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Ion-solvent interaction: Viscosity, apparent molar volume and conductivity of univalent electrolytes in dioxane-

water mixtures at different temperatures

N.C. Das and P.B. Das

Department of Chemistry, Ravenshaw College, Cuttack-753003 (India), 10 August 1977

Summary. The viscosity, apparent molar volume and conductivity of NaCl, KCl, NaBr, KBr, NaNO, and KNO3 solutions
at mass fraction of dioxane (10, 20 and 30%)-water mixtures at 30-45 °C+O 01 °C have been measured The ions appear to
interact appreciably, and the ion-solvent interaction is of the order NO,” > Br™ > CI",

Many approaches like Viscosity'3, apparent and partial
molar volumes*®, electrolytic conductance® 12, activity coef-
ficient'>"* have been utilized to study ion- -solvent interac-
tion of various common cations, anions and symmetrical
tetraalkyl ammonium ions in aqueous and nonaqueous
solutions. In the present communication, viscosity, ap-
parent molar volume and conductivity of NaCl, KCl, NaBr,
KBr, NaNO,; and KNO, solutions at mass fraction of
dioxane (10, 20 and 30%)-water mixtures at 30, 35, 40 and
45°C£0.01 °C have been studied and an attempt has been
made to deal with the nature of ion-solvent interaction and
to see the effect of the dielectric constant, temperature and
hydrogen bonding on the above properties.

Materials and methods. All the salts used were of E. Merck
‘extra pure’ varieties. The apparatus, technique, prepara-
tion of solvents, and solutions were as used by Das
et al.!®!”. The concentration range for viscosity and ap-
parent molar volume was from 0.1 to 0.001 moles - 1! and
from 0.01 to 0.001 moles-1"! for conductance measure-
ments. The accuracy of the period of flow is 0.2 sec in 20
min. The density data are accurate upto 4 in 10%, Conduc-
tance measured was of an accuracy of +2 in 1000.

Results and discussion. Viscosity. The viscosity data were
analysed in terms of the Jones-Dole equation as the plot of
9,-1/C"% ys C"? is linear. The B values obtained from the
slope are tabulated in table 1. According to Stokes and
Mills'®, the viscosity of dilute electrolytic solution incorpo-
rates of the solvent plus the contribution from other
sources, which are (/J posmve increase due to the shape
and size of an ion; ¢, the increase due to the alignment or
orientation of the polar molecules by the ionic field and ¢,
the decrease in viscosity due to the distortion of the solvent
structure by the ions. Therefore the B coefficient can also

Table 1. B- 10%/1 - mole™!

be discussed in terms of these viscosity effects at different
temperatures.

The B coefficients of the salts containing ClI”- and NOy"
increases with increase in temperature and ¢ is small and
@B+ ¢ > ¢P. In case of Br, pP (except at 35 °C) increases
and hence B coefficient decreases with increase in tempera-
ture. The lesser the value of the B coefficient the greater is
the ion-solvent interaction. Hence the ion-solvent interac-
tion is of the order Br > NO; > Cl™ and is in agreement
with that of Kay".

The increase in B coefficient with increase in dioxane
content in the solvent mixtures may be attributed to the
large size of the solvent molecules and also to the stron%
association between water and dioxane hydrogen bondmg
and for dissolved ions it would lead to larger values of ¢t
and ¢*. Consequently B coefficient becomes larger and
larger with the increase in dioxane content in the medium.
Apparent molar volume (®). The & values calculated from
equation®! were found to vary linearly with C!/2. The values
of the limiting apparent molar volume (&%) obtained from
the extrapolation of the above plot are reported in table 2.
The &’ increases with the increase in temperature. This can
be explained as follows: the ion- dipole interaction energy
in case of dioxane-water mixtures is appreciable®, and the
attachment of the solvent molecules to the ions may not be
loose and at the same time no structure formation would
occur around the ion®. The net result will be stronger
solvency.

For the salts containing Br and NO;", &° increases with
increase in dioxane content where as the reverse is true for
NaCl and KCI. This is ascribed due to low surface charge
density of Br~ and NO;™ as compared to that of Cl7, as a
result of which electrostatic attraction is more in a medium

Mass fraction 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30%
of dioxane .
temperature
in °C

NaCl ‘ KCl NaBr KBr NaNO; KNO;
30 8.1 10.0 15.5 1.9 34 438 9.7 12,0 15.1 28 47 51 7.1 9.6 130 1.1 32 42
35 9.1 112 16.6 20 40 52 11.4 124 17.0 34 51 61 8.5 109 142 1.5 39 50
40 140 15.0 20.0 33 50 6.6 6.6 112 145 22 62 58 102 115 153 18 43 57
45 15.0 16.2 220 36 58 6.9 6.5 10.8 13.7 22 52 56 11.2 125 16.0 1.9 47 6.1
Table 2. ¢%/cm3- mole~1
Mass fraction 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30% 10% 20% 30%
of dioxane
temperature
in °C

NacCl KCl NaBr KBr NaNQO; KNO;
30 172 158 13.8 252 241 22.1 21.2 23.5 24.1 31.5 32,0 333 245 258 289 30.7 32.6 359
35 17.3 164 14.4 254 243 224 23.2 239 243 322 331 334 27.2 298 313 35.7 37.5 40.9
40 17.4 16.6 14.6 25.5 24.4 23.6 23.5 244 246 329 333 347 325 34.4 352 40.6 41.5 455
45 179 16.8 14.6 259 245 22.7 233 248 250 33.0 33.5 356 36.8 38.0 404 41.8 434 42.1
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of low dielectric constant and ion-solvent interaction would
be more and consequently ®° will be larger.

The plot of 0° vs 1/¢ (& = dielectric constant) is found to be
linear, indicating the dependence of ®° on dielectric con-
stant and the slope is of the order NO, > Br > CI".
Conductance. The equivalent conductance of all the 6 salts
are found to be linear with C2, which indicates that the
Debye-Huckel-Onsager theory of electrolytic conductivity
is applicable to these ions. The Walden product 4%, which
can be employed to study ion-solvent interaction (table 3} is
almost constant. The constancy of 4% is most presumably
due to the compensating contribution of positive tempera-
ture coefficient of the conductance to the negative tempera-
ture coefficient of the viscosity of the solvent. Hence it
appears that the temperature dependence of 4% is not very
helpful in the study of ion-solvent interaction in dioxane-
water mixtures.

Table 3. 4% - 10%/Q~t. cm? - poise

Mass fraction 10%  20% 30% 10% 20% 30%
of fraction
temperature
in °C
NacCl KCl
30 124,88 123.82 123.26 136.23 134.50 134.06
35 124,00 123.85 123.35 134,77 134.89 134.05
40 124.87 124.55 12323 136.24 13549 134.19
45 123.35 123.36 123.56 135.66 135.59 134.74
NaBr KBr
30 118.67 118.58 118.40 130.02 129.27 129.21
35 118.83 118.74 118.77 129.60 129.78 129.47
40 118.85 119.72 118.41 130.31 130.07 12930
45 118.17 117.73 118.41 129.65 129.85 129.58
NaNQO; KNO;
30 114.24 113.76 113.54 125.59 124.45 124.33
35 113.66 115.68 113.71 124.43 124.65 124.41
40 113,90 112.15 113.60 125.36 124.94 124.49
45 113.67 112.08 113.36 125.30 125.15 124.43
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The size of the anions studied are almost of the same
order? and the A% values are of the order Cl > Br
> NOj~. The lesser the value of 4%, the greater is the ion-
solvent interaction. During migration, these common ions
which are fairly small, are covered with a sheath of solvent
molecules resulting in a larger size of the solvedynamic
unit, so that the size of the dissolved ions and ion-solvent
interaction in dioxane-water mixtures is of the order NOy
> Br > Cl.
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Biochemical studies of pigments from a pathogenic fungus Microsporum cookei.V. Evidence
for the transmembrane permeability of xanthomegnin across phospholipid bilayer membranes

K. Kawai, T. Akita and Y. Nozawa

Department of Biochemistry, Gifu University School of Medicine, Tsukasamachi 40, Gifu (Japan), 21 November 1977

Summary. Direct evidence is provided for the transmembrane permeation of xanthomegnin across phospholipid bilayer
mebranes using ascorbate-loaded liposomes. This process may be associated with an uncoupling effect on the oxidative

phosphorylation of mitochondria.

Xanthomegnin, a binaphthoquinone pigment isolated from
a pathogenic fungus Microsporum cookei, has been shown
to uncouple the oxidative phosphorylation of rat liver
mitochondria!~ and to lose its uncoupling effect by the O-
methgflation of the phenolic hydroxyl groups of the pig-
ment’. In general, it has been well documented by many
experiments using liposomes and reconstituted membrane
vesicles that compounds which uncouple mitochondrial
respiration discharge the electrochemical potential by act-
ing as proton conductors on mitochondrial inner mem-
branes*'2, We have investigated the transmembrane per-
meability and proton conductivity of xanthomegnin across
phospholipid bilayer membranes to study the molecular
mechanism for the uncoupling effect on mitochondrial

2

respiration. This communication deals with spectroscopic
evidence for the transmembrane permeability of xan-
thomegnin.

Materials and methods. Xanthomegnin was isolated from
dried mycelium of M.cookei by a procedure previously
described”. Cytochrome ¢ (bovine heart muscle) and Tris
were purchased from Sigma Chemical Co. Bio-Gel P-150
was a product of Bio-Rad Laboratories. Egg lecithin (the
product of Sigma Chemical Co.) was used after further
purification by means of silicic column chromatography.
Other reagents were of the purest form commercially
available. The ascorbate-loaded liposomes were prepared
by ultrasonic oscillation of egg lecithin suspension (20 mg
egg lecithin in 2 ml of 0.1 M ascorbate). The ascorbate in



