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GENERAL D US3ION

Conductivity measurements have been carried out for the
electrolytes lithium sulphate, sodium sulphate and potassium
sulphate in ethanolewater, methanol-water and acetone-water
mixed solvents at six different temperatures viz. 5, 10, iS5,
20, 25 and 30%. The composition of non-agqueous solvents used
were 0, 10, 20, 30, 40, 50, 60, 70, 80 and 90%. The concentra-
tions of electrolytes used in ethanol-water were 1x1072M,
5x1073M, 1x1073M, 1x107*M,5x107M,1x10"5M, Por methanol-water,
the concentrations were 1x1072M, Sx10™>M, 1x1073x, 5x10™%M,

1x10™%M, while for acetone-water, the concentraticns were 1x10 -

4y, 1x10™%, 5x10™5M and 1x10~2M,

M,
$x10~

In case of ethanol-water system a minimum in molar condu-
ctivity has been cbserved at temperature 5 and 10% for the
concentrations lxlo"n. szo'sn and lxlo"sn. There is regalar
decrease in conductivity at temperatures 15, 20, 25 and 30%.
Similarly, for the higher concentratioms (1x102M, 5x1073M,
1x1073M) for lithium sulphate and 1x10™ M and 1x10™%M for sodium-
sulphate and potassium sulphate the conductivity minima have not
been observed at all the temperatures studied. A regular decrease
in molar conductivity values has been observed for all the
temperatures stuiled.

In case of methanol-water systems the minimum in conductivity
has been observed, not only at 5 and 10% but also at higher
temperatures 15, 20, 25 and 30%, and for the concentrations
studied, namely 1x10™2M, $5x10™7M and 1x10™>M for lithium sulphate.
1x10™3M, 5x107%M for sodium sulphate and 5x10~%M, 1x10™4M for
potassium sulphate. While there is decrease in conductivity
continusously for the concentrations of 5x10™>

and 1x10~3

M for sodium sulphate
M for potassium sulphate at all the temperatures studied.
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In acetone-~water binarxy solvents the conductivity does
not pass through minimum for the concentration 1x10‘3x. $x10 M

3M, 1x10™%M for scdium sulphate.

for lithium sulphate, 1x10"
1x10~%M for potassium sulphate. It has been cbserved that molar
conductivity values decreases sharply beyond 80% of acetome.

The molar conductivity values pass through minimum at low temperature
i.e. at 5 and 10% in case of lithium sulphate (1x10"‘u. 51077 M)

for sodium sulphate (5x10"5u, 1x10"5u). But for potassium sulphate
(5x1075M, 1x10™3M) the minimum is obtained for all the six

temperatures studled.

It seems that the minimum is conductivity at all temperatures
in methanol-water system is due to structure breaking of water and
establishmnet of new hydrogen boiis to form methanol-water clusters.
The clustering is favoured only at 5 and 10% in the case of
ethanol-water system and xism for the concentrations 1x10~%M, 5x10™°M
at lithium sulphate, 5x10™>M and 1x10™°M of sodium sulphate and
potassium sulphate. The clustering of acetone-water is favoured
at all the temperatures from 5 to 30% in case of potassium

sulphate for concentration 5x1 o~3

M. The clustering is
favoured at 5 and 10°c for the concentration lxlo"‘& Sxm"sa

of lithium sulphate 5x107°M, 1x10™9M, 1x10™°M of socdium sulphate.

When an electrolyte like lithium sulphate is dissolwed in
mixed solvents such as ethanol-water, lithium sulphate dissociates
less, lithium and sulphate ions and get attached themselwas to
water molecules and ethanol molecules. This results to the
division of lithium sulphate in water and ethanol. The ioas
attached to water molecules show very high conductance as
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conmpared to the ions attached to ethanol molecules and thesefore
lithium sulphate in water mainly contributing towards conductance.
The number of solvents molecules in association with ions should
depend upon the composition of solvent mixtures. Hence as the
percentage of non-aqueous solvent increases, the conductivity

decreases.

Conductivity is dependent on the nature and velocity of
ions. Hence dimintion in fluidity of solvent, whiech would bring
about a corresponding decrease in ionic mobility is an important
factor resulting the minimum in conductivity. The change in
ionic atmosphere which surrounds the ion d4s also an important
factor in causing the minimum in conductivity.

An explanation that can be offered to account for the
minimun in conductivity is that in these associated solvents,
each solvent diminishes the association of the other, since the
dissociating power is a function of the association in the solvent
any thing that will diminish the association will diminish the
dissociating power. The effect of mixing two assocliating solvents
would then dissociates less than either alone and the conmductivity
of an electrolyte in such a mixture would be less than that in
pure solvent and the molar conductivity curve if plotted against
the percentage of non-aqueous solwvent would pass through a minimum,

When an electrolyte is added in a concentrated form the
dielectric constant of medium decreases rapidly with the mesult
that dissociating power of electrolyte in mixed solvent becomes
less and conductivity decrease is observed throughout the entire
compos ition range and therefore no minimum in molar condéctivity is
observed. Martin (1929-34-37), Kirkwood (1934) and Bell (1935).
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after studying static dielectric constant of alcohole-water
mixtures have shown that lowering of static dielectric constant
values takes place than the additive values but this can not
be related directly to the structural complexities. Hence,
characteristic of lowering molar conductivity in alcohol-water
mixtures may not be attributed entirely to the changes in the
dielectric constant though dielectric constant is one of the
important factors that can effect the electrical conductivity.

As temperature is increased the association of mixed solvents
decreases because hydrogen bond which exists in between two
molecules is broken, this results in decrease in conductivity
continous ly throughout composition range.

Various workers have observed that ghere is a close rpelation
be tween conductivity minimum and viscosity maximum. The sminima
and maxima are more pronounced .t lower temperatures and lower
concentrations. The static dielectric constant of medium decrease
with increase in concentration of non aqueous solvent. The recent
work of viscosity in entire range of acetone-water, ethanol-water
and methanol-water mixed solvent shows that viscosity is maximum
in the range of 40 to 60 percent non-agueous solvent. Leu(1979)
has shown thet viscosity for ethanol-water sysgem is 2,5 times of
ethanol or water at 70% ethanol dilution. Therefore, qualitively
it can be interpreted that the decrease in conductivity of an
electrolyte when dissolved in mixed solvent is partly due to less
dissociation. (due to decrease in dielectric constant of the solvent)
of electrolyte in binary mixed solvent and partly due to increase
in the viscosity. However all these effects need to be explained
in terms of structure of mixed solvents. When an alcohol is added
to water, the water structure is broken but new hydrogen bonds
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are establishe in order to form alcohol-water clusters. These
clusters help to decrease the ionic mobility, resulting imto,
increase in viscosity and decrease in conductivity of solution.
The number of such clusters increases with increasing concentra-
tion of ethanol or non-agqueous solvent and if number of clusters

is maximum at 70% ethanol water then minimum can be explained.

The gsystems studied at six different temperatures indicate
that molar conductivity values increase linearly with temperature,
This can be seen from the number of temperature - molar
conductivity graphs at the end of each system. The volume
contration of each mixture has been determined while preparing
the solutions at 30%. The volume contration is maximum in
the composition range 50 to 70% at non~agqueous solvents and
it has nearly the same values in this range. This m3y be the
proof of association factor which causes minimum in conductivity.
The volume contration is found to be same for ethanol-water
and methanol-water. The volume contration in the case of
acetone-water systems is higher than alcohol -water systems.

This may be due to more association of acetone and water. The
volume contration is found to be independent of concentration
mf and nature of salt. This can be seen from the following
table.

Volume contration of water-ethanol, water-methanol, and

water-acetone with sodium sulphate as a salt at 30%.



Non agq~ | d ase
solvent ETHANOL METHANOL ACE TONE
10 244 245 343
20 47 4.7 5.7
30 6.8 7.0 746
40 Te4 7.5 9.6
50 8.8 9.0 10.1
60 849 9.0 10.2
70 8.9 8.8 9.8
80 78 7.5 9.0
< 9o 5.2 5.3 740

The study of conductivity of all the three electrolytes
namely lithium sulphate, sodium sulphate, and potassium
sulphate in ethanolewdter, methanol-water and acetone-water
mixed solvents rewveals that molar conductivity values obey
the orxder -

acetone-=water > Mk methanol-water > ethanol-water
upto 70% of non-agqueous solveants. Above this percentage
the orxrder changes as =
methanol-water > acetone~water ) ethanol-water
The reason for the change in order can be attributed to the
following factors T

a) The associatiqn of acetone-water is higher than al@hoi \"’3—\‘\\

water.
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b) The viscocsity of acetone-water medium is lower than
methanol-water medium.

¢) The static dielectric constant of methanol-water medium
is higher than acetone-water.

The wmolar conductivity of the alkali metal sulphates in
general obey the order : 11,50, ( Na,S0, ( K30,

It has been found that the specific conductance increases
from Li to K as the atomic size increases. 'i‘he result obtained
also showed that the plots of ionic raddii of lithium, sodium,
potassium ions against specific conductance are straight lines,
as can be seen by the suumary graphs, (6.1 to 6.18).

The values of ionic radii (Li* = 6.8 A°, Nal =9.8 A° ,
Kkt = 13.3 A% ) are taken from lange'‘s Hand book of Chemistry
(twelth edition).

The results obtained can also be confirmed by other
phys io-chemical properties such as viscosity, surface-~tension,
spectrophotometry etc. The auther intends to continue this
line of research.
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Molar conductivity measurements of the alkali metal
sulphates in mixed ajgueous solvents such as ethanolewater,
methanol~water and acetone-water have been carried out. The
conmposition of the non-agqueous solvents used wers 0, 10, 20,
30, 40, 50, 60, 70, 80 and 90%. The conductivity measurements
have been caxried out at six different temperatures from $ to
30% at an interval of 5%. The concentrations used for
ethanol-water were 1x1072M, 5x107>M, 1x1073M, 1x107%M, 5x1075M
1x10™M. Yor methanol-water the concentrations used were 1x1072n
5x1073M, 1x1073M, 5x1074M, 1x1074M while for agetone-water, the
concentration used were 1x107°M, Sx10™%M, 1x107%M, s5x1075M,

1x10™3m,

The results obtained show that the molar conductivity
values pass through minimum at lower temperatures §% ana 10%
for the concentration 1x10™%M, 5x107°M and 1x1075K ana abowe
these temperatures namely 15, 20, 25, and 30% there is a regular
decrease in molar conductivity with increasing concentration of
ethanol. No minimum in molar conductivity has been observed
even at low temperatures for the concentration 1x10"3M and leo"‘u.

In the system methanol-water, the molar conductivity values
pass through minimum not only at low temperatures but at all the
temperatures studied from 5 to 30% and for the concentrations

1x10™2M, 5x1073M, 1x1073M, 5x10™%M and 1x10™%nm.

In the case of acetone-water system, no minimum in
conductivity has been observed at low temperatures 5 and 10% for
the concentrations 1x10'3u. leo"n. A rapid decrease in molar



conductivity values have been found beyond 80% of acetone. The
behaviour of lithium sulphate, sodium sulphate and potassium
sulphate is much interesting at lower concentrations. For the
concentrations 1x10™ M in acetone-water system, a minimum is
obtained at 5 and 10% studied for lithium sulphate while for
the sodium sulphate and potassium sulphate there is no minima
even at 5 and 10°%. A minimum in molar conductivity has been
observed for the concentration 5x10™°M with lithium sulphate,
sodium-sulphate and potassium sulphate. A minimum in molar
conductance has also been observed for the concentration 1:10'514
with sodium sulphate and potassium sulphate.

It has been observed that molar conductivity values of
all the three electrolytes in ethanocl-water, methanol-water

and acetone-water obey the order.

acetone-water > methanol-water > ethanol-water
upto 70% of non agueous solvent. The order changes beyond 70%

as methanol=-water } acetone-yater > ethanol=water.

Each systems studied at six different temperatures indicate
that molar conductivity varies linearly with tmperature .

The results of volume contraction indicate that volume
contraction is independent of the nature of electrolyte amd the
concentration of electrolyte. It has been found that volume
contraction is constant in the composition range 50 to 70% of

non=-ageuous solvents,
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