
8.124 SECTION 8

8.6 ELECTRODE POTENTIALS

TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C

Standard potentials are tabulated except when a solution composition is stated; the latter are formal potentials
and the concentrations are in mol/liter.

Half-reaction

Standard
or formal
potential

Solution
composition

Actinium
Ac3� � 3e� � Ac �2.13

Aluminum
Al3� � 3e� � Al �1.676

3� � �AlF � 3e � Al � 6F6 �2.07
� � �Al(OH) � 3e � Al � 4OH4 �2.310

Americium
2� � � 4�AmO � 4H � 2e � Am � 2H O2 2 1.20
2� � �AmO � e � AmO2 2 1.59
� � � 4�AmO � 4H � e � Am � 2H O2 2 0.82
� � � 3�AmO � 4H � 2e � Am � 2H O2 2 1.72

Am4� � e� � Am3� 2.62
Am4� � 4e� � Am �0.90
Am3� � 3e� � Am �2.07

Antimony
� � � �Sb(OH) � 2e � SbO � 2OH � 2H O4 2 2 �0.465 1 NaOH

� � �SbO � 2H O � 3e � Sb� 4OH2 2 0.639 1 NaOH
Sb� 3H2O � 3e� � SbH3 � 3OH� �1.338 1 NaOH
Sb2O5 � 6H� � 4e� � 2SbO� � 3H2O 0.605
Sb2O5 � 4H� � 4e� � Sb2O3 � 2H2O 0.699
Sb2O5 � 2H� � 2e� � Sb2O4 � H2O 1.055
Sb2O4 � 2H� � 2e� � Sb2O3 � H2 0.342
SbO� � 2H� � 3e� � Sb� H2O 0.204
Sb� 3H� � 3e� � SbH3 �0.510

Arsenic
H3AsO4 � 2H� � 2e� � HAsO2 � 2H2O 0.560
HAsO2 � 3H� � 3e� � As � 2H2O 0.240
As � 3H� � 3e� � AsH3 �0.225

3� � � � �AsO � 2H � 2e � AsO � 4OH4 2 �0.67
� � �AsO � 2H O � 3e � As � 4OH2 2 �0.68

As � 3H2O � 3e� � AsH3 � 3OH� �1.37

Astatine
HAtO3 � 4H� � 4e� � HAtO � 2H2 ca. 1.4
2HAtO � 2H� � 2e� � At2 � 2H2O ca. 0.7
At2 � 2e� � 2At� 0.20

Barium
BaO2 � 4H� � 2e� � Ba2� � 2H2O 2.365
Ba2� � 2e� � Ba �2.92
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Source: A. J. Bard, R. Parsons, and J. Jordan (eds.),Standard Potentials in Aqueous Solution(prepared under the auspices
of the International Union of Pure and Applied Chemistry), Marcel Dekker, New York, 1985; G. Charlot et al.,Selected Constants:
Oxidation-Reduction Potentials of Inorganic Substances in Aqueous Solution,Butterworths, London, 1971.
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Berkelium
Bk4� � 4e� � Bk �1.05
Bk4� � e� � Bk3� 1.67
Bk3� � 3e� � Bk �2.01

Beryllium
Be2� � 2e� � Be �1.99

Bismuth
Bi2O4 (bismuthate)� 4H� � 2e� � 2BiO� � 2H2O 1.59
Bi 3� � 3e� � Bi 0.317
Bi � 3H� � 3e� � BiH3 �0.97
BiCl � 3e� � Bi � 4Cl��

4 0.199
BiBr � 3e� � Bi � 4Br��

4 0.168
BiOCl � 2H� � 3e� � Bi � H2O � Cl� 0.170

Boron
B(OH)3 � 3H� � 3e� � B � 3H2O �0.890
BO � 6H2O � 8e� � BH � 8OH�� �

2 3 �1.241
B(OH) � 3e� � B � 4OH��

4 �1.811

Bromine
BrO � 2H� � 2e� � BrO � H2O� �

4 3 1.853
BrO � 6H� � 6e� � Br� � 3H2O�

3 1.478
BrO � 5H� � 4e� � HBrO � 2H2O�

3 1.444
2BrO � 12H� � 10e� � Br2 � 6H2O�

3 1.5
2HBrO � 2H� � 2e� � Br2 � 2H2O 1.604
HBrO � H� � 2e� � Br� � H2O 1.341
BrO� � H2O � 2e� � Br� � 2OH� 0.76 1 NaOH
Br � 2e� � 3Br��

3 1.050
Br2(aq)� 2e� � 2Br� 1.087

Cadmium
Cd2� � 2e� � Cd �0.403
Cd2� � Hg � 2e� � Cd(Hg) �0.352
CdCl � 2e� � Cd � 4Cl�2�

4 �0.453
Cd(CN) � 2e� � Cd � 4CN�2�

4 �0.943
Cd(NH3) � 2e� � Cd � 4NH3

2�
4 �0.622

Cd(OH) � 2e� � Cd � 4OH�2�
4 �0.670

Calcium
CaO2 � 4H� � 2e� � Ca2� � H2O 2.224
Ca2� � 2e� � Ca �2.84
Ca� 2H� � 2e� � CaH2 0.776

Californium
Cf3� � 3e� � Cf �1.93
Cf 3� � e� � Cf2� �1.6
Cf 2� � 2e� � Cf �2.1

Carbon
CO2 � 2H� � 2e� � CO � H2O �0.106
CO2 � 2H� � 2e� � HCOOH �0.20
2CO2 � 2H� � 2e� � H2C2O4 �0.481
C2O � 2H� � 2e� � 2HCOO�2�

4 0.145
HCOOH� 2H� � 2e� � HCHO � H2O 0.034
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

C2N2 � 2H� � 2e� � 2HCN 0.373
HCNO � 2H� � 2e� � CO � H2O 0.330
HCHO � 2H� � 2e� � CH3OH 0.2323
CNO� � H2O � 2e� � CN� � 2OH� �0.97

Cerium
Ce(IV) � e� � Ce(III) 1.70

1.61
1.44
1.28

1 HClO4

1 HNO3

0.5 H2SO4

1 HCl
Ce3� � 3e� � Ce �2.34

Cesium
Cs� � e� � Cs �2.923
Cs� � Hg � e� � Cs(Hg) �1.78

Chlorine
ClO � 2H� � 2e� � ClO � H2O� �

4 3 1.201
2ClO � 16H� � 14e� � Cl2 � 8H2O�

4 1.392
ClO � 8H� � 8e� � Cl� � 4H2O�

4 1.388
ClO � 2H� � e� � ClO2(g) � H2O�

3 1.175
ClO � 3H� � 2e� � HClO2 � H2O�

3 1.181
2ClO � 12H� � 10e� � Cl2 � 6H2O�

3 1.468
ClO � 6H� � 6e� � Cl� � 3H2O�

3 1.45
ClO2(g) � H� � e� � HClO2 1.188
HClO2 � 2H� � 2e� � HClO � H2O 1.64
HClO2 � 3H� � 4e� � Cl� � 2H2O 1.584
2HClO2 � 6H� � 6e� � Cl2(g) � 4H2O 1.659
2ClO� � 2H2O � 2e� � Cl2(g) � 4OH� 0.421 1 NaOH
ClO� � H2O � 2e� � Cl� � 2OH� 0.890 1 NaOH
Cl � 2e� � 3Cl��

3 1.415
Cl2(aq)� 2e� � 2Cl� 1.396

Chromium
Cr2O � 14H� � 6e� � 2Cr3� � 7H2O2�

7 1.36
1.15
1.03

0.1 H2SO4

1 HClO4

CrO � 4H2O � 3e� � Cr(OH) � 4OH�2� �
4 4 �0.13 1 NaOH

Cr3� � e� � Cr2� �0.424
Cr3� � 3e� � Cr �0.74
Cr2� � 2e� � Cr 0.90

Cobalt
CoO2 � 4H� � e� � Co3� � 2H2O 1.416
Co(H2O) � e� � Co(H2O)3� 2�

6 6 1.92
Co(NH3) � e� � Co(NH3)3� 2�

6 6 0.058 7 NH3

Co(OH)3 � e� � Co(OH)2 � OH� 0.17
Co(en) � e� � Co(en) [en� ethylenediamine]3� 2�

3 3 �0.2 0.1 en
Co(CN) � e� � Co(CN) � CN�3� 2�

6 5 �0.8 0.8 KOH
Co2� � 2e� � Co �0.277
Co(NH3) � 2e� � Co � 6NH3

2�
6 �0.422

[Co(CO)4]2 � 2e� � 2Co(CO)�4 �0.40
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Copper
Cu2� � 2e� � Cu 0.340
Cu2� � e� � Cu� 0.159
Cu� � e� � Cu 0.520
Cu2� � Cl� � e� � CuCl 0.559
Cu2� � 2Br� � e� � CuBr�2 0.52 1 KBr
Cu2� � I� � e� � CuI 0.86
Cu2� � 2CN� � e� � Cu(CN)�2 1.12
Cu(NH3) � e� � Cu(NH3) � 2NH3

2� �
4 2 0.10 1 NH3

Cu(en) � e� � Cu(en)� � en2�
2 �0.35

Cu(CN) � e� � Cu � 2CN��
2 �0.44

CuCl � e� � Cu � 3Cl�2�
3 0.178 1 HCl

Cu(NH3) � e� � Cu � 2NH3
�
2 �0.100

Curium
Cm4� � e� � Cm3� 3.2 1 HClO4

Cm3� � 3e� � Cm �2.06

Dysprosium
Dy3� � 3e� � Dy �2.29
Dy3� � e� � Dy2� �2.5
Dy2� � 2e� � Dy �2.2

Einsteinium
Es3� � 3e� � Es �2.0
Es3� � e� � Es2� �1.5
Es2� � 2e� � Es �2.2

Erbium
Er3� � 3e� � Er �2.32

Europium
Eu3� � 3e� � Eu �1.99
Eu3� � e� � Eu2� �0.35
Eu2� � 2e� � Eu �2.80

Fermium
Fm3� � 3e� � Fm �1.96
Fm3� � e� � Fm2� �1.15
Fm2� � 2e� � Fm �2.37

Fluorine
F2 � 2H� � 2e� � 2HF 3.053
F2 � H� � 2e� � HF�

2 2.979
F2 � 2e� � 2F� 2.87
OF2 � 3H� � 4e� � HF � H2O�

2 2.209

Francium
Fr� � e� � Fr ca. �2.9

Gadolinium
Gd3� � 3e� � Gd �2.28

Gallium
Ga3� � 3e� � Ga �0.529
Ga3� � e� � Ga2� �0.65
Ga2� � 2e� � Ga �0.45
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Germanium
GeO2(tetr) � 2H� � 2e� � GeO(yellow)� H2O �0.255
GeO2(tetr) � 4H� � 2e� � Ge2� � 2H2O �0.210
GeO2(hex)� 4H� � 2e� � Ge2� � 2H2O �0.132
H2GeO3 � 4H� � 4e� � Ge� 3H2O 0.012
Ge4� � 2e� � Ge2� 0.0
Ge2� � 2e� � Ge 0.247
GeO� 2H� � 2e� � Ge� H2O �0.255
Ge� 4H� � 4e� � GeH4 �0.29

Gold
Au3� � 3e� � Au 1.52
Au3� � 2e� � Au� 1.36
Au� � e� � Au 1.83
AuCl � 2e� � AuCl � 2Cl�� �

4 2 0.926
AuBr � 2e� � AuBr � 2Br�� �

4 2 0.802
Au(SCN) � 2e� � Au(SCN) � 2SCN�� �

4 2 0.623
AuBr � 3e� � Au � 4Br��

4 0.854
AuCl � 3e� � Au � 4Cl��

4 1.002
Au(SCN) � 3e� � Au � 4SCN��

4 0.662
Au(OH)3 � 3H� � 3e� � Au � 3H2O 1.45
AuBr � e� � Au � 2Br��

2 0.960
AuCl � e� � Au � 2Cl��

2 1.15
AuI � e� � Au � 2I��

2 0.576
Au(CN) � e� � Au � 2CN��

2 �0.596
Au(SCN)2 � e� � Au � 2SCN� 0.69

Hafnium
Hf 4� � 4e� � Hf �1.70
HfO2 � 4H� � 4e� � Hf � 2H2O �1.57

Holmium
Ho3� � 3e� � Ho �2.23

Hydrogen
2H� � 2e� � H2 0.0000
2D� � 2e� � D2 0.029
2H2O � 2e� � H2 � 2OH� �0.828

Indium
In3� � 3e� � In �0.338
In3� � 2e� � In� �0.444
In� � e� � In �0.126

Iodine
H5IO6 � H� � 2e� � IO � 3H2O�

3 1.603
IO � 5H� � 4e� � HIO � 2H2O�

3 1.14
HIO3 � 5H� � 2Cl� � 4e� � ICl � 3H2O�

2 1.214
2IO � 12H� � 10e� � I2(c) � 3H2O�

3 1.195
IO � 3H2O � 6e� � I� � 6OH��

3 0.257
2IBr � 2e� � I2Br� � 3Br��

2 0.821
2IBr � 2e� � I2(c) � 4Br��

2 0.874
2IBr � 2e� � I2Br� � Br� 0.973
2IBr � 2e� � I2 � 2Br� 1.02
2ICl � 2e� � I2(c) � 2Cl� 1.20
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

2ICl � 2e� � I2(c) � 4Cl��
2 1.07

2ICN � 2H� � 2e� � I2(c) � 2HCN 0.695
2ICN � 2H� � 2e� � I2(aq)� 2HCN 0.609
2HIO � 2H� � 2e� � I2 � 2H2O 1.45
HIO � H� � 2e� � I� � H2O 0.985
I � 2e� � 3I��
3 0.536
I2(aq)� 2e� � 2I� 0.621
I2(c) � 2e� � 2I� 0.5355

Iridium
IrBr � e� � IrBr2� 3�

6 6 0.805
IrCl � e� � IrCl2� 3�

6 6 0.867
IrI � e� � IrI2� 3�

6 6 0.49
IrO2 � 4H� � e� � Ir 3� � 2H2O 0.223
IrO2 � 4H� � 4e� � Ir � 2H2O 0.935 1 H2SO4

Ir 3� � 3e� � Ir 1.156
IrCl � 4e� � Ir � 6Cl�2�

6 0.835
IrCl � 3e� � Ir � 6Cl�3�

6 0.77

Iron
FeO � 8H� � 3e� � Fe3� � 4H2O2�

4 2.2
FeO � 2H2O � 3e� � FeO � 4OH�2� �

4 2 0.55 10 NaOH
Fe3� � e� � Fe2� 0.771

0.70
0.67
0.44

1 HCl
0.5 H2SO4

0.3 H3PO4

Fe(CN) � e� � Fe(CN)3� 4�
6 6 0.361

0.71 1 HCl
Fe(EDTA)� � e� � Fe(EDTA)2� 0.12 0.1 EDTA, pH 4–6
Fe(OH) � e� � Fe(OH)� 2�

4 4 �0.73 1 NaOH
Fe2� � 2e� � Fe �0.44
[Fe(CO)4]3 � 6e� � 3Fe(CO)2�

4 �0.70

Lanthanum
La3� � 3e� � La �2.38

Lawrencium
Lr3� � 3e� � Lr �2.0

Lead
Pb4� � 2e� � Pb2� 1.65
PbO2(alpha)� SO � 4H� � 2e� � PbSO4 � 2H2O2�

4 1.690
PbO2 � 4H� � 2e� � Pb2� � 2H2O 1.46
PbO2 � 2H� � 2e� � PbO� H2O 0.28
PbO2� � H2O � 2e� � HPbO � 3OH��

2 0.3 2 NaOH
Pb2� � 2e� � Pb �0.126
HPbO � H2O � 2e� � Pb� 3OH��

2 �0.54
PbHPO4 � 2e� � Pb� HPO2�

4 �0.465
PbSO4 � 2e� � Pb� SO2�

4 �0.356
PbF2 � 2e� � Pb� 2F� �0.344
PbCl2 � 2e� � Pb� 2Cl� �0.268
PbBr2 � 2e� � Pb� 2Br� �0.280
PbI2 � 2e� � Pb� 2I� �0.365
Pb� 2H� � 2e� � PbH2 �1.507
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Lithium
Li� � e� � Li �3.040
Li� � Hg � e� � Li(Hg) �2.00

Lutetium
Lu3� � 3e� � Lu �2.30

Magnesium
Mg2� � 2e� � Mg �2.356
Mg(OH)2 � 2e� � Mg � 2OH� �2.687

Manganese
MnO � e� � MnO� 2�

4 4 0.56
MnO � 4H� � 3e� � MnO2(beta)� 2H2O�

4 1.70
MnO � 2H2O � 3e� � MnO2 � 4OH��

4 0.60
MnO � 8H� � 5e� � Mn2� � 4H2O�

4 1.51
MnO � e� � MnO2� 3�

4 4 0.27
MnO � 2H2O � 2e� � MnO2 � 4OH�2�

4 0.62
MnO � 2H2O � e� � MnO2 � 4OH�3�

4 0.96
MnO2 � 4H� � e� � Mn3� � 2H2O 0.95
MnO2(beta)� 4H� � 2e� � Mn2� � 2H2O 1.23
Mn3� � e� � Mn2� 1.5
Mn(H2P2O7) � 2H� � e� � Mn(H2P2O7) � H4P2O7

3� 2�
3 2 1.15 0.4 H2P2O2�

7

Mn(CN) � e� � Mn(CN)3� 4�
6 6 �0.24 1.5 NaCN

Mn2� � 2e� � Mn �1.17

Mendelevium
Md3� � 3e� � Md �1.7
Md3� � e� � Md2� �0.15
Md2� � 2e� � Md �2.4

Mercury
2Hg2� � 2e� � Hg2�

2 0.911
2HgCl2 � 2e� � Hg2Cl2 � 2Cl� 0.63
Hg2� � 2e� � Hg(lq) 0.8535
HgO(c,red)� 2H� � 2e� � Hg � H2O 0.926
Hg � 2e� � 2Hg2�

2 0.7960
Hg2F2 � 2e� � 2Hg � 2F� 0.656
Hg2Cl2 � 2e� � 2Hg � 2Cl� 0.2682
Hg2Br2 � 2e� � 2Hg � 2Br� 0.1392
Hg2I2 � 2e� � 2Hg � 2I� �0.0405
Hg2SO4 � 2e� � 2Hg � SO2�

4 0.614

Molybdenum
MoO � 4H2O � 6e� � Mo � 8OH�2�

4 �0.913
H2MoO4 � 6H� � 6e� � Mo � 4H2O 0.114
H2MoO4 � 2H� � 2e� � MoO2 � 2H2O 0.646
MoO2 � 4H� � 4e� � Mo � 2H2O �0.152
H2MoO4 � 6H� � 3e� � Mo3� � 4H2O 0.428
Mo(CN) � e� � Mo(CN)3� 4�

8 8 0.725
Mo3� � 3e� � Mo �0.2

Neodynium
Nd3� � 3e� � Nd �2.32
Nd3� � e� � Nd2� �2.6
Nd2� � 2e� � Nd �2.2
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Neptunium
NpO � 2H� � e� � NpO � H2O� 2�

3 2 2.04
NpO � e� � NpO2� �

2 2 1.34
NpO � 4H� � 2e� � Np4� � 2H2O2�

2 0.95
Np4� � e� � Np3� 0.18
Np4� � 4e� � Np �1.30
Np3� � 3e� � Np �1.79

Nickel
NiO � 4H� � 2e� � NiO2 � 2H2O2�

4 1.8
NiO2 � 4H� � 2e� � Ni2� � 2H2O 1.593
NiO2 � 2H2O � 2e� � Ni(OH)2 � 2OH� 0.490
Ni(CN) � e� � Ni(CN) � CN�2� 2�

4 3 �0.401
Ni2� � 2e� � Ni �0.257
Ni(OH)2 � 2e� � Ni � 2OH� �0.72
Ni(NH3) � 2e� � Ni � 6NH3

2�
6 �0.49

Niobium
Nb2O5 � 10H� � 4e� � 2Nb3� � 5H2O �0.1
Nb2O5 � 10H� � 10e� � 2Nb � 5H2O �0.65
Nb3� � 3e� � Nb �1.1

Nitrogen
2NO � 4H� � 2e� � N2O4 � 2H2O�

3 0.803
NO � 3H� � 2e� � HNO2 � H2O�

3 0.94
N2O4 � 2H� � 2e� � 2HNO2 1.07
HNO2 � H� � e� � NO � H2O 0.996
2HNO2 � 4H� � 4e� � N2O(g) � 3H2O 1.297
2HNO2 � 4H� � 4e� � H2N2O2 � 2H2O 0.86
2NO � 2H� � 2e� � H2N2O2 0.71
2NO � 2H� � 2e� � N2O � H2O 1.59
H2N2O2 � 6H� � 4e� � 2HONH�

3 0.496
N2O � 2H� � 2e� � N2 � H2O 1.77
N2O � 6H� � H2O � 4e� � 2HONH�

3 �0.05
N2 � 2H2O � 4H� � 2e� � 2HONH�

3 �1.87
N2 � 5H� � 4e� � N2H�

5 �0.23
HONH � 2H� � 2e� � NH � H2O� �

3 4 1.35
2HONH � H� � 2e� � N2H � 2H2O� �

3 5 1.41
N2H � 3H� � 2e� � 2NH� �

5 4 1.275
3N2 � 2H� � 2e� � 2HN3 �3.40

Nobelium
No3� � 3e� � No �1.2
No3� � e� � No2� 1.4
No2� � 2e� � No �2.5

Osmium
OsO4(aq)� 4H� � 4e� � OsO2 · 2H2O � 2H2O 0.964
OsO4(c, yellow)� 8H� � 8e� � Os� 4H2O 0.85
OsO2 � 4H� � 4e� � Os� 2H2O 0.687
OsCl � e� � OsCl2� 3�

6 6 0.45
OsBr � e� � OsBr2� 3�

6 6 0.35

Oxygen
O3 � 2H� � 2e� � O2 � H2O 2.075
O3 � H2O � 2e� � O2 � 2OH� 1.240 1 NaOH
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8.132 SECTION 8

TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

O2 � 4H� � 4e� � 2H2O 1.229
O2 � 2H� � 2e� � H2O 0.695
O2 � H2O � 2e� � HO � OH��

2 �0.076
H2O2 � 2H� � 2e� � 2H2O 1.763
HO � H2O � 2e� � 3OH��

2 0.867 1 NaOH
O2 � 2H2O � 4e� � 4OH� 0.401

Palladium
PdO3 � 2H� � 2e� � PdO2 � H2O 2.030
PdCl � 2e� � PdCl � 2Cl�2� 2�

6 4 1.470
PdBr � 2e� � PdBr � 2Br�2� 2�

6 4 0.99
PdI � 2e� � PdI � 2I�2� 2�

6 4 0.48
Pd2� � 2e� � Pd 0.915
PdCl � 2e� � Pd� 4Cl�2�

4 0.62 1 HCl
PdBr � 2e� � Pd� 4Br�2�

4 0.49
Pd(NH3) � 2e� � Pd� 4NH3

2�
4 0.0 1 NH3

Pd(CN) � 2e� � Pd� 4CN�2�
4 �1.35 1 KCN

Phosphorus
H3PO4 � 2H� � 2e� � H3PO3 � H2O �0.276
2H3PO4 � 2H� � 2e� � H4P2O6 � 2H2O �0.933
H4P2O6 � 2H� � 2e� � 2H3PO3 0.380
H3PO3 � 2H� � 2e� � HPH2O2 � H2O �0.499
HPH2O2 � H� � e� � P � 2H2O �0.365
H3PO3 � 3H� � 3e� � P � 3H2O �0.502
2P(white)� 4H� � 4e� � P2H4 �0.100
P2H4 � 2H� � 2e� � 2PH3 �0.006
P(white)� 3H� � 3e� � PH3 �0.063

Platinum
PtO3 � 2H� � 2e� � PtO2 � H2O 2.0
PtO2 � 2H� � 2e� � PtO� H2O 1.045
PtCl � 2e� � PtCl � 2Cl�2� 2�

6 4 0.726
PtBr � 2e� � PtBr � 2Br�2� 2�

6 4 0.613 1 KBr
PtI � 2e� � PtI � 2I�2� 2�

6 4 0.321 1 KI
Pt2� � 2e� � Pt 1.188
PtCl � 2e� � Pt � 4Cl�2�

4 0.758
PtBr � 2e� � Pt � 4Br�2�

4 0.698

Plutonium
PuO � e� � PuO2� �

2 2 1.02
PuO � 4H� � 2e� � Pu4� � 2H2O2�

2 1.04
Pu4� � e� � Pu3� 1.01

0.80 1 H3PO4

0.50 1 HF
Pu4� � 4e� � Pu �1.25
Pu3� � 3e� � Pu �2.00

Polonium
PoO2 � 4H� � 2e� � Po2� � 2H2O 1.1
Po4� � 4e� � Po 0.73
Po2� � 2e� � Po 0.37
Po� 2H� � 2e� � H2Po ca. �1.0
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ELECTROLYTES, EMF, AND CHEMICAL EQUILIBRIUM 8.133

TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Potassium
K� � e� � K �2.924
K� � Hg � e� � K(Hg) ca. �1.9

Praseodymium
Pr4� � e� � Pr3� 3.2
Pr3� � e� � Pr �2.35

Promethium
Pm3� � 3e� � Pm �2.42

Protoactinium
PaOOH2� � 3H� � e� � Pa4� � 2H2O �0.10
PaOOH2� � 3H� � 5e� � Pa� 2H2O �1.19
Pa4� � 4e� � Pa �1.46

Radium
Ra2� � 2e� � Ra �2.916

Rhenium
ReO � 2H� � e� � ReO3 � H2O�

4 0.768
ReO � 4H� � 3e� � ReO2 � 2H2O�

4 0.51
ReO � 2H2O � 3e� � ReO2 � 4OH��

4 �0.594
ReO � 6Cl� � 8H� � 3e� � ReCl � 4H2O� 2�

4 6 0.12
2ReO � 10H� � 8e� � Re2O3 � 5H2O�

4 �0.808
ReO3 � 2H� � 2e� � ReO2 � H2O 0.63
ReO2 � 4H� � 4e� � Re� 2H2O 0.22
ReCl � 4e� � Re� 6Cl�2�

6 0.51
Re� e� � Re� �0.10

Rhodium
RhO2 � 4H� � e� � Rh3� � 2H2O 1.881
Rh3� � 3e� � Rh 0.76
RhCl � 3e� � Rh � 6Cl�3�

6 0.5

Rubidium
Rb� � e� � Rb �2.924
Rb� � Hg � e� � Rb(Hg) �1.81

Ruthenium
RuO4 � e� � RuO�

4 0.89
RuO4 � 4H� � 4e� � RuO2 � 2H2O 1.4
RuO4 � 8H� � 8e� � Ru � 4H2O 1.04
RuO � e� � RuO� 2�

4 4 0.593
RuO � 4H� � 2e� � RuO2 � 2H2O2�

4 2.0
RuO2 � 4H� � 4e� � Ru � 2H2O 0.68
Ru(H2O) � e� � Ru(H2O)3� 2�

6 6 0.249
Ru(NH3) � e� � Ru(NH3)3� 2�

6 6 0.10
Ru(CN) � e� � Ru(CN)3� 4�

6 6 0.86
Ru3� � e� � Ru2� 0.249

Samarium
Sm3� � 3e� � Sm �2.30
Sm3� � e� � Sm2� �1.55
Sm2� � 2e� � Sm �2.67

Scandium
Sc3� � 3e� � Sc �2.03
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Selenium
SeO � 4H� � 2e� � H2SeO3 � H2O2�

4 1.151
H2SeO3 � 4H� � 4e� � Se� 3H2O 0.74
Se(c)� 2H� � 2e� � H2Se(aq) �0.115
Se� H� � 2e� � HSe� �0.227
Se� 2e� � Se2� �0.670 1 NaOH

Silicon
SiO2(quartz)� 4H� � 4e� � Si � 2H2O �0.909
SiO2 � 2H� � 2e� � SiO � H2O �0.967
SiO2 � 8H� � 8e� � SiH4 � 2H2O �0.516
SiF � 4e� � Si � 6F�2�

6 �1.37
SiO � 2H� � 2e� � Si � H2O �0.808
Si � 4H� � 4e� � SiH4(g) �0.143

Silver
AgO� � 2H� � e� � Ag2� � H2O 1.360
Ag2O3 � 2H� � 2e� � 2AgO � H2O 1.569
Ag2O3 � H2O � 2e� � 2AgO � 2OH� 0.739 1 NaOH
Ag2O3 � 6H� � 4e� � 2Ag� � 3H2O 1.670
Ag2� � e� � Ag� 1.980
AgO � 2H� � e� � Ag� � H2O 1.772
Ag� � e� � Ag 0.7991
Ag2SO4 � 2e� � 2Ag � SO2�

4 0.653
Ag2C2O4 � 2e� � 2Ag � C2O2�

4 0.47
Ag2CrO4 � 2e� � 2Ag � CrO2�

4 0.447
Ag(NH3) � e� � Ag � 2NH3

�
2 0.373

AgCl � e� � Ag � Cl� 0.2223
AgBr � e� � Ag � Br� 0.071
AgCN � e� � Ag � CN� �0.017
AgI � e� � Ag � I� �0.152
Ag(CN) � e� � Ag � 2CN� �0.31
AgSCN� e� � Ag � SCN� 0.09
Ag2S � 2e� � 2Ag � S2� �0.71

Sodium
Na� � e� � Na �2.713
Na� � Hg � e� � Na(Hg) �1.84

Strontium
SrO2 � 4H� � 2e� � Sr2� 2.33
Sr2� � 2e� � Sr �2.89

Sulfur
S2O � 2e� � 2SO2� 2�

8 4 1.96
S2O � 2H� � 2e� � 2HSO2� �

8 4 2.08
2SO � 4H� � 2e� � S2O � 2H2O2� 2�

4 6 �0.25
SO � 4H� � 2e� � SO2(aq)� H2O2�

4 0.158
SO � H2O � 2e� � SO � 2OH�2� 2�

4 3 �0.936
S2O � 4H� � 2e� � 2H2SO3

2�
6 0.569

S2O � 2e� � 2SO2� 2�
6 3 0.037

2HSO � 2H� � 2e� � S2O � 2H2O� 2�
3 4 0.099

2SO � 2H2O � 2e� � S2O � 4OH�2� 2�
3 4 �1.13

4H2SO3 � 4H� � 6e� � S4O � 6H2O2�
6 0.507

DEAN #37261 (McGHP) LEFT INTERACTIVE

top of rh
base of rh

cap height
base of text

short
standard
long



ELECTROLYTES, EMF, AND CHEMICAL EQUILIBRIUM 8.135

TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

4HSO � 8H� � 6e� � S4O � 6H2O� 2�
3 6 0.577

2SO2(aq)� 2H� � 4e� � S2O � H2O2�
3 0.400

2SO � 3H2O � 4e� � S2O � 6OH�2� 2�
3 3 �0.576 1 NaOH

SO � 3H2O � 4e� � S � 6OH�2�
3 �0.59 1 NaOH

S4O � 2e� � 2S2O2� 2�
6 3 0.080

S2O � 6H� � 4e� � 2S� 3H2O2�
3 0.5

SF4(g) � 4e� � S � 4F� 0.97
S2Cl2(g) � 2e� � 2S� 2Cl� 1.19
S � H� � 2e� � HS� 0.287
S � 2H� � 2e� � H2S(aq) 0.144
S � 2H� � 2e� � H2S(g) 0.174
S � 2e� � S2� �0.407

Tantalum
Ta2O5 � 10H� � 10e� � 2Ta� 5H2O �0.81
TaF � 5e� � Ta � 7F�2�

7 �0.45

Technetium
TcO � 4H� � 3e� � TcO2 � 2H2O�

4 0.738
TcO � 2H� � e� � TcO3 � H2O�

4 0.700
TcO � e� � TcO� 2�

4 4 0.569
TcO � 8H� � 7e� � Tc � 4H2O�

4 0.472
TcO � 4H� � 2e� � TcO2 � 2H2O2�

4 1.39
TcO2 � 4H� � 4e� � Tc � 2H2O 0.272
Tc � e� � Tc� ca. �0.5

Tellurium
H2TeO4 � 6H� � 2e� � Te4� � 4H2O 0.929
H2TeO4 � 2H� � 2e� � TeO2(c) � 2H2O 1.02

� 2H� � 2e� � � H2O2� 2�TeO TeO4 3 0.897
TeOOH� � 3H� � 4e� � Te � 2H2O 0.559
H2TeO3 � 4H� � 4e� � Te � 3H2O 0.589

� 6H� � 4e� � Te � 3H2O2�TeO3 0.827
� 3H2O � 4e� � Te � 6OH�2�TeO3 �0.415

TeO2(c) � 4H� � 4e� � Te � 2H2O 0.521
Te � 2H� � 2e� � H2Te(aq) �0.740
Te � H� � 2e� � HTe� �0.817
Te2� � 2H� � 2e� � 2HTe� �0.794

Terbium
Tb3� � 3e� � Tb �2.31

Thallium
Tl3� � 2e� � Tl� 1.25 1 HClO4

0.77 1 HCl
Tl3� � 3e� � Tl 0.72
Tl� � e� � Tl �0.336
TlCl � e� � Tl � Cl� �0.557
TlBr � e� � Tl � Br� �0.658
TlI � e� � Tl � I� �0.752

Thorium
Th4� � 4e� � Th �1.83
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TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Thullium
Tm3� � 3e� � Tm �2.32

Tin
Sn4� � 2e� � Sn2� 0.154

� 2e� � � 2Cl�2� 2�SnCl SnCl6 4 0.14
� 6H� � 2e� � Sn2� � 3H2O2�SnO3 0.849
� 4e� � Sn� 6F�2�SnF6 �0.200

Sn2� � 2e� � Sn �0.1375
� 2e� � Sn� 4Cl�2�SnCl4 �0.19 1 HCl
� H2O � 2e� � Sn� 3OH��HSnO2 �0.91

Sn� 4H� � 4e� � SnH4 �1.07

Titanium
TiO2� � 2H� � e� � Ti3� � H2O �0.10
TiO2� � 2H� � 4e� � Ti � H2O �0.86
Ti3� � e� � Ti2� �0.37
Ti3� � 3e� � Ti �1.21
Ti2� � 2e� � Ti �1.63

Tungsten
2WO3 � 2H� � 2e� � W2O5 � H2O �0.029
WO3 � 6H� � 6e� � W � 3H2O �0.090

� 4H2O � 6e� � W � 8OH�2�WO4 �1.074
� 2H2O � 2e� � WO2 � 4OH�2�WO4 �1.259

W2O5 � 2H� � 2e� � 2WO2 � H2O �0.031
� e� �3� 4�W(CN) W(CN)8 8 0.457

WO2 � 4H� � 4e� � W � 2H2O �0.119
WO2 � 2H2O � 4e� � W � 4OH� �0.982

Uranium
� e� �2� �UO UO2 2 0.16
� 4H� � 2e� � U4� � 2H2O2�UO2 0.27

� 4H� � e� � U4� � 2H2O�UO2 0.38
U4� � e� � U3� �0.52
U4� � 4e� � U �1.38
U3� � 3e� � U �1.66

Vanadium
� 2H� � e� � VO2� � H2O�VO2 1.000
� 4H� � 2e� � V3� � 2H2O�VO2 0.668
� 4H� � 3e� � V2� � 2H2O�VO2 0.361
� 4H� � 5e� � V � 4H2O�VO2 �0.236

VO2� � 2H� � e� � V3� � H2O 0.337
V3� � e� � V2� �0.255
V2� � 2e� � V �1.13

Xenon
H4XeO6 � 2H� � 2e� � XeO3 � 3H2O 2.42

� 2H2O � e� � HXeO4 � 4OH�3�HXeO6 0.9
XeO3 � 6H� � 2F� � 4e� � XeF2 � 3H2O 1.6
XeO3 � 6H� � 6e� � Xe(g) � 3H2O 2.10
XeF2 � e� � XeF � F� 0.9
XeF2 � 2H� � 2e� � Xe(g) � 2HF 2.64
XeF � e� � Xe(g) � F� 3.4
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ELECTROLYTES, EMF, AND CHEMICAL EQUILIBRIUM 8.137

TABLE 8.27 Potentials of the Elements and Their Compounds at 25�C (Continued)

Half-reaction

Standard
or formal
potential

Solution
composition

Ytterbium
Yb3� � e� � Yb2� �1.05
Yb2� � 2e� � Yb �2.8
Yb3� � 3e� � Yb �2.22

Yttrium
Y3� � 3e� � Y �2.37

Zinc
Zn2� � 2e� � Zn �0.7626

� 2e� � Zn � 4NH3
2�Zn(NH )3 4 �1.04

� 2e� � Zn � 4CN�2�Zn(CN)4 �1.34
� 2e� � Zn � 4(tartrate)2�6�Zn(tartrate)4 �1.15

� 2e� � Zn � 4OH�2�Zn(OH)4 �1.285

Zirconium
Zr4� � 4e� � Zr �1.55
ZrO2 � 4H� � 4e� � Zr � 2H2O �1.45
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TABLE 8.28 Potentials of Selected Half-Reactions at 25�C

A summary of oxidation-reduction half-reactions arranged in order of decreasing oxidation strength and useful
for selecting reagent systems.

Half-reaction E�, volts

F2(g) � 2H� � 2e� � 2HF 3.053
O3 � H2O � 2e� � O2 � 2OH� 1.246
O3 � 2H� � 2e� � O2 � H2O 2.075
Ag2� � e� � Ag� 1.980

2� � 2�S O � 2e � 2SO2 8 4 1.96
HN3 � 3H� � 2e� � �NH � N4 2 1.96
H2O2 � 2H� � 2e� � 2H2O 1.763
Ce4� � e� � Ce3� 1.72

� 4H� � 3e� � MnO2(c) � 2H2O�MnO4 1.70
2HClO � 2H� � 2e� � Cl2 � H2O 1.630
2HBrO � 2H� � 2e� � Br2 � H2O 1.604

� � �H IO � H � 2e � IO � 3H O5 6 3 2 1.603
NiO2 � 4H� � 2e� � Ni2� � 2H2O 1.593
Bi2O4(bismuthate)� 4H� � 2e� � 2BiO� � 2H2O 1.59

� � � 2�MnO � 8H � 5e � Mn � 4H O4 2 1.51
� � �2BrO � 12H � 10e � Br � 6H O3 2 2 1.478

PbO2 � 4H� � 2e� � Pb2� � 2H2O 1.468
� 14H� � 6e� � 2Cr3� � 7H2O2�Cr O2 7 1.36

Cl2 � 2e� � 2Cl� 1.3583
2HNO2 � 4H� � 4e� � N2O � 3H2O 1.297

� � � �N H � 3H � 2e � 2NH2 5 4 1.275
MnO2 � 4H� � 2e� � Mn2� � 2H2O 1.23
O2 � 4H� � 4e� � 2H2O 1.229

� � � �ClO � 2H � 2e � ClO � H O4 3 2 1.201
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TABLE 8.28 Potentials of Selected Half-Reactions at 25�C (Continued)

Half-reaction E�, volts

� � �2IO � 12H � 10e � I � 3H O3 2 2 1.195
N2O4 � 2H� � 2e� � 2HNO3 1.07

� 2e� � 4Cl� � I2�2ICl2 1.07
Br2(1q) � 2e� � 2Br� 1.065
N2O4 � 4H� � 4e� � 2NO � 2H2O 1.039
HNO2 � H� � e� � NO � H2O 0.996

� 4H� � 3e� � NO � 2H2O�NO3 0.957
� 3H� � 2e� � HNO2 � H2O�NO3 0.94

2� � 2�2Hg � 2e � Hg2 0.911
Cu2� � I� � e� � CuI 0.861
OsO4(c) � 8H� � 8e� � Os� 4H2O 0.84
Ag� � e� � Ag 0.7991

� 2e� � 2Hg2�Hg2 0.7960
Fe3� � e� � Fe2� 0.771
H2SeO3 � 4H� � 4e� � Se� 3H2O 0.739

� � �HN � 11H � 8e � 2NH3 4 0.695
O2 � 2H� � 2e� � H2O2 0.695

� 2�Ag SO � 2e � 2Ag � SO2 4 4 0.654
Cu2� � Br� � e� � CuBr(c) 0.654

� 3e� � Au � 4SCN��Au(SCN)4 0.636
2HgCl2 � 2e� � Hg2Cl2(c) � 2Cl� 0.63
Sb2O5 � 6H� � 4e� � 2SbO� � 3H2O 0.605
H3AsO4 � 2H� � 2e� � HAsO2 � 2H2O 0.560
TeOOH� � 3H� � 4e� � Te � 2H2O 0.559
Cu2� � Cl� � e� � CuCl(c) 0.559

� � �I � 2e � 3I3 0.536
I2 � 2e� � 2I� 0.536
Cu� � e� � Cu 0.53
4H2SO3 � 4H� � 6e� � � 6H2O2�S O4 6 0.507
Ag2CrO4 � 2e� � 2Ag � 2�CrO4 0.449
2H2SO3 � 2H� � 4e� � S2 � 3H2O2�O3 0.400

� 4H� � e� � U4� � 2H2O�UO2 0.38
3� � 4�Fe(CN) � e � Fe(CN)6 6 0.361

Cu2� � 2e� � Cu 0.340
VO2� � 2H� � e� � V3� � H2O 0.337
BiO� � 2H� � 3e� � Bi � H2O 0.32

2� � � 4�UO � 4H � 2e � U � 2H O2 2 0.27
Hg2Cl2(c) � 2e� � 2Hg � 2Cl� 0.2676
AgCl � e� � Ag � Cl� 0.2223
SbO� � 2H� � 3e� � Sb� H2O 0.212

2� � �CuCl � e � Cu � 3Cl3 0.178
2� � �SO � 4H � 2e � H SO � H O4 2 3 2 0.158

Sn4� � 2e� � Sn2� 0.15
S � 2H� � 2e� � H2S 0.144
Hg2Br2(c) � 2e� � 2Hg � 2Br� 0.1392
CuCl � e� � Cu � Cl� 0.121
TiO2� � 2H� � e� � Ti3� � H2O 0.100

2� � 2�S O � 2e � 2S O4 6 2 3 0.08
AgBr � e� � Ag � Br� 0.0711
HCOOH� 2H� � 2e� � HCHO � H2O 0.056
CuBr � e� � Cu � Br� 0.033
2H� � 2e� � H2 0.0000
Hg2I2 � 2e� � 2Hg � 2I� �0.0405
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TABLE 8.28 Potentials of Selected Half-Reactions at 25�C (Continued)

Half-reaction E�, volts

Pb2� � 2e� � Pb �0.125
Sn2� � 2e� � Sn �0.136
AgI � e� � Ag � I� �0.1522
N2 � 5H� � 4e� � N2

�H5 �0.225
V3� � e� � V2� �0.255
Ni2� � 2e� � Ni �0.257
Co2� � 2e� � Co �0.277

� � �Ag(CN) � e � Ag � 2CN2 �0.31
PbSO4 � 2e� � Pb� 2�SO4 �0.3505
Cd2� � 2e� � Cd �0.4025
Cr3� � e� � Cr2� �0.424
Fe2� � 2e� � Fe �0.44
H3PO3 � 2H� � 2e� � HPH2O2 � H2O �0.499
2CO2 � 2H� � 2e� � H2C2O4 �0.49
U4� � e� � U3� �0.52
Zn2� � 2e� � Zn �0.7626
Mn2� � 2e� � Mn �1.18
Al3� � 3e� � Al �1.67
Mg2� � 2e� � Mg �2.356
Na� � e� � Na �2.714
K� � e� � K �2.925
Li� � e� � Li �3.045
3N2 � 2H� � 2e� � 2HN3 �3.10
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