu**+e  =Pu** 1.01 TcOs +4H*+3e” = Tc0:+2 H.0 0.738
PuO#*+e~ = Pu0:* 1.016 Tei +2e” =2Te* —1.445
PuO; +4H*+e” =Pu** +2H.0 1.04 Te+2e” = Te* —1.143
Ra**+2e =Ra —2.916 Te+2H*+2e” = H.Te(aq) —0.740
Rb*+e"=Rb —2.924 TeOé +H:0+2e” =TeOs +20H™ 0.07
ReO:+4H*+4e” =Re+2H:0 0.22 TeO:+4H*+4e” =Te+2H.0 0.5213
ReOs +8H*+7e”=Re+4H:0 0.34 H.:TeOs+6H*+2e = Te** +4 H.0 0.926
ReO +4H*+3e” = Re0:+2 H20 0.51 ThO.+2H:0+4e"=Th+40H" —2.56
ReOs”+2H*+e” =Re0s+H.0 0.768 Th**+4e"=Th —1.83
Rh**+3e”=Rh 0.758 Ti**+2e =Ti —1.63
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3.1 EBMREKER 95
® 3.1 ABERPOFEBRBBEN E° (25°C) @)

wE OB K OIG E°/V BB K S E°/V
TiO(s) +2H*+2e” = Ti+H:0 —1.306 V¥*4e =V —0.255
[TiFs)* +4e =Ti+6F" —1.191 VO*+2H'+e" =V*+H0 0.337
TiO:+4H*+e" =Ti**+2 H.0 —0.666 HV.0s"+3H*+2e” = V:0s+2 H20 0.542
Ti**+e” =Ti** —0.369 V:0s+6H*+2e” =2VO0**+3 H0 0.958
TiO*+2H*+e” = Ti** +H:0 0.100 WO +4H0+6e =W+80H™ —1.074
TL.S+2e =2TI+S* —=0.90 WO:+4H*+4e"=W+2H:0 —=0.119
Tl (s) +e”=TI+1" —0.752 WOs+6H*+6e”=W+3Hz0 —0.090
TIBr(s) +e”=TI+Br~ —0.658 W20s+2H*+2e” =2 WO0:+H20 —0.031
TICI(s) +e-=TI+CI~ —0.5568 2WO0s+2H*"+2e” = W.0s+H:0 —0.029
TIOH (s) +e”=TI+OH" —0.343 Y¥*+3e =Y —2.37
TlI*+e =TI —0.3363 Yb*+3e =Yb —2.22
TI1(OH)s+2e" =TIOH+20H" —0.05 Yb¥*+e=Yb** —1.05
TP +2e"=TI* 1.25 ZnS (wurtzite) +2e” = Zn+S*" —1.44
U*+3e =U —1.66 [Zn(OH)«]* +2e” =Zn+40H" —1.285
U +e =U* —0.52 Zn(OH):+2e” =Zn+20H" —1.246
UO#*+e” =U0." 0.163 [Zn(NH3)«]**+2e”=Zn+4NHs(aq) —1.04
UO#*+4H*+2e”=U*+2H.0 0.273 In**+2e =1Zn —0.7626
UO:*+4H*+e”=U*"+2H.0 0.38 It +4e =7r —1.55
V¥*42e =V —-1.13 ZrO:+4H*+4e”=Zr+2H-0 —1.45
A.J.Bard, R.Parsons, J.Jordan, Eds., “Standard Potentials in Aqueous Solution”, Marcel Dekker (1985).

BhHY, TOEILLOGHEMHEATE S, pu.=prst —pu0t4.02 (3.16)

E°(101325Pa) =E°(10°Pa) +0.17mV  (3.12)
# 3.1 R L7 BB, FH¥EESIH p°=101325
Pa (=latm) OHBEDHETH 3.

b. KBEAOEEEE

ERRENL DO RIE THHE & 70 2 Bl % FHHEEMR (reference
electrode) &\, ZHEMR, REBBEZELLWwI I
bb 5, HEEMICIE, 1) BRRICHENT, EREN
BA A MRS, 2) BRSKECLETSH S,
3) BRI T b EBEMOE(LIMINT, BH 2YTH
EEAIZTCIER S, 4) BEZGCBERERKE RS 20,
5) 58 2 FEMm OB E I EM (B 2 38R - HLsRE I
B BHEALIR) OBREEINE v, 5 EOFRMEPERE
ns,

(i) AEBE AKEBICBW TR ERI I
TR IIATHEAKFEEM (standard hydrogen electrode,
SHE. NHE ¢BEEEL7X#b 5 3.) T, ZOEHMOE
% FRTOBETY T EHEL, ThriEdEr Lt
OBEBOBM ZHE (i) 2. AREBOHRLE
LTI ES

HCl(aq, @) |Hz(g, px.) | Pt (3.13)
2H*+2e” = H. (3.14)
TREIND D, FHEARFREBIZ pu.=p°% a: (HCH =10
BETHL, KERELOFHEBEMIRANTEZ SN
5.
E=E°+(RT/2F)In{ad/(pu./p°)} (3.15)
E° BHHNTE D 0V, F7KkFEH AT pu, (Pa BfL)
BRATKD SN B,

1

ZZT, pum BTG OFA, puo @KRDODEKIET, &
BAFREBROAZREHOOKEFTOES (mm) TH3.
— ARERIEMOFEMES R, BHEER, pH
HELRETHROERL R 2EHTHSE, LHLRDES
RS TRBERTE 2w i 1) BEH (CrOod, Fe? %2
£) REVHE, 2) BUsh CEBE AT 288
(Ag, Hg, Cu, Pb, Cd, TDD A & »RETHWE (&
FoIYy, RIVATIVTE RZE) 2EDER, 3) kE
HWE (CN-, m#Ez2E0LEY, 204 MRIMY,
FURyERY) REUER, AFRBEOEHIEHEN
ZRBCIIEMETH 2720, BEOHE TIIESICHER
TEEEAV I EEBEILFIASh S,

(i) $R—asMLREE B RERIR
RIT, T OHRE (Bt ) 480 ) MCl(m) | AgCl| Ag
TH5, MCl(m) W ixfgfl % 721X 3.5MKCI 2 & < Fiw
2, KCIWMEREOH AL KCIDRb D iz HCI %
NaClZHwa &b H 2. MCIOBE»RE &3 L
AgClid AgCly 2 L Th ¥ IIEFT 5729, MCI
BWITIE AgCl 2RSS TBLDLEND 5, 716G
WCiEBA A v LA A v OBEEMIZIZE L wKC
KNOs, NH4NOs % £ OREHEE 2 FH w5,

SR — LSBT ER b R A S h T 2 R
BT, BHHAITTERTE, BAOFERM L REEH
BIFCH 5. % 3.2 TR ELIREBOBENN 2T, BD
fEiE 3.5M & X UFafl KCI/#itik (4 A4 >~ i8EE 0.2M
PUF,25pH=12) MO 2 RHIEMNZ D2 &EA T
W3, Bz E, 25°C 12 B W TR KCl/ R o S5/

14/03/26 14:57 v5.51 (
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96 3E  ERULFEMIMfE
® 3.2 R—HALREMB L Uy o X VEBOBHEN (5 SHE)*
(ErectEf)/V

MCI/M KClI 10°C 15°C 20°C 25°C 30°C 35°C 40°C
AgCl/Ag 3.5M(25°C) 0.215 0.212 0.208 0.205 0.201 0.197 0.193
fafn 0.214 0.209 0.204 0.199 0.194 0.189 0.184

Hg.Cl./Hg 0.1M(25°C) 0.336 0.336 0.336 0.336 0.335 0.334 0.334
1.0M(25°C) 0.287 - 0.284 0.283 0.282 — 0.278

3.5M(25°C) 0.256 0.254 0.252 0.250 0.248 0.246 0.244

fafn 0.254 0.251 0.248 0.244 0.241 0.238 0.234

* RN/ MR OWREMIZE 2 S C L EE (AXER).

R.G. Bates, “Determination of pH", 2nd ed., p.327, 335, John Wiley & Sons (1973) ; D, T.Sawyer, A.Sobkowiak, J.L.
Roberts, Jr., “Electrochemistry for Chemists, 2nd ed., p.192, John Wiley & Sons (1995) ; D.].G.Ives, G.]J.Janz, Eds.,

“Reference Electrodes”, p.160-161, Academic Press (1961).

® 3.3 H—ror AUREBOFEEREN (8 SHE)

. E°/V
R °C
AgCl|Ag AgBr|Ag Agl|Ag
0 0.23655 0.08168
5 0.23413 0.07994 —0.14717
10 0.23142 0.07804 —0.14810
15 0.22857 0.07596 —0.14925
20 0.22557 0.07379 —0.15067
25 0.22234 0.07129 —0.15230
30 0.21904 0.06874 —0.15401
35 0.21565 0.06604 —0.15591
40 0.21208 0.06302 —0.15792
45 0.20835 0.05997
50 0.20449 0.05668
60 0.19649
70 0.18782
80 0.1787
90 0.1695
95 0.1651

D.J.G.lves, G.].Janz, Eds., “Reference Electrodes”, p. 189,
190, Academic Press (1961) ; R.G. Bates, R. A. Robinson,
J. Solution Chem., 9, 455 (1980).

7R ENI 71X 0.003V T, K 3.2HHDEN 0.199V 13,
RIF KCI B O R — 1EALSR B D BEAL Erer=0.196 V
EWHIENZE 0.003V L DfITHh 2. HEICHIz>TiE
WHEBMAEDOKRE S (K3.8) 2 FET 2 LENDH B, &
3.3 Wl — o ALIREROFEEREN 2R T,

$R— AL SR MCl(m) | AgCl|Ag D BAL Erer (R}
SHE) &2WTiER(B.17) 23RIL T 3.

Ecet=E°— (RT/F)Inmc-ya- (3.17)
BHEBEMEN E° WA CHhNE, ClI- DERIFE yo-
(EHFRATEE) Db D1z MClOm) IS D FIA A ~iF
HIRE yema (K 3.9 BIR) VT, Eres DfEZRD 5 Z
EWTE S, F1, KEEMELHELEDLE - Eil

Pt|Hz(pu,=p°) |HCI(m) |AgCl|Ag  (3.18)
O)E%jj FEcen i)‘%‘i 6“1‘/1%*%1%0: ‘i’
Ecell:Eo_ (2 RT/F)II]WLHCl’}/tHcl (319)

Thodn»o, BEHEKFRERICNT 2 HMOER, $45b
bR - LB OBAIFNB.17) 1 (B.19) #RAL

1

THEsn3:B.2006KD N3,
Eret=Ecent (RT/F)Inmuciy +nci (3.20)
(i) KhEBEEAVIEE ) Ao ANVEE: P
o X VEBOHR B & CRIGIERRIC L ) ERE 5,
(BB kG 1 )MCl(m) |[Hg:.Cl|Hg  (3.21)
Hg:Cl+2e”~ = 2Hg+2ClI” (3.22)
MCl(m) »3F0 (% 7243 3.5 M)KCl D EIfI» v 2 )V B
(saturated calomel electrode, SCE) »3f b —#HITdH
2%, IMKCI% 0.1MKCl ZHw 34 (NCE, 1/10
NCE LBERE) b b 2. /2, Hu XA VEHEHCIOF 25
DWW EET 5B A I NaClEIRI 4 v 2 L B
(SSCE &B&:R) ZHWw3, » o X VEBOENIZ
Ewet=E°— (RT/F)Inmcr-yc- (3.23)
THRES, 2T, E°=0.26816V & SHE(25°C), %7-
ya- (BISEAEE) DR b DIz MCl(m)IEHD v fH (FE
3.9 2MVws L, BEOBMEZHETE2, £3.212h
a X )VEMOENM SR L, BAHEIZR - ELRER D
e L ARk KC R/ Bk O W BN 2= 2 FA T
W3, K 3.4Hh a2 VERENOREKRTFORERT,
HaXNVEMBREECHLEATF ) YA RRTOT, +
ARG —EEREIC R OLERDH B, £, 80°C 2
%% & Hg:Cl: DTBHLRIE L 25 DT, HiRE
TOERRAETH %, Ll pH @SR R—F 0/
Z 7 W QFEHEEM & U CTHIFY v 2 VERHSEER)
FlAsh, K= 7 RBROBART—5 &
SCE X3 2 b Dh% v, ik SCE OFEHEY,

® 3.4 HuxVEEEN F SHE) OREKEE*

KCl #% Ecaiomer/V (¢ © BIERSE/°C)

fafll 0.2412—6.61X 107 (1 —25) —1.75X 10~ (£ —25)?
—9Xx107'°(¢+—25)*

1.0M 0.2801—2.75%X107*(¢—25) —2.50 X 107° (¢ —25)*
—4x107°(t—25)°

0.1M 0.3337—8.75x107°(t—25) —3%x107%(¢ —25)?

¥ EAfEIIEMEMEES 2w,
D.]J.G.lIves, G.].Janz, Eds., “Reference Electrodes’, p. 161,
Academic Press (1961).
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® 3.5 KEULEWE M 5 B O N EREN
(xf SHE, 25°C)

CA. E°/V

0.14041(15°C)
0.13920(25°C)
0.13503(45°C)

HBrngzBrleg 0.14059 (5°C)
0.13985(20°C)

0.13726(35°C)

KIOaIng(IOa)zl Hg 0.3947
HOAc|Hg:(OAc).|Hg 0.5113
H2C.04| Hg:C204| Hg 0.4158
KOH |HgO|Hg 0.0977
Ba (OH)(figfl) [HgO|Hg | 0.1462
Ca(OH). (fafl) |[HgO|Hg | 0.1923

H.SO«|Hg:S0:| Hg 0.61515%, (0.613)

* E°=0.63495—781.44Xx107°¢—426.89x107°#* (¢ : #ll5€ &
/°C)

D.J.G.lves, G.].Janz, Eds., “Reference Electrodes’;, Academic

Press (1961) ; A. J. Bard, R. Persons, J.Jordan, Eds., “Stan-

dard Potentials in Aqueous Solution”, Marcel Dekker (1985).

= 3.6 ARIEWH O X B EHEER O BALILE
(xf SHE, xfSCE, 25°C)

® ¥ E E/Vvs.SHE | E/Vvs. SCE
H*(a=1) |Hz(pu,=1atm) |Pt SHE 0.0000 —0.2415
KCI(#f1) | AgCl| Ag 0.1976 | —0.044
NaCl(f2f) | Hg.Cl.|Hg SSCE 0.2360 —0.005
KCI(#3f1) |Hg.Clo| Hg SCE 0.2415 0.0000
KCI1(1 M) |Hg:Cl.|Hg NCE 0.2807 0.039
KCI1(0.1M) |Hg:Cl.|Hg 1/10 NCE 0.3337 0.092
K:SO. (f2F1) | Hg.S0«|Hg 0.650 0.408
H.S0s (0.5M) | Hg.SO«|Hg 0.682 0.440
NaOH (0.1M) |HgO|Hg 0.165 —0.077

C.H.Hamann, A,Hamnett, W, Vielstich, “Electrochemis-

try”, p.90, Wiley-VCH (1998).

R —HEALSREBAIL S RS h T w3,

b) fhDAIRILEY 2 v 5 EBHE © % 3.5 1D AER
L&Y% v 2 BHEEROFHEEMREN 2R3, Bk
SR BRRIIBAOIEECLET, Th ) EOHIER
WE L T 3, BREKER (1) BRI, HeS0s OIEFREH
KE W, TEBREMEWIEEIC HgSOs 2K ET 2
BEDOREDD B, BUORERIRIFTHE, 20D
B & BALIZ

3.1 BREKE®R 97

M:SOs(m) |Hg:SO«|Hg (M*=H" 7213 K*)
(3.24)
Ecet=E°—(RT /2 F)lnmy= (3.25)

Thd, TIT, miEMSO,DEHEENVEE, y.=
(ymas0) 2 13 M2SOs D FERHERIFETDH 3.

K36 WAREWHA O EE o HHEERO BN O X
SHE, *fSCE 0fEi (25°C) %257,

c. BB

AR & 723 IE DR 7% 3 2 MO BREKBSESET 5
W& T, WERTOA 4V iEROZEICE D, FEziE
LTA A YOI 2, B« B A > OB EH
Fig s &, HEODET IO TS O SR CERA O
Ry, BAEEELC S, ZOBMEZ, BEHEED
REOA L 2BEHL, BEHEEO/NS WA A > % IHE
LT, 2 —EHCET 2. IAHRHENMNE (LEE
fLEdbWnI)THB, A4 Mi OBERKE 20 (BA A
WRIE, A A I3E), BEIER w, TVEBER 0 &T 5
&, WIRI (M), I CGERD MoRMENZE E; (B
O TR L THDBENME) IFEMAIIZ KD Henderson
ORTHEETEZ (HMECIEBEORD Y EREZAV
2).

RT Z]:(|21|u1/21) (e'=ch)

Ey=—"—5-X
’ F 2[21!%1(()1"_6‘11)
Z|z||um"
XIn———F7—+ .2
" Sl 3.26)

HEgr e RORMELZ 2R 3.7, 3.8,

2HEOWEHA L, IzEFICEME b, T
I ORICE 3 DEMEAEKRE S (58 A TIIS!
e, I-INEOBMEMEEZSEELTIELTS
Tk s, o0& RIBHCBBA Ay LBAA D
BEE2IZIEHE LW KCl, KNOs, NHNO; 42 & D
BBHIEL TS,

# 3.7 MCl(c) M’ Cl(c) DB fr !

BRI L E;i/mV EBIRE B A& B E;/mV

¢/mol dm™* MCl M’ Cl HHME SHEE* ¢/mol dm™ MCl M’ Cl H A SHEfE*?

0.1 HCI KCl 26.78 28.52 0.01 HCl KCl 25.73 27.48
HCI NaCl 33.09 33.38 HCI NaCl 31.16 32.02
HCI LiCl 34.86 36.14 HCI LiCl 33.75 34.56
HCI NH.CI 28.40 28.57 HCI NH.CI 27.02 27.50
KCl LiCl 8.79 7.62 KCl NaCl 5.65 4.54
KCl NaCl 6.42 4.86 KCl LiCl 8.20 7.08
KCl NH.CI 2.16 0.046 KCl NH.CI 1.31 0.02
NaCl LiCl 2.62 2.76 NaCl LiCl 2.63 2.53
NaCl NH.CI —4.21 —4.81 NaCl NH.CI —4.26 —4.52
LiCl NH.CI —6.93 —~7.57 LiCl NH.Cl —6.89 —7.06

*1 Elmfyk, “EBRALE, H2kR, 3.3, WHLFREA (1991).

*2 R(3.260)1ck 3,

1
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BERALFHIMEE
£ 3.8 HxOWHETOWMENZE (25°C, BIRE{E)

biid #* E;/mV e #® E;/mV
HCI 1M!KCI 3.5M 16.6 HCI 1M:KCI 0.1M 52.6
HCI 0.1M:KCl 3.5M 3.1 HCI 0.1M:KCl 0.1M 26.8
HCI 0.01M:KCI 3.5M 1.4 HCI 0.01M:KCI 0.1M 9.3
H.SO« 0.5M:!KCl 3.5M 14 H.S0« 0.5M:KCl 0.1M 53
H.SO« 0.05M:KCI 3.5M 4 H.SO0s 0.05M:KCl 0.1M 25
NaOH 1M:KCI 3.5M —10.5 NaOH 1M:KCl 0.1M —45
NaOH 0.1M:KClI 3.5M -2.1 NaOH 0.1M:KCl 0.1M —18.9
KOH 1M!KCI 3.5M —8.6 KOH 1M:KCl 0.1M —34.2
KOH 0.1M:KCl 3.5M —-1.7 KOH 0.1M:KCl 0.1M —15.4
NaCl 1M!KCI 3.5M -1.9 LiCl 0.1M:KCl 0.1M -8.9
NaCl 0.1M:KCI 3.5M —0.2 NaCl 1M:KCl 0.1M —11.2
KCl 1M:KCl 3.5M 0.2 NaCl 0.1M:KCl 0.1M —6.4
KCl 0.1M:KCI 3.5M 0.6 KCl 0.01 M:KCI 0.1M 0.4
KCl 0.01M:KCl 3.5M 1.0 NH.CI 0.1M:KCI 0.1M 2.2

G. Millazo, “Elektrochemie”, p.98,

Springer-Verlag (1952).
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