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A great deal of solution chemistry can be summarized in a table of standard electrode 
potentials of the elements in the solvent of interest. In this work, standard electrode 
potentials and temperature coefficients in water at 298.15 K, based primarily on the "NBS 
Tables of Chemical Thermodynamic Properties," are given for nearly 1700 half-reactions 
at pH = 0.000 and pH = 13.996. The data allow the calculation of the thermodynamic 
changes and equilibrium constants associated with ~ 1 4 m1111on complete cell reactions 
over the normal temperature range of liquid water. Estimated values are clearly distin­
guished from experimental values, and half-reactions involving doubtful chemical species 
are duly noted. General and specific methods of estimation of thermodynamic quantities 
are summarized. 

Key words: electrochemical cell reaction; equilibrium constant; half-reaction; standard electrode 
potential; standard enthalpy, entropy and Gibbs energy change; temperature coefficient; third-law 
entropy 
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A standard electrode potential E u is defined as the po­
tential (in volts, V) of a half-reaction relative to a reference 
electrode at a specified temperature, all chemical species be­
ing in their standard states at unit activity. These states may 
be arbitrarily defined as pure crystalline solids, pure liquids, 
ideal gases at one atmosphere fugacity ( 1.013 25 X 105 Pa), 
and ideal solutes at unit molality. The most common tern-
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perature for the tabulation of standard electrode potentials, 
as for other thermodynamic data, is 25 ~c (29~.15 K). 

For the solvent water, the usual reference electrode is 
the standard hydrogen electrode (SHE), E 0 for the half­
reaction 

(1) 

being assigned a value of zero volts at all temperatures. The 
SHEmaybeabbrcviatcdasE 0 [H+ /H2 (g) ]. Thcsymbole­
in a conventional half-reaction represents one electrochemi­
cal equivalent (i.e., one mole of electrons). 

The classic reference for standard electrode potentials 
in water is Latimer's "Oxidation Potentials," 1 which pro­
vides E 0 values for a large number of half-reactions at 298.15 
K. de Bethune and others2

-4 have shown that the tempera­
ture dependence of E 0 is approximately linear between 
273.15 and 373.15 K, and have extended Latimer's work 
over the normal temperature range of liquid water by tabu­
lating temperature coefficients of standard electrode poten­
tials dE 0 I dT: 
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(
dE 0 \ 

E~ = E~98 + (T- 298.15) · --) . 
dT 298 

(2) 

Temperature coefficients may be conveniently expressed in 
millivolts per kelvin, m V /K. As withE 0 values, dE 0 I dTval­
ues are defined relative to dE 0 I dT for the SHE being equal to 
zero at all temperatures. The accuracy ofEq. ( 2) depends on 
the assumption that E 0 is a linear function of temperature. 
This is not quite true, although the errors incurred are often 
small. Deviations from linearity are discussed in Sec. 8. 

The works of Latimer1 and de Bethune et af.2-4 have 
been widely quoted. Unfortunately, however, their primary 
reference is the Circular 500 of the United States National 
Bureau of Standards (NBS),5 now, the National Institute of 
Standards and Technology (NIST), which has been ren­
dered obsolete through modem publications by the Insti­
tute.6·7 The need exists for a table of standard electrode po­
tentials and temperature coefficients in water at 298.15 K 
which is based on the modern NBS tables. 

2. Sources of Thermodynamic Data 
Standard electrode potentials and temperature coeffi­

cients at 298.15 K are presented in Table 1. The elements are 
arranged by Periodic Table family for easy access. The pri­
mary sources of thermodynamic data used in this report are 
the "NBS Technical Note 270" series6 and the "NBS Tables 
of Chemical Thermodynamic Properties. "7 The data tabu­
lated in Refs. 6 and 7 are not yet supported by a published 
bibliography; information about the selection of thermody­
namic values for specific chemical species may be obtained 
by writing to the Director, Chemical Thermodynamics Data 
Center, Room A158, Chemistry Building, National Insti­
tute of Standards and Technology ( NIST), 0 aithersburg, 
MD 20899. Reference 7 contains a detailed discussion of the 
problems of internal consistency encountered when combin­
ing thermodynamic data from different sources. In this re­
port, an attempt has been made to keep non-NIST sources to 
a minimum, calling upon them only when the values are 
clearly superior to NIST , or when NIST provides no data. 

Auxiliary rcfen::uces which provide much data uot giv­
en by NIST are "The Hydrolysis of Cations" by Baes and 
Mesmer, S<a> a follow-up paper by the same authors, S(b) and 
"Standard Potentials in Aqueous Solution." edited by Bard, 
Parsons, and Jordan.9 (For reasons discussed below, the lat­
ter reference has been used with discretion.) Some thermo­
dynamic data used in this report have been taken from "Ad­
vanced Inorganic Chemistry•• by Cotton and Wilkinson, 10 

but this popular text has served mainly as a rich source of 
descriptive chemistry for the estimation of thermodynamic 
quantities (vide infra). Thermodynamic prediction methods 
developed by the author11

-
13 have aided in the compilation 

of standard electrode potentials and temperature coeffi­
cients of the lanthanides and actinides, and, with appropri­
ate modification, for a few other elements. Thineen standard 
Gibbs energies of forrilation and eight standard entropies 
(none of which has been superseded by NBS6·7) have been 
taken or deduced from Latimer. 1 The standard enthalpy of 
formation of FeO~ has been taken from de Bethune eta/. 2 
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2.1. Uncertainties 

Following NBS, 6·7 the probable uncertainties associat­
ed with theE 0 and dE 0 I dT values in this report are implied 
by the number of digits tabulated. E 0 and dE 0 I dT values in 
Table 1 are believed to be uncertain by less than ten units in 
the last digit tabulated. For experimentally based values, the 
number of digits tabulated reflects the cumulative uncertain­
ties in the thermodynamic data. For estimated values (en­
closed in parentheses), the number of digits tabulated re­
flects the uncertainty in the method of prediction (vide 
infra). The author accepts ful1 responsibility for all estimat­
ed values in this report. 

It is necessary to discuss Ref. 9 in some detail at thi. 
point, because ostensibly it has already accomplished the 
goal of this report. (However, the present work contains 
many more temperature coefficients of electrode potentials 
than does Ref. 9.) It can be verified from personal experience 
that it is a colossal undertaking to assemble a critically evalu­
ated table of thermodynamic data for inorganic compounds; 
the approach taken by Bard et a/.9 has been to divide the 
work among several chapter authors. Unfortunately, some 
of the authors have taken or deduced E 0 and/ or dE 0 I dT 
values from Latimer, 1 de Bethune et a/.,2-4 and the NBS 
Circular 500,5 although such values have been superseded by 
the more recent NIST publications. 6·7 The following chap­
ters in Ref. 9 contain extensive tables of such outdated val­
ues: Chap. 5 (E 0 and dE 0 I dT for F and E 0 for I); Chap. 6 
(dE 0IdT forS-Te); Chap. 7 (E 0 forN andP); Chap. 8 (E 0 

anddE 01dT forC-Pb); Chap. 9 (E 0 anddE 0IdT forGaand 
Tl); Chap. 17 (E 0 forNband Ta); Chap. 18 (E 0 forTi-Hf); 
Chap. 22 (dE 0IdT forMg-Ra); Chap. 23 (E 0 anddE 0IdT 
for Li-Cs). Admittedly, in some cases, the absolute differ­
ences between the old I-s and new6

•
7 E 0 or dE 0 I dTvalues are 

less than the sums of their assigned uncertainties. Ilowever, 
it would appear that a simple retabulation of the old values 
undermines the primary objective of Ref. 9, which can be 
construed from the preface as "to incorporate a wealth of 
new data in order to provide critically selected values and the 
best estimates now available." 

. On the other hand, over 100 of the E 0 values in Ref. 9 
differ significantly from the values listed in Table 1. Exam­
ples includeE 0 [Te(c), H+ IH2Te] = -0.740 V (Table 1: 
-0.46 V); E 0 [N2 (g),H+ /HN3 ] = - 3.10 V (Table 1: 

3.334 V);E 0 [H2Si04
2 - ISi(c),OH-] 1.69V (Ta-

ble 1: - 1.834 V); E 0 [Ta20 5 [ (c,/J),H+ I 
Ta(c)] -0.81V(Tablel: 0.752V);E 0 [Ti(OH)/+, 
H+ ITi(c)] = -0.86 V (Table 1: - 1.00 V), and E 0 

[c~-~- /Cs(c)] = -2.923 V (Table L 3.026 V). The ap­

plication of Latimer's equilibrium data1 on H2Te, H2Si0~ , 
and Ti( OH)~ + to the modern NBS tables6

•
7 instead of to the 

NBS Circular 5005 yields E 0 values in essential agreement 
with Table 1; the other E 0 values in Table 1 (involving HN 3, 

Ta20 5, and Cs +) have been calculated directly from the 
modern NBS tables. 

Some of the data in Ref. 9 disagree with that in Table 1 

because they have been calculated or assigned incorrectly. 
For example, theE 0 values giveh for those vanadium species 
wh1ch predominate in basic solution (p. 523) have been cal­
culated for unit activity H+ (aq) and are 0.8-2.9 V more 
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Table l. Sl&adard Electrode Po&e.atials a.ad Teaperature 
Coelficieau ia Water at 291.1) I 

Add Solutio.as 
(pH= 0.000) 

H'!Hz(g) 

w !Hz 

H+ IH (g) 

Hz (g) I H· 

£0 d£0/dT Basic Solutions 
(V) (aY/I) (pB & 13.996) 

Bydrote•'· 7 

0.0000 0.0000 HzO(liq) I Hz (g). OH· 

-0.091 -0.378 Hz <gl 1 H· 

-Z.l067 O.:HJ I HzO (liq) I H (g). OH· 

(-Z . .f0)&(-1.-48) 

lithiua6·1 

Li',Hz(g)ll.iH(c) ·Z.331 -l.Z8:5 LiOH(c)/l.i(cl.OH· 

l..i' I Li (c) -3.040 -O.~J.C l..i' I Li (c) 

uou 1 u <cl. ou-

Socliua6·1 

Na•.Hz(g)INaH(c) -2.367 -IS)O NaOHINa(c),OH-

Na• I Na(c) -Z.7H3 -0.~7 Na• INa (c) 

Potassiua6·1 

1::'. Hz (g) I J::H (c) (-Z.:58)b (-1.90) J::OH IJ:: (c). OH-

1::' I J:: (c) -2.936 -1.074 J::• I J:: (c) 

Rubidiua6. 7 

Rb'. Hz (g) I RbH (c) (-Z.66)b (-1.99) RbOH I Rb (c). OH· 

Rb' IRb (c) -Z.4C3 -1.140 Rb'IRb(c) 

Cesiua6·11 

Cs'. Hz (g) I CsH (c) (-2.72)b (·Z.O.O CsOH I Cs (c), OH .. 

es• 1 Cs (c) -3.026 -1.172 es• 1 es cc> 

fr•. Hz (g) 1 FrH (c) 

Fr• I Fr (c) 

Fraaciua6. 7 

<-z.m c-z.o 
(-Z.9) (-I.Z) 

FrOH I Fr (c);OH' 

Fr' IFr (c) 

Berylliua6·1 

BeOW, H' I~ (c) -1.808 (0.3) Be(OH),.Z- I Be (c), OH· 

Be3!0Hl33•. W I Be (c) -1.880 Be(QH)f I Be (c), OH· 

£0 tl£0/dT 
(Y) (aY/I) 

-0.8Z80 -0.8360 

(-Z.40)&(-1.48) 

-Z.9347 -0.3249 

-2.920 -0.930 

-3.040 -0.:514 

-3.060 -0.:59 

-2.704 -0.73 

-2.7143 -0.7:57 

·2.909 (·0.9) 

-Z.936 -1.074 

(-2.91) 

-Z.4C3 -1.140 

(-2.97) 

-3.026 -1.172 

(-2.11) 

(-2.9) (-l.Z) 

-2.:517 -0.7;11 

-2.~2 

BeZ• I Be (c) -1.968 (0.60) 

BeZ•, Hz (g) I BeHz (c) (-2.26) (-O_o,) 

Be(OHlz (pL) I Be (c), OH· (-2.:58)b (-I.O;il 

Be(OHlz (c. u) I Be (c). OH· -2.:598 -1.022 

BeO (c) I Be (c). OH· -Z.606 ·1.174 

Be(OH)z (q) I Be (c). QH· -2.609 -1.001 

llasaeslua6 a 

MgOH+. ft+ I Mg (c) 

Mg4(0Hl44•, W I 

Ma(c) 

-Z.OZ2 (0.Z5) 

-2.067 

MgZ•. Hz (g) I MgHz (c) -2.173 -0.<l86 

Mg2•1Mg (c) -2.360 0.199 

MgO (c) I Mg (c), OH- -Z.550 -1.120 

Mg(OH)z (pt) I Mg (c), OH· (-2.68)b (-0.98) 

Me(OHl:l (c) I Ma !cl. ou- -ZMO -0 946 

Calciua6-l 

ea2•. Hz Cgl 1 CaHz Ccl -2.10:5 -0.86 

CaOH'. a• 1 ea <cl -2.488 -0.0:5 

eaZ• ICa(c) -2.868 -0.186 

eaow 1 ea (c), on- -2.902 -O.<l6 

Ca(OH)z (c) I Ca (c), OH· ·3.022 -0.991 

Table l. Sta.adard Electrode Po&eatials a.ad Teaperature 
Coelficieau ia Water at 291.1, I-- Coatiauecl 

Acid Solutions 
(pB -0.000) 

£0- d£0/dT lui~: Solutioas £0 tJEO/dT 
(Y) (aY/I) (Y) (aY/I) (pB -13.996) 

Stroatiua6-a 

sr2•. Hz (g) 1 SrHz (c) (-2.16)b (-0.90) 

SrOH'. H' I Sr(c) 

s,.Z• ISr(c) 

-2.:506 

-2.899 -0237 

SrOH' 1 sr (c). ou­

Sr(OHlz · 8 HzO(c) I 

Sr(c).OH' 

-2.920 

(-3.03Jb (0.36) 

Bariua6-l 

&2•. Hz Cgl 1 BaH2 (cl <-2.18)& <-L06l 

BaOH'.H' IBa(c) 

&2• IBa(c) 

-2.,07 

-2.906 -0.-401 

BaOH' I Ba (c). OH· 

Ba(OHlz · 8 H20(c) I 

Ba (c). on-

-2.921 

-3.00 0.29 

Radiua6. 7, 11-13 

Ra2•. Hz <gl 1 RaHz (cl <-2.19) (-1.09) 

RaOH'. H' IRa (c) (-2.40) 

Ra2• IRa (c) (-2.80) (-0.44) 

RaOH' IRa (c).OH· 

Ra(OH)z · 8 HzO (c) I 

Ra (cl.OH-

(-2.81) 

(-2.89) 

Scaacliua6·1, II. IZ 

sc3•. Hz (g) 1 ScH3 (c) H.7:5l (-0.2:5) 

sc2• /Sc(c) C-2.0)& (-0.2) 

ScOH2•. H' I Sc (c) -2.01 0.24 

Scz(OH>z4•. H' I Sc (c) -2.03 

Sc3• I Sc(c) 

sc3• 1 sc2• 

-2.09 0.41 

(-2.3)& (1.6) 

Sc(OH)4- I Sc(c). OH- -2.68 (-1.16) 

Sc(OH)3 (pt) I Sc(c). on- -2.69 -1.01 

Sc(OHl3 (c) I Sc (c), OH- -2.72 (-0.96) 

SczOJ (c. y) I Sc (c). on- -2.742 -1.16-4 

Scoon<cl ISc (cJ.on- (-2.76) (-1.10) 

Yttriua6-9 

y3•, Hz (g) I YH3 (c) H.72) (-0.32) 

YOH2•, H' I Y (c) -2.23 (0.2) 

y3•1Y (c) -2.38 0.34 

Y(OHl3 (pt) I Y (c). OH· 

YCOHl3 (c) 1 Y <cl. on-

(-2.87) 

-2.90 -0.977 

l.a.atba.aual. a. 9 

ta3•, Hz (g) I Lan3 (c) H .71) (-O.<ll) la(OH)3 (pt) I La (c), on- -2.7:5 

LaOH2•. H' I La (c) -2.21 (0.1) la(OH)3 (c) I La (c), on- -2.80 -0.998 

ta3• I la(c) -2.379 0.242 

Ceriua6-9 

ee4• 1 ee3• 

CeOH3•. H' I ee3• 

CeOz (ptl, w 1 ee3• 

ee2coH>z6•. n• 1 ee3• 

CeOz <c>. u• 1 ee3• 

CeOz Cc>. n• 1 eeonZ• 

eeou2•. u• 1 ee <c> 

ee3• ICe (c) 

1.72 1.~4 

1.68 -0.13 

(1.66) (-2.1) 

(1.64) 

1.30-4 -2.00 

0.81 

-2.17 

-2.336 0.280 

Ce40, (c) I Ce(0Hl3 (c) OH'(-0.11) (-203) 

CeOz (pL) I 

eecon>3 Cpu. ou-
CeOz (c) 1 Ce(OH)3 (c). ou- -0.70 H.,-4) 

CeOz(c)ICe,.O,(c:),OH· (-1.27) (-1.0•0 

Ce(OHl3 (pL) ICe .(c), OH· ( -Z.73) 

eecou>3 (c) 1 Ce (c). ou- -2.77 (-0.99) 

PI'U!Iocly.a.iua6-9, 11, 12 

Pr4• I Pr3• (3.2) (1.4) 

PrOz (pt). H' I Pr3• (3.0) 

PrOz (c). u• 1 Pr.3• cz.&7)b c -z.m 
Pr0-.1 <c>. u• 1 PrOu2• (2.18) 

p,.Z• I Pr (c) (-2.0)& (-0.4) 

PrOu2•. w 1 Pr (c) 

Pr3• IPr (c) 

Pr3• I p,.Z• 

-2.19 

-2.3'3 0.291 

(-3.1)1\ (1.6) 

PrCOHl3 (c). oa· 
PrOz (pt) I 

PrCOHla <Dtl. oa-

(0.9·0"'< 1.91) 

(0.9) 

PrOz (c) I Pr(OH)3 (c), on· (0.70)b (-1.67) 

PrOz (c) I Pr&01t (c), OH· (O.ZZ)b ( -1.19) 

Pr(OH)3 (pt) I Pr (c), Olf" (-2.76) 

PrCOHl3 (c) 1 Pr (c). ou- ·2.80 -0.990 
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Table 1. S&aadard Electrode Potentials and Teaperature 
Coefficiea&s ia Water at 298.1') l -- Coatiaued 

Acid Solutions 
(pH· 0.000) 

Nd2• /Nd(c) 

Nd0e2•. e• 1 Nd (c) 

Nd3•1Nd(c) 

Nd3•tNd2• 

[O ciEO/dT Basic Solutions 
(V) (aV/1:) (pB; 13;996) 

•••dJ'aiua6-CJ, 11. 12 

£0 dE0 /dT 
(V) (aV/1:) 

(-2.1)& (-0.-f) 

-2.16 

Nd(OB)3 (pl) I Nd (c). OB· ( -2.7-·0 

-2.323 0282 

( -2.7)& (1.6) 

Nd(OB)3 (c) I Nd (c). oe- -2.78 -0.990 

P.roaetJtiua9. 11. 12 

Pmoe2•, e• I Pm (c) (-2.1-f) Pm(OH)J (pt) 1 Pm (c). oe- (-2.7-t) 

Pm2•1Pm(c) 

Pm3•1Pm(c) 

Pm3•1Pm2• 

(-22)& (-0.3) 

(-2.30) (0.29) 

(-2.6)& (1.~) 

Pm(OH)3(c)IPm(c),OH· (-2.78) (-0.99) 

Saaariua6-CJ 

Sm3• I sm2• -1.~~ (l..f) Sm(OH)3 (pt) 1 sm (c). oe- (-2.~) 

smoe2•. e• 1 sm (c) -2.1~ Sm(OH)z · H20(c) I (-2.77)&(-0.9) 

Sm3•1Sm(c) 

Sm2•1Sm(c) 

Euoe2•, e• I Eu2• 

Eu3•1Eu2• 

l'uOF!2•. H• I Fu (c) 

Eu3•tEu (c) 

Eu2• lEu (c) 

GdOH2•. e• 1 Gd (c) 

Gd3• /Gd(c) 

fb4• 1Tb3• 

TbOz <pL>. e• 1 Tb3• 

-2.304 0279 Sm(c),OH· 

-2.68 (-028) Sm(OH}J (c) ISm (c), OH· -2.78 (-0.98) 

Sm(OH)3 (c) I (-2.8)& (-12) 

Sm(OH)z :e20(c),OH· 

0.11 

Europiua6-9 

Eu(OH}J (c:) I (-1.6) (-1.1) 

Eu(OH>z · H20 <c>. oe-

ru<oH>3 (pt) I Iu (e), OH· (-2.«) 

-1.991 0.338 EuCOH)3 (c) I Eu (c), OH· -2.~ ·0.93-t 

-2.812 -0.26 Eu(OH)z·H20(c)l (-2.92) (-0.8') 

C.cloliaiua6·9 

-2.12 Gd(OH>3 (pt) 1 Gd (c). oe- (·2.74) 

-2279 o.m Gd(OH)3 (c) 1 Gel (c). ou- -2.78 -0.990 

Tet•iaa6·9 

(3.1) 0.,) Tb-P7 (c) 1Tb(OB)3 (c),OH" (J.O.f)b (-227) 

(2.7) TbOz (pl) I (O.S) 

TbO.z (c). u• 1 Tb3• (2 . .f.f)b (-2.36) TbCoe>3 Cpt), oe· 

TbOz <c>. e• 1 Tbou2• (1.97) 

TbOHZ·. e• 1 Tb (c) -2.12 

fb3• I Tb (c) -228 0.3,0 

TbO.z (c) 1Tb(OH)3 (c).OB" (0.6-f)b (-1.72) 

TbO.z (c) 1Tb.c07(c),OH" (O.Z.f)b(-1.16) 

Tb(OB)3 (pl) /Tb (c),OH" (·2.'n) 

Tb(OH>3 (c) 1 Tb (c), ou- -2.78 -0.979 

D,-sprosiaa6-9, 11, 12 

DyOJf2•.e•IDy(c) 

ny2• I Dy (c) 

.uy3• I .LJy (C) 

Dy3•1Dy2• 

-2.l.f Dy(OB)3 (pt) I Dy (c), OH" (·2.77) 

(-22)& (·0.3) 

-22~ 0.373 

(-2.6)& (1.6) 

Dy(OH)3 (c) I Dy (c). OH" ·2.&1 (-0.98) 

J. Phys_ Chern. Ref. Data, Vol. 18, No.1, 1989 

Tale 1. Stu.d&H Electrou Potealials aa• Teaperatan 
Coefficieats ia Yater at 291.15 1: -- Coatia•d 

Acid Solatioas 
(pB -0.888) 

£0 d£0/D. Basic Solutioas £0 B;O/D. 
ff) (aV/1:) (V) (aV/1:) (pB •13.996) 

Bolaiaa6·9, ll. IZ 

Bo2• 1 Ho (c) (-2.1)& (-02) 

BoOe2•.ft•IHo(c) -2.18 

Ho3• I Ho (c) 

Ho3• 1Ho2• 

-2.33 0.371 

(-2.8)8. (1.6) 

Ho(OH)J (pt) I Ho (c), oe- (-2.82) 

Bo(OH)J (c) I Ho (c), oa· -2.8' .0.977 

Erlliaa6-CJ. 11. 12 

trZ• IEr(c) 

£rOe2•.u• IEr(c) 

Er3• I Er (c) 

Er3• ltrZ• 

(-2.0)& (-02) 

-2.18 

-2.331 0.388 

·(-3.0)& (1.6) 

Er(OH)J Cpt) 1 Er (c), oe- <-2.83) 

Er(08)3 (c) I Er (c). 011" -2.86 (-0.98) 

T.bullua6-CJ. II. 12 

Tmoe2•. ft• I Tm (c) -2.17 

Tm3• 1rrr;;.• (-22)& 0.6) 

Tm3• ITm(c) 

rrr;;.• /Tm(c) 

-2.319 0.39-t 

(-2.4)& (-0.2) 

Tm(OH)] (pl) I Tm (c), Oft· (-2.82) 

Tm(OB)] (c) 1 Tm (c), ou- -2.8} (-0.97) 

Ytterhiua6-CJ, 11. 12 

Yb3• I Yb2• -1.~ (1.1) 

Yb0e2•. e• I Yb (c) -2.0-f 

Yb3• I Yb (c) -2.19 0.363 

Yb2• I Yb (c) -2.76 (-0.16) 

YbCOBl3 (c) I 

Yb(OH)z (c). oe-

(-2.3) (-1.0) 

Yb(OH)3 (pt) I Yb (c), oa- (·2.70) 

Yb(OB)3 (c) I Yb (c). oe- -2.73 (-1.00) 

Yb(OH)z (c) I Yb (c). 011" (-2.9ot) H.O) 

Lutetiua6-CJ,l1. 12 

-2.13 Lu(OH)J (pt) I Lu (c), 011" (-2.79) Luoe2•, e• I Lu (c) 

Lu3•1Lu (c) -228 6.412 Lu(OU)3 (c) 1 Lu (c), oe- -2.82 C-0.97) 

Ac:tiaiua'· 11-13 

Ac3•. H2 Cel I AcH:3 (c) C-1.70) C-0.46) 

Ac3• I Ac (c) C-2.20) (0.19) 

AdOHl3 Cpt) I Ac (c). ou· C-2.'\~) 

Ac(OH)J (c) I Ac (c), oH· (-2.}7) H.Ol) 

T.boriua6-CJ 

Th4•.u2 cg>l -l..f68 -o.on Th~Cpt)ITh(c).ou- -2., (-1.21) 

Th4u15 (c) ThQ:l (c) I Th (c). Olt -2.627 -1.181 

ThOU3•. u• I Th (c) -1.779 0.31 

1.11zWH)26•, H" I T.D (CJ -l.l!S 

Th4• ITh (c) -1.826 0.557 

P.rotactiaiua6·9, IJ-U 

-0.1 (-3.3) 

PaOzOH (pt), H' I Pa.f• (-0.1) 

Paz~ (c). u· I PaOz (c) (-0.2) (-0.·0 

PaaoffZ•. u· IPa(c) -121 (-0.23) 

PaOzOH (pt). H' I Pa (c) (-1.22) 

Paz~ (c), H' I Pa (c) H.Z.f) (-0.37) 

Pa.3• I Pa(c) 

Pa4• I Pa (c) 

(-1.3-f)& (O.H) 

-1.49 (0.53) 

P&Oz(c),H'/Pa(c) -1.50 -0.37 

Pa.4• 1 Pa.3• C-1.9)8. (1.7) 

PaOz (c), H' I Pa.3• (-2.0)8. H.9) 

Paz~ (c) I PaO.z (c),oH- (-1.0) H.2) 

PaOCOH).f I PaOz (pt), ou- (-1.2) 

PaOzOH(pt) I (-1.3) 

PaOz Cpt>. ou· 

PaO(OH).c· I Pa (c), OH" (·2.0-f) 

PaOzOH (pt) I Pa (c). ou- (-2.0,) 

Paz~ cc> I Pa (c), oe­

Pa.Oz (pt) 1 Pa (c). ou­

PaOz (c) 1 Pa (c). ou-

(-2.07) (-1.21) 

(-2.24) 

-2.33 -1.21 



STANDARD ELECTRODE POTENTIALS AND TEMPERATURE COEFFICIENTS IN WATER 5 

Yule 1. SUDdard Dectnde Poteatials aad Yeapera1are 
Coefficients in Water a& 291.ll ~ -- Con&inued 

Acid Solutions 
(pH -0.000) 

EO dEO/fi Basic Solutions EO dEO/fi 
(V) (aV/~) (V) (aV/~) (pH •13.996) 

Oraaiua6-9. 11-13 

UOz• I UOz (c) 

UOzOH•. u• I UOz (c) 

CUOzl3<ou~·. u• I 

UOz(c) 

(UOzl2<0Hl22•. u• I 

UOz (c) 

0.66 (0.3) 

0.~ 0.00 

0.~ .. 0.16 

O.<t93 0.16 

UOzOH <cl 1 UOz (c), ou- <o.oa 

UOz<OHll- I UOz (pt), ou- ( -0.1 )a 

UOz<OHll (c. pl I 

u30g (c,ul, ou-

UOzCOHl-t2- I UOz (cl. ou- (-022) 

UOz(OHll <c. Pl I -02'2 -1.0' 

UOz2• I UOz (c) 

u0z•.u• 1u-t· 

u0z2•. u· 1 u-t• 

uo,2•. u· 1 uou3• 

UOz2• I UOz' 

uou3•, u• 1 u3• 

o.-t10 0.232 UOz <cl. ou-

0.39 (-H) U30g (c. u) I UOz (c), ou- -0.309 -128-t 

0.273 -1.,82 

02, .. -0.92 

0.16 (02) 

-0.,39 029 

u-t• 1 u3• -o.,n t.61 

UOz (c). H' 1 u3• ·0.8'1 -2.02 

u3•, Hz (g) I uu3 (c) -1.390 ·O.<t7 

UOz (c), H' I U (c) ·t."'<t4 -0.384 

u3•1U(c) -1.6<12 0.16 

UOz<OHli- I UOz (pt), ou- (-0.43) 

UOz<OHl-t2- I (-O.,)a 

UOzOH (c). ou-

UOz(OHll (c, p) I (-0.6)8. 

UOzOH <c>. ou-

UOz(OH>i· I (-0.7)a 

UOz(OHll". OH· 

U(08)3 (pt) I U (c), 08" ( ·2.0"1)a 

UCOHl3 (c) I U (c). os- (-2.08)& H.tOJ 

UOz <ptl 1 u (c). os­

UOz (c) 1 u (c). os-

(-2.16) 

-2.272 -1220 

UOz (pt) I U(0Hl3 (pt). ou- (·2.6)a 

UOz (c) I U(08)3 (c), OH· (-2.9)8. H.6) 

Kep&aniaal. 9, 11-13 

Np~•, s• I Np0z2• 2.04 Np04(0Hl23- I (0.61) 

NpOzOH•, s• I NpOz• 1."" NpOz(OHll (c), OR" 

(Np0zl2(0Hl22•. u• I 1.43 Np0-t(0Hl23- I 0.~ 

NpOz• NpOz(OH)i·. ou-

NpOz• I NpOz (c) 1.092 0.33 

NpOz', 8' I Np<f• 0.~7 -3.30 

NpOz'. u· 1 Npou3· 0.479 

NpOH3•, u• I Np3• 0.24' 

Np<f• I Np3• O.m 1.'3 

NpOz (c), H' I Np3• ·0.369 -2.10 

NpOz (c), H' I Np (c) -1.-tl8 -0.392 

Np3• I Np (c) -1.768 0.18 

NpOzOH <cl. ou· 

NpOztoHll (c) I 

NpOzOH <c >. os­

Np0z<OH>,.2- I 

NpOz (c), os­

Np0z(OH>2 (c) I 

NpOz (c), ou-

co.::n c-u> 

(0."19) 

(0.48)b(-t.l0) 

NpOzOH (c) I NpOz (c), OH" (0.4) (-1.1) 

Np0z(OH)of2- I (0.4)8. 

Np0z(OH>2". ou· 

Np0z(08)ofi!- I 

NpOz (ptl. ou-

NpOz<OHll- I 

NpOz <pt). ou-

NpOz (pt) I 

Np(OH)3 (pt), ou· 

(022) 

(0.1)8. 

(-1.9) 

NpOz(pt)INp(c),OH" (-2.11) 

Np(OH)3(pt) INp (c),OH" (-2.18) 

Np(OH)3 (c) I Np (c), OH- -2.22 (-1.09) 

NpOz <cl 1 Np (c), ou- -2.246 -1228 

NpOz(c)INp(08)3(c),OH" -2.33 (-1.6) 

Yule 1. SUDdard Electrode Po&eatials aad Yeapera1are 
Coefficieats ia Water a& 291.15 ~ -- Coatiaued 

Acid Solutions 
(pH ·0.000) 

EO dEO/fi Basic Solution• EO df.8/fi 
(V) (aV/~) (V) (aV/~) (pH •13.996) 

Plu&oaiual. 9, 11-13 

Pu~·. u· 1 Pu0z2• 

PuOz' I PuOz (c) 

(2.4) Pu04(0Hl23- I 0.~ 

1.~' 0.39 

PuOzOH',H• I PuOz (c) 1.44 

<PuOz>2<0ul22•. u· 1 1.40 

PuOz (c) 

PuOzOH', ft• I PuOz' 129 

Pu0z2• 1 PuOz <cl un 0.21 

(Pu0z)z(OH>22•, H' I 121 

PuOz' 

PuOlOH•. H' I pg3• 1.11 

<PuOz>2coel22•. u• 1 t.08 

pg3• 

Puou3•, u· 1 Pu3• 

PuOz'. H' I pgof• 

PuOz'. e• 1 Pu3· 

Pu-4• 1Pu3• 

1.036 

1.03' ·326 

1.021 -0.91 

1.006 l..f<ll 

1.00' 

Pu0z<OH)"2-, ou-

PuOzOH (c) I PuOz (c), 011'" (0.9) 

Pu0z<OH)"2- 1 PuOz (c), ou- (0.,7) 

PuOz<OBll- 1 PuOz Cpt>. ou- co.,>a 

Pu0z(08)"2- I (0.3) 

PuOzOH (c), 011'" 

Pu0z(OU)"2- I 

PuOz (pt), ou-

Pu0z(OH)"2- I 

PuOz<OHll-. oe-

PuOz (pt) I 

Pu<ou>3 Cpt>. ou-

(029) 

(0.1)8. 

(-1.0) 

PuOz (c) 1 PuCOHl3 (c), ou- -1.47 (-1.7) 

PuOz Cpt) 1 Pu (c). oe- <-2.06) 

PuOz (c) 1 Pu (c), os- -2.197 -122 

Pu(OB>3 (pt) 1 Pu (c). ou- < -2.40) PuOz•, H' I PuOH3• 

Pu0z2•, H• I pg3• 

Pu0z2•. u• 1 pg-4• 

1.002 -0.,96 Pu(OH)3 (c) I Pu (c), 011'" -2 . .f<l (-1.0,) 

1.000 -1.61' 

Pu0z2•. u• 1 Puou3• o.98, 

Pu0z2• I PuOz' 0.966 0.03 

PuOz (c), u• 1 pg3• 

PuOz (c), H' I Pu (c) -1.369 -0.38 

Pu2• I Pu (c) (-1.6Ja (-0.-t) 

Pu3• I Pu (c) -1.978 023 

Pu3• I Pu2• (-2.8)a (1,,) 

Aaericiaa9. 11-13 

Am~·, H• I Am0z2• (2.8) 

Am"• I Am3• (2.60) (1.4) 

AmOz (pt), u• 1 Am3• (2.~) 

Amfl:! (d. H' I Am3• Ct.cn)b C-2 ... ) 

AmOz'. u• 1 Am3• 1.698 -0.97 

AmOzZ•, H' I Am3• 1.662 -0.64 

Am022• I AmOz• 

AmOz• I AmOz (c) 

AmOz• I AmOz (pt) 

AmOz', H' I Am-4• 

Am2• I Am (c) 

Am3•1 Am (c) 

Am3• I Am2• 

1.~9 0.01 

(l."'"')b (0."1) 

(0.8-4) 

(0.80) (-3.3) 

H.9Ja (-0.,) 

-2.0of8 0.28 

(-2.3)a (1.8) 

Am0"(0Hl23· I 

Am0z(OH)"2-, OH· 

AmOz(OU)"Z- I 

Am020H <cl. ou-

AmOzCOH)"2- I 

AmOz(OHll·. oe-

(1.3) 

(0.9) 

(0.7)8. 

AmOzOB (c) 1 AmOz (c), ou- (0.7) 

Am0z<OH)"2- I (0."") 

Am(OHl3 (c), OR" 

AmOz (pt) I 

Am(0Hl3 (pt), 011'" 

Am0z(OH)of2- I 

Am<ou>3 (pt). ou-

AmOz<OHll· I 

AmCOHl3 (ptl, ou-

AmOz(OHll· I 

AmOz (pt). ou-

AmOz<cll 

Am(OHl3 (c), oa-

(0 . .,0) 

(0 ... )8. 

(02Ja 

(0.06) (-1.8) 

AmCOH>3 (pt) I Am (c), ou- (-2."18) 

AmCORl3Ccll Am.(c),OH'" -2.~ (-1.01) 
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Table 1. S&aadard Electrode Potealials aad Teaper&UI.re 
Cooflicioats ia 1Jate.r at 291.1~ 1: -- Coatiaued 

Add Solutioas 
(pH -0.000) 

fO dr/dT Basic Solutioas 
(V) (aV/1.) (pH ·13.996) 

Cu.riua9. 11-13 

r .r1n 
(V) (aV/1.) 

Cm-4• I Cm3• (3.0) (1.7) Cm<>2(pt)l (0.9) 

Cm<>2 (pt). a• 1 cm3• (2.9) cmcoal3 Cptl. oa· 

Cm<>2 (c). a· 1 cm3• (2.3)b (-2.1) Cm<>2 (c) I CmCOal3 (c), oa- (0.4) H.:)) 

Bt-4• I Bt3• 

Bt<>2 (pt), a• I Bt3• 

Bk<>2 (c), a• I Bt3• 

Bt2•1 Bt (c) 

Bt3•1 Bt (c) 

Bt3• I BtZ+ 

crt· 1 cc3• 

cn'Z (ptJ. u· t cr3· 

C£<>2 <c>. a• 1 cc3• 

cr3•1 cr2· 

cr3• 1 cc (c) 

cr2· 1 cr<cl 

r.s3•1r.s2• 

r.s3•1f.s(c) 

r.sZ• IF.s (c) 

Fm3•1rm2• 

Fm3•1Fm(c) 

rm2•1Fm(c) 

Md3+ /Md(.-) 

Md2'1Md(c) 

No3• 1 No2• 

No3•1No (c) 

No2• I No (c) 

•1:.01 U.i':':l cm(UH)3 {pt) I em {C), OH" ( ·Z.13) 

emcoal3 (c) 1 em (c), oa- -2.:)2 (-1.00) 

Be.rkliua9• 11-13 

1.67 (1.6) 

(1.:)) 

(0.9) (-2.2) 

(-1 .6)& (-0.3) 

-1.98 0.32 

(-2.8)& (1.6) 

Bk<>2 (pt) I 

Bt(Oal3 (pt), oa· 

Bk<>2 (c) I Bt(08)3 (c). Oft· (-0.9) (-1.7) 

Bt<oa>3 (ptl 1 Bt (c). oa- <-2.43) 

Bk(OBl3(c) I Bt(c),OB- -2.47 (-0.99) 

Calife.raiua9. 11-13 

(3.3) (1.6) Cf<>2 (pt) I CC(OH>3 (pt), OH" (12) 

CIUz (C) I CJlUHJ3 (C), UH" (0.1) (-1.7) 

(2.:)) (-2.3) CC(OH)z (c) 1 Cf(c). oa- (-22)& (-1.0) 

-1.6 (1.6) CC(OB>3 (pt) ICC (c). 08" (-2.-40) 

·1.9-4 0.33 CC(Oa)3 (c) ICC(c).oa- -2.44 (-0.99) 

·2.12 (-0.3) CC(Oal3 (c) I (-2.9)& (-0.9) 

cr<oa)z (c). oa-

EiJasteiaiua9. 11-13 

-1.3 (1.6) 

(-1.91) (0.37) 

(-2.23) (-0.3) 

F.s(OB)z (c) I F.s (c:), oB· (-2.3)& (-1.0) 

F.s(OB)3 (pt) IF.s(c:),OB- (-2.38) 

F.s(OB)3(c)IF.s(c),OB- (-2.42) (-0.9:)) 

Es(OBl3 (c) I 

F.s(OH)z (c).OH-

(-2.6)& (-0.9) 

Fe.raiua9. 11-13 

-1.1 (1.6) 

(-1.89) (0.38) 

(-2.30) (-0.3) 

FmCOBl3 (ptl 1 Fm (c:), oa- (-2.37) 

Fm(OB>3 (c:) I (-2.4) (-0.9) 

Fm(OH)z (c). oa-

Fm(Oa)3 (c:) I Fm (c). oa- (-2.-40) (-0.9:)) 

Fm(OB)z (c) I Fm (c). 08" (-2.4) (-1.0) 

lleadele'f"iua9, 11-13 

-0.1 0.6) 

(-U5) (0.3t) 

(-2.-40) (-02) 

Md(OB>3 (c) I 

Md(OH)z (d. OR· 

Md(08)3 (pt) I 

Md(c),Olt 

(-1.4) (-0.9) 

(-2.13) 

Md(OB>3 (c) 1 Md {c). oa- <-2.17) (-0.96) 

Md(OB)z (c) I Md (c), oa- (-2.,) (-1.0) 

•••euaa9. 11-13 

u u., 
(-1.20) (0.3-4) 

(-2.:)0) (-02) 

No(OH)3 (c) I 

No<oa)z (c). ou-

(0.1) (-1.0) 

No(Oa>3 (pt) I No (c). Olt ( -1.69) 

No(Oa)3 (c) I No (c). OH" (-1.72) (-1.01) 

No(OH)z(c)INo(c).OH" (-2.6) (-1.0) 

J~ Phys. Chern. Ref. Data. Vol. 18. No.1. 1989 

Tale 1. Staa.._... Elect.rHo Potealials aad Teapei'&UI.ro 
C..flicioab ia 1Jater at 291.1~ r. -- C.atia••• 

Acid Selutioas 
(pH -1.111) 

ED 1£0/rlf laic Selutioas ED 1£0/rlr 
(V) (aV/1.) (V) (aV/1.) (fH ·13.996) 

Law.roaciaa9. 11-13 

Lr3'1Lr(c) (-1.96) (0.37) Lr<OHl3 (pt) 1 Lr (c). oa- (-2.46) 

Lr(OH>3 (c) 1 Lr (c). oa- (-2.49) (-0.98) 

Tit&Diual. 6-11 

n<mo22·. w tri3· o.t < o.6l 

TiOz (ptl. W I n3• 0.1 ( ·2.7) 

TiOz (c. rutile). H' I ·0.2 (·2.7) 

Ti3• 

TiCOH)z2',H'ITHcl ·1.00 O.H 

TiOz(ptl.H' ITi(cl 

TiOz (c. rutih:D. H' I 

Ti<cl 

n3• I Ti<c) 

nZ• I Ti(cl 

·1.01 ·0 37 

·1.37 <0.40) 

(·1.60) (·0.16) 

TiOzWHl22· I (-I.Zl 

TiOOH(cl. 011" 

Ti30)Cc.aliTiOOH(cl.OH- H.3l H.9l 

n30s (c. a) 1 Tiz03 (cl. on· ·1.320 ·1.267 

T!Oz (c. rullle) f 

TizOJ <cl. ow 
TiOz <c. rutile) I 

TiOOHCcl,OH· 

TiOz (c. rutile) I 

Ti30) (c. al. OH· 

TiG}(OH)22· I 

Ti<OHl3 (ptl. ou· 

(·1.4) (-l.;i) 

·HIS ·1.262 

(·1.~) 

Ti0z(0Hl22· 1Ti<OHJ4·.ou· (·1.6) 

Ti(OHlJ (pt) I (-l.s)a 

Ti<OH)z (pL). OH· 

Ti0z<OH>z2· I Ti (c), ou- ( ·1.87) 

Ti20J (c) I TiO(c. a). OH" ·1.901 -1.04 

TiOz(c.rutile)ITi(c).OH· -1.904 -1.201 

TiOOH(c) !Ti(Oll)z (c). OH" l-2.0)" 

Ti<OHl.{ ITi(cl.oH- (-2.0) 

Ti<OH!J (ptl 1 Ti (cl. ou- (-2.00) 

Ti20J (cl 1 Ti <cl. on· 

TiOOH(c) J Ti (c). OH· 

2.07b ·1180 

I ·2Jlll) I·\ \\l 

Ti(OII~ (p~) f Ti <d. OH- < ·Z.IO)" 

THOII)z(cliTi(cl.OII" (·2.13)1l 

TiO(c. alI Ti (cl. OH" ·2.164 ·1.25 

Zircoa.iua6·11 

Zr-f• I Zr (c) 

ZrOH3•. H' I Zr (c) 

·l.of;i (0.67) 

·1.+1~ 

Zr4(0H)s8•.fi+ IZr(cl ·H7 

Zt<>2(c.al.H' IZr(c) ·1.+173 ·0.34-4 

Zr<OHJ;;· I Zr ( cl. OH" 

Zr<>2 (ptl I Zr (c). OH· 

Zr<>2 (c. a) I Zr (c). OH" 

Bafniuafl·a 

HfOH3•. H' I Hf (c) H m 
Hf-4'1Hf(c) -D;i (0.68) 

Hf4(0H)s8•. H' I Hf(c) (·1.;;7) 

Hf()z (cl. H' I Hf (c) · 1.;;91 -0.3,;; 

Hf(OHJ;;· I Hf(cl.OH" 

Hf()z (pt) I Hf (c). OH" 

Hf()z (c) I Hf (c). OH" 

·2.22 

2.28 ·1.19 

·2.301 ·1.180 

·2.31 

-2.37 ·1.20 

·2.419 -1.191 



STANDARD ELECTRODE POTENTIALS AND TEMPERATURE COEFFICIENTS IN WATER 7 

Table 1. Standard Electrode Poteatials aad Teaperuure 
Coefficients ia Water at 291.1') ( -·· Coatiauod 

Acid Solutions 
(pH ~0.000) 

[0 d[O fliT Basic: Solutions [0 dfO/dT 
(V) (aVII) (V) (aV/1:) (pH 13.996) 

Vaaadiua6. 7. 'J 

1.001 -0.901 . VOz (c. a) I V3~ (c). OH- -0.'50 -1.10 

VOzOH (pt), H' I y(j.• 0.96 ·1.~1 

v20:5 <c>. w 1 vrY-· o.•m -1.6'6 

VOz', WI V (c) -0.233 -0.239 

VOzOH (pt), H' IV (c) -0.24 -0.36 

Vz~ (c). H' I v (c) 

y3• 1 y2• 

vz'IV(c) 

-0.242 -0.390 

-0.2~'5 (!.')) 

-1.12'5 (-0.11) 

VOz(c,a)IVzOJ(c),OH- -0.'527 -1.172 

v3o, <c> 1 V20J <c>. oH- -0.'57 -1.31 

VOz<OHlz2- I YzOJ (.), OH- (-0.6) 

VOz!OH)z2- I v3~ (c), oH- (-0.6) 

VOz(OH)z2- I VOOH (c). OH" (-0.6) 

v3o, (c) I VOOH (c), OH· (-0.7) (-2.0) 

vo43- 1 VzOJ (c). oH- -0.704 <-o.n> 
Vo43- I VOOH (c), oH- (-0.72) (-0.3) 

vo43- I VOz(OH)z2-. OH- ( -0.8) 

vo43-IVOz (c.al.oH- -0.882 (-027) 

VOz(OH>z2· I (-0.9) 

V(OHJ3 (pt), OH-

VOz<OH)z2- I V(OH).(, OH· ( -1.0) 

V(OH)4- I V(OHlz (c), OH" (-1.0) 

V(OH).c"l V(OHlz (ptl, OW (-1.0) 

V(OHl3 (pt) I (-1.2) 

V(OH)z (pt), OR" 

vo43-IV(c),OH· -1.222 (-1.02) 

VOOH(c)IV(OH)z(c),OH- (-1.3) (-1.3) 

Vz~ (c) I VO (c), OH- -1.31-f -12'56 

V(OH)z (pt) IV (c), OH- (-1.63) 

V(OH)z(c)IV(c),OH· (-1.66) (-1.0'5) 

VO (c) IV (c), OH· -1.693 -1.202 

Niobiua6-S 

Nb(0H)z2•, H' I Nb3• (-0.1) 

Nb(OH),f', H' I Nb3• (-02) 

NbOz (pt), H' I Nb3• 

Nb(OH),(, H' I 

Nb(OH)z2• 

Nb20:5 (c), H' I 

NbOz (c) 

NbOzOH (pt), W I 

Nb3• 

NbOz (c), W I Nb3• 

NbOzOH (pt), H' I 

NbOz (pt) 

(-0.2) 

(-0.2) 

-0.248 -0.460 

(-0.3) 

(-0.4) 

(-0.,) 

Nh(OH)-4'. H' I Nb k) -0.537 

NbOzOH (pt), H' I (-0.60) (-0.3~) 

Nb (c) 

NbzO<; (c), H' I Nb (c) ·o.601 ·0.331 

Nb(OH)z2•. H' I Nb (c) (-0.62) 

NbOz (pt), H' I Nb (c) (-0.64) 

NbOz (c), H' I NbO (c) -0.646 -0.347 

NbOz (c), Jl+ I Nb (c) -0.690 -0.361 

NbO(c).H'INb(c) -0733 -0.37~ 

Nh3'/Nb(c) (-0.8) 

'H,:l· I NbO I c), H' l-0.9) 

Nb60198- I NbOz (c). OH· H.31) 

Nb(OH)3 (pt) I Nb (c), OH· H.-4) 

NbOz (pt) I Nb (cl.OH- (-1.·47) 

NbOz(c)INbO(c).OH- ·1.17'1 ·1.183 

Nb60198- I Nb (c), OH- (-1.-48) 

Nb60198- I NbOz (pt), OH· !-1.'5) 

NbOz (c) I Nb (c), OH· 

NbO (c) I Nb (c). oH­

NbOz (pt) I 

Nb(OH)3 (pt), OH-

-1.'518 ·1.197 

-I.O:S61 -1.211 

(-1.6) 

Table 1. Staadard Electrode Potealials and Toaperature 
Cooffic:iont.s ia Water U 291.1:> ( - · Coatiauod 

Acid Solutions 
(pH ~0.000) 

[O dfO/dT Bash: Solutioas E0 dE0 /dT 
(V) (aV/I) (V) (aV/1:) (pH~ 13.996) 

TIUltaJua6-8 

Ta3• ITa(c) (-0.6)& 

Ta(OH):zZ•, H' ITa (C) ( -0.6-4) 

TaOz (pt). H' ITa (c) (-0.67) 

Ta(OH):z2•, H' I Ta3• ( -0.7Ja 

Ta(UH).f, H" ITa (C) -U.7Ui! 

TaOz(c),H' ITa(c) (-0.73) (-0.36) 

Ta(20H (pt), H' ITa (c) (-O,n) (-0.3'5) 

Taz0:5 (q), H' ITa (c) -0.7~2 -0.377 

TaOz (ptJ. H' I Ta3• (·0.8)a 

TazD) (c.~). H' I (-O.S) (-D.of:)} 

TaOz (c) 

Ta<OHJ4'. H' I H.O) 

Ta(OH>z2• 

TaOz (c). H' I Ta3• 

TaOzOH (pt), H' . 

TaOz (pt) 

(-l.l)a 

H.!) 

Ta(OR):;(pt) /Ta(cl,OH· (-1.3)11 

TID;! (pt) ITa (c), OH· 

TaOz (c) ITa (c), OH­

T3(,0198· ITa (c), OH· 

<-1.:)0) 

H.:'l6l (-1.19) 

(-1.60) 

T3(,0198· lla{.)Z (C), UH" l-1.5) 

Tli(,0198· I TaOz (pt), OH· (-2.0) 

TaOz (pt) I (·2.tJa 

Ta(OH):; (pt), OH· 

Chroaiual. 6-9 

Cr<OH>z2•, n• I Cr3• (1.8) 

(1.7) CrOz <pt). n• 1 cr3• 

CrOz <c>. u· 1 cr3• 

HCrO.c·. u• I Cr3• 

Cr2o-Jl-, H• I Cr3• 

(1,o(8)b (-2.9) 

1.37 -1.38 

1.36 -1.32 

HCrOof-, a• I Cr2(0H>z-4• 1.31 

CrzQ:5 (c), H• I CrOz (c) (1.3) (-O.of) 

Crzo]l-. H• I Cf2(0H>z4• 1.30 

Cr2o-Jl·. H• I CrOz (c) (t.30Jb (-O.:H) 

HjCr04• n• I CrOz (pt) (t.:}) 

er20]2·. u• I Crz0:5 <c> (1.3) (-0.7) 

129 -1.17 

Cr:zDJZ-. a• I CrOH2• 1.28 -1.10 

H3Cra4. H' I CrCOH>z2• 02) 

Crzo]l-, B' I H3Cr04 (1.1) 

ncra4-. H• 1 cr <c> 0.318 -o.m 
Cr2oil-. H' I Cr (c) 0.310 -0.<(39 

CrOH2•, H' I cr2• -0.19 (0.7) 

Cf2(0H>z4•, H' I cr2• -0.26 

Cr3• I cr2• -0.42 

craaZ•. H' I Cr (c) -0.66 

Crz(OH>z4•. H' I Cr (c) ·0.68 

(1.1) 

0.22 

cr3• 1 cr lcl -0.71 0.41 

crZ• I Cr (c) -0.89 (-0.0-f) 

CrOz (c) I CrOOH(c),QH- (02:l)b(-U) 

CrOz (c) /CrzO:; (c. a), ou- (021)b H.3) 

CrOz (pt) I (0.2) 

CrCOHl3 (pt. aged), oH· 

CrOz (pt) I (0.1) 

Cr(QH)3 (pt. fresh), OH­

Cr(OH>r,2- I Cr(OH)of-, QH- (0.1) 

era;- 1 cra43-

cra42-;crroH<c>.oa-

0.1 

<-o.oob <-tm 
Cr04'·1 C~:z.Oj (c,u), Oil" -0.016 l:f?? 

cra42- 1 -0.09 -1.66 

Cr(OH)3 (pt. a,ed), OH" 

Cr(OHl:; (pt. fresh), OH-

CrOo(Z- I Cr(OHJ4·, oH­

Cra,f· I CrOz (c), OH-

-0.12 (-1.62) 

-O.lof (-1.~) 

c-o.HJbH.61) 

Craof3- I CrOz (c), oa- (-0.1) 

cra43- I CrOz (pt), OH" (-0.6) 

cra43- 1Cr(OH>r,2-.ou· (-0.6) 

cra42- 1 cr (c), ou- -0.722 ·1.3'i 

Cr(OH).c· I Cr(OH>z (c), Oft ·1.11 H:4) 

Cr(OH).c- I Cr!OH>z (pt), OH· -1.20 

Cr(OHJ3 (pL, fresh) I 

Cr(OH)z (pt), OH-

·1.26 

CrzOJ (c. a) I Cr304 (c), OH" H.27)b(-1.07) 

Cc(Oll)1- ICc (d, 011· -1.31 H.t~) 

CrOOH(c) I Cr304 (c), oH- (-1.31Jb (-0.13) 

Cr(OH)3 (pt. fresh) I 

Cr (c),OH­

Cr(OH)3 (pt. aged) I 

Cr(OHlz (ptl. oa­

Cr{OHJ3 (pt. aged) I 

Cr (c),OH" 

·1.33 (-1.09) 

-1.3'5 

-1.36 -1.0~ 
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Table 1. S&&Ddard Elec:Lrode Potentials aad Tea perature 
Coeffic:ieats ia Yater &1291.1' r: --Continued 

Acid Solutions 
(pH ~0.000) 

ED d£0/dT Basic: Solutions 
(V) (aV/r:) (pH· 13.996) 

ED d£0/dT 
(V) (aV/1:) 

Table 1. S&&Ddard Elec:li"Ode Potentials and Teaperature 
Coelficients ia Yater at 291.n r: -- Continued 

Acid Solutions 
(pB -8.000) 

ED d£0/ffr Jluic: Solutioas 
(V) (aV/1:) (pB •13.996) 

ED d£0/ffr 
(V) (aV/1:) 

Chroaiua -- Coatiaued Tualsten6-9 

Cr(OH)z (pt) I Cr (c). OH- -1.36 

CrO (c) I Cr (c), OH- (-1.38)1l (-1.23) 

Cr(OH)z(c)ICr(c),QH- -1.39 (-1.08) 

Cr2~<c.a)ICr(c),OH- -1:427 -1.209 

CrOOH(c) I Cr(c), QH- (-1.43)b (-l.H) 

Cr304 (c) I Cr (c), QH- (-1.4:5)b (-1.23) 

Cr2~ (c. a) I -1.50 H.5) 

Cr(OH)z (c), oH-

CrOOH(c) I (-1.5) (-1.3) 

Cr(OH)z (c), oH-

~;rziJ3(C,aJ/!;tu(cJ,UH- l-l.:;Ja. l-I.ZJ 

Cr304 (c) I Cr<OH)z (c), OH- (-1.6) (-1.7) 

Cr30<1 (c) I CrO (c), OH- (-1.6)& (-1.2) 

lll.olylltleaaa6-., 

Mo~(c),H• I (0.7)& (-0.4) Mo043- 1 MoOz (c), ou- (-0.6)& 

Moz05 (c) Mo(OHl3 (pt) I Mo (c), ou- (-0.8) 

H2Mo04 (c), u• I (0,6)& (-0.1) Moo42- 1 MoOz (c). ou- -0.818 -1.69 

Mo2~(c) Moo,.3- 1 MoOz (ptl. ou- (-0.9)& 

HJMo70z43-. u• 1 (0.6) MoOz (pt) I Mo (c), OH- (-0.92) 

Mozai• MoO<j2- I Mo (c), OH- -0.926 -1.36 

M~ (c), u• I MoOz (c) 0.530 -0.477 Mo0-42- 1 MoOz (pt), ou- (-0.94) 

HJMo70z43-, u• 1 (0.5)& MoOz (c) I Mo (c), ou- -0.980 -1.196 

MoO(OH)J (pt) Moo,.Z- 1 Moa,.3- (-1.0)& 

H2Moo,. <cl. u• 1 (0.49)b ( -0.33) MoOz (pt) I (-1.3) 

MoOz (c) Mo(OHJ3 <ptl. ou-

HJMo70z<i3-. u• 1 (0.43) 

MoOz (pt) 

H3Mo70z43-. W I (o..f) 

Mo20z.f• 

Mo2~<cl,H+ 1 (O . .f)& (-0.6) 

MoOz (c) 

MoO(OH)J (pt), H• I (O . .f)& 

MoOz (pt) 

MozO-t2•, W 1 Mo20z.f• (0.2) 

MozOz"•. w 1 Mo3• (0.1) 

HJM07U243-, H• I MO (C} U.USZ -0.384 

Mo~ (c). H• I Mo (c) o.on -0.399 

H2Mo04 (c), H• I Mo (c) (0.06)b (-0.35) 

MoOz (pt), W I Mo3• (0.0) 

Moz0z4•. H• I Mo (c) (-0.07) 

MoOz (pt), H• I Mo (c) (-0.09) 

Mo24• I Mo (c) (-0.1) 

Mo3• IMo (c) (-0.13) 

MoOz (c), H• I Mo (c) -o.m -0.360 

Mo3• 1Mo2-t• (-0.2) 

MoOz (c), H• I Mo3• (-0.2) 

J. Phys. Chern. Ref. Data, Vol. 18, No.1, 1989 

w3• IW (c) (0.1)& W(0Hl3 (pt) I W (c), OH- (-0.6)& 

HiWO-t (c), H• I WOz (c) (0.06)b (-0.31) WOz (pt) I W (c), OH- (-0.92) 

w~ (c). H• I WOz (c) 0.036 -0.-«6 WOz (c) I W (c), OH- -0.982 -1.197 

HzW60z14-.H• I (0.01) wo42- 1 w <cl. oH- -1.060 -1.36 

I'Oz(pt) W0-42- I WOz (c), OH- -1.217 -1.69 

W(OH>z2•, H• I W (c) (-0.05) wo,.2- 1 WOz <ptl. oH- (-1.34) 

H2W60z1-t-. u· 1 w <cl (-0.06) (-0.33) WOz (pt) I (-1.7)& 

H2W60z1-t-.u• I (-0.07) W(OH)3 (pt), ou-

W(OH>z2• 

H2W0-4 (c), u• 1 w (c) (-0.08)b (-0.34) 

WO;z lpt}, n• I VI (cJ (-0.09) 

W<)J (c), u• I W (c) -0.091 -0.389 

WOz (c), H• I W (c) -0.154 -0.361 

W(Oll}l2•, u· I w3· (-0.,)"' 

WOz Cptl. u• 1 w3· (-0.7)& 

WOz (c), u• 1 w3• (-0.9)& 

.~~aa1aa01186-10 

HJMnO.(.H• I (2.9) Mn0-43- 1 MnOz <c. Ill. ou- 0.93 

MnOz (c,jl) Mno43- I MnOz (pt), OH- (0.76) 

HJMn04. u• 1 MnOz Cptl (2.7) Mn0-43- I Mn(OHJG2-. ou- (0.7) 

HJMn04,H• I (2.5) Mno42- 1 MnOz <c. Ill. ou- 0.60 -1.65 

Mn(OH>z2• Mno4- 1 MnOz <c. pl. ou- 0.588 -1.785 

HMnO.c.H• I (2.09) Mno4- 1 Mno,.2- 0.56 -2.0:5 

MnOz(c.jl) Mno.c 1 MnOz (pt). ou- (0.53Jb (-1.78) 

HMno,.-. H• I MnOz (pt) (2.00) Mno,.2- 1 MnOz (ptl. ou- (O.:)l)b(-l.M) 

HMno4-.H• I (1.9) Mno4- 1 Mn(OHJG2-. ou- (0.50) 

Mn(OH>z2• Mno42- I Mn(OHJG2-, OH- co.:n 
Mn04-. H• I MnOz (c.jl) 1.692 -0.671 Mno42- 1 Mno43- 0.27 

MnO,(. ft• I MnOz (pt) (1.63)b (-0.66) MnOz (c,jl) I 0.15 (-1.4) 

Mn04-. H• I Mn(OH>z2• (1.57) MnOOH(c),OH-

Mn3• IMnZ• 1.56 (1.8) MnOz (c,jl) I 0.146 -1.128 

MoO.{. H• I Mn2• 1.507 -0.646 Mnz<>J <cl. oH-

Mn2~ (c), W I Mn2• 1.485 -0.926 MnCOHl3 (pt) I (0.05) (-0.9) 

MDUUH (C}, H" I Mn2· l.'llS (-U./) M..Q(UH)2 (pt), OH-

Mn(OH>z2•, W I Mn2• (1.41) MnOz (pt) I (0.04)b (-1.28) 

Mno4-. w 1 MnoH• 1.382 -0.648 Mn(OH)z (pt), OH-

MnOz (pt), H• I Mn'• (1.32)h ( 0.62) MnOz (pt) I (0-0:3) (-1.7) 

HMnO,(. WI H3Mn04 (1.3) Mn(OH)3 (ptl. ou-

Mn(OH>z2•, W I Mn3• (1.3) Mn2~(c)l 0.002 -1.256 

MnOz (c,jl). H• I Mn2• 1.230 -0.609 Mn30-4 (c), oH-

MnOz (pt), H• I Mn3• (1.08) (-3.0) MnOOH(c) I -0.02 (-0.6) 

MnOz (c,jl). W I 0.98 (-0.5) Mn30-4 (c), OH-

MnOOH(c) MnOz (c. Ji) I -0.044 -1.31 

MnOz (c,jl). H• I 0.974 -0.292 Mn(OH)z (c), oH-

Mnz~(c) Mn(OHl62- I (-0.1) 

MnOz (c.jl). H• 1 Mnou• 0.916 -0.614 Mn(OH)4-.oH-

Mn04-. W I HMnO.{ (0.90) Mn(OH)4- I Mn(OH)4Z- (-0.1) 
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Table 1. Staadard Elecuode Peaeatials aad Teapenuare 
eo.rricieab ia Yaaer id 291.1) :l -- Coa&.iaued 

Acid Salu&.ioa• 
(pB -0.000) 

EO dE'I/dT Buic Solu&.ioa:s £0 dE'I/dT 
(Y) (aY/:1) (Y) (aY/:1) (pB •13.996) 

llaaauese -- Coa&.iaued 

MnOz(c.~).H• 1Mn3• 0.90 (-3.0) 

MnzOJ (c), H• I Mnoa• 0.8~8 -0.93:5 

MnOOH(d. H• I MnOW 0.8"i (-0.7) 

MnOH•, a• I Mn (c) -0.869 -0.12:'} 

Mn2• 1 Mn (c) • 1.182 ·0.129 

MnOz(c.~)/MnO(c),OH· -0.129 -1.116 

Mnz~(c)l 

MnfOH\:2 Ccl. OH" 

MnOOH(c)l 

Mn(OH)z (c). oa· 

Mn304 (c) I 

Mn(OH)z (c), oH-

-0.234 -1.49 

-0.24 (-1.3) 

-0.3~2 ·1.61 

Mnz~(c) IMnO(c),OH· -0.404 -1.104 

Mn304 (c) I MnO (c), oH· -0.607 -1.028 

Mn(OH>_.2· I Mn (c), oa· ·1.42 

MnO(c) I Mn (c), oa- -1.480 -1.2~ 

Mn(Oa)z (pt) I Mn (c),OH· -1.,60 -l.H 

M.n(OH)z (c) I Mn (c), OH· -1.'6' -1.10 

Techae&.iua9 

TeO, (c), H• I Tc~ (c) (0.")8. (-0,5) 

TeO.(. H• I TcOz (c) 0.738 (·0.70) 

TeO.(. H• I TcOz (pt.) (0.72) (-0.68) 

TcO.f,H• ITc~(c;) (0.70)8(-1.2) 

TcO.f. H• I Tc(OH>zZ• (0.62) 

Tc~ (c). H• I Tc(OH>z2• (0.,8)8 

Tc(OH>z2•. H• I Tc3• (0., 

Tc~-. H• I Tc (c) 0.472 (-0.,1) 

Tc(OH)z2•. H• I Tc(c) (0.36) 

Tc3• 1 rc2• (0.3>"' 

rcZ• I Tc (c) (0.3)& 

TcOz (pt), a• I Tc (c) (0.28) (-0.37) 

TcOz (c), a• I Tc (c) 

Tcqz (pU, n· 1 Tc3· 

TcOz (c), H• I Tc3• 

0.272 (-0.36) 

(O.Z) 

(0.2) 

Tc0..2· I TcOz (II), OH· 

rco..Z- 1 TcOz (pt), oa· 

TcOo(· I TcOz (c), OH· 

TcOo(· I TcOz (pt), OH· 

-0.26 

(-0.29) 

-0.366 (-1.82) 

(·0.38) H.80) 

Tc(OHl3 (pt.) 1 Tc (c). ou- (-0.4) 

Tc0o(2- /Tc(OH>62-. OH· (-0 .. 0 

TcOo(· I Tc(OH>62-. oH· ( -0.46) 

TeO.{ I Tc (c). OH" -0.474 (-1.46) 

Tc(OH>t;2· I Tc (c). ou· (-0.48) 

TcOz(pt)/Tc(c),OH" (-0.~') (-1.21) 

TcOz (c) I Tc (c). OH- -0.~~6 (-1.20) 

TcO,f I Tc04Z· -0.~7 

Tc(OH>t;Z·I (-0.8) 

TC(OHJ:3 (pt.), UH" 

TcOz (pt.) I Tc(OH~ (pt),OH· (-1.1) 

Rheaiua6. 7, 9, 10 

Reo4·. H• I R~03 (c) (0.7Z)b (-1.17) Re(OH)3 (pt) I (-0.28)b (-1.07) 

Reo4·. ff+ 1 ReOz (c) 

Re3•1Re (c) 

0.,10 (-0.70) 

(0.~) 

Reo4•. w 1 ReOz (pt) (O,.of9)b (-0.68) 

Re03 (c). H• I RezO, (c) (0.1) (-0.4) 

Re03 (c). H• I ReOz (c) (0.1())b (-0.47) 

RezO, (c). H' I ReOz (c) (0.1) (-0.~) 

Re(OH)z2•. H' 1 Re (c) (0.39) 

Reo4·.H• IRe (c) 0.376 -0.,06 

Reo4-. H' I Re(OH)zZ• (0.36) 

ReOz (pt), H' IRe (c) (0.29)b (-0.37) 

ReOz (c), H• IRe (c) 0.276 (-0.36) 

Re03 (c). H' I 

Re(OH)zZ• 

(0.18) 

Re(OH)zZ•. H• I Re3• (0.0) 

Re (c). H' I ReH -o.ta. 1.3 

ReOz (pt), H' I Re3• (-0.3) 

Re (c).oH-

RezO, (c) 1 (-0.4) (-1.3) 

ReOz (c). OH· 

Re(OB)&Z- IRe (c), ou- (-0.47) 

Reo;- I ReOz (c), OH· (-0., 

Reo42- I ReOz (pt), OH" (-0.~) 

Re02 (pt) IRe (c). ou- (-0.~4)b (-121) 

ReOz (c) IRe (c). OH" 

ReO.{ 1 Re (c), ou-

-0 .~~2 (-1 .20) 

-0.:')70 -1.461 

Reo4• IReOz (c).OH· -0.~94 H.82) 

Reo42-IRezO, (c).oH- (-0.6) 

ReO . .( /ReOz(pt),OH· (-0.6l)b(-1.80) 

Reo;- I Re(OH)62-, OH- (-0.7) 

ReO . .( I Re(OH)62-. OH· (-0.70) 

ReO,{ 1 Reo42-

Re (c) I ReH. oa-

(-0.8) 

-o.ga 0.5 

Table 1. S&aallard Elec&nde Poaeallals aa• TeaJenhre 
Coefficieats ia Yaaer id 291.1~ :l -- Coa&.iauod 

Acid Solu&.ioa• 
(pB ·0.008) 

EO df!l/dT Buic Solut.ioa:s £0 i.f.O/Ir 
(Y) (aV/:1) (Y) (aY/:1) (pB ·13.996) 

lheaiua -- Coat.iaued 

ReOz(c).H•IRe3• (-o.-t) Re(OH)62- I 

Re(OH)3 (pt), OH· 

ReOz (pt) I 

Re(OH)3 (pt), OH-

(-1.0) 

(-1.3)b (-U) 

lronZ. 6-9 

HfeO.f. W I Fez~ (c. a) (2.09) 

HfeO.{. H' I FeOOH (c) (2.08) 

HFeO.{, H' I Fe3• (2.07) 

Hfeo4·. H' 1 Fez(OH)z-f• (2.04) 

Hfe04·. H' I t'eOHZ• 

FeoffZ•. w 1 feZ• 

FcOOH (c), H' I FeZ• 

(2.03) 

0.900 0.096 

0.771 1.17j 

(0.7-f)b ( 1.05) 

Fez~ (c. a). H' 1 feZ• 0.72 -1.2' 

FeOOH(c).H' IFeOH' (O.IS)b(-1.06) 

Fez03(c,al.H'IfeOH' 0.16 -1.26 

FeOH•. H' I Fe (c) 

feZ• I Fe (c) 

-0.16 0.07 

-0.44 0.67 

Feo42- IFez~(c.a>.oH· (0.8l)b(-L::J2) 

reo/· IFeOOH(c), on- co.so)b(-1.,9) 

Feo42- 1 FeCOHl3 (ptl, OH· (0.71 )b < -1.67) 

feo..Z· 1 feCOHl4-. OH" 

fe(OHl3 (pt.) I 

fe(OH}z (pt}, OH" 

-0.5~ (·0.94) 

FeOOH {c) I Fe304 (c). OH- ( -O.,G)b ( -0.38) 

fe(OH)4- I Fe (c). OH- -0.71 (-1.18) 

fe(OH),t I Fe (c), oH· -0.73 

fe(OH)3{_pl)/fe(c),QH· -0.776 -1.062 

FeOOH(cl I (-0.84)b (-1.23) 

fe(OH)z (c). OH" 

FezOJ (c. a) I -0.86 -1.43 

fe(OH)z (c). OH· 

Feo.947<> (c) I Fe (c). OH· -0.870 -1.3li 

feOOH(c) /Fe (c),OH" (-0.87)b(-1.14) 

Fez03(c.a)/Fe(c).OH· -0.881 -1.207 

fe(OH)z (pt) I Fe (c). OH· -0.89 (-1.12) 

fe(OH)z(c)IFe(cl.OH· -0.89 ·1.09 

fe20J (c. a) 1 

Feo.947<> (cl. OH" 

-O.':IU't .. O.':l)C: 

Fe30of(c)lfe(c).OH" -0.914 -1.23<1 

fe304 (c) I Fe(OH)z (c). OH- -0.98 -1.6' 

Rutheniua 6 .. 10 

Ruo4·. H' I Ruo3 (c) (1.9)& 

Ru04",H'IRu0z(c) (1.66) 

Ruo4-.H'IRuo2Z• (l.6)a 

Ru04-. H' I Ru(OH)zZ• 1.'3 

Ru03 (c). WI RuOz (c) O.,)a 

RuOz2•, H' I Ru(OH)z2• (!.:))a 

Ru04 (c), H' I RuOz (c) ( l.48)b ( -0.:58) 

Ru04 (c). H' I Ru03 (c) ( I.•Oa 

Ru04, WI Ru(OH)z2• 1.40 

Ru04, WI RuOzl' 

Ru04, WI Ru (c) 

Ru04 (c). H' I Ru (c) 

Ru04I Ruo4· 

Ru04 (c) 1 Ruo4· 

(1.3)11 

1.038 -0.446 

1.032 -0.467 

0.99 

0.94 

0.8~ 

Ru040H- I RuOz (c). OH- (0.63) 

RuO.( I Ruo42- Q.j9 

Ru040H' I Ru02 (pt), oH· 0.)4 

Ru040H' I Ru(OH)62-. on- (O.j4) 

Ruo42- I Ru02 (c). OH­

Ruoi· 1 RuOz (pt), ow 
Ruoi- I Ru(OH)62-

Ruo40H- I Ru (c). oH-

(0.)4) 

0.3~ 

(0.3) 

0193 

Ru(OH)4- I Ru (c). OH- (0.0) 

Ru(OH)3 (pt) 1 Ru <d. on· (-0.06) 

Ru(OH)62- I Ru (c), OH- (-0.1,) 

RuOz (pt) I Ru (c), OH· 

Ru02 (c) I Ru (c), OH-

-0.1:5 

(-0.2j)b (-1.20) 
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Table I. Sl&Ddard Electrode Potentials and Teaperature 
Coefficients in Water at 291.1~ 1: ·- Continued 

Acid Solutions 
(pH -0.000) 

EO clEO/ciT Basic Solutions EO clEO/ciT 
(Y) (aY/1:) (Y) (aY/1:) (pH- 13.996) 

Rutheniua -- Continued 

Ru(OH)z2•, H• /Ru3• (0.9) 

Ru2• I Ru (c) (0.8) 

Ru(OH)22•, H' I Ru (c) 0.68 

Ru3• I Ru (c) (0.60) 

RuOz (c), H• I Ru (c) (0.::!8)b (-0.36) 

co.:n 
Ru3• 1Ru2• 0.2-4 

RuOz (pt) I (-0.4) 

Ru(OH)3 (pt). OH· 

Ru(OH)62-IRu(OH).c·.oH· (-0.6) 

Osaiual, 6-9 

asoz2· 1 asoz <pt> (1.2)& 

OsO:; (c), H' I OsOz (c) ( 1.1 )& 

lJWZz',H'/OS(OH>zZ• (1.1)"' 

OsO.f (c. y), ft+ I OsOz (c) 1.02 (-0.'~6) 

OsO.f, H' I OsOz (pt) 0.964 

030t. H' I 03(0H>z2• (0.91) 

OsO.f (c. y), H' I 0s0:; (c) (0.9)& 

()s3• I Os (c) (0.9) 

flsO.c. H+ I Os (c) 0.8~8 -0.,1-f 

OsO.f (c. y), H' I Os (c) 0.83-4 -0.<1:58 

Os(OH>22•, H' I Os (c) (0.76) 

0s0z (pt), H' I Os (c) 0.712 

OsO.f, H' I OsOz2' (0.7)& 

OsOz (c), H' I Os (c) 0.6:5 ( -0.36) 

0s(OH>22•. H' I Qs3• (0.'1) 

0s0z (pt), H' I as3• (0.2) 

0s0z (c). H' 1 as3• (-0.1) 

0s0:;<0H)32- I 

OsOz<OHl.cZ-. OH-

(0.3) 

OSQ(OH- f QsOz(OH).j2-, oH- (0.3) 

OsO.fOH· I 0s0:;<0H)32- (0.2) 

Os(0Hl(,3- I Os (c), OH- (0.2) 

~OH"/ 080z (c), OH· 0.17 

OsO.{OH- I OsOz (pt), OH· 0.108 

Os(OH~ (pt) I Os(c), OH" (0.1) 

Qs01(0H>.c2· I 0501 (c). OH· (0.1) 

OsO.fOH· I Os(0Hl(,2-. OH· (0.09) 

OsO.fOH· 1 0s <cl. ou- -o.oo.c 

Os(OH)(,2- 1 0s <cl. ou· (-0.09) 

0s0z(OH).c2· I OsOz (pt), OH· (-0.1) 

OsOz(OH)i· I (-0.1) 

0s(0Hl(,2·. OH-

OsOz (pt) I Os (c), OH· -0.116 

0s0z (c) I Os (c). OH· -0.18 (-1.20) 

0s0z (pt) I Os(OH~ (pt). OW (-0.8) 

Os(0Hl(,2- I Os(OH)(,3-

Cobatt6-9 

(-0.8) 

eo3• I eo2• 1.92 1.23 

CoOOH (c), H' I eo2• (1.76)h(-1.01) 

CoOz (c). H' I Coz~ (c) (1.7) (-0.-f) 

eoo, (c), H' 1 eo2• 

Coz~ <cl. H' 1 eo2• 

(1.7) (-0.8) 

(1.6) (-1.2) 

CoOz (c), H' I CoOOH(c) (1.6) (·0.6) 

CoOz (c). H' I (1.:5) 

Co.c(OH).c-4• 

CoOz (c). H' 1 eo3• (1.4) (-2.8) 

CoOz (c), H' I CoOH' (1.4) (-0.7) 

CoOOH(c). H' I 

Co.c(OH).c..f• 

Co2~ (c). H' 1 

Co.c(OH).c<f• 

(1.31) 

(1.2) 

CoOOH(c), H' I CoOH' (1.19)b (-0.80) 

Co2~(c),H'I CoOH' (1.1) (-1.0) 

CoOH'. H' I Co (c) 0.003 -0.04 

Co.c<OH)..f-4•. H' i Co (c) -0.06 

eo2• I Co (c) -0.282 0.06:5 

Co043- I CoOz (c), OH· (1.0)& 

CoOz (c) I Co2~ (c), OH· (0.9) ( -1.2) 

CoOz (c) ICoOOH(c),QH· (0.8) H.4) 

CoO.c3· I Co(OH)3 (pt), OH" (0.7)& 

eoo.,3- I Co(OH).,·. OH· (0.7)& 

CoOOH (c) I Co30-4 (c), oH- (0.70)b ( -0.:'):5) 

Co(OHl3 (pt) I (0.:5) (-1 .I) 

Co(OH>l (pt. ptl. ou-

Co(OHl3 (pt) I (0.4) 

Co(OHlz <pt. bl), ou-

eo2~ (c) I Co304 (c), OH- (0.3) H .I) 

CoOOH (c) I Co(OHlz (c), OH· (0.20)b (-1.3:1) 

Co(OH).c· I Co(OH).c2· (0.2) 

Coz~(c)ICo(OHlz(c),OH· (0.1) (-1.:5) 

Coz~ (c) I CoO (c), OH" 

Co304 (c) I CoO (c), OH· 

Co(OH)42· I Co (c), OH· 

(0.0) H.O) 

-0.16 -1.00 

-0.,7 

Co(OH>2 (pt. bl) I Co (c). OH· -0.703 

CoO(c)ICo(c).OH" -0.709 -1169 

Co(OHlz (pt. pt) I Co (c), OH" -0.722 -1.0-4 

Co(OHlz (c) I Co (c). OH· -0.746 -1.02 
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Table I. Standard Electrode Potentials and Tea perature 
Coefficients in Water at 291.l::S 1: --Continued 

Acid Solutions 
(pH ~0.000) 

Eo clEO/ciT Basic Solutions [0 d[0/ciT 
(Y) (aY/I) (Y) (aV/I) (pH= 13.996) 

Rhodiua6-9 

Rh03 (c), H' I RhOz (c) (1.8)11 

Rh03 (c), H' I (1.6)8 

Rh(OH)22• 

Rh(OH)22•.H' 1Rh3• (1.6) 

Rh02 <pt).H'IRh3• 0.:5) 

(1.3) (-2.:5) 

Rh02 (c), WI Rh 2DJ (c) 0.2) I 0.2) 

Rh02(cl,H'IRhOH2• (1.1) 

Rh' IRh (c) (1.0)8 

RhOH2•. H' I Rh (c) 0.83 

Rhz4• I Rh (c) (0.8) 

RhzOJ (c), H' I Rh (cl (0.77Jb (-0.'11) 

Rb3' I Rh (c) 0.76 (0.4) 

Rh 3• I Rh 24• (0.7) 

Rhz-4• I Rh • (0.6 )11 

Rho42· 1 RbOz eel. on· (0.9)8 

Rh042- I RhOz (ptl. on·· (0.8)8 

Rh042- I Rh(OH)62·. QH· (0.7)& 

RhOz (c) I Rhz03 (c), OH- (0 'il C ·I.Ol 

Rh02 (pt) I (0.3) 

Rb(OJI)3 (pt. brl. OH· 

Rh(011)62- IRh(OII),(.OH- (03) 

Rh(OHl,f I Rh (c), OH" 

Rh<OHl3 (pt. yl I 

Rh (c), OH· 

(0.12l 

0.11 

RhOz (ptl I (01) 

Rh!0Hl3 (pt. y), oH-

Rh(OHl3 (pt. br) I (0.04) 

Rh (c). OH· 

Rhz~ (c) I Rh (c), OW ( 0 06Jb (·I 2'5) 

lridiua6. 7, 10 

lrOJ (c), H' llrOz (c) ( 1.:5)8 

lrOJ(c).H'I 0.3)11 

lr(OH)z2• 

Jr3• I lr (c) (1.0) 

lr(OH>z2•. H' I lr (c) (0.84) 

Ir2~ (c), H' I Ir (c) (0.8)a (-0.42) 

lrOz (pt), H' I Ir (c) (0.79) 

lrOz (c), H' I Ir (c) 0.73 (-0.36) 

lr(OH>22•, H' I Jr3• (0.4) 

IrOz (c). H' I Ir2~ (c) (0.3)11 (-0.2) 

lrOz (pt), H' 1Ir3• 

lrOz (c), H' I Ir3• 

(0.2) 

(-0.1) 

lrOz<OHli· llrOz (c), OH" (0.6)8 

lfoz<OHli · I lrOz (pt), oH- (0.:5)8 

lrOzCOHJi·· llr<OHJ62-. oH- (0.4)8 

lr(OH)63- I Ir (c), OH· (0.2) 

lrCOHl3 (pt) I lr (c), OH· (0.2) 

lr(OH)62- I Ir (c), OH· 

Irz~ (c) I Ir (c), OH· 

lrOz (pt) I Ir (c). ow 

lrOz (c) I lr (c). OH" 

(O.ot) 

(0.0)11 (-1.2:1) 

(·0.04) 

-0.10 (-1.19) 

IrOz (c) I lr2D:3 (c). oH· (-0.:'))11 (-1.0) 

lr(OH>62- I lr(OH)63- (-0.6) 

lrOz (pt) I lr(OH)3 (pt), OH· (-0.7) 

Hicket6-9 

(2.3) (1.1) 

NiOOH (c.~). W I Ni2• 2.0:5 (-1.17) 

Niz03 Ccl.H'INi2' (1.9l (-1.1) 

NiOz Ccl. H' I Ni2• ( 1.8)11 (-0 9) 

NiOz (cl, H' I NizOJ (c) (1.7)8 (-0.4) 

NiOOH (c.~). H' I 

Ni.t<OH)44• 

NiOz (c). H' I 

Ni4COHJ44• 

NiOz (c), H' I 

NiOOHCt,pl 

NiOz (c), H' I NiOH' 

Niz03Ccl.H' 1 

Ni4(0HJ41• 

1.64 (-1.0) 

(1.6)8 (·08) 

(1.:5)8 (-0.6) 

(1.:5)8 (-0.7) 

0.'5) ( ·1.2) 

NiOOH(c.~l.H' INiOH' 147 (-0.9) 

Niz~<c),H' INiOH' 0"3) HI) 

NiOz (c), H' I Ni3• (1.3)11 (-2.9) 

NiOH'. H' I Ni (c) 0,0:5:5 (0.0) 

Ni4(0H)41•, H' I Ni (c) -0.031 0.06 

NiZ• I Ni (c) -0.236 0.146 

NiOOH (c. ~)I < 1.0) (-0.6) 

Ni304 (c), OH· 

NiOz (c) I NizOJ (c), OH· (0.9)1l (·12) 

NiCOll).( I (0.7) 

NHOHlz (pt), OH· 

NiOz(c)INiOOH(q),OH· (0.7la (-1.4) 

NiOOH(q)l 

NiCOH>l (cl. oH· 

NizOJ(c)INi304(cl,OH· (0.5) C-1.2) 

(0.:5) 

Niz~(c)/Ni<OH)z(c),OH" (0.4) (-1.'5) 

Niz~(c)/NiO(c),OH" (0.3) H.2) 

Ni304 <cl 1 NiCOHlz <c>. on- (0.3l < 17) 

Ni304 Ccl I NiO(cJ.OH· (0.2) (·1.2) 

NHOHl42- I Ni (c), OW (-0.:56) 

Ni(OHlz(pt)INi(c),OH- -0.688 -1.09 

NiO(c)/Ni(cl.OH· -0.696 .. 1.193 

Ni<OHlz (c) I Ni (c), OH" -0.714 ·102 



STANDARD ELECTRODE POTENTIALS AND TEMPERATURE COEFFICIENTS IN WATER 11 

Table l .. S&aatlartl ElecU'ode Po~eatlals aad Teaperature 
Coefficients in Water at 291.1) r: -- Continued 

Acid Solutions 
(pB ·0.000) 

fO df!J/dT Basic Solutions fO dfO/dT to 
(V) {aV/1) (Y) (aY/1.) (pBs 13.996) 

Palladiua6-l 0 

Pd~ (c), u• I PdOz (c) (2.0)8 

Pd~ (c), u• /Pd(OH)22• (1.8)8 

Pd(OH)22•,H• 1Pd2• (1.,4) 

PdOz(cl,H'IPdO(c) 1.47 (-0.4) 

PdOz (pt), n• I PdO (pt) (1.41)b (-0.-4) 

PdOz (c), n• I PdOH' 1.27 

Pdon•, u• I Pd (c) 0.983 

Pd2• I Pd (c) 

PdO (pt), H• I Pd (c) 

PdO(c), n+ I Pd (c) 

0.915 0.12 

0.897 -0.45 

0.79 -0.33 

Pd~ (c) I PdOz (c), OH" (1.2)8 

Pdo..Z- 1 PdOz (ptl. on· < 1.2)8 

PdOi"l Pd(OH~2-, OH· (J.I)8 

PdOz (c) 1 PdO (cl. on- 0.6-4 (-1.2) 

Pd(OHl62- I Pd(OH).42-. OH· (0.59) 

PdOz (pt) I PdO (pt). on- (0.58)b (-1.2) 

Pd(OH)42- I Pd (c). on· (0.10) 

PdO(pt) I Pd (c), OH· 

PdO (c) I Pd (c), on-

0.069 -1.28 

-0.04 -1.16 

Platiaual. 6, 7. 9, 10 

Pt~ (c), H' I PtOz (c) (1.7)8 

Pt03 (c), H' I Pt(OH)22• 0.:))8 

PtOH'. WI Pt {c) (1.2) 

Pt2'1Pt(c) 1.18 (-O.o:5) 

Pt(On)22',H'1Pt(c) O.o:5l 

PtO:! (pt), H' I PtO(ptl 1.01 

PtOz (ptl. W I Pt <cl 

PtO (pt}, H' I Pt (c) 

PtO(c). WI Pt(c) 

PtO:! (c}. W I Pt (c) 

Pt<OH)22•. H' I Pt2• 

PtOz(c),H' IPtO(c) 

PtOz (c), H' I PtOH' 

1.00 

0.98 -0.53 

(0.9-4) (-0.38) 

0.92 (-0.36) 

(0.91) 

(0.91) (·0.33) 

(0.6) 

~(c) 1 PtOz (c). on· (0.9)8 

Pt0ziOnJ,.2· I PtOz (pt), on- (O.s)a 

PtOz(Onl,.Z- I Pt(OHJ62-. oH· (0.8)8 

Pt(Onli· I Pt (c). oa­

PI.O:! (pt) I PtO (pt). OH· 

Pt(OH)62- I Pt (c). on· 

Pt0z (pt) I Pt (c), OH· 

(0.20) 

0.18 

(0.18) 

0.17 

PtO(pt)IPtCcl,OH· 0.15 -1.37 

Pt(On)62- I Pt(OH)i·. oH· (0.15) 

PtO (c) I Pt (c), OH· 

PtOz <cl 1 Pt Ccl. ou­

PtOz (c l I PtO (c >. oH-

(0.11) (-1.22) 

0.09 ·(-1.19) 

(0.08) (-1.17) 

Cop_per6-l 

Cu3• I cu2• 

Cuz~ (cl. H'/Cu2• 

Cuz0:3 (c), H' 1 

Cuz(OH)2Z• 

<Z.<tl <Dl 

(2.0l H.ll 

(1.7) 

Cuz~ (c), H' I CuOH' (1.:)) 

0.676 

CuOW, W ICu (<:} 

cu• 1 co (c) 

Cuz(OH)22• 1 CuzO <cl o:.m 
Clt2(0H);!2+. H+ I C'u (<') 0.493 

CuzO (c). H' I Cu (c) 

cu2• I Cu (c) 

cu2•tcu20(c).fi+ 

Cu2• ICu' 

Ag2· I Ag' 

Ag3• I Ag' 

AgzOz (c}, H' I Ag· 

Ag~'l Ag2• 

AgzOJ (c), H' I Ag' 

0 •173 -OA~B 

0.339 O.Oll 

0.206 0.-476 

0.161 0.776 

l.<Jl!':l U.':l':l 

( 1.9) 

1.802 0.19 

(1.8) 

t.m -o.o2 
Ag203 (c). H' I AgzOz (c) 1.715 -0.23 

eucom4- 1 CuWH>oe2· co.s> 
CUz~h:)ICuO(cJ.OH- (0.7) (-12) 

Cu2~ (c) I Cu(OH}2 (c), oa- (0.7) H.5) 

Cu(OH)4Z-/Cu<OH)2",0H· (-0.1) 

Cu(OH)2(cl1Cu20(c),OH· -0.110 (-0.77) 

Cu<OHJ42- I Cu (c), OH· -0.152 

CuO(c;) I CuzO(c;), OH ·O.J&7 ·J.J0'1 

Cu<OH)2· 1 eu (c). oa- (-0.2) 

Cu(OH)2 (pt) I Cu (c). OH" (-0.22) (-1.08) 

Cu(OH)z (c) I Cu (c), OH" -0.233 (. t -03) 

cuo Cptl 1 cu <cl. oa· ( -o.m 

CuO (c) I Cu (c), OH· -0.271 -1.199 

eu,o (c) 1 eu Ccl. oH· -0.3'S'S -1.289 

Sil'rer6·S 

AgzUJ (C) I Agz02 (C), OH" 0.887 ·1.06 

Ag(Onli· I Ag<On)2·. OH- (0.8) 

Ag(OHl.{ I Ag(OH}2". on- (0.75) 

Aszo3 <c)tAszO<cJ,on- 0.7-11 -1.10 

Ag(Onl.{ I Ag(OHJi· (0.7) 

Ag20z(cl1Agz0(c).OH" 0.602 -1.13 

Ai' I Ai (cl 0 79<}3 -0 QSq Ag{OH);!· I Ae (c-) OW 

AgzO (c) I Ag (c). OR- 0.3-43 ·1.338 

Table L S&aa4ard Electrode. Polentials and Teaperac.ure 
Coefficients io. Yater at 291.1~ :r:. -- Coatinuocl 

Acid Solutions 
(pH =0.000) 

fO dfO/dT Basic Solutions [0 4f.0fdT 
(Y) (aV/1:) (Y) (aY/1.) (pB •13.996) 

Gotdl. 6-1. 10 

Au2• I Au' 

Au' I Au (c) 1.69 H.l) 

Au3• I Au (c) (1.50) 

AuoH2•, W 1 Au (c) 1.4-4 

Au3•1 Au' (!.-41) 

Au2<>3 (pt), H' I Au (c) 1.363 -0.443 

Auz~ (c). n• I Au (c) 0.35) -0.367 

AuOH2•. H' I Au• 1.32 

Auz~ (pt), H' I Au' 

Auze~J (c), H• I Au' 

Au3• I Au2• 

Au (c) I Au· 

ZnOu+, H' I Zn (c) 

zn2• I Zn (c) 

120 (-0.1) 

(1.18) (0.0) 

(I.O)a 

(-2.4)8 

-0.-497 

-0.762 

0.03 

0.119 

Au(OH)2· I Au (c), on· (10} 

Au(On)4· I Au (c), OH· 0.600 (-1.2) 

Auz~ (pt) I Au (c), OH" 0.'}35 -1.279 

Auz0:3 (c) I Au (c), oH· (0.52) -1.203 

Au(OH).{ I Au(On)2-. OH· (0.4) 

Au (c) I Au" 

liac6-l 

Zn(Onli· I Zn (c), OH· -1.199 

Zn(0Hl2<pt)IZn(c).OH· -1.222 (-1.0•0 

Zn(0Hl2(c,tl1Zn(cl,OH· -1.2of9 -0.999 

ZnO(c> 1 Zn (c). on- .. 1.260 -1.160 

Cadaiual. 6-S 

CdOH', H' I Cd (c) 

Cdz2• 1 Cd <c l 

Cd2• I Cd (c) 

Cd2· I Cd22· 

-0.10-4 0.02 

(-0.2)8 

-0.402 -0.029 

(·0.6)8 

Cd(OHJi"ICd(c).On· 

CdO (c) I Cd (c), OH· 

-0.658 

-0.783 -1.166 

Cd<OH>-2 (ptl 1 Cd <cl. oa· -0.808 <-t.06) 

Cd(OH)2 (c.~) I Cd (c), OH· -0.826 -1.020 

llercury6-l 

HglOH}2, H' I Hg (liq) 

Hg2• I Hgz2• 

1.034. -0.40 Hg(OH)f I Hg (Jiq). oH· 0.231 

ligZ• /ltg (IIQJ 

Hg(OH.Iz, W I Hg 

Hg22· tHg (liql 

0.908 0.095 

U.tl:)<! ·U.Il6 

0.830 -O.of3 

0.796 -0.327 

0.6i8 O.li 

0.389 -0.38 

Hg(On}21 Hg (liq), on-

HgU lptJ I Kg lliq), OK" 

HgO (r., yJ I Hg (Uq). OH· 

ngo (c. rJ 1 ng Uiq), ou-

0.206 ·1.2-« 

lO.ll) H.I7J 

0.0983 -1.12' 

o.ocm -1.1206 

Boron6-l 

Bt2 (c). H• I II2H6. (II) -0.1'50 -0.296 

B12 <c>. u• 1 au..- -0.237 -0.460 

Bzll(; (g), H' I BIL{ 

B(OHJ3. W I BIL( 

-0.368 -0.70') 

-O.i8l -0.472 

B(On)3 (c), W I BH4- -0.-482 -0.3n 

B(OH)3. n• I BzH6 (g) -0.'519 -0.39-4 

B(OH)3(c),H• I 

Bzll(; (g) 

Bz(OH)_.. ft• I B12 (c) (-0.&) (-0.49) 

Bz(OH)4 (c), n• I 

B12 <cJ 
B3~(0H)4·, n+ I 

Bt2 (c) 

(-0.8) (·0.23) 

-0.843 -0.33 

li(OH)3, H' I Dtz (C) -0.!1&'::1 -O.'l'1Z 

BWHl3 (c), u· I B12 (c) -0.890 -0139 

8(08)3. H• I Bz(OH).f (-1.1) (-o.'}O) 

li(OH)3 (c), H' I 

BzCOHJ4 (c) 

(-1.1) (-0.25) 

11211& (£)I BH.,.ou· 

Bt2 (c) I BH4•. OH· 

Btz <c> 1 Bzll6 <g>. ou-

-0.782 -1.12:; 

-0.899 -1.129 

-0.978 -1.132 

B(OHl.{ IBH4·.on- ·1.241 ·1.140 

B<OH)4-IBzH(,(g),On- -1.39-4 ·1.146 

Bz<OHl62- 1 B12 <c>. on- <-1.7) 

B3rJ.3WH)4· 1 BJz (c). on- -1.763 -126 

B(OH),(IBt2(cJ.On· -1.811 -1.160 

B(OH)4- I Bz(OHl62-, OH· (-Z.O) 

J. Phys. Chem. Ref. Data, Vol. 18, No.1, 1985 
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Table l. Slaadard Iloctrode Potea&iaJs aad To aperature 
toerrideau ia Wa&or at 291.1l I. · ·· Coatiaued 

Add SoluUoas 
(pH - 0.000) 

AIOH2',n+ I Al(c) 

EO dEO In Basic Solutions 
(V) (aV/1.) (pH· 13.996) 

J.luainua6·9 

EO 4£.0/n 
(V) (aV/1.) 

-1.~79 0.28 AI(OH)3 (pt) I AI (c), ou- -2.31 -0.97 

Alz<OH>z4•, H' I AI (c) -1.60 0.32 -2.328 -1.13 

Al3• I AI (c) -1.677 0.')33 

At3•,H2 Cg)l AJMof· (-1.78)&(-0.ZI) 

Al3•, Hz (g) I AIH3 (c) -1.838 -0138 

Alz~ <c. a) 1 Al(c). ou- -2.332 -1.110 

AICOHl3 (c. a) I Al(c). OH· -2.338 -0.927 

AlOOH(c,a) I Al(c),OH- -2.371 -I.O~.C 

Ga' I Ga(c) 

Gat''' I Ga (c) 

GaOH2•, H' I Ga (c) 

Ga3• 1 Ga(c) 

Gaz"' 1 Ga' 

Ga3• I Ga' 

aa3• 1 aa24• 

In' I In (c) 

lnOH2•. H' I In (c) 

Inz"' 1 In (c) 

In3• I In (c) 

Inz4• 1 In' 

In3• I In' 

In3• 1 Tnz-4• 

no:tf2·. w 1 n· 

Tl3• ITI' 

TIOOH(c),W ITt+ 

Tl2~ (c), W I Tl' 

TIO:tf2', H' I Tl (c) 

TJ3'!TI(c) 

TIOOH(c).W ITI(c) 

Tl2~ (c), H' ITJ (c) 

TJ' I TJ(c) 

Galliua6-l 

(-0.2) 

(·M) 

-0.498 

-0.~49 0.61 

(-0.6) 

(-0.7) 

(-0.8) 

GazO<c> IGa(c).oH- (-0.9)& H.19) 

Ga(OH)3(pL)IGa(c),OH· ·l.Z1Z -0.99 

GaOOH(c)/Ga(cl,OH" -1.320 (-1.08) 

Ga2~(c,p)IGa(c),oH- -1.323 -1.1:)6 

Ga(OH)4"1Ga(c),OH" -1.326 

GaOOH(c)IGazO(c),OH- (-1.'))& (-1.03) 

Gaz~(t,p) IGazO(c).OH· H.::!)& (-1.11) 

Ga(OH).f- I Ga20(c), ou- (-1.::!)& 

huliua6-9 

·0.126 

-0.2::19 

-0.26 

-0.338 0.'12 

-0.40 

·0.144 

-0.19 

In20(c)/ln(cJ.OH' (-06)& (-1.12) 

InCOHJ3 (pt) I In (c), OH" ~0.99 -0.9::1 

ln(OH)4 I In (c),OH· -1.007 

lnz03<cllln(c).OH" -1.034 -1.131 

InOOH(c) I In (c),OH· -1.066 (-1.06) 

ln(OH)4· I lnzO(c).OH· (-1.2)& 

Inz~(c)llnzO(c).oH· (-1.2)& (-1.14) 

lnOOH(c) I lnzO(c),OH· (-IJ)& (-1.03) 

Tha11iu•6-S 

1.299 

1.280 0.97 

1.22::1 (0.26) 

1.16::1 (0.1::1) 

0.7::11 

0.711 0.21 

0.70::1 (-0.26) 

0.66::1 (-0.33) 

-0.336 -1.312 

TI(OH)4• I TIOH (c). ou­

TI(OH),{ I TIOH, ou-

0.099 

0.091 

TIOOH(c) ITJOH(c),QH· 0.01::1 (-I.Hl 

TI(OH):3(pt)ITI(c),QH· (-0,03) (-1.00) 

Tlz~ <c> 1 TIOH <c>. ou- -0.046 H.24J 

TI(OH).f· I T1 (c). ou- -0.067 

TIOOH(c) I Tl (c), OH· 

Tlz~ (c) I Tl (c), OH· 

TIOH I Tl(c), OH· 

TIOH (c) I Tl (c), OH· 

-0.123 (-1.10) 

-0.163 (-1.17) 

-0.382 

-0.399 -1.029 

J. Phys. Chem. Ref. Data, Vol.18, No.1, 1989 

Table I. Standard Electrode Potentials .and Teaperature 
Coetficienta ia Water al291.t:i -~--Continued 

Acid Solutions 
(pH=O.OOO) 

CH30H, H' I CH4 (g) 

HCH<>z, H' I C (c) 

CO (g), H' I C (c) 

CH30H, H' I CH4 

Hz~.H+ IC(c) 

CHzO, H' I CH30H 

C<>z, H' I C (c) 

C<>z (g), W I C (c) 

HzC204• H' I HCH<>z 

C<>z (g). H' I CH4 (g) 

C (CJ, W I CH4 (g} 

C (c), H' I CH.c 

Hz~. H' I HCH<>z 

HCH~. W I CHzO 

C<>z, H' I HCH<>z 

C<>z <g>. u• 1 co<&> 
C0z (s). H• I HCHOz 

Hz~. u· 1 H2c2o4 

C (c), H' I CH30H 

C<>z. u· 1 HzCz04 

C<>z (g), H' I HzCz04 

EO 4£.0/n Basic Solulioas 
(V). (aV/I) (pH c 13.996) 

Carboni. 6, 7 

0.~83 -0.039 

0.::128 -0.77 

CH30H I CH4 (g), ou· 

CHzO I CH30H, OH· 

0.::1184-1.3084 CH<)z"IC(c).OH-

0.498 -0.::170 c2o42- I CH<>z·. ou-

0.27 (-0.::16) c (c) 1 cu4 (g), ou-

0.237 -0,::11 ~2- I CH4 (g), ou-

0.229 -0.604 ~2- 1 c (c). ou-

0.2073 -0.8::130 ~2- I CH<>z·. OH· 

0.204 (-0.12) C (c) I CH30H,OH-

0.1694 -0.::1311 CH<>z· I cu2o. ou-

0.131::1 -0.2092 ~l-ICz04Z·,oH· 

0.089 -0.47::1 

o.o1 <-o.m 
-o.oz, -0.63 

·0.070 -0.<{4 

-0.1038 -0.3977 

-0.11.( -0.0.( 

-0.19 (-0.::18) 

-0.320 -0.379 

-0.3-t::l (-0.77) 

-0.432 (-1.76) 

Silico.a6-l 

Eo dEoJn 
(V) (aV/~) 

-0.24::1 -0.87::1 

-0.::191 -1.3::1 

-0.603 -1.6::1 

-0.683 -0.80 

-0.696::1 -1.04::12 

-o.131 -t.m 

-0.766 -1.22::1 

-0.930 -0.80 

-1.148 -1.21::1 

-l.l60 -1.::12 

-1.176 -0?98 

Si (c). H' I SiH4 (g) -O.H7 -0.196 Si(c)ISiH.c(g),OH- -0.97::1 -1.032 

Si<>z (c. quartz), u• I -0.::169 -0.28::1 H2Si042-ISiMof(g),OH" -1.40') (-1.03) 

SiMof (g) SiO (c) I Si(c), ou- (-1.6)& (-l.Z) 

SiO (c). H' I Si(c) (-0.8)& (-0.4) H3SiO.c"ISi(c).OH" -1.820 -1.19 

MofSi04. H' I Si (c) -0.931 -0.39::1 H2Sio42-1Si(c).OH- -1.834 (-1.03) 

Si<>z (pt), H' I Si (c) -0.973 -0.40 HzSio.c2- 1 SiO (c). ou- <-z.o>a C-0.8) 

Si<>z (c. quartz). W I -0.990 -0.374 

Si (C) 

Si<>z (c, quartz). H• I (-l.Z)I (-0.3) 

SiO(c) 

Geraa.aiua6-l 

Ge(OH)z, H• I Ge (c) 0.11 

Ge2• 1 Ge (c) (0.1) 

GeO (pt. y), H• I Ge (c) 0.04 

GeO (c. br), H• I Ge (c) 0.000 -0.41 

H.cGe04, H' I Ge (c) -0.039 -0.429 

Ge<>z (c. hel), H' I 

Ge (c) 

Ge<>z (c. tetr), u• 1 

Ge (c) 

-0.104 (-0.34) 

Ge(OH)f I Ge (c). OH· 

H3GeO.c· I Ge (c). oe­

H2Geoi· I Ge (c), OH" 

(-0.87) 

-0.936 

-0.9::17 

H3Geo4· IGe(OH)3·.oH· (-1.00 

H2Geo42-1Ge(OH)f.OH" (-1.0::1) 

Ge (c) I GeH4 (g), OH· -t.tzz -1.031 
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Table 1. Standard Electrode Potentials and Tea perature 
Coefficients in Water at Z91.n I-- Continued 

Acid Solutions 
(pH =0.000) 

ED ciED/dT Basic Solutions ED dE0 /dT 
(V) (aV/I) (V) (aV/I) (pH= 13.996) 

Geraaniua -- Continued 

GeOz (c. he:a:), H• I -0.118 -0.34 

GeO (c, br) 

~Ge04. H• I GeO (pt. y) -0.12 

H4Ge04. H+ I Ge(OH~ -0.19 

H4Ge04. H• I GeZ• (-0.2) 

GeOz (c. he:a:), H• I (-0.2) 

Ge2• 

GeOz (c. tetr), H• I -0.207 (-0.26) 

GeO(c, br) 

Ge (c), H' I GeH4 (g) -0.294 -0.19:5 

Geoz (c. unr), H' 1 (-0.3) 

Ge2• 

Sn(OH)3•, H• I Sn2• 0.142 

Sn(OH~2·, H• I Sn2• (0.10) 

SnOz (pt. a), H• I Sn2• (O.OS)b (-0.46) 

SnOz (pt. Pl. H· I sn2• 0.01 

SnOW, H' I Sn (c) -0.041 

SnOz (c), H• I Sn2• -0.094 -0.31 

SnOz (c), H• I Sn (c) -0.117 -0.316 

SnZ• I Sn (c) -0.141 -0.32 

SnOz (c). WI SnOW -0.194 

Sn (c), Jl+ I Snll.-1 (g) -0.488 -0.221 

PbOz (c), H' I Pb2+ 

PbOz (c), H' I PbOH' 

PbOH'. H' I Pb (cl 

Pb2• I Pb (c) 

1.<158 -0253 

1.230 

0.102 

-0.126 -0.39') 

Pb(cl.H'IPbH4(g) (-0.7) (-0.22) 

Tin6-l 

Sn(OH)f I Sn (c), OH- -0.892 

Sn(OH>G2- I SnO (pt), OH- (-0.90) 

Sn(OH>G2- I Sn (c), OH- (-0.91) 

SnO (pt) I Sn (c). OH- -0.917 -1.32 

Sn<OH>GZ- I Sn(OH)f. OH- (-0.93) 

SnO(c) ISn (c),oH­

SnOz (c) I Sn (c), oH­

SnOz (c) I SnO(c). OH" 

Sn (c) I SnH4 (g), OH· 

J.cad6-l 

Pb(On)6Z 

PblOnJ2 !ptl. on-

-0.930 -1.176 

-0.94:5 -1.1:52 

-0.961 -l.l29 

-1.316 -I.O'P 

(0.32) 

Pb<OH>62· I Pb<OH>3·. on- (0.30) 

PbOz(c)IPb304(c).OH" 0.269 -1.136 

PbOz (c) 1 PbO (c. r). on- 0.254 -1.161 

PbOz (c) I PbO (c. yl. on· 0.248 -1.150 

PbOz (cl 1 PblOHlz (c). on- 0.247 -1.37 

Pb304(c)/Pb0(c.r).OH' 0.224 1.211 

Pb304 (c) I PbO (c. y), on· 0.207 Tl77 

Pb304 (c) 1 Pb<OHl2 (cl. on- 0.202 -1.86 

Pb(OHlfiPb(cl.OH" -0')38 

Pb(OHlz (ptl I Pb (c), OW (-0.')6) ( ·1.00) 

Pb<OII)z (c) I Pb (c), OH' -0.')71 -0.95 

PbO(c,yJIPb(c).OH· -0.')73 -1.170 

PbO(c,r)IPb(c),OH- ·0.578 -1.159 

Pb(c)IPbH4 (g),OH" (-1.5) (-1.06) 

Table 1. Standard Electrode Potentials and Tea perature 
Coefficients in Water at 291.15 I ··-Continued 

Acid Solutions 
(pH =0.000) 

EO dED/dT Basic Solutions 
(V) (aV/I) (pH= 13.996) 

Nitrosenl. 6. 7 

(Z.65)b (0.06) _ N20z2- I N2 (g), OW 

HN3. H' I N2 (g), NH4• 2.079 0.147 

N20 (g), H' I N2 (g) 1.769 -0 .. 461 

NO (g). H' I N2 (g) 1.678 ·0.9098 

NO(g),H'IN20(g) 1.'587 -1359 

nNQz. H' I N2 (g) 1447 ·0.390 

NH30H', H' I N2n5 • ( 140)b ( -0.60) 

Nn30H',H' INH4• (133Jb(-044) 

N2n5•, H' I NH,( 1.250 ·0.28 

No3-. H' I Nz (g) l.Z-14 -0.347 

NOz (g), WI nNOz 1.108 -1.582 

Nz04 (g), W I nNOz 1.083 -0.671 

nNOz. W I NO (g) 

NDJ-. H' I NO(g) 

N03·, H' I HNOz 

N03·. WI NH.( 

nNQz, n• INn,( 

HNOz. H' I H2N20z 

0.984 0.649 

om o.028 

0.940 -0.282 

0.880 -0.448 

0.860 -0.'503 

<0.85)b (-0.61) 

NDJ'.H'IN204 (g) 0.798 0.107 

NDJ·. H' I NOz (gl 0.773 1.018 

NO(gl,H' IHzNzOz (0.71)b(-1.87) 

n2N20z. H' I Nn3ow (0.41 )b ( -0.<15) 

N2 (g), H' I NH4• 0.274 -0.616 

N2 (g), WI N2n5• -0.214 -0.78 

N2 (g), H' I NH30H' (-1.83)b (-0.96) 

N2 (g), H' I HN 3 -3.334 -2.141 

N2o (gl 1 Nz <gl. on­

NOz (gl I NOz" 

Nz04 (gl I NOz-

NO (g) I Nz (g), on­

NO (g) I N20 (g), OH" 

Nf I N2 (g). Nn3. OH" 

Nn2on I NzH"', on­

NOz- I Nz (g), OH· 

NnzOH I Nn3• OH­

NDJ" 1 Nz (gl. on-

NO (g) I Nz0z2-

Nzll4 I Nn3. OH" 

NOf I NOz .. on-

N03· I NHJ. on-

NO)" I NO (g), on· 

NOz · 1 NzOz2--. on­

NOz- I NH3. ou-

NOz . I NO (g). on-

N2 (g) I Nn3. OH" 

NzOz2- I NllzOn. on· 

NDJ· I N2o"' (g), OH" 

NDJ· I NOz (g). ou­

N2 (g) I N2n4• OH" 

Nz (g) I NHzOn. OH­

N2 (g) I Nf 

Phosphorusl. 6, 7 

ED dE0 /dT 
(V) (aV/I) 

( 1.52)b (-0.6~) 

0.941 ·1.297 

0.917 ·1.712 

0.892 -0.801 

0.850 -1.7"158 

on9 -z.m 
0.700 -0.921 

(069)b(-l.68) 

0.'106 --1."162 

(O."'O)b (--1.38) 

0.251 ·1.3'0 

(0.18)b ( ·2.8"1) 

0.111 ·107 

0.017 ·1183 

-0.119 1.391 

·0.149 ·1.086 

( ·0.15)b ( 1.87) 

-0.165 ·1."160 

0.481 ·0.893 

-0 736 ·1459 

( -0.71)b ( -1.13) 

·0.858 -1.565 

-0.883 -0.654 

-1.160 -1.6' 

(- 3.0l)b ( -1.62) 

·3.608 -2.536 

H4P20(,. WI n2PH03 (0.3) Pz0(,4- I PHDJ2--. on· (-O."'l 

P2H4 (Jiq)_ WI PH3 (al (0.06)b <0..48) 

P1 (c. w). n• I PH3 (g) -0.046 -0.093 

P (c. r), WI PH3 (g) -0.088 -0.030 

P.o~ (c. w). H' I 

PzH.o~ (liq) 

( -0.10)b ( ·0.38) 

HPHzOz. H' I PH3 (g) (-0.15)b (-0.13) 

P (c. r), H' I PzH.o~ (liq) (-0.16)b (-0.28) 

H?PH03. H' I PH3 (g) ( -0.26)b ( -0.21) 

nPHzOz. WI P (c, r) 

H3P01. H' I P (c. r) 

H3P04. WI P1 (c. w) 

HzPHDJ. WI P (c. r) 

(-0.33Jb (-0.44) 

-0.377 -0.378 

-0.402 -0.340 

(-0.43)b (-0.39) 

HPHzOz. W I P4 (c. w) (-0.45)b (-0.25) 

n2Pn0). WI P4 (c, w) (-0.47)b (-0.33) 

H2PH03.H' I HPHzOz (-0.48)b(-0.37) 

H3PO.o~. W I H4Pz<>G (-0.9) 

P4 (c. w) I Pn3 (g). OH· 

P <c. rl 1 PH3 (g), on-

-0.87~ -0.929 

-0.916 -0.866 

P4 (c. wl I P2H.4 {liq). oH- (-0.93)b (-1.22) 

P (c, r) I P2H4 Oiq), OH" (-0.99)b (-1.12) 

P043- I PHo3z-. on· (-1.14)b (-O.m 

PHzOz" I PH3 (g). OH· 

P043- I PH3 (g), OH" 

PHo3z- I PH3 (g), OH· 

P043- I P (c. rl, OH· 

P043- I P4 (c. w), on­

PHDJ2- I PHzOz-. OH· 

Pn~32- I P (c, r). OH" 

PH032- I P4 (c, w), on­

PO"'3- I P20(,4-. OH" 

Pnz0z· I P (c. r), OH· 

PHzOz· I P4 (c. w), on-

(·l.l7)b (-1.07) 

-1.247 -0.91 

(-1.28)b (-1.03) 

-1.445 -0.93 

-1.470 -0.89 

(-1.5J)b(-0.95l 

(-1.65)b (-1.20) 

(-1.69)b(-1.13) 

(-1.9) 

(-1.92)b (-1.70) 

(-2.04)b (-1.51) 
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r .,_.,D 
(Y) (aY/1:) 

Arscni1:6··1 

As20-t (c), W I 

As40t; (c, cu) 

(0.67)b (-0.33) 

As204 (c). W I H3As03 (0.63)b (0.05) 

H3As04. H' I 

As40t; (c. cu) 

0.595 ·0.'1-47 

H3As04. H' I H3As03 0.575 -0.257 

H3As01. H' I As<OHlz' 0.566 

H3As04. H' I As204 (c) (O.SZ)b (-0.56) 

As(OHlz'. H' I As (c) 0.2:53 

H3A..O,. H' I At (c} 0.2·-175 -0.505 

As4Clf, k cu), H' I As (c) 0.23-40 -0.378 

As (d. H' I AsH3 (g) -0.238 -0.029 

H2AsOf I As (c). oH­

HAsOJ2- I As (c). OH· 

As043- I As (c), OH­

AsO-t3- I HAsOJ2-. OH· 

AsO-t3- I H2AsOf. OH" 

As (c) I AsH3 (g), OH-

-0.67-4 -1.327 

-0.68 

-0.702 -1.024 

-0.7-4 

-0.745 -0.570 

-1.066 -0.865 

Antiaoay6·1. 10 

Sb(OH)s. H' I Sbz04 (c) 0.98 

Sb2~ (c). H' 1 Sbz04 <cl 0.76 

Sb(OHls. H' I Sb(OHJ2• 0.57 

0.18 sb204 (c) I -0.437 -1.237 

-0.303 Sb-4~ (c, cu),OH" 

Sb2~ (c). H' I 0.57 

Sb-4~ (c. cu) 

Sb2Qs (c). H' I 0.:";5 

Sbz~<c.rhl 

-0.352 

-0.320 

Sb(OHl5. H' I Sb(OHl3 0.54 -0.34 

Sb2o4 (c), H' I 

Sb4~ (c. cu) 

0.391 -0.401 

Sbz04 (c). H' 1 0.3:51 -0.336 

Sb20J (c. rhl 

Sb(OHl3. H' I Sb (c) 0.231 -0.196 

Sb(OHlz'. W I Sb (c) 0.208 

Sbz04 (c), H' I Sb(OH)z' 0.169 

SbzOJ (c. rh ). H' I Sb (c) 0.147 -0.369 

Sb4~ (c. cu), H' I Sb (c) 0.134 -0.3-t7 

Sb (c), H' I SbH3 (g) -0.:";10 -0.030 

Sb2o4 (cl 1 -o,4n -1.172 

Sb20J (c. rhl.oH-

Sb(OH)6- I -0.48 

Sb40t; (c. cu). OH-

Sb(OH)6- I -0.50 

Sbz~ <c. rhl. oH-

Sb(OH>6- I Sbz04 (c), OH- -0.~2 

Sb(OH)6- I Sb(QH)4·· OH- -0.56 

Sb(OH)4- I Sb (c), OH- -0.640 

Sb20J (c. rb) I Sb (c), OH- -0.681 -1.205 

Sbo~~<c.cu)ISb(cl,OH· -0.694 -1183 

Sb(c)ISbH3(g),OH" -1.338 -0.866 

Bisauthl. 6-1. lO 

Bi(OHJs. H' I BizO.f (c) 2.4 

!:liz~ (C), WI Bi2U-t tel (Z.OJ (·0.3) 

BHOHJs. H' I 2.0 

Bi6<0Hltz6• 

Di(Otl):,. W I m3• 

BHOH)s. H' I BiOH2• 

BizQs (c), H' I Bi3• 

Biz04 (c), H' I Bi3• 

Bi' I Bi (c) 

BiOH2•. H' I Bi(c) 

Bi3• I Bi (c) 

Bi3• I Bi' 

z.o 

2.0 

(1.8) H.l) 

1.59 (-2.0) 

(0.5)8. 

0.329 (0.05) 

0.308 (0.18) 

(0.2)8. 

Bi (c), H' I BiH3 (g) (-0.8) (-0,03) 

Bi(OHJ6• I BizO<I (c). OH" (1.0) 

l:IUOHl6- /l:liOOH lc), OW (0.8) 

Bi(OH)&" I Biz~ (c), OH· (0.8) 

BHOHl6" I Bi(OHl3 (ptl, OH· (0.7) 

Di(Oll)&- I Di(OII)4-, on- (0.7) 

Bi20-4 (c)/ Bi-4<>7 (c). OH- 0.62 (.LIS) 

Bi204 (cl1Bi00H(c).OH· 0.~9 (-1.38) 

Bi<I07(c)/Bi00H(cl.OH· 0.56 (-1.52) 

Bi20-4 (c) I Bi20J (c), OH· 0.56 ( -1.17) 

Bi407 (c) I Biz~ (c), OH- 0.~1 (-1.19) 

Bi(OH).{ I Bi (c). OH- -0.365 

Bi<OHl3 (ptl/ Bi (c), OH- (-0.38)b (-1.04} 

BizOJ (c) I Bi (c), OR" 

BiOOH (c) I Bi (c), OH­

Bi (c) I Bill3 (g), oH-

-0.452 -1.216 

-0.461 (-1.14) 

( ·L6) (-0.87) 
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Table I. Staadard Electtode Po&entials and Tea perature 
Coefficients ia Yater at 291.1, 1: --Continued 

Acid Solulions 
(pB -0.000) 

~-.H• I 

0z (g), HzO (liq) 

OH. H' I H20 (liq) 

0(g),H•IH20(Iiq) 

~(g),WI 

0z (g), H20 Oiql 

HzOz. H• I HzO (liq) 

HOz. H' I HzOz 

Oz. H' I HzO (liq) 

0z (g), H' / HzO Oiql 

~(g)/~-

Oz (g), H' I HzOz 

0z (s). II" I UOz 

HS20-4 .. H• I HSz~­

SOz. H+ I S.f~2-

HS20J-. H• I S3 (c) 

SOz. WI S3 (c) 

SOz. H' I HSz~­

s4~2-. H' I S3 (c) 

S20t;2-. H• I SOz 

soi·. H' 1 s8 (cl 

HSO-t·· H' I Sg (c) 

so42-. w 1 s .. ~2-

[O df.O /ciT · Basic Solulions 
(Y) (aY/1:) (pB • 13.996) 

(3.3) 

OIJa•n'· 7. 9 

O(g) I OH· 

Of I Oz (g), OH-

(2.56) (-1.0) (} IOH· 

2.-4301 -1.148-4 ~(g) I Oz (g), OH-

2.075 -0.489 ~(g) I~­

HOz·toH-

1.763 -0.698 

1.41 (-0.7) 

1.272 -0.601 

1.2291 -0.8456 

(0.9) 

0.695 -0.993 

-O.O:l (-1.!)) 

0z (g) /OH­

Oz- I HOz-. OH· 

HOz- I <J. OH· 

0z (g) I HOz-. OH­

Oz (gl/Oz" 

SuJlUP• '1. 10 

(0.79) (-0.,0) 

0.539 -1.11 

(0.47) (-0.41) 

0.450 -0.652 

(0.43) ( -0.89) 

0.396 -0.38 

(0.37)b (0.90) 

0.353 -0.173 

0.333 -0.366 

0.321 -0.03 

S.f0t;2- I s2~2-

S2oi· 1 Sz~z-. on­

s2~2-~s~2-

s22- ISH-. OH· 

S3 (c)/ SH-. OH· 

s8 (c) I S22-

S~2- I s2~2-. OH­

Sg <ell sz-

HzSz Oiq), H' I H2S (g) l0.30)b (0.60) 

SOJ2- ISH·. OH­

SzOJZ- ISH·. OH· 

SzZ· I s2-

HS04-. H• I S4C~f.Z­

HzSz. H' I HzS 

Sg (c), H• I HzS (g) 

SO<f2-. H' I SOz 

Sg (c), H+ I HzS 

S4C1f,2-, H' I HSz~­

HSO-t-.H• I SOz 

0.288 -0.36 

(0.27) (-O.W 

0.174 0.22<1 

0.158 0.784 

0.1<1-4 -0.21 

(0.10) (-0.23) 

0.099 0.205 

SOz. H' I HS2U.f U.U68 H.ZSJ 

Sg (c), H• I H2Sz Uiq) (0.05)b (·0.15) 

s8 (c), H• I HzSz 

so12-. w; Sz~2-

Hso4-. H' I Sz~Z-

(0.02) (-0.18) 

( -O.O~)h (0.67) 

(-0.17)b (-0.49) 

SCJZ- I S8 (c), OH· 

so42- ISH·. OH· 

Soi· I Sg (c), OH" 

s2~2- I Sg (c), OH" 

SOf" I Sofl.l6Z-. OH· 

so42- 1 s10()z-. oH­

so.o~2· I s~Z-. OH" 

SOJZ- I s2u4z-, OH" 

SO.o~Z· I Sz~Z-. OH" 

Seleniu•6· 7 

seo42-. w 1 HzSe03 

HSeo4-. W I HzSe03 

HzSe03. W I Se (c) 

1.150 0.483 

1.094 '0,011 

0739 -0.~62 

Se (c). H' I HzSe (g) -0.082 0.238 

Se (c). H' I H2Se ·0.114 (-0.19) 

Seo42- I SeOJ2-. OH' 

SeOJ2- I Se (c), OH' 

Se (c) I Sezl· 

Se (c) I SeW. OH' 

Se (c) I Se2· 

Se22- I SeH", OH" 

Se22- 1 se2· 

[0 dE0/dJ 
(V) (•Y/1:) 

1.6021 -1.98-44 

(1.6) 

0.60) 

1.247 -1.325 

(0.9) 

0.867 -1.330 

0.4011 -1.6816 

0.20 (-1.9) 

(0.13) 

-0.065 -2.033 

-0.33 (-2.2) 

0.024 -1.31 

-0.002 -1.27 

(-0.16)b(-18ll 

(-0.45)b (-0.71) 

-0.-476 -0.93-i 

(-0.50)b (-1.16) 

-0.566 -1.06 

-0.57 -1.3-i 

-0598 -1.13 

-0.61-4 -1.16 

(-0.6.()b (-1.52) 

-0.659 -1.23 

-0.683 -1.200 

-0.751 -1.288 

-0.752 -1.-iO 

-0.762 -0.98 

-0.862 -1.22 

-0.936 -1.-41 

-I.UU -U.S) 

H .71lb ( -1.00) 

0.030 -L36 

-0.3~7 -1.31 

(-0.61) 

-0642 -0.90 

-0.67 (-12) 

(-0 68) 

(-0 73l 
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Table I. Standard Electrode Potentials and Teaperature 
Coefficients in Water at 2911.1~ 1: -· Continued 

Acid Solutions 
(pH~ 0.000) 

[O d[OJdT .Basic Solutions 
(V) (mV/1:) (pH~ 13.996) 

Telluriual, 6-8 

H6Te~. WI TeOz (c. a) (0.91Jb ( .. 0 lZ) 

H6Te~. WI Te<OHJ3' (0.8::i)b ( ·0.32) 

Te(OH)J'. H' I Te (c) O.::i::i8 -0.294 

TeOz (c. a). H' /Te (c) O.::i29 -0.391 

Te (c), H' I HzTe (g) ·0.44 0.26 

-0.46 (-0.16) 

H4Te~2- ITeOJ2·.oH· 

Te<)J2- / Te (c), OH .. 

Te (c) I Tez2· 

Te (c) 1Te2-

Tez2· 1 re2· 

Poloniua6. 7 

[0 d£0JdT 
(V) (aV/1:) 

(0.1'5)b (-0.63) 

·0.47 -1.39 

-0.84 

-0.90 (-1.0) 

-0.96 

H6Po~. H' I PoOz (c. a) (2.3:16-

~Po~. H' I Po(OHJ3' (2.2)8 

H4Po~2- I PoOJZ-. OH· ( 1.4)8 

PoO(cJIPo(c),OH· (-0.1) 

~Po~. H' I Po4• 

Po4•t PoZ• 

Po(OHJ3', H' I Po2• 

Po4• I Po (c) 

(2.1)8 

(0.9) 

(0.8) 

0.76 

PoOz (c,a), H' I Po2• (0.7) 

Po(OH)3'. H' I Po (c) (0.7) 

PoOz (c. a). H' I Po (c) (0.7) (-0.37) 

Po2• I Po (c) (0.6) 

Po (c), H' I H2Po (g) (-0.7) (0.26) 

Po (c), H' I HzPo (-0.7) 

Po<)J2- I Po (c), OH" 

Po<)JZ- I PoO (c), OW 

Po (c) I Poz2-

Po (c) I Pol· 

Po22·t Po2· 

Fluorine6, 7 

OF2 (g). H' I 0z (gJ,IIF 3294 ·0.'508 OF2 (g) I 0z (g), r­
Fz (g) IF" OF2 (g) I 0z (g). r· 

F2 (gJ. H' llif 

F2 (g), H' I HFz .. 

r2 <gJir-

or2 <gl. w 1 HF 

OF2 (g). H' I r-
OF2 (g), H' I F2 (g) 

HCIOz, H' I HCIO 

HCIO. H' I Clz (g) 

HCIO, H' I Cl2 

CIOf.ll' I Clz (g) 

Cl3- I Cl" 

CIOJ-. H' I HCIO 

c12 1 c1· 

CI04 ·. H' I Ct2 (g) 

Ct2 (g) I CJ· 

Clz I Ct3· 

Clz (g) I Clf 

ClO,(. H' I CIOf 

CIOz. H' I HCIOz 

CIOJ-. H' I HCIOz 

CIOf, H' I CIOz 

3107 -1.':)70 

3.077 -0.808 

2.9% ·1.248 

2.890 -1.870 

2.262 -0.677 

2.168 ·1.208 

1.446 -0.:546 

OF2 (g) IF·. OH· 

OFz (g) I Fz (gJ. OH· 

Cblorine6, 7 

1.674 0.5'5 

1.630 -0.27 

I.~'H -0.80 

1.4:58 -0.347 

1.416 (-0.8) 

1.41:5 ·0.37 

1.396 -0.72 

1.392 -0.367 

1.3604 -1.248 

1.3'56 (-0.6) 

1.249 (-2.2) 

1.226 ·0.416 

1.184 ·0.433 

1.1~}7 -0.180 

1.130 0.074 

Ct2 (g) I ct· 

CIOz I CIOz-

ClO' I ct·. OH" 

CIOz .. I Ct·. on· 

CIOz- I CIO-. OH' 

Cto3- I Cl-. OH· 

ClO.{ I Cl-. OH· 

CIOJ" I CIO'. OH" 

Ct<)J· I Clz (g), OH· 

CIO.{ I Clz (g). OH" 

CIO' I Clz (g), OH· 

CIO.( I ClOf. OH .. 

CIOf I CIOz", OH· 

CIOJ · I CIOz. OH" 

(-0.2) 

(-0.3) 

(-1.0) 

(-1.1) (-0.9) 

(-1.1) 

3107 I :570 

2.890 1.870 

1.7'54 -I 626 

0.618 ·I 382 

13604 -1.248 

1.068 -133:\ 

0.890 1.08 

0.786 -1.267 

0.681 ·1.-46 

0.614 -1.333 

0.'560 -1.313 

0.176 -1.46 

0.46:5 -1.3::i0 

0.446 -1.322 

0.420 ·0.90 

0 398 -1.2:\2 

0.271 ·1.466 

Table 1. Standard Electrode Potentials and Temperature 
Coefficients in Water at29S.I'j 1: --·Continued 

Acid Solutions 
(pH= 0.000) 

Br04-. WI BrOJ· 

HBrO. H' I Br2 (liq) 

HBrO. H' I Br2 (g) 

HBrO, H' I Br2 

BrOJ·. H' I Br2 (liq) 

BrOJ·. H' I Br2 (gl 

BrOf. H' I HBrO 

Br2 I Brf 

Br2 (g) I Brf 

Br2 (liql I Brf 

Br2 1 Br 

Brz (g) I Br· 

Br2 (liq) 1 Br-

Brf I Br· 

104·. H' I IOJ­

H'5l~. H' I HlOJ 

HIO. H' I I2 (c) 

l' 1 12 (c) 

HIO. H' I 12 

IOJ-. H' I l2 (c) 

HIOJ. H' I I2 (c) 

HIOJ. H' I I' 

IOJ-. H' I HIO 

Iz I If 

lz I 1· 

I3- I 1· 

I2 (c) 1 I· 

Iz (c) 113• 

At04". H' I AtOf 

H5A~. H' I HALOJ 

ALOJ-. H' I HAlO 

HALOJ. H' I At' 

HAlO. H' I At (c) 

HALO, H' I Atz 

At' I At(c) 

At2 I At3· 

At2 I At­

Atf I At· 

At(c) I At· 

At(c) I Atf 

[O d[OJdT Basic Solutions 
(V) (aV/I.) (pH= 13.996) 

Bromine6, 7 

1.74'5 -0.:\11 Br2 (JiqJ I Br· 

1.604 -0.63 Bro4· I Bro3·. OH .. 

1.'588 -0.1'5 BrO' I Be OH· 

1.'584 .. o.n BrOf I Br·. OH· 

1.'513 -0.119 BrOJ· I Bro-. oH-

1.'510 -0.323 BrOJ· I Brz (liq), OH· 

1.491 -0.37 

1.171 -0.472 

1.1'59 -2.2:\8 

1.110 -0.810 

1.098 -0."199 

1.094 -1.094 

1.078 -0.611 

1.062 -0.'512 

Bro· 1 Br2 Wql. ow 

Iodine'· 7. 10 

1.:589 -0.8'5 

1.:\67 -0.12 

1.430 -0.339 

1.3'5 

1.3"1:\ -0.230 

1.210 -0.367 

!.ZOO -0.468 

1.16 

1.1:)4 -0.374 

0.789 -0.329 

0.620 -0.234 

0.'53:) -0.186 

0.'53~ -0.12:\ 

0.~3-( -0.002 

I04- I IOJ-. OH· 

H3l~2- I IOJ-. OH· 

I2 (c) 1 r-

Io- II-. OH" 

Io- 1 Iz (c >.ow 

IOJ- I I·. OH" 

IOJ- I Iz (c), OH­

IOJ- I Io-. OH· 

Astaline9 

(2.7)4 

(2.7)8 

0.'5) 

l.:i 

(1.2) 

(1.1) 

1.0 

(0.:;) 

(0.3) (-0.1) 

(0.2) 

0.2 (0.0) 

(0.2) 

Ato4- I At03-. OH­

H3A~2- I At03·.oH· 

ALOJ- I A tO'. OH" 

Ato- I At (c). OH· 

At (c) I At-

[O d£0/dT 
(V) (aV/I.) 

1.078 -0.611 

0.917 -1.347 

0.766 -0.94 

0.613 -1.287 

0 '536 -1.46 

0.'520 -1.422 

0.4:\:i ·1.27 

0.761 -1.69 

0.:589 -0.72 

0.:\3:5 -0.12:; 

0.469 -0.'546 

0.403 -0.966 

0.269 -1.163 

O.Z16 -1.370 

0.169 -1.471 

(1.9)8. 

(1.8)8 

(0.:;) 

(0.3) 

0.2 (0.0) 
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Table I. StaDdard Electrode PoteDlials aDd Teaperature 
CoefficieDts iD Water at 298.1') I. Continued 

Acid Solutions 
(pH - 0.000) 

KrO.II' I Kr (gl 

Kr04. H' I KrO:~ 

Kr03. H' I Kr (g) 

Kr03. H' I KrO 

H4Xe({,. H' I Xe03 

XeO.II' t Xe Cgl 

XeG_3. H' I Xe ( g I 

XeG_3. H' I Xt:O 

lt.1Rn06. II' l Rn03 

Rn03.ll' I Rn2• 

RnZ• I Rn (g) 

Notes to Table 1: 

[O d[O/dT Basic Solutions 
(V) (m.V/1.) (pH~- 13.996) 

I.rypton 

CZ.~la Kr04/ KrOJOH-.011" 

(2.'))B KrO I Kr (g). Oil" 

(Z..,I)8 Kr030H- I Kr (g), on-

(2 3JB K ro3on- I K rO. ou-

Ienon&, 7, q 

2 3'1 (0.0) XeO I Xe (g), on-

(2 3JB XcOJOH· I Xe (g). OH· 

2.10 0 34 HXeD[;3-IXeCgJ.Otl-

(2.0)8 Xe03011· I XeO OH· 

HXe(\) 3- I XeO:~OH". OH· 

Radon 

(34JB HRn063· 1 Rno3on-. 011· 

(2.4)8 Rn030H" I RnO. ou· 

(20)& RnO I Rn (g). 011" 

[0 d[O. 
(V) (aV 

(J.8)B 

(1.7)8 

(I '5)8 

(\.4)8 

(1.'5)8 

1.24 

( 1.17) 

(l.l)a 

(0.9')) 

(2.J)8 

(1.'5)8 

(1.2)& 

&This half ·reaction involves at least om' doubtfull·hemical species (See text). 

b11.H0 is experimentally known for this half· reaction (See textl. 

positive than when calculated for unit activity OH- (aq). 
Two of these half-reactions have been included in the master 
listingofE 0 valuesattheendofRef. 9 (pp. 787-802) and are 
inconsistent with the other E 0 values found there. They are 
E 0 [Vol- /V(c), OH-] = 0.120 V (Table 1: - 1.222 V) 
and E 0 [VO(c)/V(c),OH-] = -0.82 V (Table 1: 
- 1.693 V). E 0 [Croi- /Cr(OH) 4-, oH-] has been given 
(p. 461) as -0.72 V (Table 1: -0.14 V), which actually 
applies to E 0 [Croi- /Cr(c), oH-]. The incorrectly as­
signed value for this important half-reaction has also been 
included in the master listing. 

It is hoped that the many individuals connected with 
Ref. 9 will understand that the above discussion has been 
given only because it is necessary for the justification of the 
present work. 

3. Limitations and Scope: Formula Writing 

Table 1 contains standard electrode potentials and tem­
perature coefficients in water at 298.15 K for nearly 1700 
half-reactions at pH = 0.000 and pH = 13.996. The data al­
low the calculation of the thermodynamic changes and equi­
librium constants associated with about 1.4 million complete 
cell reactions. 

In order to keep this report to a manageable size, it has 
been necessary to consider only chemical species which in­
volve hydrogen, oxygen, and at most one other element. 
Chemical species containing 0-0 bonds have not been con­
sidered, except for H20 2, H02-, HO?. 0 2- and 0 3-. Physical 
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states have been indicated by (c) = pure crystalline solid, 
( pt) = hydrous precipitate (amorphous solid with variable 
water content), (liq) =pure liquid, (g) =ideal gas at one 
atmosphere fugacity, and unspecified = ideal aqueous sol­
ute at one molal activity. A few crystalline solids have been 
further identified by the crystal system, thus cu = cubic, hex 
= hexagonal, rh = orthorhombic, and tetr = tetragonal. 

Also, the colors have been specified for a few substances, 
thus r = red, pk = pink, y = yellow, bl = blue, br = brown, 
and w = white. 

An attempt has been made to represent realistically the 
chemical formulas of aqueous species in Table 1; thus S1v 

and Se1v in acid solution have been written as so2 and 
H2Se03, respectively, and Ru vi and Os vi in basic solution 
have been written as Ruoi- and Os02 (0H)i-, respective­
ly. However, attached water molecules have been omitted 
from chemical formulas; hence AI'+, H +, etc. (The aqueous 
species C02 and H2C03 are two different chemical enti­
ties.1'10) Hydrolyzed M1v in acid solution has usually been 
represented in Table 1 as M(OH); +, although in many 
cases this is an oversimplification. 8 For acids, ionizable hy­
drogens precede the central atom while nonionizable hydro­
gens follow it; thus phosphoric acid has been written as 
H 3P04, phosphorous acid as H 2PH03, and hypophosphor­
ous acid as HPH20 2 • Boric acid, which accepts oH- rather 
than donates H +,has been written as B ( OH) 3 rather than as 
H3B03 or as (structurally incorrect) HB02 • Rhenium hy­
dride species 10 (which include ReH~- ) are represented in 
Table 1 as ReH rather than as Re-; as a result, the E 0 value 
for the Re/Re- 1 half-reaction is calculated to decrease with 
increasing pH, avoiding the unlikely prediction6

•
7 that me­

tallic rhenium disproportionates above pH 6. 

4. Standard Electrode Potentials of Half­
Reactions and Complete Cell Reactions 

In accord with the IUPAC-Gibbs-Stockholm conven­
tion, 2 E 0 for a half-reaction is considered positive in this re­
port if the oxidized form at unit activity is a better oxidizing 
agent than H+ (aq, a= 1 m), and negative if the reduced 
form at unit activity is a better reducing agent than H2 (g, 
f = 1 atm). For example, for the half-reaction 

Mn04- (aq) + 8H+ (aq) + 5e- -+Mn2 + (aq) 

+ 4H20(liq), (3) 

Mn04- (aq, a= 1 m) is a better oxidizing agent than H+ 
(aq, a 1m), andE 0 (Mn04- ,H+ /Mn2 +) = 1.507 V. For 
the half-reaction 

Zn2 + (aq) + 2e- -+Zn(c), (4) 

Zn (c) is a better reducing agent than H2 ( g,J = 1 atm), and 
E 0 [Zn2 + /Zn(c)] = -0.762 V. Forthecompletecellreac­
tion 

2Mn04- (aq) + 16H+ (aq) + 5Zn(c) 

-+2Mn2 +(aq) + 5Zn2 +(aq) + 8H20(liq), (5) 

E 0cell [Zn(c)/Zn2 + I /MnO;, H+ /Mn2 +] = 1.507 
- ( - 0. 7 62) = 2.269 V. The positive sign of E ~ell indicates 
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that the reaction described by Eq. ( 5) is spontaneous under 
standard conditions at 298.15 K. 

For the half-reactions described by Eqs. (3) and ( 4 ), 
(dE 0 /dT) 298 = -0.646 and 0.119 mY /K, respectively. 
Therefore, for the reaction described by Eq. ( 5), 
(dE 0/dTh98 = -0.646- (0.119) = -0.765 mY/K 
= -0.000 765 Y /K. From Eq. (2) (using /!j_98 = 2.269 
Y), 

E~73 =2.269+ (373.15-298.15)( -0.000765) 

= 2.212 Y. (6) 

This result is slightly in error because the variation of E 0 with 
temperature is only approximately linear. Deviations from 
linearity are discussed in Sec. 8. 

5. Thermodynamic Changes Associated 
with Half-Reactions and Complete Cell 

Reactions 
The standard Gibbs energy change associated with a 

half-reaction or a complete cell reaction at 298.15 K may be 
calculated by 

f)J.G~9s = - nFE~9s• (7) 

where n is the number of electrochemical equivalents in the 
half-reaction or complete cell reaction and Fis the Faraday 
constant [9.648 530 9 X 104 J/(Y ·mol)] . 14 By combining 
Eqs. ( 2) and ( 7), one may calculate approximately the stan­
dard Gibbs energy change associated with a half-reaction or 
a complete cell reaction at any temperature T: 

~G~ = -nFE~ 

= -nF[E~98 + (T-298.15)·(dE 0/dTh98 ]. 

(8) 

Using the reaction described by Eq. ( 5) as an example (with 
n = 10), 

~G~98 = - (10)(9.648 530 9X 104 )(2.269) 

= - 2.189x 106 J = -2189 kJ. (9) 

~G~73 = - (10)(9.648 530 9X 104 )[2.269 

+ (373.15- 298.15)(- 0.000 765)] 

= - 2.134 X 106 J = - 2134 kJ. (10) 

The changes in the standard entropy and enthalpy asso­
ciated with a half-reaction or a complete cell reaction at 
298.15 K may be calculated by 

AS~98 = - d(AG~98 )!d'l'= nF(dE 0 /dTh98, (ll) 

~H~9s = ~G~9s + 298.15·~S~98 

= nF ( - E~98 + 298.15 (dE 0 !dT) 298 ]. (12) 

Using the reaction described by Eq. ( 5) as an example, 

~s~98 = c 10)(9.648 530 9x 104)(- o.ooo 765) 

= -738 J/K, ( 13) 

~H~98 = ( 10) (9.648 530 9 X 104
) [ - 2.269 

+298.15( -0.000 765)] 

= - 2.409x 106 J = - 2409 kJ. (14) 

6. Thermodynamic Properties of Individual 
Chemical Species 

By convention, the thermodynamics of formation 
(~1G

0, ~~0, and ~1H
0 ) of free elements in their standard 

states, ofH+ (aq), and of e- (electrochemical equivalent), 
are equal to zero at all temperatures. For the half-reaction 

!02 (g) + 2H+(aq) + 2e- --+H20(liq), (15) 

Table 1 gives E~98 = 1.2291 Y and (dE 0 /dT) 298 

= -0.8456 mY /K. Thus, from Eqs. (7), ( 11), and (12), 
Eq. ( 15) gives ~1G

0(H20, liq) = -237.18 kJ/mol, ~~0 

(H20, liq) = - 163.18 J/(K·mol) and ~1H0(H20, 
liq) = - 285.83 kJ /mol at 298.15 K. For the half-reactions 

H20(liq) + e- --+!H2 (g) + OH- (aq), (16) 

!02(g) + !H200iq) + e- --+OH- (aq). (17) 

Table 1 gives E~98 = - 0.8280 Y and (dE 0/dn 298 

= - 0.8360mY/KforEq. (16), andE~98 = 0.4011 Yand 
(dE 0/dT)2o'il 1.6816 mY /K for Eq. (17). Thus, from 
Eqs. (7), ( 11 ), and (12), either Eq. (16) or (17) gives 
~1G 0(0H-, aq) = - 157.29 kJ/mol, ~1S 0(0H-,aq) 

243.84 J/(K mol) and a1H 0 (0H- ,aq) = 229.99 
kJ/mol at 298.1.5 K. 

The thermodynamics of formation of H20(liq) and 
oH- (aq) at 298.15 K may be used to retrieve standard 
Gibbs energies, entropies and enthalpies of formation of oth­
er chemical species at 298.15 K, by applying Eqs. ( 7), ( 11), 
and ( 12) to other half-reactions relating the species of inter­
est to the free elements in their standard states. For example, 
for the half-reaction 

ASs(C) + H20(liq) + 2e- --+SH- (aq) + oH- (aq), 
(18) 

Table 1 gives Jti98 = -0.476 Y and (dE 0 /dT) 298 

= - 0.934mV /K. From Eqs. (7), ( 11), and (12), ~G~98 , 

~S~98 and ~H~98 for this half-reaction are 91.9 kJ/mol, 
- 180.3 J/(K mol) and 38.1 kJ/mol, repectively. From the 

thermodynamics of formation of H 20(liq) and oH- (aq) 
given above, ~1G

0(SH-, aq) = 12.0 kJ/mol, ~1S0(SH-, 
aq) = - 99.6 J/(K mol) and a,H 0 (SH-, aq) = - 17.7 
kJ/mol at 298.15 K. 

"Third-law" standard entropies of chemical species at 
298.15 K may be calculated by combining standard entro­
pies of formation derived through Eq. ( 11) with third-law 
standard entropies of the free elements in their standard 
states at 298.15 K. The latter are provided in Table 2, ar­
ranged by Periodic Table family for easy access. For exam­
ple, for the reaction 

AS8 (c) + H2(g)--+SH-(aq) + H+(aq), (19) 

aso = a1S 0 (SH-, aq) = - 99.6 J/(K mol); combination 
withS 0 (AS8,c) = 31.81/(K mol) andS 0 (H2,g) = 130.574 
J/(K mol) from Table 2 gives S 0 (SH-, aq) = 62.8 J/ 
(K mol). 

7. Calculations for Nonstandard Conditions 
The potential associated with a half-reaction or a com­

plete cell reaction under nonstandard conditions may be cal­
culated by the Nernst equation 
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Table 2. Tbird-·l.aw Standard Entropies at 291.1'5 I:• 

F.loaent so Elc•ent 
(j/(l·aol)) 

Hz !gl 130.)74 Pu (c. a) 

Li (c) 29.12 Am (c. a) 

Na(c) 51.21 Cm (c. a) 

K (c) 64.18 Bk (c. a) 

Rb (c) 7&.78 Cf (c) 

Cs(c) 85.23 Es (c) 

fr(c) 95.~ Fm (c) 

Be(c) 9.)0 Md (c) 

Mg (c) 32.68 No (c) 

Ca (c. a) 41.42' J.r (c) 

Sr (c.a) ')2.3 Ti(c.a) 

Ba (c) 62.8 Zr (c) 

Ra !c) 71 Hf(c) 

Sc<cl 31.61 V(cl 

y (C) 11.15 Nb (C) 

La(c.a) ~7.ob Ta<cl 

Ce (c. y) 72.0 Cr (c) 

p,. (c,«) 73.2 Mo (c) 

Nd (c) 715 W(cl 

Pm (c) 71b Mn (c. a) 

Sm(c) 69.')8 Tdcl 

Eu (c) 77.78 Rc (c) 

Gd (c) 68.07 Fe (c. a) 

Tb (cl 73.22 Ru !c) 

Dy(cl 74.77 Os(cl 

Iio (c) 75.3 Co (c. a) 

Er (c) 73.18 Rh (c) 

Tm(c) 74.01 lr (c) 

Yb (cl 59.87 Ni (c) 

Lu (c) 50.% Pd (c) 

Ac (c. a) 62_8b Pt (c) 

Th (c. a) 53.39 Cu (c) 

Pa(c.a) 519 Ag (c) 

u <c.aJ :;iU.Zl AU (C) 

Np (c. a) 50.16b 

NoL110~ Lu Tabl110 Z. 

8 References 6 and 7. except as noted. 

bReference 9. 

CReference 13. 

drhiswork. 

Er =E~- RT ·ln Qr 
nF 

so 
(j/([·aol)) 

')6Jb 

54~b 

n_ob 

78_2b 

(80JC 

(9(),)C 

(88JC 

(8-4_)C 

(66 )C 

(')6_)C 

30.63 

38.99 

-13-56 

28.91 

Jb.10 

41.51 

23.77 

2!Uo& 

3261 

32.Gl 

(33.Jd 

36.86 

27.28 

28.')3 

32.6 

3004 

31.51 

3':).48 

29.87 

37.57 

4163 

33.150 

42.55 

47.4U 

_Eo (In 10) ·RT ·l Q 
- r- og n 

nF 

F.lcacnt so 

(j/U:·mol)) 

Zn (cl 4163 

Cd (c. y) 51.76 

Hg Oiql 76.02 

B12 <c. ~l 703 

AI (c) 28.33 

Ga (c) 40.88 

In (c) 57.82 

Tl!cl 64.18 

C (c. graphite) :S-7~0 

Si(cl 18.83 

Ge (cJ 31.09 

Sn (c. I white) 51)5 

Pb (c) 61.81 

Nz <gl 19150 

P(C.l'Cd) ZZ.!IO 

P1 (c. white l IMJ 

As !c. a· gray) 351 

Sb (e. JJI. 8""-'Y) 4'5.&0 

Bi (c) 56.74 

Oz (g) 20':).029 

S8 (c. rhombic) 2':)4:4 

Se (c. gray) 42.442 

Te(c.a) 49.71 

Po (c. a) (60Jd 

F2 <g> 202.67 

c12 <gl 222.957 

Br2 (liql 1':)2 231 

lz (cl 116.135 

At (c) (65.Jd 

He (g) 126.041 

Ne (g) 146.219 

Ar (g) 154.734 

Kr (gl 163.973 

xe (g) Jb':l.)l"' 

Rn (gl 176.1 

(20) 

where E~ is the standard electrode potential at the tempera­
ture under consideration, R is the gas constant [ 8.314 510 J/ 
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(K mol)], 14 Tis the temperature in Kelvin, n is the number 
of electrochemical equivalents in the half-reaction or com­
plete cell reaction, and F is the Faraday constant. Qr is the 
activity quotient at the temperature T, which has the same 
form as the equilibrium constant K r for the reaction under 
consideration, but uses the actual activities rather than the 
activities at equilibrium. ln 10 is the conversion factor 
between natural and common logarithms (2.302 585 093). 
Substituting the numerical values for the physical constants 
into Eq. ( 20) 14 gives, at 298.15 K, 

E298 =E~98- (0.059159 7/n)·log Q298• (21) 

Using the reaction described by Eq. (5) as an example, 

E
298 

= 2_269 _ 0.059 159 7 l (aMn2 + )
2

(0zn2 + )
5 

-----· og · 2 16 • 
10 (aMn04- ) (aH + ) 

(22) 

Zinc and water do not appear in Eq. ( 22) because the activi­
ties of pure solids and liquids are taken as unity. 

At equilibrium, Er = 0 and Qr = Kr. Making these 
substitutions into Eqs. (20) and (21) gives, upon rearrange­
ment, 

log K r [ nFE ~I (In 10) · R T ] 

log K 298 = (nE~98 /0.059 159 7). 

(23) 

(24) 

For the reaction described by Eq. (5) (using n = 10 and 
E~98 = 2.269 V), log K298 = 383.5 and K298 = 3 X 10383

• 

Combinations of Eqs. ( 2) and ( 23) gives 

logKr= {nF[E~98 + (T-298.15)· (~;)29J/ 
(In 10) · R T}. (25) 

Subsituting the numerical values for the physical constants 
into Eq. ( 25) 14 gives 

log Kr = { 5039.75n [ E~98 

+ <r- 298.15)· (~;L]/r]. (26) 

For the reaction described by Eq. (5) [using n = 10, E~.,v 
2.269 V and (dE 0/dT) 298 = -0.765 mV /K], log K 373 

= 298.7 and K373 = 5 X 10298
• 

8. Second Temperature Coefficients 
All equations and examples given to this point for tem­

peratures other than 298.15 K have assumed that Eq. (2) is 
perfectly accurate, i.e., that E 0 is a linear function of tem­
perature. This would be the case if the standard isobaric heat 
capacity change, f:..C~, were equal to zero. In reality it is not, 
but the effect of D. C ~ on D. G 0 and E 0 is less than that on f:.H 0 

and f:..S 0 becausedf:..H 0/dTand df:.S 0 /dT have the same al­
gebraic sign. Salvi and de Bethune3 have expanded Eq. (2) 
as 

o o (dE
0

) E T =E298 + (T- 298.15)· --
dT 29s 

-, (d
2
Eo) + 0.5(T- 298.15)-· --

2 
, 

dT z9s 
(27) 
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where (d 2E 0IdT2
) 298 is the second temperature coefficient 

of the standard electrode potential. According to Salvi and 
de Bethune (d 2E 0/dT2

) 298 maybe calculated from ~C~ by 
the expression 

(
d

2
E

0
) 0 

--
2 

= ~c p/(298.15nF). 
dT 298 

(28) 

Second temperature coefficients may be conveniently ex­
pressed in microvolts per Kelvin squared, 1-l V IK2

• 

For the reaction described by Eq. ( 5) ( d 2 E 0 I dT2
) 298 

may be evaluated from heat capacity data6
•
7 as 3.4 1-l V IK2

• In 
accord with Eq.(27), this changes E~73 from 2.212 V [Eq. 
( 6)] to 2.222 V. For many half-reactions and complete cell 
reactions, the typical effect of the second temperature coeffi­
cientonE0in going from 298.15 to 373.15 K is only --5-10 
mV, which is often less than 10% of the effect of dE 0/dTon 
E 0 over the same temperature range, and smaller than the 
uncertainties associated with many E 0 values at 298.15 K. 

Second temperature coefficients of standard electrode 
potentials involving ions in water are given in Table 3, as 
calculated from the heat capacities selected by NBS.6

•
7 It 

appears that heat capacity changes involving aquo-ions have 
generally not been well determined. The values which can be 
derived from Refs. 3 and 8 (b) show poor agreement with 
those selected by NBS,6

•
7 differing occasionally even in alge­

braic sign. On the other hand, the heat capacities of many 
crystalline ox:ides and hydroxides are accurately known, 6•7 

but display such regularity that it is more efficient to summa­
rized 2 E 0 I dT 2 values for half·reactions involving these sub­
stances in terms of equations (vide infra) than it is to tabu­
late the individual values. 

TabJe 3. Secoad Teaperalure Coefficieats at 293.1~ I•· b 

Half-Reaction d2[0/dT2 Balf-Reaclioa d2[o/dT2 

(pV/I:Z) fpVI(2) 

H' I Hz (g) 0.0000 Yb3' I Yb (cl 05 

HzO(Iiql I Hz (g), OH- ·7.78 Lu3• I Lu (c) ·0 j 

Li'/l.i(c) -2.02 MnO.(. WI MnZ• 2) 

Na' INa (c) -1.13 Mn2• I Mn (c) -0.9 

K' I K (c) -0.23 ReO.{. H' IRe (c) 1.19 

Cs' I Cs (c) 0.98 Ag' I Ag (c) -03!\ 

La3• I La (c) 0.0 zn2• I Zn (c) ·0 9 

Pr3• I Pr (c) 0.2 NOf. H' I Nz (g) 1.77 

Nd3• I Nd (c) 0.1 N2 (g). WI NHof' 0 26 

Sm3• ISm (c) 0.1 ~(g),JI+ /H20WqJ 0 ~}2) 

J::u3• I .tu I C) ·0.3 Oz lgJ I OH· 7.23 

M3• /Gd<d -0.2 so..z·.w 1 s8 tel 3 1 

Tb3• /Tb (cl ·0.4 F2 (g) I y· 475 

Dy3+ I Dy (c) -0.-l Cl;:: (g) I CJ• -}83 

Ho3• I Ho (c) ·0.4 Brz lgl 1 Br· -6.06 

Er3• I Edcl .. oA Brz (liq) I Br· ·6.7~ 

Tm3'/Tm(c) ·0.') Ia (cl n- ·h 3-Q 

Notes to Table 3: 

aReferences 6 and 7 

b:>ee also .tqs.\31), (j'l)and (3fiJ. 

9. Estimated Values 
The tabulation of estimated thermodynamic quantities 

fulfills three very important functions. First, for a known 
chemical species, an estimated value offers a temporary 
semiquantitative means of predicting chemical reactivity, 
e.g., an E 0 value in an activity series. Second, the tabulation 
of estimated thermodynamic quantities for a known species 
emphasizes the gaps in our knowledge (provided that one 
clearly labels such values as estimates), and can serve as the 
incentive for new research. (It is worth noting here that 
-- 30% of the frequently quoted dE 0 I dT values listed by de 
Bethune et al. 2-4 have been derived from estimated standard 
entropies given by Latimer, 1 but have not been identified as 
estimates.) Third, for an unknown species, an estimated 
standard Gibbs energy of formation based on a reasonable 
method of prediction can provide insight as to why the spe­
cies might be unknown. In this report, estimated values have 
been enclosed in parentheses to clearly distinguish them 
from experimentally based data. The author accepts full re~ 
sponsibility for all estimated values in this report. 

There are occasions where ~H0 for a half-reaction is 
experimentally known but both llG 0 and A.S 0 are estimated. 
As a result, both E 0 and dE 0 /d'J' tor the half-reaction are 
estimated quantities and are listed in Table 1 with parenthe­
ses. However, it is noted in Table 1 that E 0 and dE 0IdT for 
the half~reaction correspond to an P.xpP.rimP.ntal AH 0 

The following list of general methods for the estimation 
of thermodynamic quantities, while not exhaustive, is indi­
cative of the logic involved. 

One general method of thermodynamic prediction in­
volves the fitting of ion hydration and lattice thermodynam­
ics of chemically similar species to simple ionic charge-size 
functions. Examples of this method may be found in Refs. 
11-13. 

Latimer1 has provided equations for the estimation of 
standard entropies of solids and aqueous molecules and ions. 
The reliability of Latimer's equations can be increased by 
restricting comparisons to chemically similar species and 
correcting for differences in atomic or ionic size and mass 
(e.g., the estimation of the standard entropy of FeO~- by 
comparison with CrO~- and MnO~-). Theoretical correc­
tions can also be made for magnetic effects due to the pres­
ence of unpaired electrons. 11

-
13 

Baes and Mesmer8 have shown that useful empirical 
relationships exist among the thermodynamics of hydrolytic 
processes, such as in the solubility products of oxides and 
hydroxides and their acid-base behavior in tP.rm~ of ::\quo­
species such as Mz + and MO a ( OH) bz- 2

a- b) + . Useful re­
lationships also exist among these processes and such pa­
rameters as ionic charge, radius and electron configuration, 
and location in the Periodic Table. 0 The latter can also be 
used as a guide in predicting trends in E 0 values (e.g., for Po, 
At, and Rn species by extrapolation from their lighter con­
geners). 

Latimer1 has illustrated a procedure by which one may 
assign upper and lower limits to a standard electrode poten­
tial on the basis of observed (or expected) chemical behav­
ior. This method by itself is not always sufficient to assign a 
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specific numerical value to a half-reaction, but it serves as a 
useful guide when combined with other methods. In the 
present work, the necessary descriptive chemistry for this 
procedure has been taken from Latimer, 1 Baes and Mes­
mer, S<a> Bard et a/.9 and especially Cotton and Wilkinson. 10 

The following specific examples of estimated values are 
worthy of mention. 

H-: Estimated by assuming that the thermodynamics 
of dissolution of the alkali hydrides lie between those of the 
alkali fluorides and chlorides,6

•
7 and may be interpolated on 

the basis of the relative internuclear distances in MF, MH, 
and MCI. Other assumptions lead to similar results. 1•

9 

Fr and Ra species: Estimated from thermochemical cy­
cles extrapolated from the lighter alkali and alkaline earth 
metals, by the methods described in Refs. 11-13. 

Pr2 +, Nd2 +, Pm species, Dy2 + -Tm2 +, Pu2 +, Am2 +, 
Bk2 +, and Es-Lr species: Estimated from thermochemical 

cycles by the methods described in Refs. 11-13. 
Ti2 +, Nb3 +, Ta3 +, Mo3 +, Re3 +, Ru3 +, Os3 +, Ir3 +, 

Ni3 +, Ag3 +, Au3 +, and Ge2 +: Estimated by assuming a 
periodic variation in the thermodynamics of dissolution of 
oxides, hydroxides and halides, fitting to known cases6

•
7 for 

neighboring elements in the Periodic Table (e.g., Ti2 + by 
interpolation between Ca2 + and V2 +, Cr2+). 

Sc2 +, W3 +, Tc2 +, Tc3 +, Cu3 +, and Au2 +: Estimated 
by assuming a periodic variation in the thermodynamics of 
ion hydration, fitting to known or estimated cases for neigh­
boring elements in the Periodic Table (e.g., Sc2 + by interpo­
lation between Ca2 + and Ti2+, yz+). 

AlH4-: Estimated by assuming that the thermodynam­
ics of dissolution ofMAlH4 (M = Li, Na, K) are similar to 
those ofMBH4 •

6
'
7 

OH: Estimated by assuming that the thermodynamics 
of dissolution ofOH(g) are the same as those ofHF(g).6

•
7 

Other assumptions lead to similar results. 1
•
9 

· 

0 3-: Estimated by noting that /:l.G 0 for the reaction 
Oz(g) + o- -o3- is near zero.9 

A number of estimated half-reactions in Table 1 involve 
doubtful chemical species of three main types: 

( 1) Species which are known in certain nonaqueous 
environments hut which have only a transient existence in 
water. Examples include Tm2 +, AIH4-, and SiO(c). 

( 2) Species which have been claimed to exist or form in 
aqueous media but which have been improperly character­
ized and require further investigation. Examples include 
RhO!-, Ni02 (c), and X eO. 

( 3) Species which are essentially nonexistent in chemi­
cal environments but which have been included in Table 1 to 
illustrate probable periodic trends. Examples include Sc2 +, 
U020H(c), and Au2 +. 

It is worth noting that the distinction among the three 
different types of doubtful chemical species is not always 
clear-cut. Half-reactions involving doubtful species have 
been noted as such in Table 1. 

Iron may be used as an example of the details involved 
in the thermodynamic calculations for an element. All ther­
modynamic data for Fe(c,a), Fe0 .947 0(c), Fe(OH) 2 (c), 
Fe30 4 (c), Fe20 3 (c,a) and Fe(OH) 3 (pt), l:l.fH 0 for Fe2 +, 
FeOOH(c), Fe3 +, FeOH2 +, and Fe2 (0H)i+, and l:l.fG 0 
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forFe(OH)~- have been taken from Refs. 6and 7./:l.fG 0 for 
Fe2 + and Fe3 + have been taken from the recommended E 0 

values in Ref. 9 (which also discusses the problems associat­
ed with the reproducibility of iron electrodes). All thermo­
dynamic data for FeOH+, Fe0H2 +, and Fe2 (0H)i +,and 
l:l.fG 0 for Fe(OH) 2 (pt), Fe(OH)~-, and Fe(OH) 4- have 
been deduced from the equilibrium data given in Ref. 8. 
l:l.fH 0 for Feo~- has been taken from Ref. 2. The following 
quantities have been estimated in this work: S 0 for 
Fe(OH) 2 (pt), FeOOH(c), Fe(OH);, and Feo~- (the lat­
ter three by comparison with AlOOH(c), Al(OH) 4- and 
CrO~and Mno~- ), and l:l.fG 0 for HFe04- (by comparison 
with the acid dissociation constant for HCr04-). 

For half-reactions of the type: Mz+ /M (free metal), 
theexperimentalE 0,dE 0/dTandd 2E 0/dT 2 valuesshowin­
teresting correlations with electronegativity (X), 15 ionic 
charge (z) and ionic radius (r, nm) 15

: 

Eg98 + 4.5 = 3.4·X- 0.4 ± 0.4 V, 
r+0.138 

(29) 

( dEo) + 0.906 = 0.484 - 2·90 + 0.09 mV /K, 
dT 298 r + 0.138 1.5z -

(30) 

(31) 

The absolute potential and temperature coefficient of the 
SHE are 4.5 ± 0.1 V and 0.906 ± 0.015 mV /K, respective­
ly, 9•

12 while the radius of a water molecule is 0.138 nm. 15 The 
other parameters in Eqs. ( 29 )-( 31) have no physical signifi­
cance. 

For half-reactions of the type: Oxide (c), H + /M (free 
metal), the corresponding equations are 

E~98 = 2.3X- 0
·8 -0.6 + 0.4 V, (32) 

r+ 0.140 -

( dEo) -0.37 ± 0.04 mV /K, 
dT 298 

(33) 

(34) 

The radius of oxide ion· is 0.140 nm. 15 The other parameters 
in Eqs. ( 32 )-( 34) have no physical significance. 

For half-reactions of the type: Hydroxide (c), H+ /M 
(free metal), the equation forE ~98 is essentially the same as 
for oxides, i.e., Eq. (32). Theeqm\tionsfor (dE 0/dTh98 and 
(d 2E 0/dT 2 )z98 nrc the following: 

(
dE

0
) - = -0.17±0.05 mV/K; 

dT zgs 
(35) 

(36) 

The parameters in Eqs. ( 35) and ( 36) have no physical sig­
nificance. At pH= 13.996, the E 0 values for Eq. (32) are 
0. 8280 V more negative, the dE 0 I dT values for Eqs. ( 33) 
and (35) are 0.8360 mV /K more negative, and the d 2E 0

/ 

dT 2 values for Eqs. (34) and (36) are 7.78 pV /K2 more 
negative. 
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