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CONDUCTIVITIES AND IONIC ASSOCIATION OF COPPER (IT) AND MANGANESE (II)
SULPHATES IN METHANOL + WATER AT 298.15 K
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Electrolytic conductivities for copper (II) and manganese (II) sulphates in binary mixtures of methanol + water
have been measured at 298.15 K. The data were analyzed with the Lee and Wheaton conductivity equation for the
derivation of limiting molar conductivities and association constants. The results are compared with those in the
literature pertaining to analogous media, derived conductometrically.
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Introduction

There have been numerous conductometric studics on
1:1 clectrolytes in pure as well in binary mixed solvent
systems [1-4]. The litcrature survey shows that the conduc-
~ tivity measurements on 2:2 salts, especially transition metal
(II) sulphates,in mixed solvent systems arc rare [5-9].

Present paper reports the molar conductivities for dilute
solutions of copper sulphate and manganese sulphate in binary

mixtures of methanol with water ranging in composition from

0 to 56.7 mole % of the cosolvent at 298.15 K. The values of
limiting molar conductivities, A_, and association constants,
K,, were derived from the concentration- conductivity data
and are discussed in terms of solvent effect on these parame-
ters. In addition, results are compared with those available in
the literature pertaining to analogous media and the electro-
lytes.

Experimental

Copper sulphate penta hydrate and mangancse sulphate
mono hydrate were ultra high purity product of Merck
(99.8 %) and were recrystallized from triple distilled water.
These were dried and stored in a desiccator over P,O,. KCI,
also a product of Merck, and was recrystallized from conduc-
tivity water, dried for several days in an oven till constant
weight was achicved and was stored in a dessicator over P,O,.
Methanol (from Merck) and water were distilled and purified
as detailed elsewhere [14].

The apparatus and procedure of conductivity measure-

ments were the same as reported earlier [10-13]. The conduc-
tivity cell was calibrated with aqueous KCl solutions as
recommended as by Wu et al. [15]. The values of densities,
viscosities and diclectric constants for methanol + water
mixtures were taken from previous papers [13-14]. The
accuracy of conductance measurement was * 0.1%. The
temperature of the oil bath was kept at 25 = 0.01°.

Results and Discussion

The molar conductivitics, (A S-cm? - mol™), for CuSO,
and Mn SO, solutions of different concentrations in diffcrent
methanol + water mixtures are given in Table 1. The conduc-
tivity - concentration data were analyzed with the Lec and
Wheaton conductivity equation [16] in series form as sug-
gested by Pethybridge and Taba [17], for the derivation of the
limiting molar conductance, A_, and the association constant,
K,, for the process : ' ‘

M+ 80,2

As the data were highly sensitive to ion-pair distance parame-
ter R (called Gurny cosphere diameter [18]), the A and K
values, reported in the Table 2, at R = 6 A for all methanol
+ water mixtures.

The values of limiting molar conductivities, A , found for
CuSO, and MnSO, in aqucous medium are 133.38 and 132.32
S.cm? mol* at298.15 K, respectively. The literature values as
quoted by other investigators [5 - 9] are from 133.32 to 134.3
S. cm? mol? for CuSO, and 133.1 S.cm®mol* for NiSO,
respectively.

The variation of A valucs with composition of methanol
+ water mixtures and the comparison with the values reported
by other rescarch workers [8 - 9] for both salts are shown in
Fig.1. The figure indicatcs that both the electrolytes have
different A values in the same methanol + water mixtures
which isin contrast to the A values found for transition metal
(ID) salts either 2:1 or 2:2 salts in pure solvents [20 - 25]. The
A values decreased as the contents of methanol increased in
the methanol + water mixtures. Further, in the Fig.2, the
valucs of normalized Walden products, i.e. R* = (A, n)°/
(A,mY, which hav been plotted against the inverse dielectric
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constant values (100/¢) for methanol + water mixtures pass
through maximum at about, x = 0.15 mole fraction of metha-
nol. These values further infer that the CuSO, are MnSO, are
differently. solvated first by the methanol - water clathrate
and then by methanol molecules as the contents of methanol
increase. Further as seen in the figure, the A, values found in
present work differ with literature valucs within £0.5%. The
difference may be due to the use of diffcrent conductivity
equation and thc parameter R.

The values of association constants, K, (dm.> mol?),
found for CuSO, is 188+0.3 and for MnSO, is 1811, respec-

tively at 298.15 K and at R = 6 A. As reviecwed by the
Wasylkiewicz [26] the K, values found by other rescarch
worker arc 126 t0 251 dm?*. mol™ for CuSO, and for MnSO, are
133-200 dm.* mol.? [7] respectively, depending on the theory
and method. The values of K, increased as the values of R were
varied from 4 to0 15 A Similar observations were found by
otherinvestigators[5 - 8] inaqucous medium. The dependence
of log K, values on the inverse of diclectric constant values of
methanol + water mixtures (100/¢) is shown in Fig.3. The non-
lincarity of the plots indicates some spccific short terms
interactions of ion with the solvent in addition to simple

TaBLE 1. Mor.AR CoNpucTIVITIES (1/2 A) FOR METAL (IT) SULPHATES IN METHANOL + WATER MIXTURES AT 298.15 K.

10° C/ 1/2 A/ (S.cm® mol?)

(Moldm?® x =0 =59 123 19.4 273 36.0 45.7 56.7

CuSO,
3.84 123.11 89.80 72.83 58.39 48.35 3743 25.38 15.98
7.40 116.86 84.13 65.41 S1:5% 41.88 31.82 20.89 12.80
10.71 112.10 79.96 60.54 47.27 37.97 28.56 18.45 11.16
13.79 108.30 76.73 57.00 4422 35.28 26.37 16.85 10.12
16.67 105.17 74.11 54.29 41.92 33.26 24.77 ISel 9.38
19:35 102.54 71.95 52.13 40.11 2 EY e 2552 14.84 8.83
21.87 100.29 70.12 50.35 38.63 30.46 22.54 14.16 8.39
24.24 98.33 68.55 48.86 37.40 2943 21592 13.60 8.04
2647 96.62 ~ 67.18 47.59 36.36 28.56 21.04 13.13 7.74
28.57 95.11 65.98 46.48 3546 27.719 20.45 12.74 7.50
30.55 93.76 64.92 45.52 34.68 27.14 19.94 12.40 7.28
3243 92.54 63.96 44 .67 33.99 26.57 19.50 12.10 7.10
34.21 91.43 63.11 43.92 33.38 26.06 19.14 11.84 6.94
35.89 90.44 62.33 43.24 32.83 25.61 18.76 11.61 6.79
37.50 89.52 - 61.62 42.62 32.34 25.20 18.45 11.40 6.68

MnSO,
3.84 125.22 98.48 81.03 66.51 58.46 46.67 31.64 2111
741 119.65 93.14 74.98 59.87 ali 40.02 26.18 17.05
10.71 11532 89.12 70.69 5548 47.46 36.09 23.19 14.92
13.79 111.82 85.94 6743 52.30 44.43 3342 2023 13.56
16.66 108.91 83.34 64.85 49.85 42.15 31.45 19.82 12.59
19.35 106.44 81.16 62.73 47.89 40.35 29.93 18.74 11.86
21.87 104.32 79.30 60.96 46.28 38.87 28.70 17.89 11.28
24.24 102.46 77.69 5945 4493 37.65 27.69 17.19 10.82
2647 100.82 76.29 58.15 43.78 36.61 26.84 16.61 1044
28.57 99.37 75.05 57.02 42.77 35.72 26.12 16.12 10.11
30.55 98.07 73.94 56.01 4190 34.94 25.49 15.70 9.84
3243 96.89 72.95 55.12 41.13 34.25 24.94 15.33 9.58
3421 95.83 72.06 54.31 40.44 33.64 2445 15.01 9.37
35.89 94.85 7125 53.59 39.82 33.09 24.02 14.72 9.18
37.50 93.97 70.51 5293 39.26 32.60 23.62 14.45 9.01

x : Mole % Methanol.
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Fig. 1. Comparison of values of limiting molar conductances, A , for salts
in methanol + water mixtures at 298.15 K.
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Fig. 2. Dependence of normalized Walden products, (A, s/ Aany,
values for CuSO, and MnSO, on the composition of methanol + water
mixtures at 298.15 K.
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Fig. 3. Dependence of association constant values, log K, , for CuSO, and
MnSO, on the inverse of dielectric constant values (1/8) for thethanol + water
mixtures at 298.15 K.

TABLE 2. CONDUCTIVITY PARAMETERS FOR METAL (II)
SULPHATES IN METHANOL + WATER MIXTURES AT 298.15 K.

Methanol/ 12,/ K,/ 1000A / A,
Mole % (S.cm?. mol?) (mol? . dm?) (%)
CusO,
0.0 132.73 £ 0.03 185+0.3 0.02
58 98.93 +0.02 256 + 1 0.03
12.3 87.15+0.02 583 +3 0.03
19.4 72. 86+ 0.02 776 +3 0.02
273 63.86 + 0.01 10725 0.03
36.0 52.71+0.02 1457+ 6 0.02
45.7 41.14 £ 0.03 2550+ 6 0.01
56.7. 30.04+0.02 4129+ 10 0.01
MnSO4
0.0 133.71 £ 0.04 154 + 1 0.05
58 106.77 £ 0.02 204 + 1 0.03
12.3 91.22 +0.03 338+ 1 0.04
19.4 79.21+0.03 564 +2 0.04
273 70.55 + 0.05 763 +3 0.05
36.0 63.76 + 0.03 1275+ 6 0.03
45.7 4988+0.02 232947 0.02
56.7 37.55+0.05 3655+ 11 0.06

electrostatic interactions. CuSO, has been found more associ-
ated in methanol + water mixtures as compared to MnSO,.
This may be due to smaller size and more polarizability of
Cu*?ion as compared to Mn*2 ion.
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