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92 3FE BRULFERYIMEE

® 3.1 AEWPOEEEREN E° (25°C) (1)

E B K G E°/V E B K S 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~ = CHsOH (aq) +2 H.0 0.044
[Ag(CN):]"+e = Ag+2CN- —0.31 C+4H*+4e"=CH.(g) 0.132
Aglte =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)2]*"+e = Ag+2S.0¢~ —0.017 CO#"+8H*+6e” = CHiOH (aq) +2 Hz0 0.209
AgBr+e = Ag+Br- 0.0711 HCHO(aq) +2H*+2e” = CHsOH (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” =C.0¢ +2H20 0.478
AgNs+e = Ag+Ns~ 0.2933 CHsOH (aq) +2H*+2e” = CHa(g) +H20 0.588
Ag:0+H:0+2e”=2Ag+20H" 0.342 Ca**+2e =Ca —2.84
AglOs+e = Ag+I10s~ 0.354 CdS(s) +2e-=Cd+S* —1.255
Ag:SeOs+2e” =2 Ag+Se0f 0.363 [CA(CN)4])* +2e =Cd+4CN~ —0.943
[Ag(NHs):]*+e = Ag+2NHs(aq) 0.373 Cd(OH).+2e”=Cd+20H" —0.824
Ag:CrOs+2e” =2 Ag+CrO4~ 0.4491 [Cd(NH3)«]**+2e" =Cd+4 NHs(aq) —0.622
AgisPOs+3e” =3 Ag+P0O:™ 0.4525 Cd*+2e=Cd —0.4025
Ag:COs+2e"=2Ag+CO5 0.47 Cd**+2e +Hg=Cd(Hg) —0.3515
AgBrOs+e” = Ag+BrOs~ 0.546 Ce**+3e =Ce —-2.34
2AgO+H:0+2e = Ag:0+20H" 0.604 Ce**+e-=Ce* 1.72
Ag:SOst+2e”=2Ag+S0:~ 0.654 Cf**+2e" =Cf —2.1
Ag:0st+H0+2e”"=2AgO+20H" 0.739 Cf*+3e"=Cf —1.93
Agt+e =Ag 0.7991 ClOs"+H0+2e"=ClO."+20H" 0.295
Ag**+e =Ag* 1.980 ClOs +H0+2e"=Cl0Os"+20H™ 0.374
[AI(OH)4]"+3e = Al+40H" —2.310 2CI0O"+2H:0+2e” =Cl2(g) +40H" 0.421
AI(OH)s;+3e = Al+30H" —2.300 ClOs+3H:0+6e"=ClI"+60H" 0.622
[AlFs]*"+3e = Al+6F" —2.067 ClO:"+H:0+2e"=CIO"+20H" 0.681
AP*+3e =Al —1.676 ClIO"+H:0+2e =CI"+20H" 0.890
Am*+3e =Am —2.07 ClO:(g) +e- =ClO.~ 1.071
AmOZ#* +e” = AmO.* 1.59 ClOs™+2H*+e” =Cl0:(g) + H:0 1.175
AmO:*+4H*+2e = Am**+2 H:0 1.72 ClOs"+3H*+2e” == HCIO:(aq) + H20 1.181
Am** +e” = Am* 2.62 ClO:(g) +H*+e~ = HClO:(aq) 1.188
AsO;"+2H:0+3e” = As+40H" —0.68 ClOs +2H*+2e” =Cl0s™ +H:20 1.201
AsO{™+2H:0+2e” = As0:"+40H" —0.67 Clz(g) +2e"=2CI” 1.3583
As+3H*+3e” = AsHs(g) —0.225 Clz(aq) +2e”=2CI” 1.396
HAsO:(aq) +3H*+3e" = As+2H.0 0.248 Cly™(aq) +2e-=3CI~ 1.4152
Hs3AsO«(aq) +2H*"+2e” = HAsO.+2 H.0 0.560 2HCIO(aq) +2H*+2e” = Cl2(g) +2 H20 1.630
[Aul.])"+e = Au+2I- 0.578 HClO:z(aq) +2 H*+2e” = HCIO(aq) + H:0 1.674
[Au(SCN)4]"+3e = Au+4SCN~ 0.636 Cm**+3e =Cm —2.06
[AuCl]~+3e = Au+4Cl~ 1.002 Co(OH).+2e”=Co+20H" —-0.733
[AuClz]"+e = Au+2CI~ 1.154 Co**+2e =Co —=0.277
Au*t+3e =Au 1.52 [Co(NHs)e)** +e~ = [Co(NHa3)e]** 0.058
Au*+e =Au 1.83 Co**+e =Co** 1.92
B(OH)s+3H*+3e = B+3H:0 —0.890 [Cr(CN)e]* +e” = [Cr(CN)sl*" —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+3H20 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 Cr20#"+14H*+6e”=2Cr**+7H.0 1.36
Bk**+3e” =Bk —2.01 Cst+e " =Cs —2.923
Bk**+e” = BKk** 1.67 Cu:S+2e” =2Cu+S* —0.898
2BrO™+2H.0+2e = Br.(1) +40H" 0.455 [Cu(CN)2]"+e"=Cu+2CN~ —0.44
BrOs™+2H.0+4e = BrO"+40H"~ 0.492 Cu0+H:0+2e"=2Cu+20H" —0.365
Bri +2e" =3Br~ 1.0503 CuO+H0+2e"=Cu+20H" —-0.29
Br:() +2e” =2 Br~ 1.0652 2Cu0+H:0+2e”=Cu:0+20H" —0.22
Brz(aq) +2e"=2Br” 1.0874 Cul+e =Cu+I” —0.182
BrOs +5H*+4e” = HBrO(aq) +2H-0 1.447 [Cu(NHs):]*+e = Cu+2NH;s(aq) —0.100
2HBrO(aq) +2H*+2e” = Brz(1) +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
2C0:2(g) +2H*+2e” = H2C.04(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 ABERPOBEBEREN E° (25°C) (2)

B RIS E°/V B K 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 Mnz03;+3H:0+2e" =2Mn(OH).+20H" —0.25
Fa2(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” = Mn.0s+20H" 0.15
[Fe(CN)s]* +2e” =Fe+6CN- -1.16 MnOi"+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)s]*"+e™ = [Fe(CN)s]*" 0.361 MnOs +4H*+3e” = MnO:+2 H20 1.70
Fe**+e~ =Fe** 0.771 Mo0O:+2H:0+4e"=Mo+40H" —0.980
[Fe(bpy)s]** +e~ = [Fe(bpy)s]** 1.11 MoO¢& +4H:0+6e" =Mo+80H" —0.913
Fm**+2e =Fm —2.37 MoO¢ +2H:0+2e” =Mo0O.+40H" —0.780
Fm**+3e =Fm -1.96 Mo**+3e” = Mo -0.2
H:GaOs"+H:0+3e = Ga+40H" —1.22 MoO:+4H*+e" =Mo**+2H:0 —0.008
Ga**+e =Ga** (—=0.67) [Mo(CN)s]* 4+e” = [Mo(CN)s]*" 0.725
Ga**+3e =Ga —0.529 N:(g) +6 H*+6e” =2NHas(aq) —0.092
Ga**+2e =Ga (—0.45) NOs"+H0+2e” =NO:"+20H" 0.01
Gd*+3e"=Gd —-2.29 N:Hi(aq) +2 H.0+2e” =2 NHs(aq) +20H™ 0.1
HGeOs™+2H:0+4e" =Ge+50H" —0.89 NH:0OH (aq) +H:0+2e” = NHs(aq) +20H" 0.42
GeOz(hex) +4H*+4e” =Ge+2H:0 —0.019 2NH:0H (aq) +2e” = N:Hs(aq) +20H" 0.73
Ge**+2e” =Ge 0.247 2NOs"+4H*+2e = N:0:(g) +2H:0 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) +Hz0 0.94
Hf**+4e = Hf (—=1.70) NOs"+4H*+3e = NO(g) +2H:0 0.957
HfO.+4H*+4e” = Hf+2H.0 —1.57 HNO:(aq) +H*+e” = NO(g) +H.0 0.996
HgS(black) +2H*+2e~ = Hg(l) + H.S —0.085 N:0:«(g) +4H*+4e"=2NO0(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) +8H*+8e™ = N:(g) +4H:0 1.357
Hg:Br.+2e"=2Hg(l) +2Br~ 0.13920 2NO:(g) +8H*+8e™ = N2(g) +4H-0 1.363
Hg:Clo+2e”=2Hg () +2CI~ 0.26816 2NO(g) +4H*+4e” = N2(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” =Hgs* 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)]**+2e = Ni+6 NHi(aq) —0.476
I +2e =31 0.536 Ni**+2e” =Ni —0.257
HIO(aq) +H*+2e” =1 +H:0 0.985 NiO+2H*+2e” =Ni+H:0 0.116
2[ICl.]"+2e~=[L.C1]"+3CI~ 0.995 Ni(OH)s+e = Ni(OH).+0OH" 0.48
210s"+12H*+10e” =1.(aq) +6 H:0 1.195 NiO:+2H:0+2e” = Ni(OH).+20H"™ 0.490
21Cl(aq) +2e” =1(s) +2CI~ 1.20 Ni:Os+H0+2H*+2e" =2Ni(OH): 1.032
2ICls(s) +6e”=1(s) +6Cl- 1.281 NiO.+4H*+2e” = Ni**+2 H.0 1.68
HslOs(aq) +H*+2e” =10s"+3 H:0 1.603 NisO«+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+6Cl~ 0.86 No**+2e”=No —-2.5
[IrCls)*~+e™ = [IrCle]*" 0.867 No**+3e”=No -1.2
IrO(s) +2H*+2e =1Ir+H:0 0.870 Np**+3e”=Np -1.79
2Ir0.+2H*+2e™ =1Ir: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*+te = —2.925 HO:+e”=HO0. (aq) —0.744
La**+3e =La —2.38 0:+e” =0 (aq) —-0.33
Lit+e =Li —3.045 0:+H:0+2e"=HO; (aq) +OH" —0.0649
Lu**+3e =Lu —2.30 0:+H*+e = HO:(aq) —0.046
Md**+2e-=Md —2.4 HO: (aq) +H.0+e” = 0H(aq) +20H" 0.184
Md**+3e"=Md -1.7 0.7 (aq) +H.O+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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R 3.1 AEHEPOEHEEGEL E° (25°C) Q)

E B K G E°/V E B K IG E°/V
0: (aq) +2H:0+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(NHa3)s]** +e~ = [Ru(NHa)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” =RuOé~ 0.593
0s+H.0+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)s]*" 0.86
O(g) +H:0+2e"=20H" 1.602 RuOs+e” = RuOs” 0.99
HO:(aq) +3H*+3e =2 H20 1.65 RuOs+4H*+4e” =Ru0:+2 H:0 1.387
H:0:(aq) +2H*+2e”=2H:0 1.763 2S04 +2H:0+2e” = S0 +40H" —-1.13
OH+e =O0OH~™ 1.985 SO +H:0+2e"=S0¢ +20H" —0.936
0s+2H*+2e”=0:+H:20 2.075 2S04"+3H.0+4e” =S:0¢"+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” =S:.0¢"+2 H.0 —0.253
0s0:2(s) +4H*+4e” = 0s+2 H.0 0.687 2H.SOs+H*+2e” =HS:0.”+2 H0 —0.068
0s04(aq) +8 H*+8e” ==0s+4 H20 0.84 SO +4H*+2e” = H.S0s+H20 0.158
[OsCls]>+e~ = [0sCls]*~ 0.85 S+2H*+2e" =H.S(g) 0.174
0s04(s) +4H*+4 e~ = 0s0:(s) +2 H:0 1.005 2H.S0s;+2H*+4e” = S.0¢"+3 H20 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*+3 e = P(white) +3 H20 —0.502 S:06"+4H*+2e” =2 H2S0s 0.569
H3POs(aq) +2H*+2e” = HsPO.+H:0 —0.499 (SCN).+2e =2SCN~ 0.77
4 P(white) +2 H*+2e™ = PsH:(g) —0.347 S:0¢™+2e”=2S0& 1.96
HsPO:(aq) +2H*+2e” = H3P0s(aq) + H.0 —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 Sb«Os+12H*+12e” =4Sb+6 H.0 0.1504
PbO(red) + H.0+2e~ =Pb+20H"~ —0.580 2Sb20s+8H*+8e™ = Sh«Os+4 H20 0.699
Pb3(PO4)2+6e” =3 Pb+2 PO —0.557 Sb20s+2 H*+2e” = Sb.04+ Hz0 1.055
PbCOs+2e” = Pb+COs —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
PbCl.+2e”=Pb+2CI” —0.268 Se0& +H:04+2e” =Se0¢ +20H" 0.031
Pb**+2e " =Pb —0.1263 H:SeOs+4H*+4e” =Se+3 H:0 0.739
PbO2(a) +H20+2e” =PbO(red) +20H" 0.249 SeO¢ +4H*+2e” = HSeOs+ H:0 1.151
PbO:(a) +4H*+2e~ = Pb**+2H.0 1.468 SiOf"+3H:0+4e”=Si+60H" —1.69
PbO:(a) +4 H*+S0# +2 e~ =PbS0«+2 H-0 1.698 [SiFe]* +4e =Si+6F" —-1.37
[PACL]* +2e”=Pd+4Cl~ 0.64 SiOz(quartz) +4H*+4e” =Si+2H.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 H:0 1.194 Sm**+3e”=Sm —2.30
Pd(OH):+4H*+4e” =Pd+4H.0 1.228 Sm** +e” =Sm** —1.55
Pd(OH)4+2H*+2e” = Pd(OH).+2 H: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
PoO# +6H*+4e” =Po+3H:0 0.748 Sn0:+2H*+2e” = SnO+H:20 0.088
PoOs+2e” =PoOs#™ 1.477 SnO:+4H*+2e” =Sn**+2 H:0 0.125
[PtCL]*"+2e  =Pt+4ClI- 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~ = [PtCl)* +2CI- 0.726 Sr**+2e"=Sr —2.89
PtO:+2H*+2e” =PtO+H:0 1.045 Ta:0s+10H*+10e”" =2 Ta+5H:0 —0.81
Pt**+2e =Pt 1.188 TcO.+4H*"+4e” =Tc+2H0 0.272
Pu**+3e”=Pu —2.00 Tc*+2e"=Tc 0.400
Pu*t+e  =Pu** 1.01 TcOs +4H*+3e™ = Tc0:+2 H.0 0.738
PuO#*+e~ = Pu0.* 1.016 Tet +2e" =2Te*" —1.445
PuO;* +4H*+e” =Pu**+2 H: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 TeO& +H:0+2e = TeOf +20H" 0.07
ReO:+4H*+4e” =Re+2H.0 0.22 TeO.+4H*+4e” =Te+2H:0 0.5213
ReOs +8H*+7e” = Re+4 H:0 0.34 H:TeOs+6H*+2e” = Te** +4 H.0 0.926
ReOs +4H*+3e” = Re0:+2 H.0 0.51 ThO:+2H:0+4e"=Th+40H" —2.56
ReOs +2H*+e” =ReOs+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 AKEBPOEEEREN E° 25°C) (@)

BB KIS E°/V g B R © E°/V
TiO(s) +2H*+2e” =Ti+H:0 —1.306 Vi*4e =V —0.255
[TiFs]* +4e =Ti+6F" —1.191 VO*+2H*+e = V*+H:0 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*+3H:0 0.958
TiO*4+2H*+e” =Ti** +H:0 0.100 WOZ +4H:0+6e" =W+80H" —1.074
TLS+2e =2TI+S* —0.90 WO:+4H*+4e” =W+2H:0 —0.119
TI(s) +e=TI+I" —0.752 WOs+6H*+6e”=W+3H:0 —0.090
TIBr(s) +e"=TI+Br" —0.658 W:0s+2H*+2e” =2WO0.+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*4+3e =Y —2.37
TI*+e =TIl —0.3363 Yb*+3e =Yb —2.22
T1(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*43e =U —1.66 [Zn(OH)«]* +2e”=Zn+40H" —1.285
Ut +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*"+2H0 0.273 Zn**+2e =Zn —0.7626
UO:*+4H*+e =U*"+2H:0 0.38 Zrt+4e =17Zr —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).,

BHY, TOEIZLOBEEHEATE S, pu, =Pt — prot 4.0k (3.16)

E°(101325Pa) =E°(10°Pa) +0.17mV  (3.12)
£ 3.1 R LU 7AFEERENIL, FH¥E 15 p°=101325
Pa (=latm) OHEDETH 3.

b. KEEBOEEEE

ERRENL DORIE THYE & 7 2 Ef % HHEEMR (reference
electrode) &\, ZHHER, REBEBEZLLWwI &
bbbz, BEEMmCIZ, 1) ERRKICHAHET, BEBEM
FA A bRICH S, 2) BAIKENCLETH S,
3) BRWSTHN T b BHEMOE(LRIMNT, BFR2YTH
WEEMIETICRS, 4) BEELCBERKERS LW,
5) %8 2 FEEOBE I EM (B 2 38R - HLsRERIC
B BHEALIR) OBREHIVNE B, R EDFREIERS
nas,

(i) RFBE ABBICBLTRLERNLELE
B I3IEHEKFEER (standard hydrogen electrode,
SHE. NHE &BSEEL 7RO $3.) T, ZOBBDE
fiZdRTDBETE O LHEL, ThrzHEHEL L T
OEMOBMZHE Gok) 75, AREBOWBRLE
B G v

HCl(aq, =) [Hz(g, pu,) | Pt (3.13)
2H*+2e” = H. (3.14)
TREND D, BHKFREBIZ pu.=p° a:(HCD=1 D
BETHD., KEEBOFHEMEMIXATEZ 6N
5.
E=E°+(RT/2F)In{aé/ (pu./p°)} (3.15)
E°BHKNTE D 0V, F7KEH RS pu, (Pa HAL)
BRATKD SIS,

22T, pum BREFTOHEA, puo BKDESIET, h
WBKBREBOAKFREEODOKEFOESE (mm) TH 3.

—MICARRERIEMOBRENR , EHEER, pH
WEZETRIERL Z2EBBTHS., L2rLRDELD
REWETRBEATE 2w 1 1) BEF (CrO#, Fe* &
) BEUDEBW, 2) Brsh(EBBRACHHT 288
(Ag, Hg, Cu, Pb, Cd, TDDA & »ETHEME (E
FoYy, RIVATLTE R L) 2FUER, 3) KE
HWE (CN-, mEE2ELEY, 304 FRTHY,
Uy BERY) REDER. KFEEBOMEHIEER
BRECIEHETH B0, BEOWETRIES IER
T 28R R AV EEBEBILLFIAES NS,

(i) S—/roFALBRBE R E(RERESR
RIT, Z DM (Bt A8 ) MCl(m) | AgCl| Ag
TH5, MCl(m) 2 ixfafl £ 7212 3.5 M KCI % & { Fiwv
2%, KCIMBEREOHES KClOR b D iz HCI %
NaClZHw28&bH 5. MCIOBEXNE k3L
AgCliZ AgCls 2R L Th T I T %729, MCI
HHITIE AgCl 2af1s R TBLLEXH 3, FERB
WCIRBA A > LA OBEBEIZIZE L W KC,
KNOs, NHsNO; & EDREHEZH W5,

R IRLRER LA FR A FIA ST 2 R
BT, AR CHANTCTERTE, B OBRE LEED
RIFTH %, £ 3.2 TR EILREMOBIERT, KO
{13 3.5M B & UHIF0 KCI/#l (1 A4 » 58 0.2M
BT, 2SpH=12) B0 EMENEDOEEEAT
W3, Bl 21, 25°C i B\ TEIFT KC/ AR o i



96 3E  ERULFHIYEE
® 3.2 SHIGLREBB L UH o A NVEBOBWREN (5 SHE)*
(ErestED/V

MCI/M KCl1 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
faf 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

1.0 M (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

faf 0.254 0.251 0.248 0.244 0.241 0.238 0.234

* EAS /W OB E L S L 2 L ER (KXER).

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.]J.G.Ives, G.]J.Janz, Eds.,

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

® 3.3 H— oy MUREBOFEEEREN (f SHE)

. E°/V
HREE °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).

T WRIEEATE12 0.003 V T, £ 3.2 HDER 0.199V i3,
FIF] KCl B o $— HALSRER D BN Erer=0.196 V
L WEHIENIZE 0.003V L DFITH S, BIEICHI>Tid
WHBMEOKREZ S (£3.8) 2 HET 2 LENDH 2, £
33— a7 MR EBOIFEREEREN 2R T,
AL SR E & MCl(m) | AgCl|Ag D BAL Erer (R}
SHE) 122w TR (3.17) BRILT 5.
Ert=E°—(RT/F)Inma-yo- (3.17)
BREBREN E° BB ThIE, Cl” OERBE yo-
(FEHIAEIEE) Db D2 MCl(m) BB DERIA F 1%
BRI yama (T 3.9 BB EHWT, Eres DfEEZERD 2 Z
ENTES, 7z, AKEBHLHAEDE LB

Pt|Ha(pu,=p°) |[HCI(m) | AgCl| Ag (3.18)
@@%j} Ecen 7)5‘5.2_ 5T lﬂéi%éﬂc &,
Een=E°— (2 RT/F)IanCl’}/tHCl (3.19)

THom»56, BEHARERICNT 2EMOER, T4hb
BRI LREROBEAIFR(3.17) 12 (3.19) #RAL

HEsn3XB.200hsKD >N B,
Erer=Ecent+ (RT/F)Inmuciysnc (3.20)
(i) KkBEEBVIERE Ao ANVEE: P
o A NVEBOEKE L CRIGIERRC L D FRE S,
(BB K6  )MCl(m) |[Hg:Cl|Hg  (3.21)
Hg:Clo+2e~ = 2Hg+2CI" (3.22)
MCI(m) 381 (% 7213 3.5 M)KC1 D faflh o 2 L Ei
(saturated calomel electrode, SCE) »3H b —#HITdH
%55, IMKCI* 0.1MKCl 2H w3354 (NCE, 1/10
NCE &BSE0) b b 5. £/, A aAVEBEICIOF 28
LWL ET A A NaCI Ml » o % L E
(SSCE &B&ED) ZHW3, » o X VEBOENMIZ
Eret=E°— (RT/F)Inma-yer- (3.23)
TRES, 22T, E°=0.26816 V xf SHE(25°C), %7z
ya- (HIETEE) ORb D IZ MClm)ERD v H (F
3.9 W3 &, BEROEMEZHETE S, £3.2h
o X )VEMOEN bR L. BAEIZER - ERERD
B& LRI KCl /S O W BN Z 2 & AT
W3, K3 4CHh o ANVEBBMOBEKEFEORERT.
A0 ANEMIBEIRHLERATY YA 2RTOT, +
AROCEE—CRECREOLEND L, i, 80°C 2#
Z % & Hg:Cla DTRHERIED L 8 5 DT, EikE
TOFRHETETH 2, LT pH HIERLR—F v s
Z 7 HIEOEHEBS & U RIS o 2 VEBAEERIC
FIAsh, R—Su75 7 HBMROBART -5 &
SCE 23 2 b DA%\, Hitid SCE OFEHEY,

£ 3.4 HuAVEMBEN Of SHE) OREKEHE
KCl #E Ecatomer/V (¢ © BIERE/C)

Fafn 0.2412—6.61x107*(¢—25) —1.75X107°(¢ —25)*
—9X107*°(+—25)*

1.0M 0.2801—2.75X107*(£—25) —2.50 X 10~¢(t —25)?2
—4x107°(t—25)°
0.1M 0.3337—8.75Xx107°(¢ —25) —3%x107°(¢ —25)?

*  EOEIEMEMNEEE £ L0,
D.J.G.lIves, G.].Janz, Eds., “Reference Electrodes’, p. 161,
Academic Press (1961).



® 3.5 ARELEWE M 2 EHEEROFIEERELL
(X SHE, 25°C)

CA." E°/V

0.14059(5°C)
0.13985(20°C)
0.13726(35°C)

HBr|Hg:Br:|Hg 0.14041(15°C)
0.13920(25°C)

0.13503(45°C)

KIOs|Hg:(10s)| Hg 0.3947
HOAc|Hg2(0OAc).|Hg 0.5113
H2C204 I Hg2C204 l Hg 0.4158
KOH|HgO|Hg 0.0977
Ba(OH)(fafl) [HgO|Hg | 0.1462
Ca(OH). (f3f1) |HgO|Hg | 0.1923

H.SO«|Hg.S0«| Hg 0.61515%, (0.613)
* E°=0.63495—781.44 X107t —426.89x107°¢* (¢ : Il 5& i&
f/°C)
D.J.G.lIves, 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 AKEAWAOEELEEBROBAIILE
(xf SHE, xt SCE, 25°C)

H ¥ E M E/Vvs. SHE | E/Vvs. SCE
H*(¢=1) |Hz(pw,=1atm) [Pt SHE| 0.0000 —0.2415
KCI(#70) |AgCl| Ag 0.1976 —0.044
NaCl(#2#f0) |Hg.Cl.|Hg SSCE 0.2360 —0.005
KCI(§2f0) |Hg.Cl:|Hg SCE 0.2415 0.0000
KCI(1M) |Hg:Cl:|Hg NCE 0.2807 0.039
KCI1(0.1M) | Hg:Cl.|Hg 1/10 NCE 0.3337 0.092
K2SO. (£2f1) | Hg:SO«| Hg 0.650 0.408
H2SO0s (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 —HLSREBAL S A ST w3,

b) fhDAIRILEY 2 F v 5 B % 3.5 D AR
L&Y e v 2 BHEBEROEEEMREN 21T, B
SR(I) BRI EBMNHSIEE CLET, 7hh ) HORER
WHE LT B, BREOKER (1) BRI, HegS0: OEFRE D
KE W, FEBEBREMEWIEEIC HgSOs 23k T 2
BREDOREDNDBH, BUORERIRIFTHE, 0
BREOHER & BALIZ

3.1 BREEKEW® 97

M:SO4(m) |Hg2SOs|Hg (M*=H* 7213 K*)
(3.24)
Eret=E°—(RT/2F)Inmy: (3.25)

TH5., 22T, miEM. SO DEEENVEE, y.=
(ymasod) ' 1E MoSOs O FEENERFBRTH 5.

KIOWKBERAOFE L HEER O EN O X
SHE, %t SCE 0fEi (25°C) %27,

c.E M B E

FRRE 7 SREOR L 2 2 O BREKBRIET 2
W& T, WERTOA 4 Y IEROZEIC LY, FE2E
LTAA Y DUBH»EZ S, B B4 A > OBEHEH
Rz s &, PEOETICH AR O S TER O 555
WY, BAEEELC . COENER, BEFHERED
REWA A 2PEHL, BEHEDO/NS WA A > 2 HE
LT, H3—EHEIET 5. IhPRHEENZE (LEE
fLEdbnI)ThH2, A Vi DBREE 20 BA A
BIE, BBA A4V I3R), BEIE. w, EVRERZ &5 5
&, W1 (ERD, I BRI BoRBELMLE E; (BK
A T LT DBEALZE) 1EHIIC R D Henderson
ORTHIETE 2 (BECRBEORDL ) CEREHL
2).

RT Zl:(|21|741/21) (e'—clh)
E=
' F 2'21Iul(61"_61‘)
Z|Z||u1()1”

Z|Z1|%(Cll

BB E 2 ROBEEMZE 2K 3.7, £3.81TR7T.

2HEOWBWHL, I2EBcEMsEsRbYIC, T
IIOMICE 3 OEMEKERIE S (51 A TIS
mel, I-TEOKHEEMEEZS2EE LTI TS
TiERHB, 2O LD E/MEIBA A LA VD
BEIE IZIEE LW KCl, KNOs, NH(NO; % £ D
BHATEL TW3B,

X1In (3.26)

#® 3.7 MCI(c) M’ Cl(c) DB fr !

B R W’ & W E;/mV BRI A& B E;/mV

¢/mol dm™® MCl M’ Cl e FHEfE* ¢/mol dm™* MCl M’ Cl EHIE FHEfE

0.1 HCI KCl 26.78 28.52 0.01 HCI 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 | NHCI —4.21 —4.81 NaCl | NHCI —4.26 —4.52
LiCl NH.CI —6.93 —~7.57 LiCl NH.CI —6.89 —~7.06

*1 Kok, “EB5AL¥) H2kR, 3.3, WELFEEA (1991).

*2 RB.260)1c& 3,



BRULE R HEfE

® 3.8 MxOWKTOWMEZE (25°C, BEIR{#E)

i #

E]/mV

i3 ##

E,/mV

HCI 1M !KCI 3.5M
HCl 0.1M:KCI 3.5M
HCI 0.01M:KCI 3.5M
H.SO0:« 0.5M!KCI 3.5M
H.SO0: 0.05M:KCI 3.5M
NaOH 1M:KClI 3.5M
NaOH 0.1M:KCl 3.5M
KOH 1M!KCI 3.5M
KOH 0.1M:KCl 3.5M
NaCl 1M:KCI 3.5M
NaCl 0.1M:KCl 3.5M
KCl 1MiKCl 3.5M
KCl 0.1M!KCl 3.5M
KClI 0.01M:KCI 3.5M

16.6
3.1
1.4
14
4
—10.5
-2.1
—8.6
-1.7
-1.9
—0.2
0.2
0.6
1.0

HCl 1M:KCl 0.1M
HCI 0.1M:KCl 0.1M
HCI 0.01M:KCI 0.1M
H.S0« 0.5M:KCl 0.1M
H.SO:« 0.05M:KCl 0.1M
NaOH 1M:KCl 0.1M
NaOH 0.1M:!KCI 0.1M
KOH 1M!:KCl 0.1M
KOH 0.1M:KCl 0.1M
LiCl 0.1M:KCl 0.1M
NaCl 1M:KCl 0.1M
NaCl 0.1M:!KCl 0.1M
KCl 0.01M:KCI 0.1M
NH.CI 0.1M:KCl 0.1M

52.6
26.8
9.3
53
25
—45
—18.9
—34.2
—15.4
-8.9
—11.2
—6.4
0.4
2.2

G. Millazo, “Elektrochemie’, p. 98,

Springer-Verlag (1952).



