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AnsTRACT, — Dielectric constant ver-
sus concentration data have been col-
leeted for solutions of ethanol in ear-
bon tetrachloride over the concentration
range of 0.015 to 0.085 M, and the data
are presented as an example of the in-
dication of the association behavior in
guch systems. The resnlting enurves have
heen statistically analyzed by computer
technigues,

In recent vears there have heen a
numhber of studies on dieleetrie prop-
erties of solutions of materials which
may invelve hydrogen bonding,
However, most of these studies on
alecohols have dealt with solutions
varying in aleohol concentration over
the entire range of zero Lo one mole
fraction, with few if any measure-
ments reported for dilute solutions
eontaining aleohols in concentrations
of less than about 0.10 M (CGold and
Perrine, 1967A; Gold and Perrine,
196713 ; Malecki, 1962: Malecki,
1965 ; DPiekara, 1962). TRodebush,
et al., have shown that the fotal
polarization curves for solutions of
some alcohols in earbon tetrachloride
show a decrease in slope at concen-
trations where assoeciation is consid-
erable (Rodebush, Eddy, and Bu-
bank, 1940}, Spectroscopic studies
have shown that alcohols are exton-
sively self-associated even at rela-
tively low concentrations in. inert

solvents (Fletcher and Heller,
1967A; Ilammaker, e¢f «l., 1968;
Flotcher and Heller, 1967B; Van
Ness, ef «l., 1967). Similarly, at in-
termediate and high eoneentrations,
the aleochols are cxtensively associ-
ated In higher aggregates, There-
fore, most of the measnrements on
dicleetrie properties of aleohol golu-
tions have been inade on solutions in
which the aleohols are not involved
primarily in & monomer-dimer equi-
librinm. It has heen shown that for
the case of some simple aleohols in
nonpolar solvents the slope of the
dielectrie constant versus concentra-
tion eurve exhibits a less rapid in-
greage in the coneentration range
dominated by monomer-dimer equi-
librium than on either side of this
range (Smith, 1955, pp. 303-306).

This report presents, ag a specifie
instance in detail of the above, dielee-
tric constants for solutions of etha-
nol in carbon tetrachloride at con-
centrations less than 0.1 # and their
apparcent indication of variations in
the predominant cguilibrium.

LEXPRRIMEXTAT,

Malericls. The CCl, used as a
solvent was washed several times al-
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ternately with alcoholie KOH, water
and concentrated H,S30, until the

washings were colorless. The puri-
fled material was distilled from

Ca(l, and stored in ground-pglass
stopperced containers, and all sub-
sequent operations were carried ont
with the exelusion of moisture. The
puarified material wave no proton
resonance spectrum and showed no
ahsorption in the infrared spectrum
in the region where O.H stretching
bands are found.

Ethanol was refluxed with metal-
lie sodinm or magnesinm and vac-
uum distilled. It was stored ic glass
stoppered containers kept in a desie-
cator, The CCl, golntions were stor-
ed in the dark and were prepared
with freshly purified CCl, approxi-
mately weekly, Standards used for
instrument ealibration in determin-
ing dielectric constants were eyelo-
hexane and chlorobenzene. These
materials were freshly distilled spec-
tral grade chemicals,

Dielectrie Constant Measurements.

TasLr 1.
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Diclectrie constant measurements
were made using a Sargent Model
Y Oseillometer. Conversions of
seale readings to cell constants and
to dielectrie constants were prograni-
med, All measurements were made
at 25 * 1°C. Individual dielectric
constants are estimated o be ac-
curate to within abont *0.003. The
dielectric constant data, as a fune-
tion of concentration, were examined
by a computerized polyuomial re-
ereszion teelmigre.

Rusvurs ang Discussion

The dielectric constants obtained
for the dilute ethanol solutions are
shown in Table T. A plot of the
average values given in Table T shows
that the relationship of eoncenira-
tion to dielectric comstant is mot
lincar but rather has a region of
lower slope between about 0.04 and
0.07 M. This same behavior was oh-
served for several sets of ethanol
solutions other than those for wlich
measurements are given in Table T

Dielectric Constants of Dilute Ethanol Solutions in Carhon Tetrachloride.

Concentration, moles/liter

Dielectric Constant

Serics I | Series II | Sevies ITI | Avcrage
2.223 2.230 2.230 2228
2,228 2.234 2.230 2.231
2,236 2,235 2,236 2.236
2257 L. 2.2141 2.239
2,137 2,245 2.243 2,242
2.4 2244 | L 2,243
2,238 2,246 2.246 2,243
2.241 2.244 2.245 2.243
2.242 2.246 2,344 . 7,244
2,245 1.246 ... 2.246
2,252 2.250 2,249 2,250
2.250 2,454 2.252 2,252
2.258 2.259 2.261 2.259

Presay
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Figure 1 shows the non-lincar rela-
tionship of the average dielectric
vongtants to coneentrations of etha-
nol solutions, The sgpecific nature
of the non-linearity of these curves
is also illustrated by the faet that
the best fit of the eurves as indi-
cated by the computerized analvsis
of variance of the regression vesults
was a cnbie equation in all cases.
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Figvre 1, The Non-linear Relation-

ship Between Dielectric Constant and

HEthanol Concentration in Carbon Tetra-
chloride,

The shape of the curve in Fignre
1, which is typical of all the serics
of ethanol solutions studied, i in-
dicative of the self-association be-
havior., The curve has a deerease
in slope beginning at abont 0.04 M,
This iz interpreted as being due to
the Fact that at about this concentra-
tion the alcohol beging to exist to a
sizable extent in the form of dimers
which results in a puartial eancella-
tion of permanent dipole moment
contributions to the dielectric con-
stant. This iz in accord with evi-
dence from wpeetral studies. It is at
about this eoncentration that peaks
appear which are attributed to aleo-
kol dimers {Hopking, 1967). Going
{0 higher concentrations produces
larger aggregates which have strue-
tures in which dipole moments do
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not tend to canccl. The dielectric
constant then rises faster as is secn
in Fignre 1, the slope increasing
from econcentrations of about 0.07
M upward.

1t thus appears that eguilibrium
among hydrogen-bonded species
gives rise to a signifieant effect on
the dieleetric constants of aleohol-
carbon tetrachloride solutions in a
range of coneentralion not usually
cxamined in such detail. These of-
fects oceur at concentrations similar
to those where monomer-dimer and
monomer-dimer-multimer equilibria
have been shown to predominate and
have been studied by infrared spec-
troscopy.
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