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NUMERICAL REPRESENTATION OF ELECTRON
DONOR AND ACCEPTOR ABILITIES OF
MONOATOMIC CATIONS AND SOLVENTS
IN THE SOLVATION PROCESS

By

A. Matsupa® and R. Noroya®
(Received December 17, 1982)

The standard chemical free energy of solvation af, of monoatomic cation 7 of

valency 2; in solvent s can be expressed by eq. (1)
0
%"i = &iPs, (1)

indicating the electron donor-acceptor nature of the solvation bonding, as reported in
a previous work?, where p; is a measure of the electron donor ability of solvent s which
is defined as the gradient of a linear relation between afs/z; and the ionization energy
Ii/z; of ion ¢ in the gas phase and ¢ is a measure of the electron acceptability of ion
i which is defined as the gradient of the proportionality relation between af/2; and s

It will be useful for us to estimate the numerical values of ps and e; as the char-
acteristic quantities for a solvent and an ion, respectively, in the solvation process. The
os in eq. (1) is identified with pi* in the previous work and the values for pg are listed
in Table 1 for 15 solvents.

Table 2 shows the values of ¢; calculated by eq. (1) using the values of af./2; in

TABLE 1. The electron donor ability ps of solvents

Solvent O ' Solvent Ps

1 Nitromethane 0.868 9 Ethanol 0.948
2 Propylene carbonate 0.902 10 Formamide 0.958
3 Formic acid 0.909 11 Dimethylformamide 0.963
4 Pyridine 0909 | 12 N-methylformamide 0.989
5 Acetonitrile 0.922 13 Quinoline 0.997
6 Dimethylsulfoxide 0.943 14 Hydrazine 1,051
7 Methanol 0.942 15 Ammonia 1.062
8 Water 0.947

*)  The Research Institute for Calalysis, Hokkaido University, Sapporo, 060 Japan.
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TaBLE 2. The electron acceptability & of monoatomic cations
in eV. No. denotes the atomic number

No. Ion i &i S. D. % Group ; No. Ion i ci l S.D. ; Group
1 H+ 1236 | 009 | “ 30 Zn2+ ‘ 1150 | 007 } (b)
3 Lit 601 | 006 : (a ‘! i
4 Be?+ 1363 | 013 | (a) | 31 Gat 1152 | 004 b
5 *Bi+ | 2379 @ Gad+ 1732 | 006
: 32 4Ge?+ | 1027 (b)
7 N3+ 3052 @ | *Gett 23.40
, |33 *Ast 12.47 ®)
11 Na+ 495 | 007 @ | A3t 1665 | 0.06
12 Ma?+ 1087 | 004 | (@) | 34 *Set 13.75 )
13 AB+ . 1727 0.06 (a) | *Set+ | 2397
14 *Sj2+ 12.24 . a) | *Seb+ 39.15
*Sjd+ 25.77 :
15 *Ps+ . 3534 (@ | 37 Rb+ 386 | 004 (2)
38 Sr2+ 838 | 003 (a)
16 *S6+ 46.06 (a) & 39 *Y+ 6.38 I ()
19 K+ 414 | 005 | (a) *y2+ 9.31
20 Ca2t 906 | 023 @ | ya+ 1343 | 005
| 40z 9.88 (a)
21 *Sc2+ 9.73 (@) Zri+ 1959 | 007
Se3+ 1475 | 005 g
22 Ti+ 1076 | 004 (a) | 41 *Nbz+ 10.39 (2)
#Tja+ 22.95 p Nb3+ 1660 | 006
23 v+ 1056 | 0.04 (2) *Nbt+ 21.80
*Vs+ 16.88 *Nbs+ 27.44
' 32.77 | 42 *Mo+ 9.83 (b)
24 *Cr+ 546 ® Mo+ 1560 | 001
Cr2+ 1065 | 0.04 k *Mot+ 22.26
Cr3+ 1629 | 006 i *Mob+ 34,55
*Cré+ 23.76 | 43 *Tcer 21.83 ®)
*Crs+ 32.31 | 1 44  Ru2t 1105 | 0.04 (b)
*Cré+ 4091 i FRutt 22.83
25  Mn2t 1045 | 0.04 (b) w\ *Ruf+ 37.39
*Mn#+ 24,81 | 45 "R+ 10.07 )
26 Fel+ 1082 | 0.04 (b) ‘ Rhe+ 1662 | 006
Fedt 1624 | 0.06 ‘ *Rh4+ 23.04
27  Co?t 1151 | 004 O
Co%* | 1759 | 0.06 ‘\ 46  Pde+ 1127 | 0.04 (b)
28 Nigt | 1177 | 004 | () | *Pde+ 2481
29 Cut | 703 | 081 (b) ‘ 47  Ag+ 584 | 025 (b)
Curt | 1183 ’ 005 h *A g2+ 12.73




Numerical Representation of Electron Donor and Acceptor Abilities

Table 2 (Continued)

No. Ion &i S.D. | Group U No. Ion ¢i S.D. | Group
48 Cdz+ 1031 | 004 | (v) *Tat+ 19.73
49 In+ 435 | 002 | @ | *Tas+ 2478
*In2+ 10.66 D74 xWee+ 1115 b)
In3+ 1530 | 005 ] KW+ 18.94
50 Sn2+ 899 | 003 ® AW+ 29.34
| 75 *Rett 19.83 {b)
51 *Sh2+ 9.36 ® | *ReT+ 37.04
She+ 1438 | 005
52 Tet+ 2175 | 008 (b) 76 Ost+ 1125 | 004 | ()
55 Cs* 351 | 005 | (a) | *Ost+ 20.35
| *Ost+ 46.01
56 *Bat 521 @ | 77 *e+ 11.39 ®)
Ba2+ 767 | 003 ‘ Ir3+ 1570 | 0.01
57 *La+ 561 (@) *pb+ 20.70
*La2+ 852 78 P+ 1148 | 004 | ()
Las+ 1220 | 004 *Pié+ 21.95
58 *Cet 6.54 (a) 79 Aut 707 | 002 | (o)
*Ce2+ 9.43 ; Aud+ 16.09 0.06
Ced+ 1334 | 005 80 *Hg+ 7.7 ©
Cett 1826 | 006 Hg?+ 1044 | 004
59 *Pr2t 8.65 (a) 81 T+ 420 | 004 | (o)
60 *Ndz+ 9.20 (@) Tl3+ 1539 | 0.05
Nd3+ 1311 | 005 | 82 Ppp+ 865 | 0.6 ()
62 *Sm2+ 8.50 (a) *Pht+ 18.90
Sm3+ 1337 | 005 83 *Bj2+ 10.21 ©
63 *Eu’+ 8.46 (a) Bis+ 1362 | 0.05
64 *Gdz+ 9.08 {a) | 84 Port 1023 | 0.03 ()
Gd3+ 1351 | 0.05 ' Po3+ 1489 | 0.05
65 *Th2+ 9.63 @
*Th3+ 1343 | 88 Ra2t 752 | 003 | (a)
! 90 *Th2+ 9.40 (a)
66 *Dy?+ 9.71 @ Thé+ 1807 | 0.6
67 *Ho+ 9.80 @
68 *Er2+ 9.60 (@) | 91 x*patt 18.45 (@)
70 *Yh2+ 9.16 @ | 92 xyz+ 9.10 ()
% Us+ 1305 | 0.05
71 *Lu2+ 9.08 @ U+ 1863 | 007
Lud+ 1427 | 005 93 Np3+ 1297 | 001 (a)
72 *Hf2+ 10.95 (a) 94  Pud+ 1321 | 001 | (a
Hfe+ 1866 | 007 . 95 Ams+ 1318 | 001 | (a)
73 *Ta2+ 11.95 (a) ‘
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the previous work?. The standard deviation (S.D.) of & from the regression line eq.
(1) obtained by the least square method are found to be less than 3%, except Ag*, Cu*,
Ca’* and Be'* ions.

It may also be possible to estimate the values of ¢ from Ii/z; for the cations of
valence states for which we have no information on the values of af /21 by the following
equations deduced in the previous work?

-4 (2)

& =
2 ’

for the cations of the rare gas type, the lanthanides and the actinides classified as (a)
group previously, and

e = 0.936 <£

2 —o.93> eV (3)

for the cations classified as (b) group previously which have more than 3 d-electrons
in the outer shell, and

& = 0.862 (L
2

—1.42>, eV (4)

for the cations of the electronic configuration of 5d"+4f* type classified as (c) group in
the previous work. The values of ¢ calculated by egs. (2)-(4) using the values of Ii/z;
in ref. 2 are listed also in Table 2 for a series of cationic species with symbol (¥).
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