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The constants in solubility isotherms were determined accord-
-ing to E. I. Ahumov! for the systems water-ethanol-organic
substance, in which organic substances were: isobutyl bromide,
benzaldehyde, bromotoluene, benzyl ethylether, propylbromide,
iso-amylbromide, iso-amylether, o-xylene, isobutylalcohol, diethyl
ketone, phenetole, m-xylene, chloroform, p-xylene, nitrobenzene,
ethyl acetate, benzyl acetate, camphor, mesitylene, pinene, hexane,
p-nitrotoluene, toluene, cyclohexane, ethyl bromide, o-toluidine,
ethyl butyrate, ethyl propionate, methyl-aniline, benzene, xylene
and bromobenzene.

In certain concentration ranges of these components the
isotherms are represented by one or two straight lines.

INTRODUCTION

The equation for solubility isotherms according to E. I. Ahumov! is a
special form of a general equation and the possibilities of its wider appli-
cation have been demonstrated in the earlier papers*3. Since the author
has tested their applicability on few systems only and there are few data
to be found in the literature about such investigations so far, we have
attempted to verify them on systems water-ethanol-organic substance.

The basic purpcse of our work was to replace by one or two equations the
not easily surveyed tables of experimental data for the single points of
saturated ternary systems such as are regularly encountered in the literature.
The usefulness of such equations for solubility isothermes cannot be doubted:
by their application the concentrations of the third component can be easily
determined when the concentrations of the other two are given. Also, within
the limits set by the nature of the system itself, the ratio of two components
can be chosen when only the concentration of the third component is known.
The composition of a saturated ternary system can be determined for every
concentration of two solvents in the whole range in which the equation is
applicable. The importance of these relations for the laboratory and indu-
strial practice is selfevident.

The second basic reason for the investigation of solubility 1sothemns
is their contribution to the knowledge of the structure of binary and termary
systems and particularly of the solvation of their components.

* Port III.: A. Gertner, Bull. sci. Conseil Acad. SFR Jougoslavie 5 (1959) 20.
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CALCULATIONS

By using literature data for 32 systems water-ethanol-organic compound,
it was investigated whether the saturation concentrations of the three com-
ponents can be determined by the equation

logy = a + b - log (100 — x) 1)

where y are moles of the dissolved organic substance in 100 moles of the
ethanol-water mixture, x = moles of ethanol in 100 moles of the solvent
mixture, a and b are constants characteristic for the stated system.

The equation (1) represents a slightly modified expression of the solu-
bility equation according to E. L. Ahumov!:

log y’ =logy, + m-log (1—x)) (2)

where vy, should represent the solubility of the substance expressed as moles
per mole of one of the solvents provided the substance is insoluble in the
other solvent, *” = mole fraction of the other solvent, n is a constant specific
for the investigated system.
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Fig. 1. Systems ethanol—water—iso-butyl bromide (No 1), —benzaldehyde (No 2), —bromo-
toluene (No 3).

Fig. 2. Systems ethanol—water—benzyl ethylether (No 4), —propyl bromide (No 5), —iso-amyl
bromide (No 6).

The modification (1) of the equation (2) served the purpose of avoiding
the location of isothermes in the left quadrants of the coordinate system.

Prior to the calculation of constants a and b for solubility isotherms, all
the available experimental points compiled from the literature were plotted
in diagrams represented in Fig. 1—12.

As can be seen from the figures, by the application of the equation (1)
for 24 investigated systems two straight lines are obtained and for 8 systems
a single straight line is obtained for the available range of data.

Some points of the experimental data obviously do not lie on straight
lines and thus it was supposed that they include a greater experimental
error. Besides, for the majority of systems deviations from straight lines
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were found at extreme concentrations of one of the solvents. Consequently
such points were not included in the calculation of constants ¢ and b of the
equation (1). These constants were determined by statistical methods in the
usual way and the coordinates of the intersections were calculated from
equations of the two straight lines.
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Fig, 3. Systems ethanol—water—iso-amyl ether (No 1), —o-xylene (No 8), —iso-butyl alcohol
(No 9)

Fig. 4. Systems ethanol—water—diethyl ketone (No 10), —phenetole (No 11), —m-xylene (No 12).

In Table I the values of the constants a and b (headings 6 and 7) are

presented as well as concentration range (/0 Mol ethanol) in which
these parameters can be applied (heading 5). It is necessary to emphasize that

76 4

72

08

0.4

o
17 13 15 17 1%

-ae N

log (100 -x) log (100-x)

Fig. 5. Systems ethanol—water—chloroform (No 13), —p-Xylene (No 14).
Fig. 6. Systems ethanol—water—nitrobenzene (No 15), —ethyl acetate (No 16), —benzyl acetate
(No 17).
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these concentration ranges are probably considerably wider for many systems.
We could not determine these larger ranges since the corresponding experi-
mental data could not be found in the literature (unfortunately only a limited
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Fig. 7. Systems ethanol—water—camphor (No 18), —mesitylene (No 19), —pynene (No 20).
Fig. 8. Systems ethanol—water—hexane (No 21), —p-nitrotoluene (No 22), —toluene (No 23).

number of systems water-ethanol-organic substance have been examined
in the whole range from 0 to 100°% of these solvents). Consequently the
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Fig. 9. Systems ethanol—water—cyclohexan% (N%) 24), —ethyl bromide (No 25), —o-toluidine
(No 26).

Fig. 10. Systems. ethanol—water—ethyl butyrate (No 27), —ethyl propionate (No 28), —methyl
aniline (No 29),
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verification of equation (1) and the investigation of the solubility rules in
these ranges is open to further studies.
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Fig. 11, Systems ethanol—water—benzene (No 30), —xylene (No 31)
Fig. 12. Systems ethanol—water—bromobenzene (No 32).

” . ‘ DISCUSSION e

The molar concentrations of ethanol at the intersection of isotherms
are equal to the highest concentration for which the isotherm I can be
applied. For the majority (63°) of the investigated systems for which two
isotherms (22 systems) were obtained, this concentration lies between
40—60 M /o ethanol, i.e. the ratio of the moles of water to ethanol at the
intersection is on the average 1:1. For all these systems (100 %) this concen-
tration lies between 30 and 6090 M ethanol, which corresponds to the ratio
of 1 M ethanol :2 M water to 2 M ethanol:1 M water. ,

The ratio of the vertical intercept ¢ and the slope of the straight line b
is for the isothermes I on the average — 1.84 (¥4 %) and for the isothermes
II on the average — 1.95 (% 6 %o).

Values of a obtained by calculation should refer according to E. I. Ahu-
mov! to the solubility of the organic substance in 100 moles ethanol, whereas
the constant b should represent the solvation number of the dissolved
substance with regard to ethanol in the saturated state. We intend to deal
with these equations in our further papers, and in particular to verify the
regularities in the systems methanol-water-organic compounds and ethanol
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(methanol)—water—inorganic salts as demonstrated in the present paper. On
the basis of the obtained data we shall try to develop an idea about the
structure of the examined saturated ternary systems.
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1ZVOD

Zasiéeni ternarni sistemi IV. Izoterme topivosti organskih tvari u smjesama
voda—etanol

H. Ivekovi¢ i A. Gertner

Odredene su konstante u izotermama log y =a + b - log (100 — x), gdje je
y broj molova organske tvari, a x broj molova etanola u 100 molova smjese etanola
i vode. Izoterme su odredene za slijede¢e organske spojeve: izo-butilbromid, benzal-
dehid, bromtoluen, benziletilester, propilbromid, izo-amilbromid, izo-amilester,
o-ksilen, izo-butanol, dietilketon, fenetol, m-Kksilen, kloroform, p-psilen, nitroben-
zen, etilacetat, benzilacetat, kamfor, mezitilen, pinen, heksan, p-nitrotoluen, toluen,
cikloheksan, etilbromid, o-toluidin, etilbutirat, etilpropionat, metilanilin, benzen i
bromobenzen.

ZAVOD ZA ANORGANSKU I FIZIKALNU KEMIJU
FARMACEUTSKO-BIOKEMIJSKI FAKULTET
ZAGREB Primljeno 22. sijeCnja 1965.



