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We have recently presented a new method of dividing the total energy of solvation {1] into the energy of sol-
vation of the separate ions, according to which the solvation energy of the individual ion is found by extrapolation
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Dependence of the solvation energy of individual fons on the value of 1/n® in various solvents.

The present communication is devoted to an application of this method to the determination of Ay of ions in a
number of nonaqueous solvents for which the solvation energy, starting from the emf, has not been obtained (apart
from formic acid [2])- For hydrazine and acetonitrile, and strictly speaking for formic acid itself, the only data known
are those which concern the emf of cells with transport [3], from which it is possible to calculate the solvation

energy.

In connection with the absence of data concerning the emf of cells without transport in these and other solvents,
we have calculated data about the toral solvation energy, basing these upon the values of the mean zero activity co-
efficients of the salts[y,, (primary salt effect [4])] using their connection with the energies of hydration and sol-

vation:

* In this article, X~ is used to represent a halide ion [Publisher's note].
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TABLE 1. Comparison of the Values of £Ax From emf Data and From the

Solubility in Methanol

Salt From emf IF.“?m solu- Salt From solu-
|b111ty [6] bility [ 6]
NaCl 162,0 164,2 RbI™ 0, §
KCl 14,5 147.% CsCl R
KBr 142,3 14,1 CsBr §27°1
RbC! 1426 141.0 CsI- 1200
RbBr 1380 137,1
TABLE 2. Data for Extrapolation The value of log yg3 was calculated from data on
the solubility, from the equation:
Sol- Tons(dif-
n 1n* . A B [ *
vent ference) ay,0 my,0 T+H,0 (2
Ig1or = lg—= = - e
m
. e Me ’Yj:Me
HCOOH 4 0,0625| K+ Cl- | 246,0] 117,0] 114,3
0,04 | Rb+ Br= | 263,61 £14,2] 1115
6 0,028 | Cst I- | 243.4) 1139 11,4 In investigations carried out together with V. F.
000 ows 2l 115.5] 110 Chemyi [5] we have shown that the ratio of the mean con-
N - hye i} s . . . . * - .
N1, ‘ o625 K+ cr | oman] 112,7] 128,0 centration activity coefficient, y% of saturated solutions is
5 0,04 § Rb+ Br— | 276,1) 114,75} 120,7 o i
6 0,028 { Cs+ L | 274,0 HE,!. 127,6 close to unity,
.
0,00 274,7| 113,3] 128,4 T-r11,0 ~1
CHN 4 0 0625| K+ Cl= | 243,5| 109,0 109,6 T
’ : lod, | Rox Br- | Bl tiuis) 411l TaMe
u 0528) Cs+ I= | 266,7) 12,5 12,8
' and therefore,
0,00 248,5] 114,5] 115,5
GO o Inoses| K+ 1= | 95,8 lave . ~ lg 00 (3)
Sl L s w)ly - o~ ———
5 |0s | Rb+ Br- | B4l — | — STox =16 7
6 y,u28 | Cst - 2524 —
‘ Calculation of the total energy was carried out using
0,0 4 BT Eq. (1). For this purpose we used the value of ZAxH,0 in
CyH, O * . 4 0,626 | K+ CI- -j’—zz et s water, calculatedby ourselvesearlier from the emnf values[1].
g+ -ty .
from . . .
We use this method of calculation only in those cases
Mean for which one and the same solid phase is found in equi-
CH,COCH;, & 0,0615 o . . .
5 n,04 librium with aqueous and nonaqueous solutions, that is, when
6 0,073 . . I
the salt does not form crystalline solvates. If this condition
] 0.0 54,0 is satisfied, £ Ay, calculated from the emf and from the con-
g ' cs . :
P 250,0 ductivity gives component values. As an example, we give
‘ l l ‘ t the values of ZAy in methanol, calculated from the emf,
932 s . .
=y and from the solubility as given in the data of Strehlow [6].
Notes. 1 _ These data do not diverge by more than 1 kcal/g-ion. In
A=A s + ( £ X Anter ) connection with what has been said above, it is not possible
n‘\wﬂ‘t by this means to calculate the energy for lithium salts, so-
B=A, .\ -+ ( A X Apner ) dium bromide, sodium iodide, and some other salts,
=41+
! n= const \( . . .
A, X~ A ‘ Data concerning the energy of solvation of the ions
Me+ .
C=A pg+ 7 ( 7 e ) . of hydrogen halides have been calculated from the total
n=ccnst

+In connection with the absence of data for other
values of n, the magnitude of Ay in CgHy OH was
calculated as a mean value from Axy+ withn=4,
and Aypy+. obtained from log yop+ from the equa-
tion log yo+ =2 log y¢&*™+log y#1 (4)

energy of solvation of the ions of the alkali halides which
do not form crystalline solvates, and the difference in the
solvation energy, obtained from the emf: ZAyyx =2 AxMeX +
+ (AXH'*' —AxMet)

From the data for the hydrogen halides and the mag-
nitude of the energy calculated from the emf, it is possible
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to obtain the total solvation energy of any salts, including those cases for which it is not possible to obtain these
values directly from the solubility.

In the calculations for acetonitrile and formic acid we made use of data on solubility given by Strehlow [6],
while for hydrazine we use the data collected in the book by Odrin and Odt[7]. To obtain the energy difference in
these solvents we made use of data on the emf of cells with transport collected by V. Pleskod [3].

From the data on solubility contained in the handbook by Seidell [8] we have also calculated the total chem-
ical energy of solvation of ions in n-butanol, in iso-amyl alcohol, and in acetone. For these solvents darta have not
been obtained using cells with transport, and the only known
TABLE 3. Solvation Energy of Ions (kcal/g-ion) values relate to the emf of the cells [9] Pt(H,)/HC1/AgCl, Ag,
from which the values of £ Ay have been calculated for the jons

‘ Solvent and dielectric CO“Sti“.t from hydrochloric acid. In addition, from the known emf of
Ion oo = - = 3 cells which are reversible with respect to potassium iodide in ace-
83 :E Qs | Z= Ss tone[10] and to sodium iodide[11] in n-butanol, we have calcu-
O % T by | =2 i
I8 Z |02 | S | 5= lated values of £ Ay for these salts, which are needed for further
ions. e values of £A in these solve -
Hor 23,0 | 2745 | 20,0 m2.0 2520 ca.lculatlons The valu xHX vents were ob
%lr-_ 323 ﬁg ?);g el ggg tained from data for ZAxgcl. ZAxMeX 23nd ZAxMect. The re-
i- 651 5905 | 57,5 wu| 57,0 sults obtained in this way for these solvents, are certainly less
Li+ 13,5 113,5 114,5 115,50 115,V . £ hich th .
Na+ %5 32'8 90,3 85,0 E;gg reliable than those for solvents for which the emf of cells with
K+ 3,0 5, 73, 69,5 8, o
R+ 7000 7?',0 485 c»,ua 62,0 transport are known, not only because of the limited nature of
) ; i 57 57.0 : :
PN s EP I 0 IR BT BN the initial data, but also because in these solvents, which have
Ag+ 11,0 | 1285 | 115.0] — — ‘ . ; ;
7ot | oartu ) 50308 | 40| — _ low dielectric constants, the salts may be dissolved both in the
Cd++ | 413,01 446,61 412,01 — - form of ions and also in the form of ionic associations, which

will lead to an increase in the solubility, and so to increased
total solvation energy.

Starting from these data, the energy of solvation of individual ions has been calculated by the method of ex-
trapolation to 1/nf— 0. From the data given in Table 2 and the figure, it follows that the extrapolation in these
solvents is no less reliable than that for water, ammonia, methanol and ethanol. As a rule, the extrapolated values
differ amongst themselves, and from the limiting values, by no more than 1-2 kcal/g-ion. From the values foundfor
Axt+, AxLits AxAghs We have found the values of Ay for the halogen ions, which have also been used as the basis
of the estimation of the solvation energy of the remaining ions [1] (see Table 3).

By means of extrapolation to 1/r=0, calculations have earlier been made of the energy only in the case of
formic acid, Comparison of the data now obtained with those available formerly shows that the solvation energy of
cations, including the hydrogen ion, is about 3.0 kcal/g-ion smaller. A large difference is observed in the case of
the solvation energy of sodium ions (91.5 instead of 99.5). This is not wholly due to a difference in the extrapola-
tion methods, but is also due to the use of new data on the values of £ Ay, calculated from the solubility.

The solvation energy for the remaining solvents was calculated first. The solvation energies in hydrazine are
similar to those in ammonia. In hydrazine, the energy of solvation of the proton is high: 274.5 kcal/g-ion (com-
pared with 278.0 in ammonia); the solvation energy of the remaining cations is somewhat lower than in the am-
monia and water., The solvation energy of ions is higher than in ammonia and close to that in water, which appears
to be due to the high dielectric constant of hydrazine (51.7).

The solvation energy of cations and anions in n-butanol and iso-amyl alcohol is lower than in methanol and
ethanol. The solvation energy of the proton is practically unchanged in moving from ethanol to n-butanol and iso-
amyl alcohol. In the main, the effect of all the alcohols is the same. Acetonitrile and acteone have a specialplace:
Both solvents have high and practically identical affinities with the proton: 252 kcal/g-ion for acetone, and 249
kcal/g-ion for acetonitrile. Nevertheless, in spite of the comparatively high affinity for the proton, the solvation

energy of the remaining ions is appreciably lower than for the other solvents with the same or even lower affinity
for the proton.

The energy of solvation of cations in acetone, compared with that in water, is lower by ca. 10-15 keal/g-ion,
while the solvation energy of anions is lower by 3-4 kcal/g-ion.

In contrast with acetone, the solvation energy of anions in acetonitrile is much lower (by 5-10 kcal/g-ion)
and is also somewhat lower for cations (by 2-3 kcal/g-ion). In consequence of this; in these two solvents, the ratio
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in the solvation energy of cations and ions is greatly altered in comparison with hydroxyl-compounds and basic sol-
vents, which is presumably to a considerable extent due to their differentiating effect.
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