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Conductivity measurements have been carried out for the 

electrolytes lithium sulphate# sodium sulphate and potassium 

sulphate in ethanol-water, methanol-water and acetone-water 

mixed solvents at six different temperatures viz* 5# 10, 15,

20, 25 and 30°c. The coaposition of non-aqueous solvents used 

were 0, 10, 20, 30, 40, 50, 60, 70, 80 and 90*. The concentra- 

tions of electrolytes used in ethanol-water were 1x10 M,
5xl0~3M, 1x10~3H, lxlO^M, 5x1 O^H, 1x1 0“5M. For methanol-water, 

the concentrations were 1x1Q~2M, 5xl0~3M, lxl0**3|t# 5xlO“’4M,

1x10 H, while for ace tone-water, the concentrations were 1x10 M, 
5x1 O^M, lxlO*4, SxlO^M and lxl0“SM.

In case of ethanol-water system a minimum in molar condu­

ctivity has been observed at temperature 5 and 10°c for the
*»5 **5concentrations 1x10 M, 5x10 M and 1x10 M. There is regular 

decrease in conductivity at tenperatures 15, 20, 25 and 30°c. 

Similarly, for the higher concentrations (1x1Q~2M, 5xl0~3H,

1x10"*3M) for lithium sulphate and 1x10"3M and lxlO*4H for sodium- 

sulphate and potassium sulphate the conductivity minima have not 

been observed at all the tenperatures studied. A regular decrease 

in molar conductivity values has been observed for all the 

tempe ratures studied*

In case of methanol-water systems the minimum in conductivity

has been observed, not only at 5 and 10°c but also at higher

temperatures 15* 20, 25 and 30°c, and for the concentrations

studied, namely 1x10~2M, 5xl0“3M and lxi0~3M for lithium sulphate,

lxl0”3M, 5x10**4M for sodium sulphate and 5xl0”4M, lxlO*4* for

potassium sulphate. While there is decrease in conductivity
—3continusously for the concentrations of 5x10 M for sodium sulphate 

—3and 1x10 M for potassium sulphate at all the tenpereturns studied.
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In acetone-water binary solvents the conductivity does
*4not pass through minimum for the concentration 1x10 ti, SxlO M

for lithium sulphate* lxlO*^M, lxlQ**M for sodium sulphate.

«*41x10 M for potassium sulphate. It has been observed that molar 

conductivity values decreases sharply beyond 80* of acetone.

The molar conductivity values pass through minimum at low teaperature 

i.e. at $ and 10°c in case of lithium sulphate (lxl0**M* 

for sodium sulphate (5xlO**M* lxl0***1)• But for potassium sulphate 

(5x10**11* 1x10**14) the minimum is obtained for all the six 

temperatures studied.

Zt seems that the minimum is conductivity at all teoperatures

in methanol-water system is due to structure breaking of water and

establishmnet of new hydrogen bodds to form methanol-water clusters.

The clustering is favoured only at 5 and 10°c in the case of

—4 —5ethanol-water system and the for the concentrations 1x10 M* 5x10 M

at lithium sulphate* 5xl0"”*M and lxl0**M of sodium sulphate and

potassium sulphate. The clustering of acetone-water is favoured

at all the tenperatuxes from 5 to 30°c in case of potassium

—5sulphate for concentration. 5x10 M. The clustering is
o .4

favoured at 5 and 10 c for the concentration 1x10 M* 5x10 M 

of lithium sulphate 5xl0**H* lxl0**H* lxl0**H of sodium sulphate.

When an electrolyte like lithium sulphate is dissolved in 

mixed solvents such as ethanol-water* lithium sulphate dissociates 

less* lithium and sulphate ions and get attached themselves to 

water molecules and ethanol molecules. This results to the 

division of lithium sulphate in water and ethanol. The ions 

attached to water molecules show very high conductance as



45 # •

coopered to the ions attached to ethanol molecules and therefore 

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 dimint ion in fluidity of solvent# which 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 4s also an inportant 

factor in causing the minimum in conductivity*

An explanation that can be offered to account for the 

minimum 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 associating solvents 

would then dissociates less than either alone and the conductivity 

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 solvent would pass through a minimum*

When an electrolyte is added in a concentrated form the 

dielectric constant of medium decreases rapidly with the result 

that dissociating power of electrolyte in mired solvent becomes 

less and conductivity decrease is observed throughout the entire 

composition range and therefore no minimum in molar conductivity is 

observed* Martin (1929-34-37), Kirkwood (1934) and Bell 11935).
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after studying static dielectric constant of alcohol-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 teoperature 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 

continously throughout composition range*

Various workers have observed that there is a close relation 

between conductivity minimum and viscosity maximum* The minima 

and maxima are more pronounced at 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-aqueous solvent* Leu (1979) 

has shown thet viscosity for ethanol-water system 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 establlshe in order to form alcohol-water clusters. These 

clusters help to decrease the ionic mobility# resulting into# 

increase in viscosity and decrease in conductivity of solution.

The number of such clusters increases with increasing concentra­

tion of ethanol or non-aqueous solvent and if number of clusters 

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

The systems 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°c. The volume contration is maximum in 

the composition range 50 to 70% at non-aqueous solvents and 

it has nearly the same values in this range. This may 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 

mi 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°c.
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Hon aq- 
solvent

Volume decreases on mixing in ml/2SQ ml
ETHANOL METHANOL ACETONE

10 2.4 2.5 3.3

20 4.7 4.7 5.7

30 6*8 7.0 7.6

40 7.4 7.5 9.6

50 8.8 9.0 10.1

60 8.9 9.0 10.2

70 8.9 8.8 9.8

80 7.5 7.5 9.0

f 90 5.2 5.3 7.0

The study of conductivity of ail the three electrolytes 

namely lithiun sulphate# sodium sulphate# and potassium 

sulphate in ethanol-water# methanol-water and acetone-wafer 

mixed solvents reveals that molar conductivity values obey 

the order -

acetone-water j> Urn methanol-water ethanol-water

up to 70% of nan-aqueous solvents* Above this percentage 

the order changes as -

methanol-water y acetone-water )> ethanol-water

The reason for the change in order can be attributed to the 

following factors rTr^

a) The association of acetone-water is highsr than alc&hol

water* r
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b) Tbs viscoisity of ace tone-water Medina is lower than 

methanol-water medium.

e) The static dielectric constant of methanol-water medium 

is higher than acetone-water*

The molar conductivity of the alkali metal sulphates in 

general obey the order * U2S04 4 Ma2S<>4 <(

It has been found that the specific conductance incceases 

from U to K as the atomic size increases* The 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°. Hal *9.8 A° . 

K* » 13.3 A° ) are taken from Lange‘s Hand book of Chemistry 

(twelth edition).

The results obtained can also be confirmed by other 

physio-chemical properties such as viscosity, surface-tension, 

spectrophotometry etc. The author intends to continue this 

line of research.
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Molar conductivity measurements of the alkali octal 

sulphates in nixed aqueous solvents such as ethanol-water, 

methanol-water and acetone-water have been carried out* The 

composition of the noct-aqueous solvents used were 0, 10, 20,

30, 40, 50, 60, 70, 80 and 90%. The conductivity measurements 

have been carried out at six different temperatures from 5 to 

30°c at an interval of 5°c* The concentrations used for 

ethanol-water were lxlO“2M, 5xl0“3M, lxl0~3M, lxlO^M, SxlO^M
emO

1x10 M* For methanol-water the concentrations used were 1x10 M 
5x10**3M, 1x10“3M, 5x10“4M, lxlO^M while for adetone-water, the

—4 <«&
concentration used were 1x10 M, 5x10 M, 1x10 M, 5x10 M# 

lxl O^M,

The results obtained show that the molar conductivity 

values pass through minimum at lower temperatures 5°c and 10°c
—A

for the concentration 1x10 M, 5x10 M and 1x10 M and above 

these temperatures namely 15, 20, 25, and 30°c there is a regular 

decrease in molar conductivity with increasing concentration of 

ethanol* Ho minimum in molar conductivity has been observed
«e4

even at low temperatures for the concentration 1x10 M and 5x10 M*

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°c and for the concentrations 

1x1Q~2M, 5x1 0**3M, 1x10“3M, 5x1 O*4** and lxlO^M.

Zn the case of ace tone-water system, no minimum in 

conductivity has been observed at low temperatures 5 and 10°e for 

the concentrations 1x10~3M, 5x1 O^M. A rapid decrease in molar
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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 lxlO~*M in acetone-water system# a minimus is 
obtained at 5 and 10°c studied for lithium sulphate while for 

the sodium sulphate and potassium sulphate there is no minima 
even at 5 and 10°c. A minimum in molar conductivity has been 
observed for the concentration 5xlo”3M with lithium sulphate# 

sodium-sulphate and potassium sulphate. A minimum in molar
-5conductance has also been observed for the concentration 1x10 M 

with sodium sulphate and potassium sulphate.

It has been observed that molar conductivity values of 
all the three electrolytes in ethanol-water# mstbanol-water 
and acetone-water obey the order.

ace tone-water methanol-water y ethano 1-water
upto 70% of non aqueous solvent. The order changes beyond 70% 
as methanol-water y acetone-water y ethanol-water.

Sach systems studied at six different temperatures indicate 
that molar conductivity varies linearly with temperature •

The results of volume contraction indicate that volume 
contraction is independent of the nature of electrolyte and the 
concentration of electrolyte. Xt has bean found that volume 
contraction is constant in the composition range 50 to 70% of 
non-aqeuous solvents.



REFERENCES

1. Abraham Michael H • • J.Chem.Soc*Faraday Trans.
78(1) # 197-211 (Eng. ), 1982.

2. Aleshko-Ozhevskil & 
others

• • Zh. Fiz. Khim, 53(6)# 1369-74 
(Russ)# 1979.

3. Bamane and Datar • • J.In Chemical Society# Vol. IVI
No. 1# PP. 41-47 (1979).

4« Bell R.P. • • Trans Far. Soc.# 27# 797 (1932)

5. Bell R.P. e e Trans. Far. Soc.# 31, 1557,(1935)

6. Bingham and Jones • e "Conductivity and Viscosity in 
mixed solvents*. Carnegie Institute 
Washington (1907).

7. Brewster P#W. • • J.AawCheituSoc. # 81# 5532-5(1959)

8* Campbell A.N. and
Others.

• e Can. J.Chem. # 31# 617-30(1953).

9. Campbell A.N. and 
others

• • Can. J.Chem.# 33# 1508-14 (1955)
34# 1232-42 (1956).

10. JBHtt Daniel and others • e Inorg. Cheat. Acta# 63(2), 267-72 
(Eng.)# 1982

11. D'Aprano Alessandro • • J.Solution. Cheat.# 8(11), 793-800. 
(1979).

12 Oas N.C. & others • e Electro Cheat. Acta (1978), 23 (10), 
1095-7 (Eng.)

13 Frank H.S* and others • • J. Cheat. Phys. 13# 507 (1945)

14 Frank H.3. & Ives • » D.J.G.Quast. Rev. Cheat. 3oc.« 20# 
(1966), 1.

15 Frank H.s. and Wen W. V. • e Disa. Fev. Soc. 24# 133(1957).

16 Qorhachev 3. V. • • Teknol. Inst. 19a# no. 32# 100-8

17 Gordon A.R. e • J. Cheat. Phys. 7, 221^2 (1939)

18 Helay and others • e Cheat. Ztg. # 111 (12), 369-71(Eng.), 

-1987.

19 Herraulich and others • • Z.Ptysik. Cheat.# 106# 49-92 (1923)

20 Hjyodo# Shaiki and others • e Elec to. Cheat. Acta# 34 (11), 1551-6 
(Eng.)# 1989

21 Ivanov and others • • Z.Khim* Tekhnol# 28(8)# 126-8 
(Russ), 1985.



22 Kartsmark & others ♦ e Can. J. Chem., 31, 617-30(1953), 32, 
1051-60 (1954), 33, 1508-14 (1955), 
1972, 50 (17), 2845-50(fing.)

23 Kaye and Laby • * Tables ffcysical Chemical and some 
function.

24 Kenkyu kiyo • e Wakayama Kogyokoto senmn Gakko 
(1980), 15, 67-70 (Japan)

25 Kirkwood • e J.Chem. Phys. 2, 351, 1934

26 Klochko M.a. • • Zhur. Meorg. Khim 3, 2375-81(1958).

27 Kofis lows ki • • Soc. Sci. lodz. Aseta. Chem., 1972, 
17, 49-56 (Eng.)

28 Kramer and others • • 2. Phys. Chem., 270(5), 865-75 U889)

29 Lange • • Lange's Hand book of Chem.
(TWelth eidition).

30 Leu and others • • Trans. Soc., Pham. Montpelliear, 
38(4), 317-28 (1978).

31 Levitskaya and others • • Z. Khim. Tekhnol, 21(10), 1466-9 
(Russ), 1978.

33 Maksimova X.H. & others • • Vkt. Khim. Zh., 21(10), 1466-9 
(Russ) , I960.

33 Martin a.r. • • Phil. Mag., 8, 457 (1929).

34 Martin A.R. • • Trans. Far. Soc., 30, 759, (1934).

35 Martin A.R* • • Trans. Far. Soc, 33, 191 (1937).

36 kart Parfitt O.D. • • Trans. Faraday. Soc., 59, 257-67 
(1963).

37 Proto senku, P. I. • • Zh. Meorg. Khim, 20(4), 1091-4 
(Russ), 1975.

38 Robinson A. P. • • J.Chem. Soc, 574-7 (1937).

39 Shkodin A.M. & others • • Zh. Gbshch. Khim, 38 (5), 1006-7 
(Russ), 1968.

40 Shkodin A.M.,
Volkova N.D. • e Ubiv. Khim. (USSR), 84 (3), 30-1 

(UK rain), 1972.

41 Shkodin A.M. & co-workers • * Ukr. Khim. Zh. (Russ), 41 (8), 
795-801 (Russ), 1975.

42 Suryanarayana C. V. • e Annamalai Uhiv. 178, 1461 (1956).



• • 3 • •

43 Towarach K.H* & others • • J. Solution Chem. 1989, 18 (4), 
387-401 (Eng.).

44 Vasia# S.K« & others • e Zh. Fiz* Khim# 53 (11), 2858-82. 
(Russ), 1979.

45 Vorobler and others • • Zh. Obshch. Khisi. # 1989# 59(10)# 
2196-201 (Russ).

46 Washburn 8.W. • e Ms. draw Hill bock Company Inc. 
Mew York (149).

47 Werner a.p. Luck e e Pure app. Chem.# 1987# 59 (9)# 
1215-18 (Eng.)

ft8 Zunjurwad and Naidu . • • J. Shivaji Univ. # 7(14)# 97-100 
(1974).



•fefiVAJI UbUVklSiii. . .■■ji.rtAPttm


