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Abstract

The standard molal real free energies of solvation of monoatomic ions —a%s and the
absolute electrode potentials ¥¥s of the associated redox systems in fused salts have been
estimated by an empirical method proposed previously for 40 ionic species from quadru-

valent cations to monovalent anions.
It has been found that a®s in fused salts are proportional to those in water with

proportionality constants close to unity.

1. Introduction

The standard free energy of formation 4F? of a gaseous monoatomic
ion M, from its element M; may be expressed at given temperature as
the sum of the standard molal real free energy of solvation of the ion —a?
in a given solvent and the absolute electrode potential ¢ of the redox system

M;/M, as deduced in a previous work?

AF} = —a? + =z Fef, (1)
where F is the Faraday and ¢f is referred to the standard state of the ele-
ctron in gaseous state at the given temperature. When the value of —af
is given, the value of ¢f may be estimated on the basis of Eq. (1) using
the thermodynamical data for 4F7.

In the present work the values of —af and ¢ will be estimated for
a series of monoatomic ions in fused salts by the empirical method developed
in a previous work? on the basis of the standard electrode potentials of

the associated redox systems.

*) The Research Institute for Catalysis, Hokkaido University, Sapporo, 060 Japan.
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2. The basic concept of the empirical method

The usual standard electrode potential E(T) of the redox system Mji/
M, in a fused salt referred to an appropriate reference electrode M3/M;
at a given temperature T and that in aqueous solution Efj,, (298) at 25°C
are given by the difference of the absolute potentials of the respective elec-
trodes

H(T) = 2 (T) —3(T), (2 a)
Efjeq (298) = ©f aq (298) _9"?:uq (298) (2b)

Using Egs. (1)-(2b), we have an expression for the relative value of the
free energy of solvation of the ion M# to that of the reference ion M}’

in a fused salt as?

1 1
—“z—laf(T)-l—Za}’ (T):au“*"b” (3)
where
1 o] 1 o] [s]
(1”: ""‘Zai,aq (298)+ —gaj’aq<298)'—FAElJ (4)
1 1
b, = e {AF{’(T) —AF?(ZQS)} — ?J {AF}’(T) —AFj’(298)} (5)
4E}; = Efj(T) "‘E?j,aq(298) . (6)

It can be seen from Egs. (3)-(6) that the relative value of —*—:—af(T)-l-
i

1 . . . .

2. @(T) in a fused salt is a quantity which can be evaluated, since a,
J

is given by the relative free energies of hydration at 25°C and the standard

electrode potential referred to that in water which are all known quantities

and by is given by the free energies of formation of gaseous ions at T

and 25°C which can be estimated from the thermodynamical data.

If we assume here an ideal ion which should exhibit no interaction
with any solvent, i.e., af (T)=a{,,(298)=0, then the value of a;;+ by for
such an ideal ion gives the free energy of solvation of the reference ion
1 .
~z——a§’(T), as readily seen from Eq. (3). When the value of zlafj’(T) is

| j
given, it may be possible to estimate the value of —af(T) from Eq. (3) and
the value of ¢?(T) from Eq. (1).

However, such an ideal ion should exist, if any, as a limiting approach

of the ions in real systems, for instance, as the limiting value of a;;+by




Free Energies of Solvation of Ions and Absolute Potentials in Fused salts

TaBLe 1. Standard free energies of formation of gaseous
monoatomic ions from elements —21- 4F?(T) in
i
electron volts
o Temper) y50oc | rsoc | 150°C | 177°C | 250°C | 625°C [MO1E PALES | 700C | ss0°C | 25°C
o . |723.15 174815 o1~ 1450.15 |523.15 1898.15 o o1- 1973.15 (823,15 |298.15
Electrode - K °K 423.15°K °K oK oK 435°K | 495°K oK K °K
H+/3H, 15.38 | 1535 | 15.63 1561 | 1555 | 15.21 | 15,62 | 1557 | 1514 | 1528 | 15.72
Lit/Li 6.13 6.10 6.52 6.49 6.39 5.89 6.51 6.43 5.79 5.99 6.67
Na+*/Na 5.46 5.43 5.82 5.79 5.70 5.23 5.81 5.73 5.14 5.33 5.97
Cut/Cu 10.16 | 10.12 | 10.68*¢ | 10.61 | 10.49 9.86 | 10.63 | 10.54 9.74 9.99 | 10.85
Cu?+/Cu 15,10 | 15.08 | 15.44%F | 1540 | 1532 | 1490 | 1541 | 1535 | 14.82 | 14.99 | 1558
Agt/Ag 9,51 9.46 | 10.01** 9.95 9.83 9.21 9.97 9.87 9.09 9.34 | 10.19
Be2+/Be 1483 | 14,80 | 15.14 1511 | 1504 | 1464 | 1512 | 1507 | 1456 | 1472 | 1525
Mg2+/Mg 11,57 | 11.55 | 11.85 1183 | 1176 | 1140 | 11.84 | 11,79 | 1133 | 1147 | 1196
Zn2+[Zn 13,78 | 13.75 | 14.06 1404 | 1397 | 1361 | 1405 | 14,00 | 13.54 | 13.68 | 14.18
Cdz+/Cd 1298 | 1296 | 13.25 1323 | 1316 | 12.81 | 1324 | 1319 | 12,74} 1289 | 13.37
Al3+/Al 18.39 | 18.37 | 18.62 1860 | 1854 | 18.24 | 1861 | 18.56 | 18,18 | 18.30 | 18.70
Ga3+/Ga 19.61 | 1959 | 19.82%* | 19.80 | 19.756 | 1947 | 19.81 | 19.77 | 1942 | 19.53 | 19.89
In3+/In 17.87 | 17.86 | 18.08 18.06 | 1801 | 17.74 | 18.07 | 1803 | 17.68 | 17.80 | 18.16
Tl+/Tl 7.04 7.01 747 743 7.32 6.80 745 7.36 6.69 6.90 7.64
Sc3+/Sc 1559 | 1557 | 15.82 1580 ; 1575 | 1545 | 1581 | 1577 | 1539 | 1551 | 15.90
Y3+/Y 1405 | 1403 | 14.28 1426 | 1421 | 1391 | 1427 i 1423 | 1385 ! 1397 | 14.36
La3t/La 12,89 | 12,87 | 13.11 13.09 | 13.04 | 1275 | 13,10 | 13.06 | 12.69 | 12.81 | 13.19
Ce3+/Ce 13.84 | 1382 | 14.07 14.05 | 14.06 | 1369 | 14.06 | 14,02 | 1363 | 13.76 | 14.16
Nd3+/Nd 13.66 | 13.64 | 13.89 13.87 | 1382 | 1351 | 13.88 | 13.84 | 1345 | 1357 | 13.98
Gd3+/Gd 1409 | 1407 | 14.32 1430 | 1424 | 1395 | 1431 | 1426 | 13.89 | 14.01 | 14.40
Th4+/Th 1895 | 1893 | 19.15 19.13 | 19.09 | 1883 | 19.14 | 1910 | 1877 | 1888 | 19.22
Us+/U 14.23 | 14.20 | 14.48 1445 | 14.39 | 1407 | 1447 | 1442 | 14.00 | 1414 | 1457
Sn?t/Sn 12.01 | 11.99 | 1227 12,25 | 1218 | 11.84 | 1226 | 1221 | 11.78 | 1192 | 12.38
Pb2+/Pb 11.68 | 11.66 | 11.95 1192 | 1186 | 1152 | 1194 | 11.89 | 11.45 | 1159 | 12.07
Ti2+/Ti 12,01 | 11.98 | 12.33 1230 | 1222 | 1181 | 1231 | 1225 11.73 | 1190 | 1245
Zr4+[Zr 20.76 | 20.74 | 20.96 20.94 | 20.89 | 2063 | 20.95 | 20.91 | 20.57 | 20.68 | 21.03
Hf4++/Hf 1971 | 19.69 | 1991 19.89 | 19.84 | 19.68 | 19.90 | 19.86 | 1952 | 19.63 | 19.98
V2tV 12,39 | 1236 | 1271 1268 | 1260 | 1219 | 1269 | 1263 | 12,10 | 12.28 | 12.83
Cr2t/Cr 12,77 | 12.75 | 13.01% 13,05 1298 | 1258 | 13.07 | 13.01 | 1250 | 1266 | 13.20
Cr3t+/Cr 18.38 | 18.35 | 18.63 1861 | 1855 | 1822 | 18.63 | 1858 | 1815 | 1829 | 18.73
Cl7/3Cl, 2,763 2.76 273 274 2,75 2.768) 2735 2.743) 2768, 2767 265
Br /iBr; 2742 274 2.72 272 273 2.745] 272 2.726| 2744 2744] 266
17312 2618 2.62 2.58 2.59 2.61 2617 2586 2606 2.614 2618 251
Mn2+t/Mn 1287 | 1284 | 13.19 13.16 | 13.08 | 1267 | 13.18 | 1311 | 1259 | 12,76 | 13.31
Fe?t+/Fe 13.36 | 13.33 | 13.69 1366 | 1358 | 13.16 | 13.68 | 13.61 | 13.07 | 13.24 | 13.82
Fe3t/Fe 19.00 | 18.98 | 19.25 19.23 | 19,17 | 18.84 | 19.25 | 19.20 | 18.77 | 1891 | 19.37
Co?+/Co 14.17 | 13.88 | 14.23 1448 | 1440 | 1397 | 1449 | 1443 | 13.88 | 14.06 | 14.63
Rh3+/Rh 20.22 | 20.20 | 20.46 2044 | 20.38 1 20.06 | 2045 | 20.41 | 20.00 | 20.13 | 20.55
Ni2+/Ni 14.46 | 14.43 | 14.78 1476 | 1468 | 1425 | 1477 | 1471 | 1417 | 1434 | 1491
Pd?+Pd 15.21 | 15.18 | 1554 1552 | 1544 | 1501 | 1553 | 1547 | 14,92 | 1510 | 15.67
P2+ /Pt 1562 | 1559 | 15.59 1592 | 1584 | 1541 | 1594 | 1587 | 1532 | 1550 | 16.08
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1 . . 1
extrapolated to — af 5q(298)=0 when a;;+b;; is plotted against —z—ia?’“
i

(298) for a series of real ions.

. . 1
3. Graphic presentation of a;;--b;; vs. — 5 Xhaa (298)

The values of a;; for a series of monoatomic ions in fused salts were
estimated in a previous work?. The values of by; for these ions are esti-
mated in the present work using the values of 4F{’s at a temperature T
and 298°K. The thermodynamical data used for the calculation of 4F} are
those in the tables of JANAF?®, Samsonov?, Ryabin et al®, CRC Handbook
of Weast and Astle® and Matsuda”®. The standard electrode potentials in
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Fig. 1. zi a?(T) vs. le @09 (298) in LiCl-KCl at 450°C.
1
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Fig. 2. - af(T) vs. 5 afuq(298) in MeCly-NaCI-KCl at 475C.
molal scale in fused salts are quoted from the table of Plambeck® and those
in water from Dobos®. The values of A4F?/z; estimated for monoatomic
ions are listed in Table I, where the double asterisks ** in the column of
423°K means the value of 4F? at 408°K and *** that at 491°K which are
quite close to that at 423°K within the accuracy of the present treatment.

The values of a;;4b;; estimated in this way for a number of mono-

. . . 1
atomic ions in fused salts are plotted against the values of — % a? 4q(298)
i

in Figs. (1)-(10). In these Figures the values of a;;+b;; for an ion is
measured from that of the reference ion which is chozen arbitrarily on
the vertical axis.
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Fig. 3. - af(D) vs. 2 af.0q(298) in ALCI-NaCI-KCl at 150°C.

4. Estimation of _z% a3 (T) and ¢5(T)
It can be seen from these Figures that a;;+b;; changes linearly with

1
~ ap 4q(298) as

ay+by=ay+px (7)

1 . ..
where x denotes — % @ (298), B is a constant characteristic to the sol-

vent. @, is the value of a;;+b;; which is obtained from the intersection of

- . . . 1
this line with the vertical axis, and @, may reveal z—a}’(T) for the reference
3
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Fig. 6. . af(T) vs. = afuq(298) in LSO, K,SOy at 625°C.

ion according to Egs. (3) and (7), since —— af(T) may be assumed to be

1

zero at x=0.

. . . . 1
In this way we have a proportionality relation between - (T)
i

and x from the linearlity between a;;+b;; and x on the basis of Egs. (7)
and (3),

- a (T) = i, (8)

which is also shown by the same line of a;;4by; vs. x with the origin on
the vertical axis displaced by @, as shown in these Figures.

The values of —af(T) for the reference ion, the absolute potential
¢} (T) for the reference electrode and the proportionality constant § are
listed in Table I for a series of fused salts. It is surprising that 8 is quite
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Fig. 7. = af(T) vs. 7}; a?,2¢(298) in NaSCN-KSCN at 161.85°C.

TasLe II. Standard molal real free energies of solvation of
reference ions, absolute potentials of reference
electrodes, and proportionality constant § in fused
salts, standard deviation =0 of ——:»_— af(T) from

1
Eq. (8).
| 1

Fused Salt Temp. | Reflegrelnce S ad(T) | €5(T) 5 +o
K) | | (ev) v | (ev)
LiCI-KCl 723 | Agt 5.08 - 443 0.955 0.23
MgCl;NaCl-KCl 748 | Ag* 4.77 4.69 0.932 0.23
AICl;-NaCl-KCl 423 \ Agt 5.39 462 0.951 0.30
LiNO3;-KNO; 450 | Ag"® 465 5.30 0.974 0.11
NaNO;-KNO; 523 Agt 488 495 | 00946 0.13
Li;S04-K;SO, 898 \ Agt 571 3.50 1.087 |  0.30
N?{sgg—lisc% OON 435 | Ag’ 4.83 5.14 | 0.922 0.33

CH3 OLi-C 3C a- \ H
CH3COOK 495 Zn 10.77 3.23 1.026 » 0.05
NaPO3;-KPO; 973 Ag?t 4.88 412 ¢« 099 0.03
Li;CO3~Na,COs 823 | Ag? 5.06 429 | 1.019 .0.02
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Fig. 8. —zl—; af (T) vs. _zl—f af,aq(298) in CH3COOLi-CH3COONa-

CH3;COOK at 221'85°C.

close to unity in any fused salt available as in the case of organic and
inorganic non-aqueous solvents reported in the previous work?. The stand-

.. 1 T .
ard deviation +g¢ of — ol (T) from the proportionality relation Eq. (8) are
i

found in fused salts to be less than 0.33 ev from Table II.
5. Estimation of —-zil af (T) and ¢f (T)

The values of —-—:—l— af (T) of the ions given in Figs. (1)~(10) are listed

in Table III. The values of —zi a? (T) of the ions for which we have
i

no experimental data of the standard electrode potential of the associated
redox system can be calculated from Eq. (8) using the value of 8 obtained

from the Figures. The values of —-zll— a?(T) calculated in this way are
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Tasre III  Standard molal real free energies of solvation
.. . 1
of monoatomic ions in fused salts — po a3(T)
i
in electron volts*
o Temperad ysoec | arsc | 150 |17 | 250°C | aasc PN JFL L oore | ssoc | ase
72315 [748.15 142315 1450.15 '523.15 89815 | ,orore | agmore 1973.15 1823.15 29815
M KKKk e ek SRR e R TR
H+ | 1079 10.54% 10754 11.01% 10.69* 12.20% 10.41% 11.60% 11.19% 1152% 11.30
Li+ 456 | 4.94% 504% 5164 501% 576% 4.88% 544% 5.25% 5404 530
Na+ 353 | 3.97% 4.05% 4.15% 4.03% 4634 393% 437% 4.22% 434% 426
Cu* 595 561 | 607 | 5764 559% 657 | 594, 607+ 588 6034 591
Cuz+ 1021 | 996 | 1007 | 1050% 10.20% 11.29 | 9.93¥ 1106 1067 | 10.99*‘ 10.78
: { ! - :
i | i ) !
Ag* 508| 477 | 539 | 465 4881 5710 483 | 509% 488 506 4.9
Bet+ 1172 | 11.68% 1192 1221 11.86% 13.62% 1155% 12.86% 12.40% 12.77% 1253
Mgzt 900 | 874 | 040% 9.88% 9.35% 10.74% 9.10% 10.14* 978 10075 988
Zn?+ | 1019 9.85 | 992 | 10244 984 1 11437 963 | 1077 | 10.40% 10771* 1051
Cdz+ | 914 8.81i 895 925| 878| 10.16* 855 958 0241 952% 034
‘ | | | ‘ ?
Als+ ‘ 1500 | 14.80 | 1474 | 1554% 1509% 17.34% 14.70% 16.37% 15.79% 16.26* 15.95
Gat+ 1550 | 149141534 - 15,68+ 15.13%. 17.39% - 14.74% 16.41% 15.83% 16.30% 15.99
Ind+ 13.76 | 13137 13:39% 13.72% 13.32% 1531% 13.20 | 1443 13.94% 14.35% 14.08
T+ 334 | 308 3.39% 339 | 311| 387+ 285| 361 | 3524 363% 356
Scs+ 13.00’ 12.64*_. 1290% 13.21% 1283% 1474 12.50% 1392+ 13.42¥ 1382% 1356
! ‘ \ ! ; ‘ !
Y3+ ‘ 1174 | 11.48% 1171% 1199% 11.65% 13.38% 11.34* 1263% 12.18% 12.55% 1231
La3+ 1059 | 10.39% 10.60% 10.85% 1054* 1211% 10.27% 11.43* 11.03% 11.36% 1114
Ced+ j 1160 | 11.39% 11.62% 11.90% 11.56% 13.20% 11.26% 1254 12.10% 12.46* 12.22
Nd3+ 1133 | 11.19% 11.42% 11.69% 11.35% 13.05% 11.06% 1232+ 11.88% 12.23% 12.00
Gds+ \ 1173 | 1154% 1178% 1206% 1171% 13.46% 1141% 1271% 12.25% 1262% 12.38
; j : | | i
Thi+ | 1612 | 1557% 15.89% 16.27 15.80% 18.16* 15.39*\ 17.14% 16.53% 17.02*| 16.70
Us+ | 1129 | 1095 | 11.37¢ 11.64% 1L31% 1299% 11.01% 12.26¥ 11.83% 1218% 1195
Sn2+ | 794 | 768 | 771% 7.89% 7.66% B881% 7.46% 831% 802¥ 8.26% 810
Pb2+ | 763 738, 7.38% 756% 748 | 844% 7.15% 806 | 7.68% 791* 776
Tiz+ | 859 9.12¢ 9.30% 9534 9251 1063% 901% 1004x 968 997+ 978
Zr+ | 1742 | 1691% 17.26% 17.67+ 17.16% 1972+ 1672% 18.62% 17.96* 18.49% 1814
Hf++ | 1617 | 16.09% 16.42*‘ 16.81* 16.33% 1877+ 15.91% 17.71% 17.08% 17.60% 17.26
v+ 877 8.94*‘ 9,12 934 007+ 1043% 884% 984+ 940% 978% 959
Cr?+ | 904 | 869 ] 902 943* 016% 10524 8924 993% 0584 9874  9.68
Cr3+ ’ 1436 | 1404 | 14.29% 1463 1421%) 16334 13.84% 1542+ 14874 16317 1502
cl- —2698 —2.750 —3.198| —3.01 | —2.90% —3.34* _2.83% ~3.15% —3.04% —3.13*\ —3.07
Br —2547| —2,62%| —2.946| —2.70 | ~2.68 | —3.06* —2.59% —2.88% —2.78* —2.86* —2.81
i —2.288 —2.31% —2.36% —2.34 | —2.29 | —2.70% —2.29% —255% —245% —253* —248
MnZ+ 911 873 903% 024 898% 1032+ 875% 074 9.39% 967F 949
Fe2+ ’ 938 | 9.06 | 9.36% 959% 031% 1058 | 9.07% 10.10% 9.74% 10.03% 984
Fe3+ 14.61 14.38J 14.24*[ 1458% 14.16% 16.28% 13.80% 15.36% 14.82% 1526* 14.97
Co?+ 1001 | 967 | 9984 10.22% 993% 1LI8 | 923 | 10774 10.38% 1072 | 1049
Rh3+ 16.26 | 14.20% 14.58% 14934 1450% 17.17 | 1413% 1573% 1517% 1563+ 15.33
Niz+ 1010 | ~977 1 10.22% 1046 10.22 | ‘11768% ~9.90% 11.02% 10.63% 1092 | 10.74
Pbe+ 1027 | 993 | 9.76% 0994 971% 1097 | 9.45% 1053% 10.16% 10.46* 10.26
P2+ 1046 | 1013 | 1008 10.19% 9.90% 11.37% 9.64% 10.74* 10.35% 10.66% 10.46
e —149% —145¥ —148%) —152¥ —1.48% —170%| —144% —160% —154* —159% —156
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TaBLE IV Absolute electrode potentials ¢$ (T)
in fused salts*

~ Tempera- 4500cJ 475°C | 150°C | 177°C | 250°C | e25°C P18 22188 | q00°c | ss0°c | 25°C
! I !

. [72315 74815 (42315 1450.15 [523.15 898.15 N o |973.15 (82316 |298.15
Electrode . Kl °K °’K ° °K °K! 435°K | 495°K °K °K °K
EE— 7 | . 1

H+/3H, | 459% | ABL* | 488* 460% | 4.86% | 292% | 521* | 397 | 396% | 3.76% | 442
Li+/Li ( 157 | 116% | 1.48*% @ 1.33* . 1.38* | 0.13* | 163* | 0.99* | 0.54* | 0.59* | 1.40
Na+/Na 193 | 146* | 177+ . 164* | 167% | 0.60% | 1.88% | 136* | 0.92% | 0.99* | 171
Cut/Cu | 421 | 451 | 461 | 4.85% 490% | 329 | 460 | 447+ | 3.85 | 3.96% | 494
Cu?+/Cu ‘ 489 | 512 | 537 . 4.90% | 512% | 361 | 548, | 4.29% | 415 | 400% | 477
AgtAg | 443 | 469 | 462 | 530 | 495 | 350 | 514 | 478% 412 | 429 5.22
Ber+/Be | 312 | 312% | 322% 290% | 3.18* | 1.02* | 357+ | 2.21% | 2.16% | 1.95% | 272
Mgt/ Mg = 257 | 281 | 245% | 1.95% | 241% | 0.66% | 2.74% | 1.65% | 1.55% | 1.40* | 2.08
Znit/Zn | 359 | 390 | 414 | 3.80* | 413 | 218* | 442 | 3.23 | 3.14% | 297 | 366
Cd2z+/Cd 384 | 415 | 431 | 398 | 438 | 265% | 469 | 361 | 350% | 337¢| 402
| | :
AR+/A] 3390 | 357 | 388 | 3.06% | 3.45% | 0.90% | 391 | 2.10% | 2.30% | 204% | 275
Ga3*/Ga . 401 | 468% | 448 | 4.22% | 4.62% | 208* | 507* | 3.36% | 3.59% | 3.23* | 390
In3+/In 412 | 473% | 469 | 434*  469% | 243% | 487 | 360 | 374% | 3.45* | 408
TI+/T1 370 | 393 | 408% | 404 | 412 | 2.93% | 460 | 875 | 317% | 3.27* | 408
Sc3+/Sc | 260 | 293* | 292*% | 259% | 2.92% | 0.71* | 3.31* 1.85*’ 1.97% | 1.69% | 234
| | ‘
Y3+/Y 232 | 255% | 257+ | 227 | 256% | 053* | 293+ | 160* | 1.67* | 142% | 205
La3+/La 230 | 248% | 251% | 2.24* | 250% | 0.64* | 2.83% | 1.63*% | 1.66% | 145% | 205
Ce3+/Ce 224 | 243* | 245¢% | 2.15% ' 250% | 0.40* } 2.80% | 1.48*% | 1,53+ | 1.30* | 1.94
Nd3+/Nd 233 | 245+ | 247% | 218% | 247+ | 0.46* | 2.82% | 1.52% | 1.57*% | 1.34% | 1.98
Gd3+/Gd 236 | 253% | 2.54% | 224% | 253* | 049* | 290% | 155% | 1.64* | 139% | 202
Tht+/Th 2.84 | 336% | 3.26% | 2.86* 3.20% | 067 i 375% | 1.96* | 2.24% | 1.86% | 252
Us+/U 293 | 3.25 | 3.11* | 281% | 3.08* | 1.08% | 3.46* | 2.16% | 2.17* | 1.96% | 2.62
Sn2+/Sn 407 | 431 | 456* | 4.36% | 452% | 3.03* | 480% | 3.90% | 3.76% | 3.66% | 4.28
Pb2+/Pb 405 | 4.28 | 457*% | 436% | 438 | 3.08% | 479% | 3.83 | 377 | 3.68%| 429
Tiz+/Ti 342 | 2.36% | 3.03% | 2.77* | 2.97% | 1.18% | 3.30% | 2.21* | 2.05% | 1.93% | 267
|
Zrd+/Zr | 334 | 383* | 370% | 3.27% | 373% | 001* | 4.23% | 2.20% | 261* | 219% | 289
Hf++/Hf | 354 | 3.60% | 3.49% | 3.08*% | 351* | 0.81% | 399* | 215+ | 2.44% | 203 | 272
Ve+ [V l 362 | 342% | 459+ | 3.34* | 353% | 1.76% | 385+ | 279% | 2.61* | 2.50% | 3.24
Cr2+/Cr | 373 | 406 | 399 | 362* 382 | 2.06%, 415% | 308* | 2.92% | 279% | 352
Cr3+/Cr = 402 | 431 | 4.34% | 3.98% | 4.34% | 189% = 479% | 3.16* | 3.28% | 298 | 371
Cl™/3Cl, 546 | 551 | 593 | 575 | 565+ | 6.11* | 557+ | 5.89* | 581* | 590* | 5.78
Br™/4Br, 529 | 536% | 567 | 542 | 542 | 581* | 531% | 561* | 552% | 560% | 5.49
17/31, 491 | 493% | 494% | 493 | 490 ' 532% | 488* | 516% | 506* | 515% | 495
Mn®+/Mn | 376 | 411 | 416* | 3.92% | 410* | 2.35% | 443+ | 3.37% | 3.20% | 3.09% | 3.37
Fe2t/Fe | 398 | 427 | 4.33% ' 407% | 427%| 258 | 461 | 351*% | 333% | 321* | 3.98
Fe3+/Fe 439 | 460 | 501*% | 465% | 501 | 2.56* | 5.45% | 3.84* | 3.95% | 3.65% | 438
Co?+/Co 416 | 4.22 | 4.25% | 426* | 447% | 279 | 526 | 3.66* | 3.50* | 3.34 414
Rh3+/Rh | 396 | 591% | 588* | 551* 5.88*( 2.89 | 6.32% | 4.68*% | 4.83*% | 450* | 5.22
Niz+/Ni | 436 | 466 | 456% | 430% | 446 | 257*% | 4.87% | 3.69* | 3.54* | 3.42 417
Pd2t/Pd | 494 | 525 | 578% 553% | 573* 404 | 608* 491* | 476% | 464* | 541
P2+/Pt 515 | 546 | 588 | 573* | 594*% | 4.04* | 6.30% | 513% | 4.97* 484* | 562
e Jem 1.49% | 1.45% | 1.48* } 1.52% } 148% | 170% | 144% | 160* | 1.54% ‘ 1.59* | 156

specified with the same temperature, except water for the last column.

%) The solvent for each column in Table III and IV is the fused salt in Table II
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1
also listed in Table III with single asterisk *. The values of — 5 @

(298) in water are quoted from the previous work®.

The values of ¢f(T) calculated from the standard potential by Eq. (2 a)
using the value of ¢3(T) of the reference electrode are listed in Table IV.
The values of ¢f (T) calculated by Eq. (1) using the value of — 211 a? (T)
and 4F? are also listed in this Table with single asterisk *. The absolute
potential in water at 25°C are quoted from the previous work.”

It is suggested that the proportionality of the free energies of solvation
of monoatomic ions in non-aqueous media and in water may provide a key
word for the theoretical approach to the elucidation of the solvation bond-
ing. The numerical values of —af(T) and ¢f(T) for monoatomic ions in
fused salts estimated in the present work may play an essential role in
the comparison of the absolute rate of the electron transfer reactions of
these ions in different fused salts.
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