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Enthalpies of solution of tin(lIV)} iodide and of
germanium(1V) iodide are reported for a variety
of polar and non-polar solvents. Correlations with
Gutmann donor numbers and enthalpies of vaporisa-
tion are discussed. Solubilities of tin(IV} iodide and
of germanium(IV) iodide are reported in a range of
non-polar solvents, at 298.2 K. These and earlier
results, for these compounds and for silicon(IV)
iodide and iodine, are discussed by regular solution
theory in terms of Hildebrand’s solubility parameter
6. Entropies of solution have been calculated for
tin(IV} iodide dissolving in non-polar solvents.

Introduction

The solubility of tin(IV) iodide has been measured
in a range of liquids, organic [1—16] and inorganic
[17, 18], at a variety of temperatures by various
authors, and much discussed [19]. Enthalpies of solu-
tion have attracted very much less attention. A value
for dissolution in carbon tetrachloride was reported
in 1925 [20] and a second, somewhat different,
determination reported in 1977 [21]. Enthalpies
of solution (reaction) have been measured for
dimethyl sulphoxide [22] and for formamide [23].
Both for intrinsic interest and in view of possible
relevance to lamp manufacture we have determined
enthalpies of solution of tin(IV) iodide in a range
of aprotic solvents, and enthalpies of interaction
with a few polar solvents. We have also measured
some solubilities, to complement and extend avail-
able data. We have, for comparison purposes, car-
ried out a parallel series of measurements on the
much-less-studied germanium(IV) iodide. Our results
are compared with published results for silicon(IV)
todide and for iodine, and discussed in relation to
such solvent parameters as Gutmann donor numbers,
DN, for enthalpies [24, 25] and Hildebrand’s § para-
meter for solubilities [26].

Experimental

Tin(IV) iodide was prepared by the published
procedure [27] and recrystallised from dichloro-

methane (m.p. 417—419 K; lit. 417-418 K [28]).
Germanium(IV) iodide (Pierce Inorganics) was
also recrystallised from dichloromethane (m.p. 418
K; lit. 417 K [29] or 419 K [30]). Solvents were
purified by standard procedures [31].

The calorimeter assembly used has been describ-
ed previously [32]. It was calibrated periodically
against the enthalpy of solution of potassium chloride
in water (17.31 kJ mol™ [33]). Solubilities were
determined by equilibrating pure solvent and an
excess of tin(IV) or of germanium(IV) iodide at
298.2 K in the dark. Concentrations of the resultant
saturated solutions were estimated spectrophoto-
metrically and by evaporation of aliquots to dryness.
It was necessary to determine molar extinction coef-
ficients for each solvent, as these quantities are
known to be solvent-dependent for these compounds
[34] (our results are included in Table III below).
Kinetic experiments were carried out in the thermo-
statted cell compartment of a Pye-Unicam SP800
spectrophotometer.

Results

Enthalpies of solution of tin(IV) iodide and of ger-
manium(IV) iodide in a range of hydrocarbon and
halogenated organic solvents are reported in Table I.
This Table also includes relevant published values
[4, 20, 21] and estimated solution enthalpies calcu-
lated from the reported temperature dependence of
solubilities [5, 9, 10, 35]. These van’t Hoff estimates
are all somewhat lower than our direct calorimetric
measurements, but there are no dramatic differences.
Enthalpies of interaction, in other words of solution
and of subsequent reaction, of tin(IV) iodide and of
germanium(IV) iodide in some polar solvents are
reported in Table I [36—39]. These values do not
depend on amounts used (typically samples of
between 0.03 and 0.08 g were used, with 35 cm?
solvent). There is satisfactory agreement between
our results and the earlier published value [22] in
the case of dissolution of tin(IV) iodide in dimethyl
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TABLE L. Enthalpies of Solution, kJ mol™!, of Tin(IV) Iodide and of Germanium(IV) Iodide, in Non-polar Solvents at 298.2 K.

Solvent Snly Gely
Calorimetric® Van't Hoff® Calorimetric® Van't Hoffb
CCly 27.1+0.5° 22.99,23.4% 26.2¢ 32.7£2.5 28.28
CHCly 29.41 04 23.44 272+ 2.1
CH2C12 456+ 1.4
CCl, :CCl, 26.310.2 210+ 0.7
CHCL:CCl, 248106
t-CHCI:CHCI 364+ 1.2
CH3CCly 253+1.5
CHCI, CHCl, 229107
CH,CICHCl, 24.6 + 0.8 263112
CH3CHCl, 362+ 0.8
CH,CICH,Cl 2791+ 1.7 29.2+ 28
CHBr3 23.5+1.2 19.0°
CH,Br, 33.812.9
CHBr,CHBr, 150+ 0.9
CH,BrCH,Br 24.210.2 20.44
CH3CH,Br 61.6 + 0.8 50.2+1.0
CH3l 33.2:1.2 450+ 13
CH3CH,I 213+ 1.5
n-C¢Hyq 39.5+2.0
n-C;Hje 25.8+0.9 13.0%
n-CgHg 23.9:09
iso-CgHjg 321+ 26
c-CeHpa 279+ 2.0 27.0f
CeHe 33.6+2.3 21.19, 25.9% 25.58
C¢HsCH3 23.6 £ 0.9 19.3¢ 23.98

BThis work, at 298.2 K, means of six estimates, quoted uncertainties are 90% confidence limits.
€15.9 kJ mol! (temperature unspecified) [20]; 21.8 kJ mol™? [21];22.0 kJ mol™?! (295.4 K)

dence of published solubilities.

[4]. 9Ref.[5]. °Ref.[9]. TRef.[10]. ERef. [35].

sulphoxide; less satisfactory agreement was obtain-
ed for formamide [23].

Solubilities of tin(IV) iodide and of germanium-
(IV) iodide in organic solvents are reported in Table
III. We give solubilities in three different units to
facilitate comparisons with the assorted published
data. In the systems where direct comparison is pos-
sible, for solubilities in carbon tetrachloride and in
chloroform, agreement with published results [5]
is good.

The determination of enthalpies of solution and
of solubilities proved impossible in some cases. 1,1-
Dichloroethene decomposed too rapidly on removal
of inhibitor; several other potential solvents (e.g.
n- and i-pentane) proved too volatile. Tin(IV) bro-
mide has an inconvenient melting point (304 K)
and could not be loaded cleanly into ampoules for
calorimetry. Enthalpies of solution could not be
measured for tin(IV) iodide in acetonitrile or in pro-

PErom the temperature depen-

pylene carbonate due to low solubilities and conse-
quent excessively slow dissolution (for propylene
carbonate a rough estimate of —60 kJ mol™! was
obtained). Low solubilities in some N-donor solvents
also lead to difficulties arising from reaction with
residual water; dissolution of tin(IV) iodide in 2,6-
lutidine gave significant amounts of the hydriodide
of the solvent. Problems with N-heteroaromatic
basic solvents have been mentioned before, for
example by Onyszchuk in connection with deter-
mining enthalpies of solution of MX, (M = Si, Ge, or
Sn; X = F, Cl, or Br) in pyridine [41].

Discussion
Enthalpies of Solution: Non-polar Solyents

Tin(IV) iodide and germanium(IV) iodide dis-
solve in the solvents included in Table I without
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TABLE II. Enthalpies of Solution, kJ mol_l, of Tin(IV) lodide and of Germanium(IV) Iodide in Polar Solvents, at 298.2 K

(uncertainties quoted are 90% confidence limits).

Solvent DN Snly Gel, cf 1,2
Acetone 17.0 +48 1 1 (+1)®

Methanol 23.5 —38+3 +8.7
Ethanol 30.0 —43+2 -30+1

i-Propanol —60+2

Formamide® 24.7 —113 + 4d

Dimethyl sulphoxide 29.8 151+ 1°¢ —~188+ 3

Pyridine 331 —-191+3 -15.1
2,6-Lutidine f —226+5 —305+5

2,4,6-Collidine f ~233:10 -303+5
Hexamethylphosphoramide 38.88 —-298 + 4

#From ref. [36].
to solution of Gel, as the Gelg(acetone), adduct.
(38].  9Cf. —75 kJ mol * [23].

Ppissolution is a two-stage process; the value cited here is for the first stage, which presumably corresponds
It is not possible to measure a simple enthalpy for DMF, ¢f. refs. [37] and
€Cf. —141 xJ mol ! [22].

Donor numbers for these solvents are not yet available (V.

Gutmann, personal communication), though there are some calorimetric data for the reaction of SbCls with substituted pyridines

in carbon tetrachloride rather than in 1,2-dichloroethane [39].

ERef. [40].

TABLE III. Solubilities of Tin(IV) Iodide and of Germanium(IV) lodide, at 298.2 K.

Solvent 8 1“ Tin(IV) iodide Germanium(IV) iodide solubility
solubility®

€ wt.% gdm 2 100x, 52 wt.% gdm 3 100x4
CCly 8.6 5.9¢ 96 1.51 11.5 5.3 87 1.46
CHCl3 9.2 6040 8.1° 125 1.65 12.0 7.6 117 1.65
CH,Cl, 9.8 8.3 115 1.21 12.8 8.9 124 1.40
CCl, :CCl, 9.3 8640 6.7 112 1.87 12.0 6.8 115 2.05
CHCI:CCl, 8620 9.2 140 2.07
t-CHCL:CHCl 9.0 8020 9.2 121 1.54 11.9 9.2 123 1.66
CH3CCly 8.5 4.6 63 1.02 11.6
CH, CICHCl, 5.9 87 1.31 5.5 82 1.32
CH;3CHCl, 9.1 5.4 65 0.90 12.3 5.5 67 0.98
CH,CICH,Cl 99 8800 6.8 88 1.13 13.0 6.8 89 1.22
CH3CH,Br 8.9 126 198 245 11.5 12.7 200 2.65
CHBr,CHBr, 6640 16.94 511 10.1
CH3l 9.9 35.5 954 11.1 10.2 39.0 1054 13.5
CH3CH,l 9.4 25.2 560 7.7 10.8

%From ref. [19].

whose e values are quoted. Published data on solubilities in other solvents can be found in refs. [1] to [16].

G ravimetric determinations. Consistent values were obtained spectrophotometrically for those solvents

®Compare values

of 5.7 and 8.3 for CCly and CHClj3 respectively in ref. [S], and similar values in CCly at 295.6 K and in CHCl; at 301.2 K [4].
dSpectrophotometric method only (solvent too involatile for accurate gravimetric determination).

chemical change, though there are marked inter-
actions with the aromatic solvents [34]. Enthalpies
of solution are all positive, covering the relatively
small range of +15 to +62 kJ mol . Values for ger-
manium(IV) iodide are greater than those for tin(IV)
iodide; though as one might expect there is a fairly

good correlation of values for these two compounds.
There is also some correlation of these solution
enthalpies with those for iodine [35, 42], but here a
few values do lie a long way from the best correlation
line. Comparisons with silicon(IV) iodide are
extremely limited; enthalpies of solution of 23.0 and
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Fig. 1. Correlation of enthalpies of solution (AHgo1n) of
germanium(IV) iodide in non-polar solvents with enthalpies
of vaporisation (AHy,p) of the respective solvents.

40.2 kJ mol™! for carbon tetrachloride and for n-
heptane may be estimated from the published depen-
dence of solubilities on temperature [43]. Tetra-
iodide—tetrabromide—tetrachloride comparisons are
almost impossible for enthalpies of solution of these
Group IV elements in non-polar solvents due to the
paucity of data. However an early investigation of
enthalpies of solution in carbon tetrachloride reveal-
ed that the value for tin(IV) bromide was some 3 kJ
mol™" smaller than that for tin(IV) iodide, and the
value of tin(IV) chloride about 17 kJ mol™ less than
that for the bromide [20]. The enthalpy of solution
of tin(Il) iodide in carbon tetrachloride, 15.9 kJ
mol™' [20], is considerably smaller than that of tin-
(IV) iodide (Table I).

One might expect enthalpies of solutions in this
type of system to correlate with some simple solvent
properties, for example enthalpy of vaporisation,
boiling point, or viscosity. In fact the correlation of
enthalpies of solution for germanium(IV) iodide with
enthalpies of vaporisation is, for these non-polar
solvents, good (Fig. 1). A similar graph for the
considerably more extensive data for tin(IV) iodide
Iooks at first sight less satisfactory, but can in fact
be analysed into parallel trends for chloro-, bromo-,
iodo-, hydrocarbon, and aromatic solvents.

Enthalpies of Solution: Polar Solvents

Enthalpies of solution of tin(IV) iodide and of ger-
manium(I'V) iodide in polar solvents are generally
negative, in contrast to the small positive values for
non-polar solvents. But, as for the non-polar solvents,
there is a correlation between values for these two
iodides. Favourable solution enthalpies for polar
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Fig. 2. Correlation of enthalpies of solution (AHgq1y) of tin-
(IV) iodide with Gutmann donor numbers (DN).

solvents may be ascribed to strong solvation of
these solutes. For several solvents of this type,
octahedral solvento-adducts MX,(solv), are well
characterised [44]. Examples include adducts with
dimethyl sulphoxide [22, 45], formamide [23],
dioxan [46], tetrahydrofuran [47], and a variety
of amines and ketones [44, 48]. Enthalpies of
solution of tin(IV) iodide correlate fairly well with
Gutmann donor numbers (DN, [24, 25]), as shown in
Fig. 2. Thus the solvation characteristics here are
similar to those of Gutmann’s closely related refer-
ence solute, antimony(V) chloride. Interestingly,
enthalpies of solution of indium(III) and gallium(III)
chlorides and iodides appear to correlate less well
with DN values [49].

It is not possible to establish an order of solution
enthalpies for the tetraiodides of tin, germanium,
and silicon, firstly because there are extremely few
values relating to silicon tetraiodide and secondly
because although most values for the germanium
compound are more negative (less positive) than for
the tin compound this order is not universal. It is
therefore impossible to tie in enthalpies of solution
sequences with the Lewis acidity orders established
for Group IV tetrahalides [50]. The dependence
of solution enthalpy on halide nature can be illus-
trated for dimethyl sulphoxide, where solution
enthalpies of —180 and ca. —150 kJ mol™* for tin-
(IV) chloride and tin(IV) bromide [51] may be com-
pared with the Table II value of —151 kJ mol™*
for tin(IV) iodide. The enthalpy of solution of tin-
(I1) iodide in dimethyl sulphoxide, —95 kJ mol™’
[52], where again a disolvato-species is the likely
product, is considerably smaller.

We have measured the enthalpy of solution of the
adduct Snl4(py), [53] in pyridine, obtaining a value
of +50 kJ mol™*. We can thus estimate the enthalpy
of addition of pyridine to tin(IV) iodide:

Snl, + 2py = Snl4(py)2

to be —241 kJ mol™. This is a much more favour-
able process than the addition of tetrahydrofuran:



Enthalpies of Solution

Snl, + 2THF - SnL,(THF),

for which the enthalpy change is —17 kJ mol™! in
benzene - solution [47, 54]; tin(IV) iodide—benzene
interaction is claimed to be negligible [47, 55]. In
the dissolution of tin(IV) bromide and of tin(IV)
chloride in dimethyl sulphoxide, the enthalpy pattern
is similar to tin(IV) iodide—pyridine, with a large
negative enthalpy of addition of two molecules of
solvent to the tetrahalide indicating a very favourable
process and an almost thermo-neutral dissolution of
the bis-solvento-adduct in solvent [51].

Although tin(IV) iodide and germanium(IV)
iodide dissolve simply as Ml4(solv),; in many of
the solvents included in Table II, in some cases there
are subsequent solvolysis and redox reactions, as
for example in the case of water [56], primary
alcohols [57], and acetone. In these cases our
reported enthalpies of solution, which are measured
as quickly as possible (within one minute) for tech-
nical reasons associated with the calorimeter design,
refer to the initially formed species MI,(solv),.
We have conducted preliminary kinetic studies of
the subsequent reactions in some cases, specifically
for ranges of dichloromethane + alcohol, water +
alcohol, and water + acetone solvent mixtures. The
disappearance of the tin(IV) iodide charge-transfer
band, monitored by repeat scan spectra, followed
first-order kinetics closely in all cases. For alcohols
ROH, in 3 to 50% by volume solution in dichloro-
methane, observed first-order rate constants are all
in the range 0.5 to 2.7 X 1073 s™! (i.e. the half-life
lies within the range 300 to 1000 s) at 298.2 K for R
= Me, Et, Pr', Pr®, B!, Bu®, But. Adding a little water
results in a small decrease in rate. Reaction is slower
in acetone-containing mixtures, rate constants being
in the range 0.8 to 2.8 X 107 s7! for tin(IV) iodide,
this time measured at 308.2 K. Germanium(IV)
iodide reacts about an order of magnitude more
rapidly. These kinetic results are useful in giving an
idea of the decomposition timescale. We felt unable
to continue with a detailed kinetic study as we were
not able to characterise and quantify the products.
These included, inter alia, hydriodic acid, tin(II)
iodide, tetra-alkoxy tin(IV) compounds from the
alcohols, and monoiodoacetone from acetone.

Solubilities

Solubilities of tin(IV) iodide and germanium(IV)
iodide (Table III) correlate well, as shown in Fig. 3.
The point for methyl iodide lies far to the top right
of Fig. 3, but lies close to the correlation line indi-
cated. The best straight line for germanium(IV)
iodide values (y axis) plotted against tin(IV) iodide
values (x axis) has a slope 1.07 + 0.07, suggesting
that the solubility of the germanium compound is
slightly more sensitive to solvent variation than the
tin compound. The solubility of silicon(IV) iodide
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Fig. 3. Correlation of solubilities (mol percent) of tin(IV)
and germanium(1V) jodide.

{43, 58] is much more sensitive to solvent nature, a
plot of silicon(IV) iodide solubilities against tin(IV)
iodide solubilities having a slope of 2.72 + 0.23. Cor-
relation with solubilities of iodine is less close. Such
comparisons are affected by the different extents
of interaction and complex formation between the
tetraiodides and iodine and aromatic solvents; omis-
sion of data for these solvents leads to a better,
though not linear, correlation. In almost all solvents,
solubilities decrease in the order Sil; > Gel, > Snl,
> 1,. Transition metal tetraiodides, e.g. Til, [59],
are generally less soluble.

Tin(IV) iodide and related compounds are
covalent non-electrolytes, and are suitable substrates
for using and testing theories of regular solutions. It
is well established that solubilities of tin(IV) iodide
can be correlated by the use of Hildebrand’s solubi-
lity parameter, & [19, 26]. This is defined in terms of
the enthalpy of vaporisation, AHy, and molal volume

V)
1/2

6_(AHV—RT) .
= '—Vm——' ()

For regular solutions of solids in liquids, the Hilde-
brand solubility parameters, 8, and 8, respectively,
are inter-related and related to the activity (a,),
molal volume (V,), and mole fraction (x;) of the
solute, and the volume fraction (¢,) of the solvent
by:

V2036, — 81)°

Ina, =Inx, +-————RT 2

The activity of the solute (a,) can be calculated from
its enthalpy of fusion (AH,,) at the melting point
(T,,), and the difference (AC,) between the molal
heat capacities of the liquid and solid:
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Fig. 4. Mean 6, values with their ranges (standard devia-
tions) for solutions of Group 1V tetraiodides and for iodine
in various classes of solvent; FC = fluorocarbons, CC =
chlorocarbons, BC = bromocarbons, IC = iodocarbons, HC =
hydrocarbons (aliphatic), AR = aromatic solvents.
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The activities of tin(IV) iodide and silicon(IV) iodide
are 0.130 and 0.194 at 298.2 K, based on Negishi’s
data for the former [60] and Kurosawa’s data for the
latter [61]. The activity of germanium(IV) iodide
cannot be calculated, as AH,, and AC, are not
known, but can be interpolated as 0.16 from the
tin(IV) and silicon(IV) iodide activities. Molal
volumes of tin(IV) iodide and silicon(IV) iodide are
151 cm® [19] and 157 cm® [58] respectively,
whence a value of 154 cm® may be interpolated for
germanium(IV) iodide. Using these numbers and &,
(solvent) values from Hildebrand’s compilation
[19] *, values of §, for tin(IV) iodide and germanium-
(IV) iodide were calculated using equation (2); these

*The following additional §, values were calculated using
equation (1). CHCI=CCl, 9.2; CHCl,CHCl, 9.7; CH,CICH-
Cl; 9.6; CH,Br, 10.7; CHBr,CHBr, 10.9. Relevant solvent
data are given in ref. [62].
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TABLE IV. Mean 8, Values for Group 1V Tetraiodides and
for Iodine, for All Solvents, with Standard Deviations and
90% Confidence Limits.2

Snly,  Gely  Sil; I,

Mean 5p/cal®? ecm™ 2 11.81 1201  10.99 14.12
Standard deviation 0.64 0.72 044 0.73
90% Confidence limits 0.19 0.36 0.29 0.26

%The data used for this Table and for Fig. 4 are tabulated in
ref. [63]; this reference points out that there are a few minor
errors in relevant 8§ values given in ref. [19].

&, values are included in Table III. In a perfect world
the value of 8, for a given solute would be in
dependent of solvent. The degree of non-ideality
of solutions of the tetraiodides of this paper, and of
iodine, is represented in Fig. 4. This shows the
average value and the standard deviation for each
compound in each type of solvent. The overall mean
(all solvents) for each compound, with the respective
standard deviation and confidence limits, is shown
in Table IV. From Table IV and Fig. 4 it appears
that the &, values for the three tetraiodides are
not statistically different, but that §, for iodine is
significantly larger.

Hildebrand &, values have been reported at various
times for a variety of inorganic solutes. In Table V
[64—76] we put our mean values for &, for the
three Group IV tetraiodides and for iodine into the
context of the available range of values, for inorganic
solutes and for some representative organic solutes
and solvents. Iodine has the highest value yet
reported for an inorganic solute, whereas the tetra-
iodides have intermediate values. 1t is difficult to
detect general trends in the inorganic 6, values in
Table V. There are many variations of compound
and structure type; the elucidation of factors under-
lying these 8, values would seem to require the estab-
lishment of series of values for related series of com-
pounds, so that various contributory factors could
be isolated. The dissection of & values for organic
compounds into components, e.g. dispersion, polar,
and hydrogen-bonding, has been attempted several
times, with three [76] and even four [73] compo-
nent equations being suggested. It is not possible to
use these approaches for the Table V inorganic values,
as the required physical data for the dissection of
these § values is not available (or even, in some cases,
not obtainable) for the majority of these compounds.
These dissections of § values are much more appro-
priate for volatile organic solvents; it is noteworthy
that Barton’s comprehensive review of solubility
parameters [76], which discusses various contri-
butory factors to & values, makes no direct mention
of any inorganic solutes. One might add that the
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TABLE V. Values of the Hildebrand Solubility Parameter 5, (calm cm 3P )* for a Selection of Inorganic Compounds, Listed in
Order of 5§, Values, and § Values for Reference Organic Compounds.

I 14.1 Gel, 12.0 TiCls 9.0 HCHO 19.2¥
SaN,y 13.7° Snls 11.8 UF, 8.9 CH;0H 14.5%
S;NH 12.7° Cu(acac), 11.6° SnCl, 8.7 (CH3),S0 12.0%
Ss 127 Fe(acac)s 11.6f GeCly 8.1 CeHsCO,H 11.91
0s0,4 126 Sily 11.0 SiCl, 7.6 nCosHsp 10.5™
NH,Cl 12.39 M(acac);® 10.7-9.7% SFg 6.2! n-CaHo 71"
Al;Brg 11.9 Th(acac)s 10.6} SiMed 6.2 CCly 8.6
C+Fgs 5.9
2From Table 1V and ref. [19] unless otherwise indicated. bRef. [64]. ®Ref. [65]. dRef. [66]. ®Ref. [67]. fRef.

{68] ; 82 values for the dibenzoylmethane and dipivaloylmethane analogues are 10.0 and 9.9 respectively.
Ref. [69]; and, for Cr(acac); only, also ref. [70]. IRef. [71].

n-CysHgy down to nCsHyy.  “Ref. [76].

TABLE VI. Enthalpies of Solution (kJ mol™!), Gibbs Free
Energies of Solution (kJ mol™1), and Entropies of Solution
(J mol™! K™1) of Tin(1V) lodide, at 298.2 K.

Solvent AH AG AS
CCl, 27.1 4.7 75
CHCl, 29.4 4.0 85
CH,Cl, 45.6 4.2 139
CCly:CCl, 26.3 4.3 74
CHCL:CCl, 24.7 3.7 71
t-CHCI:CHCI 36.4 4.1 109
CH3CCl3 25.3 5.7 66
CHCI,CHCl, 229 4.6 61
CH,CICHCI, 24.6 4.9 66
CH3CHCl, 52.1 5.6 156
CH,CICH,Cl 279 4.8 77
CH,Br, 34.8 0.9 114
CHBr,CHBr, 15.0 0.5 49
CH3CH,Br 61.6 2.8 197
CHj;l 33.2 ~1.0 115
CH3CH,1 21.3 0.3 70

situation with respect to &, values for inorganic
solvents can hardly be considered satisfactory, when
entropies of solution (Table VI). Enthalpies and
values between 17.6 [74] and 23.4 [77] have been
given for water.

Entropies

Gibbs free energies of solution can be calculated
from measured solubilities, and from these and
measured enthalpies of solution we have calculated

EM = Al, Cr, Co.

JRef. [72].  ERef. [73]. 'Ref.[74]. ™Ref. [75] for

entropies of solution (Table VI). Enthalpies and
entropies of solution for tin(IV) iodide correlate,
and, as so often, compensate and leave Gibbs free
energies as small resultants. The situation is similar
for germanium(IV) iodide.
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