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_ This paper constitutes a reviev of _the vresults of
investigations on electrolyte solutions In some organic
solvents that behaves similarly to water from thermoche-
mical point of vi,»v as well as in some water - organic
mixed solvents. The investigations have been carried out
in Physical Chemistry Department of University of todz in
recent years.

Electrolyte solutions have been receiving considerable atten-
tion In recent years as evidenced by the large number of publica-
tions devoted to them. There is no doubt that knowledge of their
properties has a lot to contribute to the progress in various
fields of science, technology and industry and appropriate
studies can thus be regarded as a promising area of research.

In the early investigations most attention was devoted to
aqueous solutions of electrolytes, while in recent years solut-
ions in nonaqueous solvents have been attracting increasingly
more interest. This change of focus seems to be fully Justified
in view of the increasing range of industrial applications of
such solutions.

Prom the point of view of applications considerable attention
is now being paid to three-component systems involving the dis-
solved electrolyte and mixed solvent. Observed by several
methods properties of these solutions don"t allow to elucidate
clearly their intermolecular interactions and structure.- The
maxima, minima, or inflections frequently observed in the various
functions studied are interpreted aa resulting from structural
changes in the mixed solvent, complex formation, change in solva-
tion or selective solvation.



In this paper we intend to focus our attention on the results
of thermochemical investigation on electrolytic solutions in pure
and mixed solvents.

In 1931 E. Lange published his experimental data con-
cerning integral enthalpy of _dilution of aqueous electrolyte
solutions with an aim of testing their agreement with the predic-
tions of the limiting lew of Debye and Htickel [13. It turned out
that in the range of concentrations exceeding the region of
applicability of the limiting law, various electrolytes behave
differently, i.e. In some cases pAH° changes its sign (Fig. 1).
It remains unclear why ions whose structure is similar to that
of noble gases interact differently enough to change the sing
of sHe.

According to some authors and ourselves among them the reason
lies in differences in the effect of 1ions on water which, 1In
turn, effect iInteractions among Ions.

Following Lange’s research Mishchenko [2Z] in a
long series of thermochemical experiments involving both aqueous
and nonaqueous solutions of electrolyte was able to demonstrate
that the above-mentioned different plot of tHT takes place only
in the case of aqueous solutions. In addition to that he
established a number of characteristics which differentiate
aqueous and nonaqueous solutions (Fig. 2). These include the plot
of nH° m F{c ), changes in the plot of nHa - f(m) with changing
temperature, the sign of the temperature derivative of or
a H°, and others.

Finally, he also proposed a classification of aqueous solu-
tions of electrolytes on the basis of the plots of isotherms
N Hy - F(@m).

Studies conducted thus far of the entropy of aqueous electro-
lyte solutions have shown that in solution of type | (Fig. 2) the
excess of partial molal entropy of the solvent n S"E has the
negative sign while the positive sign of 1S is related to
the solutions of the 11 type electrolyte. As is known negative
values of entropy constitute evidence of the structure making
effect of solute on solvent, while positive values are evidence
of the structure breaking effect [3, ™1» Thus electrolyte of the



Fig. 1. Dilution enthalpy tHIUT in aqueous electrolyte
solutions at 298.15 K, according to Lange [1]-

I-st type order the water structure and those of the Xl-nd type
destroy iIt*.

Taking into account differencenses in the behaviour of
aqueous and nonaqueous electrolyte solutions we set iIn our
laboratory about looking for other solvents of electrolytes
which share water"s special properties*

*

Authors of this paper use the notions ''structure breaking™
and ''structure making" as has been proposed by F r ank and
Evans basing on entropy and viscosity data £33
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Flg. 2. Thermochemical characteristics of aqueous solutions of

electrolyte: a) types of the heat of solution isotherms, b) heat

of dilution isotherms (DHLL - Debye-Hiickel limiting law), ©) ef-

fect of temperature on gH™ e f(m) isotherms for NH.C1 'in water,

d) excess of relative partial molal entropy of water S, in
aqueous solutions of electrolyte at 298.15 K.



Should we succeed Id discovering water-like solvents we might
learn more about the special properties of water as a solvent of
electrolytes. We assumed that responsible for those peculiar pro-
perties is the three dimensional network of H-bonds present in
ice and only partially disturbed in liquid water. It was thus
reasonable to look for substances exhibiting a spatial system of
M-bonds i1n crystal. According to the relevant literature, this
condition is met by acetamide [5-7], glycerol [8 1], urea [9].

As can be seen iIn Pig. 3 molten acetamide, distinctly

Pig. 3. Thermochemical properties of electrolyte solutions
in molten acetamide.



different from water in chemical terms, behaves similarly to
water from thermochemical point of view when it is used as a
solvent of electrolytes. Isotherms of nHw for dissolved saltst
Nal, KNOj, CaCl2 belong to 3 types of heat of solution curves
distinguished by Mishchenko, in keeping with Lange’s findings in
relation to aqueous solutions. Similarly as in the case of
aqueous solutions nCp has a negative sign [10-12]. It thus seema
likely that in the molten state the solvent retains partially
disturbed spatial network of H-bonds. This view is also supported
by our viscosimetric and densimetric investigations [13-141.

In the case of glycerol solutions (Fig. 4) the similarity to

Fig. 4. Thermochemical properties of electrolyte solutions
in glycerol.



water 1is, contrary to expectations, smaller and all enthalpic
isotherms studied« LiCl, Nal, Csl are of one, i.e. I-st type, in
terms of Mishchenko®s classification, which makes glycerol solu-
tions similar to non-aqueous solutions, while GC had a negative
sign, similarly as in water [15, 16].

Supplementary viscosimetric and spectroscopis investigations
[17-19] lead to the conclusion - consistent with thermochemical
data, that the salts studied indeed have a structure making
effect on glycerol. The same view can be reached from volume
functions [20] and near IR spectra [21].

Thus, in spite of the similarity in mamy of their physico-
chemical properties when used as solvents of electrolytes, water
and glycerol exhibit certain differences in their behaviour.
Examination of liquid glycerol led to the suggestion that in the
liguid state glycerol does not retain the three dimensional lat-
tice of hydrogen bonds that it has in the solid state. This
is opposite to the behaviour or water.

Fig. 5. Enthalpy of solution of some electrolytes
in molten urea.



Solutions in molten urea (Pig. 5)behave similarly as in
water, i.e. they exhibit two types of curve, but ammonium salts,
which belong to the 2nd type when dissolved in water, are of the
1-st type iIn urea because of their chemical interactions with the
solvent.

Summarizing the above discussion we conclude that it is not
only in water that plots of isotherms nHRIL ornH® for various
celectrolytes are different, that it is not only the structure of
water that can be disturbed by electrolyte and that not only in
aqueous solutions the sign of aCp is negative.

The specific properties of water manifest themselves also in
the features distinguishing water-organic mixtures from among
other liquid systems. According to Nabierukhin and
Rogov [22] the unusual behaviour of the above-mentioned
systems is due to fact that the non-electrolyte fills the gaps
in the structure of water. Other authors attribute the anomalous
behaviour to the formation of clathrate-like structures [23] of
mice-bergs* [4, 24, 25] etc. by water molecules around the dis-
solved molecules.

Among water-organic mixtures, water-alcohol systems occupy a
special place in view of the effect alcohol has on the distinctly
different properties and structure of water. This effect is also
present in water-alcohol solutions of electrolytes.

Thermochemical studies of systems containing a number of
electrolytes "dissolved in methanol and ethanol with water were
pioneered by Wo l fen "den [26) and Slansky [27]
and were then continued by Mishchenko [28]. Apart
from the work involving these alcohols, the studies on electro-
lyte-alcohol-water systems were limited to small alcohol contents
and mostly one temperature [29-387.

In research performed in our laboratory, we concentrated on
solutions of Nal because that salt dissolves relatively well in
organic solvents and has been employed in many studies, which
makes comparisons possible. Moreover, Nal only weakly affects the
structure of water and is thus a good indicator of the behaviour
of water in mixtures with alcohol. Por a number of years now we
have conducted systematic studies of Nal solutions in the first
seven aliphatic alcohols with water [39-44]. (Pig. 6 and 7).



Pig. 6 . Standard enthaply of Nal solution in water mixtures with
methanol-(a), ethanol -(b), n-propanol — (c )and Isopropanol-(d)
at 298.15 1.

The plot of the standard enthalpy of solution vs. alcohol
content shows a maximum in the range of watei”rich compositions
(Fig. 6, 7). The appearance of the peak Iis attributed to the
structure making effect of nonohydroxyalcohol molecules on water
[2, 32, 45-49]. As the size of the molecule increases the peak
shifts towards smaller alcohol contents. The Increasing size of
the alcohol radical enables it to fill an increasing number of
gaps in the three-dimensional lattice of water or to fora
clusters, depending on how one wishes to view the structure of
water. The same kind of conclusion about the stabilizing or
structura making effect of alcohol on water follows from studies



OH°B<3T0l']

Fig. 7. Standard enthalpy of Nal solution in water mixtures with
tert-butanol - (@) _at 299.15 K, and with sec—butanol -(b) and
isobutanol - (c)at 298.15 K.

of all known electrolyte solutions in water-alcohol mixtures
carried out by all experimental procedures available [21, 50-55].
One example are our studies of viscosity carried out simultaneo-
usly [55-55]-. The results obtained iIndicate maximum stabilizing
effect of alcohols on water} this conclusion is suggested by the
appearance of relative viscosity minima which correspond to the
same compositions as maxima of agH°.

In water™-butanol mixtures we observed, for the Tfirst time,
the appearance of a minimum of standard enthalpy of solution
of salts in the range of high alcohol content [40] (Fig.- 7).
An analysis of IR spectra [51 J, of electric permittivity [56]
and viscosity [54] for butanol-water mixtures containing no
electrolyte suggests that the observed plot of aH® < f(x) for



those mixtures, is related to the properties or structure of
the mixture and not to ion solvation.

As is well-known, B rown and lves [56] accounted
for the minimum of electric permittivity in mixtures of tert-
-butanol with water in terms of the formation of associates
composed of 1 molecule of water and 4 molecules of alcohol,
related to the more acidic character of alcohol in comparison
with water. Such associates are called '‘centrosymmetric*. One may
assume that their presence gives rise to the minima both of the
standard enthalpy of solution and of viscosity In systems con-
taining water and excess alcohol.

Due to the measurements of aH® Nal performed in the tem-
perature range of 298.15-308.15 K [44] we were able to calcula-
te Co Nal for water mixtures with methanol, ethanol propanol
and isépropanol IFig.- 8 ). The plot of Cg* - f(X) exhibit* minima
in the water rich region. As the size of the alcohol molecule and
branching Increases the minimum becomes deeper and shifts towards
smalles alcohol coptents. The approximately similar values
above 50 mole % point to similar effect of temperature change on
the associates present iIn this composition region or even suggest
a similar kind of the mixed water-alcohol aggregates.

Fig. 8. Partial molal heat capacity ~Cg ) for Nal
in wateivalcohol mixtures at 298.75 K



From above presented results concerning nH® Nal and its
temperature derivative one can draw conclusion about the decisive
effect of the mixed solvent structure on the behaviour of ionic
solution.

The consistency of the presented characteristics of Nal
solutions became disturbed when we +turned to 1:2 electrolytes,
especially CaCl2 [57].

As can be seen in Fig. 9, similarly as in the case of Nal,
maxima of enthalpy of solution appears in the range of small
alcohol contents with the exception of methanol. The plateau
extending from 0 to 17% suggests the presence of two  mutually
compensating effects: a stabilizing effect of alcohol on water

Fig. 9. Standard solution enthalpy nH° for CaCl2
in water-alcohol mixtures at 298.15 K.



which produces an increase of the enthalpy of Nal solution, and
the opposite effect due to which methanol molecules become built
into ion hydration shells. This is a tentative explanation and we
can only repeat after Covington and Newman that *methanol-water
is one of the hardest solvent systems to understand*. In the
range of alcohol-rich solutions we observed, for the first time,
minima in mixtures of water with the first three alcohols. The
presence of these minima, not observed in Nal solutions, is not
easy to explain. Possibly, the effect of Nal on the structure
of the mixtures is too weak Tor all properties of the mixtures
to become evident. Addition of CaCl2, which contains 3 ions
including a divalent cation, distinctly reveals the structure of
the system thanks to stronger solvation. One may also assume that
in mixtures of methanol, ethanol and propanol with water there
arise associates similar to those suggested by Brown and Ives,
but that their number 1is smaller than in butanol solutions with
water, possibly because of the stronger tendency of the former to
form chain associates.

This suggestion is supported by the similar positions of the
minima of aHQ HC1 in methanol and ethanol with water [58], the
extremum of excess volumes in methanol-water mixtures [59] the
change of the plot of absorbance in near IR spectra in the
absence of an electrolyte [51].

We calculated the enthalpic pair interaction coefficients hxy
for electrolyte-alcohol systems in water for all solutions inves-
tigated thus far [43, 57 ] (Table 1).

As can be seen, in all cases the h” values for all electro-
lyte-alcohol pairs are positive and they increase with increasing
radical of the alcohol. The values of the coefficients show
little difference in the oaae of chlorides and iodides, but the
change of the cation has a considerable effect on their values.
The pair interaction coefficients turned out to be a linear func-
tion of polarizability, electric permittivity and Kosover*a cons-
tant, which suggests that those features are related to the enei>
gy of interactions.

In the Table 1 are also collected the calculated values of
pair interaction coefficients h™™ {electrolyte-water )in al-
cohols. By contrast with the positive values of h (Nal-weter)



the negative values of h” (CaCl2-water ) seem to point to a
stronger affinity of CaClg to water than is the case with Nal. As
the alcohols radical iIncreases, the Interaction of ions with
water increases too.

Table 1

Electrolyte-alcohol pair interaction enthalpies h™ (J. kg. mol''2)
at 298.15 K in water solution

Electrolylfe

Alcohol Nal NaCL cacl2
Methanol +157 +150 +49
Ethanol +298 +290 +162
Propanol +395 +370 +340
Isopropanol +509
Isobutanol +600
s-Butcnol +643
t-Butanol +720 +483 +599

+711*

" literature data

Electrolyte-water pair .interaction enthalpies \ y(J < kg = mol” )
at 298.15 K in alcohol solution

Electrolyte

Solvent

Nal CaC12
Kethanol +583 -1083
Ethanol +551 -1167
Propanol +177 -1225
Isopropanol +173
Isobutanol -1370
s-Butanol -1420

On the basis of these investigations, the compositions of the
mixtures may be divided into the following five ranges



hxy(J-kg-Torl 2)

sBuOH tBuOH
600 iBuOH
Nal-alcohol
PrOH
AYyncaC”- alcohol
200+
)43akt
006 007 008
hxy’\JOk"omo | "2, tBuOH
sBuOH
600h iBUOH tBuOH
Nal-alcohol iPrOH O0i
400- ProH yfo
EtOH 2 "OProH
200 -alcohol

MeOH

Cl4 “Cp (JmofK™)
400

Fig. 10. Dependence of the enthaipic pair_ interaction coef-

ficients for Nal-alcohol and CaCl2-alcohol pairs on reciprocal of

the alcohol electric permittivity 1/ and heat caﬁacity of

transfer of alcohol molecule from vapour phase to high dilution
in water (CBZ-C’I'D‘ ) at 298.15 K. =

1. 0-5 or 9 mol A stabilizing effect of alcohol on the structure
of water

2. 5/9-15 mol % - addition of alcohol begins to disturb the
ordered structure of water



Fig. 10 a. Dependence of the enthalpic pair interaction coef-
ficients for Nal—nonelectro%yte and CaCl2-nonelectrolyte on Koso-
wer’s acidity parameter (z)of the nonelectrolyte ~at 298.15 K.

3. 15-80 mol % - the three-dimensional lattice of hydrogen
bonds is destroyed and associates of various
compositions, shapes and size arise

h. 80-90 mol % - a composition corresponding to the highest
possible number of ‘‘centrosymmetric’ asso-
ciates

5. 90-100 mol % - structure characteristic of alcohols arises.

Ending this discussion on electrolyte solutions in vater-
—-alcohol mixtures, It seems interesting to state that the results



of thermochemical [26-44], viscoaimetric [53-55], spectroscopic
[31] and dielectric [56] investigations let us observe some
characteristic regions in above mentioned mixtures that differ
from one another in their behavior.

Following our investigations of the thermochemical and
viscosimetric properties of salt solutions in watei>alcohol mix-
tures the question arises whether it is only alcohols that are
capable of fTilling the gaps in the structure of water or
of ordering or stabilizing its structure. It is quite likely that
the hydroxy groups of alcohols play the most important role in
that effect. For that reason we decided to investigate the
behaviour of three-component systems when monohydroxy alcohols
are replaced by polyhydroxy alcohols. We measured the enthalpy of
solution of Nal in water-glycerol mixtures at three temperatures
higher than 25°C because of the considerable viscosity of
glycerol [60].

As can be seen in Fig. 11, the plots of aHqg - f(X) change
monotonically with changing composition of the mixed solvents.
A similar course of the plot under discussion was observed by
Krestov who investigated KNO® and CaCNO™M in *he same mixed
solvent [61]. The data obtained suggest that even a small
addition of glycerol destroys the primary structure of water and
forms with It mixed associates of various compositions, which
leads to the appearance of various types of equilibria. The
function of has a negative sign similarly as in water, and-
-within experimental erron-its value does not change over
the entire range of compositions (Fig. 11). The studies discussed
above lead to the following conclusion: the presence of a sizable
number of hydroxy groups does not produce any extrema changes of
the properties.

Our subsequent studies concerned the effect of other hydro-
philic substances on the structure of water. The next solvent
which, iIn contradistinction to alcohols, does not contain the
OH group, i.e. formamide, was investigated in the same way in the
temperature range of 5-35°C [62-65].-

Formamide, being capable of forming hydrogen bonds, combines
with water molecules thus disturbing its primary structure. The
thermal effect of Nal solution changes monotonically with
changing formamide content in the system (Fig. 12).



Fig. 11. Standard solution enthalpy (n1H°)and partial molal heat
capacity ( ) for Nal in water-glycerol mixtures.

The viscosity plotted in the function of solvent composition
changes in a similar way [66]. Our results show that this solvent
too does not have a stabilizing effect on the structure of water.

We are thus left with the possibility that ordering of the
structure of water is related to the presence of CH" groups in
the molecule of the organic solvent and theilr absence gives rise
to hydrophilic character of the given solvent. For that reason
we selected for our investigations DMF, whose molecule contains
two Cifj groups. In the opinion of several authors e.g.
Shakhparonov [67], DMF has an ordering effect on the



structure of water. It follows from our results that the shape of
A H° Nal in DMF solutions (Fig. 13) is similar to the shape of
that function in systems, containing Tformamide [63]-

The maximum of enthalpy which would testify to the structure
ordering effect does not appear, so addition of DMF disturbs the
structure of water altttough it does so in a less violent way than
wes the case with solutions containing formamide. The inflection
point at ~ 60 mol %, seems to testify to the change of hydration
shells of ions into solvation shells DMF. Our viev is confirmed
by the study of Hol tz carried out by nuclear resonance



[kJ mol"]

mol % DMF
60 80
- — 27815K
-0 - 28815K
-*-298,15K
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Fig. 13. Standard solution enthalpy (gH®) for Nal
in water-N»N-dimethylformamide solutions.

[68]- The dependence of the relative viscosity of Nal solutions
is very similar iIn systems containing F and DMF [66] which
supports the conclusion of thermochemical investigations about
the disordering effect of DMF on the structure of water, contrary
to the opinions of other authors. Having investigated the last
of the systems discussed above we came to the conclusion that



methyl groupe alone are not responsible for ordering the struc-
ture of water and it is only the Joint action of methyl groups
and one OH group that produces the unique effect on water. In
other words, it is water-alcohol systems that exhibft unusual
behaviour.

However our research did reveal a substance which in electro-
lyte solutions has a thermochemical effect on water similar to
that of alcohols. That substance, somewhat unexpectedly, is ether
and to be more precise tetrahydrofurane THF [69, 70]. In the case
of solutions of several salts we have investigated in the range
of THF content of about 5 mol % there appears a maximum of
enthalpy of solution. The special properties of waten-THF
mixtures have also been noted by other authors who employed a
variety of research methods [71-73]. OF the attempts at
explaining the Tfinding the most acceptable seems to be the one

Fig. 14. Standard solution enthalgﬁ of some electrolytes
and urea in wateivtetrahydrofuran (THF) mixtures at 298.15 K.



according to which there arise quasi-clathrates of type 1l with
a ratio of 1 to 17 [72, 73]. A similar view regard to solutions
containing tert-butanol 1is gaining increasingly more support in
the literature [74]. The only electrolyte-of those studied thus
far which dissolves in solutions with high. THF content is NaCIO™.
Its heat of solution curve resembles those for tert-butanol-water
solutions of Nal. In the vicinity of 60 mol B THF there appears
a minimum of tH°. In view of the low electric permittivity of
THF G i 7) i1t seems necessary to take into account iot> associa-
tion. The study under discussion has yet to be completed.

Another solvent whose solutions exhibit a similarity to
waterwalcohol solutions in terms of the plot of g H° - f(X) 1is
hexamethylphosphortriamide HVPT, which is a strongly basic amide
of medium electrical permittivity equal to 29.6 [75, 76]-

Fig. 15. Standard solution enthalpy of some electrolytes
and aniline in water—hexgggtri Iﬁhosphortriamide {HMPT )
at - -



The maxima of solution enthalpies for salts in water-rich
solutions are probably not connected with the possibility of
large HMPT molecules Tilling the gaps in the structure of
water .

Investigations of the solutions of tetraalkylammonia salts
t77 ] also confira their similarity to alcohol solutions.

A special property of the isotherms of solution enthalpies
for salts in watei>-HWPT and water"THF mixtures is the dependence
of their shapes on the anion of the dissolved salt. In contrast
to wateiwalcohol systems, in which the position of the maximum of
0 H° for salt did not depend on the kind of dissolved substance,
in systems with HVPT chlorides exhibit a maximum at 10* mol HWPT,
iodides at 1.5 mol HWT. In the case of solutions with THF
chlorides exhibit a maximum at 25* mol THF and iodides and other
anions at 5* mol of THF.

It follows from the foregoing discussion that there are
solvents whose effect on water-as shown by thermochemical in-
vestigations-is similar to that of alcohols, Hovever, the
similarity may be due to a variety of factors, such as ordering
or stabilization of water structure, Tformation of clathrate-like
aggregates, etc. As is well known, differences in the behaviour
of solutions at the molecular level cannot be explained in
thermodynamic terms.

Our next objective was to Tfind out whether water™like
solvents respond to the addition of alcohols iIn the same way as
water .

It was not possible to Investigate the heat of solution of
salts in mixtures of molten acetamide and urea with alcohols
because the melting points of the two compounds are higher than
the boiling points of the first alcohols. We did, however, study
the heat of solution at 40°C of Nal in glycerol with methanol,
ethanol and propanol [78].

As can be seen iIn the figure 16 in the range of glycerol-rich
solutions there appear maxima of tH® similarly as in alcohol-
-water solutions. By analogy with water-alcohol systems they can
be presumed to have a structure ordering or stabilizing effect.
The minima of enthalpy in solutions containing small amounts of
glycerol may also indicate the existence of spatial associates
just as was the case with alcohol-water systems. The calculated



Glycerol % ol Alcohols

MeOH
EiOH  T*313,15K
ProH

Fig. 16. Standard solution enthalpy nH® for Nal
in the mixtures of glycerol with aliphatic alcohols at 313.15 K,

hxy[j- kg-mole '*]

Na! alcohol in glycerol (X) at 313,15K
Q00{ and in water (0)at 298,15K

] -BuOH
600- i-BuOH
i-PrOH
400- PrOH
200+
OH

i ( | ( t V]
0,03 004 005 006  0.07

Fig- 17. Enthalpie pair interaction coefficients h*-
of Nal-alcohol in glycerol and in water solutions.




pair interaction coefficients in glycerol are compared with
the values for aqueous solutions in the Fig. 17.

At the sizes of the alcohol radicals increase so do the posi-
tive values of h™y thus indicating the growing affinity bf Nel to
glycerol and water and decreasing interactions with alcohols.

In alcohol-rich solutions, interactions between Nal and gly-
cerol increase with Increasing size of the alcohol molecules more
distinctly than in water. This finding confirms the better
solubility of Nal in glycerol than in alcohols.

The observed similarity of glycerol +to water in solutions
containing salts and alcohols made us try and find out whether

hxy[j'kg-mole'*]

2000 .
Nat-water in alcohols (29B,15K)
. 2000.
~4000-- 1MeOH
Nal-glycerol 2E10H
in alcohols fgéC¥;4
. - u
6000-- 1313 15K)
-BO0O--
- 10000-

Fig. 17 a. Enthalpie ?air interaction coefficients hXy
of Nal-water and Nal-glycerol in alcohol solutions.



similarly as in water polyhydroxy alcohols behave differently in
that they do not produce any extrema points in the plots. To that
aim we conducted a calorimetric investigation of Nal solutions in
glycerol mixtures with glycols [79]. The absence of extremes
confirms the similarity of glycerol to water (Fig. 18).

Fig. 18. Standard solution enthalpy for Nal in glycerol-diols
and glycerol-water solutions at 313.15 K.

Methanol is similar to water from the point of view of the
structure of the molecule but not in terms of the structure of
the liquid. It thus seemed interesting to look at the behaviour
of the electrolyte in mixed solvents composed of methanol and the
next three,alcohols.



OH° (kJ mole*l)

~ Fig. 19. Standard solution enthalpy for Nal
in methanol-aliphatic alcohol mixtures at 298.15 K.

The figure 19 shows the dependence of the standard enthalpy
of solution [H° on solvent composition [801L As can be seen,
in methanol-ethanol mixtures the plot is monotonic which may
suggest a similarity of the associates of the two alcohols.
Probably chain associates are involved. The remaining two systems
exhibit maxima in the range of small methanol contents. Pre-
sumably, in this range spatial associates arise. It cannot be
ruled out that ion association is responsible for the appearance
of the maximum.

In those systems no ordering of the structure of methanol
of the kind observed in water and glycerol takes place.

The research reviewed above shows that there are solvents
exhibiting a similar behaviour to water as solvents of electroly-
tes. It is also possible to obtain mixed solvents which-in
thermochemical terms-behave similarly to water-alcohol mixtures.
Consequently, the division of solvents into aqueous and non-
-aqueous solvents is not so obvious.
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WEASNOSCI ROZTWOROW ELEKTROLITOW
W ROZPUSZCZALNIKACH NIEWODNYCH 1 MIESZANYCH

Niniejsza praca stanowi przeglad badan nad roztworami elek-

trolitéw w niewodnych 1 wodno-organicznych mieszanych rozpuszcza-
Inikach prowadzonych w ostatnich latach w Zaktadzie Chemin Fizy-
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