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Conductometric studies have been made for the solutions
of glycine bis-1-amidino-O-methylurea cobalt(IIl) chloride,
glycine bis-1-amidino-O-methylurea cobalt(III) bromide and
glycine bis-1-amidino-O-methylurea cobalt(Ill) iodide in
water and water + methanol mixtures at different temperatures
ranging from 5-35 °C. The conductance data in all cases have
been analyzed by Shedlovsky method to obtain limiting molar
conductances (A,) data and ion association constants (K,)
values. The influence of the mixed solvent composition on
the solvation of ions has been discussed based on the compo-
sition dependence of the Walden product (A.n,). The thermo-
dynamics parameters viz., changes in enthalpy, entropy and
free energy for the ion pair formation have been calculated
from the value of ion association constant at different
temperatures. The results have been discussed in terms of
ion-ion, ion-solvent and solvent-solvent interactions.

Key Words: Ion association constants, Thermodynamic
parameters, Walden product, Glycine bis-1-amidino-O-
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INTRODUCTION

Reliable values of single ion conductivities are useful for a variety of
purposes, among them is investigation of ion solvent interactions'. The
split of electrolyte conductivities into the ionic components ideally requires
transference numbers, the accurate measurement of which presents serious
experimental problems in many non-aqueous solvents. The conductance
and viscosity measurements provide valuable information regarding the
ion-ion and ion-solvent interactions®. Izonfuo and Obunwo® and Roy et al.*
studied the conductance of alkali metal in different mixtures mixed solvents.
Rajmuhon et al.”’ had studied the thermodynamic parameters and
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Walden products of different complexes. Rajmuhon and et al.*® also had
determined the comparison of transition metal complexes among the halide
groups.

The present work reports the comparative studies of conductometric
properties, thermodynamic behaviour and Walden product of glycine bis-
1-amidino-O-methylurea cobalt(IIl) chloride, glycine bis-1-amidino-O-
methylurea cobalt(III) bromide and glycine bis-1-amidino-O-methylurea
cobalt(IIl) iodide in water and water + methanol mixed solvents at different
temperatures between 5 to 35 °C. The data were analyzed using Shedlovsky
method'’. The K ,s and Walden products have been evaluated in these solvents
at the experimental temperatures. The thermodynamic parameters viz., AH®,
AS° and AG® for the formation have been studied from the values of ion
association constant at various temperatures. The computed values have
been used to discuss qualitatively the nature of different interactions.

EXPERIMENTAL

The octahedral Co(Ill) complexes viz., glycine bis-1-amidino-O-
methylurea cobalt(IIl) chloride, glycine bis-1-amidino-O-methylurea
cobalt(Ill) bromide and glycine bis-1-amidino-O-methylurea cobalt(III)
iodide were prepared by the reported procedure''. The purity of the samples
was determined by conventional chemical analysis and spectral measurements.
The values were in good agreement with the literature values. Methanol
was treated by the standard procedure'?. Water of specific conductance of
the order < 3 x 10° S cm™ was used for preparing aqueous solutions of
methanol with Xyeon = 0.0000, 0.0588, 0.1942, 0.3600 and 0.5676. These
solutions were prepared by dissolving weighed samples of the electrolyte
in solvent mixtures (w/w). All the viscosity, dielectric constant, density
and ion conductance values were interpolated from the literature values'.
A Systronics conductivity meter 306 (accuracy + 0.1 %) with a dip-type
immersion conductivity cell with smooth electrode was used. The experi-
ments were repeated 2-3 times for each concentration of the solution. The
observed molar conductivities were corrected for the conductivity of the
solvent concerned. The precision of the temperature measurement was
+ 0.01 (Model DS-G HAAKE Mess-Technik).

RESULTS AND DISCUSSION

The experimental values of conductance measurements of 2:1 Co(III)
complexes in water-methanol mixtures after correction were analyzed
using Shedlovsky extrapolation technique’. Shedlovsky method involves
the linear extrapolation equation
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where A is the molar conductance at a concentration C (g molar dm™), A,
the limiting molar conductance and K, the observed association constant.
The other symbols are given by
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z and A are the valence and conductance of the ions respectively, excluding
their sign, D is the dielectric constant of the medium, 1 the viscosity (c.p.).

The degree of dissociation (7) is related to S(Z) by the equation,
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R is the maximum centre to centre distance between the ions in the
ion-pair. There exists at present no method of determining the value of R
precisely'. In order to treat the data in our system the R value is assumed
to be R =a+ d, where a, the sum of the crystallographic radii of the ions, is
ca. equal to 5 A and d (A) is given by"

d = 1.183(M/p)"”

where M is the molecular weight of the solvent and p the density of the
solution. For mixed solvent M is replaced by the mole fraction average
molecular weight,

- MM,
XM, + XM,
X, is the mole fraction of methanol of molecular weight M, and X that of
water of molecular weight Mo.
As per Shedlovsky method, an initial value of A, was obtained from
the intercept of the linear Onsagar plot of A vs. C"2. A° is obtained from

the literature at 25 °C and other temperatures it was obtained by using
equation'®,

A= L 0[1+d (t—25)] 3)
where o’ is constant. Using these values of Ao, A’ ; A%,; Z,S(Z) and T values
were calculated. The mean activity co-efficient f. was determined by eqn. 2.
From the linear plot of 1/A S(Z) vs. C A 2. S(Z), A and K, were evaluated
from the intercept (1/Ao) and the slope (Ka/Ao?), respectively. The proce-
dure was repeated using these values of Ay and K. All calculations were
carried out on IBM PC-AT/386.

The results of K and Agn, at different temperatures are summarized
in Tables 1-3. As expected the order of K4 values are CI" > Br~ > I'. The
variation of Walden product (A1) for three salts with X; at 5, 10 and 20 °C
are shown in Figs. 4-6. In all these cases, the values of AN, increase with
increase in X, upto about 0.36 and thereafter it decreases rapidly. The
viscosity of water + methanol mixtures also passes through maximum about
X, =0.36. It is interesting to note that the A, values of the solute decreases
upto X, = 0.36 and then increases in methanol rich region at temperatures
from 5 to 35 °C, indicating maximum methanol-water interaction in the
region X; = 0.36.

On the water-rich side there exists a region, where water structure
remains more or less intact as methanol molecules are added interstitially
into cavities in the structure. As more and more methanol is added the
cavities are progressively filled, solvent-solvent interactions become stron-
ger and in turn producing maximum Walden product. Further addition of
methanol results in progressive disruption of water structure and the ions
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TABLE-1

Asian J. Chem.

VALUE OF A, (S em’), K, (dm’ mol") AND A 1 OBTAINED BY SHEDLOVSKY
TECHNIQUE FOR GLYCINE BIS-1-AMIDINO-O-METHYLUREA COBALT(III)
CHLORIDE IN METHANOL AND WATER MIXED SOLUTION AT

DIFFERENT TEMPERATURES

5°C__10°C___15°C___20°C___25°C___30°C__ 35°C
X, = 0.0000

A, 21326 23552 25244 26095 27509 29577 31027

K, 806.79  680.51  550.81 46026  388.66  317.44  270.28

An, 32416 30688 28627 26147 24511 23602 22339
X, = 0.0588

A, 18730 201.96 20416  222.17 22732 24330  266.84

K, 90320  767.62  633.17 52975 43467  370.68  308.62

AN 334890 32657 29522 27838  249.60 23892 23349
X, =0.1942

A, 15099  159.02 16677  177.02 18498  203.87  228.00

K, 100633 84739 70925 60143  501.80  430.08  355.81

AN 36253 346.66 32670 29739  267.11 25626 25331
X, = 0.3600

A, 12729 14488  167.97 169.18 17436 19856  221.33

K, 113120 94571 829.86  688.19 56397  479.18  417.28

An, 37029 360.90 34820 30419 27409  270.64  265.15
X, =0.5676

A, 14683  159.49 17687 17978  185.17  210.05  228.26

K, 124179 1100.14 92285  787.14  666.54 55198  474.89

A, 33345 31579 29873 289.99  247.94 24869 24150
TABLE-2

VALUE OF A, K,, An, OBTAINED BY SHEDLOVSKY TECHNIQUE FOR
GLYCINE BIS-1-AMIDINO-O-METHYLUREA COBALT(IIT) BROMIDE IN
METHANOL AND WATER MIXED SOLUTION AT DIFFERENT TEMPERATURES

5°C___10°C___15°C___20°C___25°C___30°C___ 35°C
X, =0.0000

A, 230.58  253.68 26853  277.85 29137 31375 33030

K, 77831 64557 536.84  433.09 37051  303.16  253.80

AN 35048 330.55 30451 27841 25961  250.37  237.82
X, =0.0588

A, 20064 21529 22441 24155 24941 26045 28092

K, 863.05 72243  607.31 50020 40149 33835  282.17

AN 358.74 34812 32450 30266  273.85 25576 24581
X, =0.1942

A, 163.62 17334 17837  193.04 20590 21856  238.30

K, 94551 80525 67091 56650 46587  389.85 32275

An, 30285  377.88 34943 32431 29732 27473 26475
X, =0.3600

A, 139.14 15579 17284 18259 19414 21062  233.22

K, 1078.17  918.83 79892 64755 51255 44079 37217

AN 40476 388.07 35830 32830  305.19  287.20  279.40
X, =0.5676

A, 15510 167.55 186.60  198.85 20497  227.36  239.05

K, 116644 1001.10 86120 70810  593.03  480.18  431.84

AN 35223 33175 31517 300.86 27445  269.19 25291
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TABLE-3
VALUE OF A, K,, An, OBTAINED BY SHEDLOVSKY TECHNIQUE FOR
GLYCINE BIS-1-AMIDINO-O-METHYLUREA COBALT(II) IODIDE IN
METHANOL AND WATER MIXED SOLUTION AT DIFFERENT TEMPERATURES

5°C___10°C___15°C___20°C___25°C___30°C___ 35°C
X, = 0.0000

A, 24419 263.82 27658 28837 30216  318.14 33502

K, 701.88 57299 46595 39070 34670 29051  232.18

An 37117 34376 313.64 28895  269.22  253.87 24121
X, = 0.0583

A, 21447 22423 22961 24555 25886 27031  286.73

K, 837.30  697.94  579.14 45823 39267  328.13  266.05

An 38347 36258 33202 307.67  279.84 26544  250.89
X, =0.1942

A, 169.34 17817  179.65 19561 21085 23005  242.24

K, 92444 77823  651.85 53567  449.13 37424  309.97

AN 406.59 38841 35193 32862 30447  289.17  269.13
X, = 0.3600

A, 14354 15797 17575 18932 20062 22034  237.24

K, 1022.85 86418 73135 60598 48891 42138  357.59

An 41756 39350  364.33 34040 31537 30046 38421
X, =0.5676

A, 170.18 16896 18893  201.10 21156 23128  241.16

K, 109949 96516  840.99  678.13  579.41 47328 42598

An 38648 33454 31910 30426 28328  273.84  255.15

TABLE-4
THERMODYNAMIC PARAMETERS AG° (kJ mol™), AH® (kJ mol™)

AND AG° (kK T mol") OF GLYCINE 1-AMIDINO-O-METHYLUREA COBALT(II)
CHLORIDE IN METHANOL + WATER MIXTURES USING

SHEDLOVSKY METHOD
27815K_ 283.15K_ 288.15K_ 293.15K_ 298.15K_ 303.15K__308.15K
X, = 0.0000
AG® 1550 -1534 <1512 <1493 <1479 -1451  -14.34
AH° - 3133 - - - - -
10° AS° 5691 5647 5626  -5594  -5548  -5548  -55.14
X, = 0.0588
AG® 1550 <1567 -1547 1527 -1507  -1492  -14.69
AH® - 3064 - - - - -
10’ AS° 5350 -52.87 5272 -5243 5222 5186 -51.76
X, =0.1942
AG® 1598 -1589  -1572  -1560  -1541  -1527  -15.05
AH° - 2979 - - - - -
10° AS° 49.65  -49.09 4883  -4841 4823 4790  -47.83
X, =0.3600
AG® 1624 -16.16  -1611  -1594  -1570  -1556  -15.46
AH° - 2872 - - - - -
10° AS° 4487 4436 4376 -43.60  -43.67 4341 4303
X, =0.5676
AG® 1646 -1648  -1638  -1628  -1610  -1590  -15.81
AH° - 2735 - - - -

10’ AS° -39.15 -38.38 -38.07 -37.76 -37.73 -37.77 -37.45
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TABLE-5
THERMODYNAMIC PARAMETERS AG’, AH® and AS® OF GLYCINE
1-AMIDINO-O-METHYLUREA COBALT(IITI) BROMIDE IN METHANOL +
WATER MIXTURES USING SHEDLOVSKY METHOD

278.15K  283.15K  288.15K  293.15K  298.15K 303.15K  308.15K

X, =0.0000

AG® 1539 -1523  -1506  -14.82  -1467  -1440  -14.16

AH° - 2872 - - - - -

10° AS® 4792 4764 4747 4742 4702 4724 4725
X, =0.0588

AG® 1566 -1551  -1534  -1516  -14.84  -1469  -14.46

AH° - 2785 - - - - -

10’ AS° 4383 4383 4341 4329 4364  -4341  -4345
X, =0.1942

AG® 1587 -1578  -1561  -1544  -1524  -1503  -158I

AH° - 2553 - - - - -

10’ AS° 3548 3458 4341 4329 4351 3464 -3479
X, =0.3600

AG® 1614 -1605  -1600  -1577  -1547  -1532  -15.16

AH° - 2393 - - - - -

10° AS® 2801 2709 2752 27.84 2837 2840  -28.46
X, =0.5676

AG® 1635  -1626 2622 -1600  -1581  -1556  -15.56

AH° - 2188 - - - - -

10° AS® -19.88  -19.85  -19.64 2006  -20.36  -20.85  -20.44
TABLE-6

THERMODYNAMIC PARAMETERS AG°, AH® and AS° OF GLYCINE
1-AMIDINO-O-METHYLUREA COBALT(II) IODIDE IN METHANOL + WATER
MIXTURES USING SHEDLOVSKY METHOD

278.15K  283.15K  288.15K 293.15K 298.15K 303.15K  308.15K

X, =0.0000

AG® 1518 -1496  -1473  -1454  -1450 -1428  -13.98

AH® - 2681 - - - - -

10° AS® 4181 4185 4192 -4186  -4129  -4133  -41.64
X, =0.0588

AG® 1555 -1540  -1523  -1493  -1479  -1463  -14.28

AH° - 2553 - - - - -

10° AS° 3580 3578 3575 3616 -36.02  -3596  -36.51
X, =0.1942

AG® 1582 -1567  -1550  -1532  -1513  -1492  -14.69

AH° - 2357 - - - - -

10° AS° 2783 2790 2801 2814 2831  -2853  -28.82
X, =0.3600

AG® 1603 -1594  -1578  -1560  -1536  -1521  -15.50

AH® - 2298 - - - - -

10° AS® 2499 2486 2499 2517 2556 2563  -25.73
X, =0.5676

AG® 1619 -16.16  -16.11  -1588  -1576  -1556  -15.52

AH® - -20.89 - _

10° AS° -16.90 -16.90 -16.59 -17.09 -17.21 -17.58 -17.43
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become solvated with the other component of the solvent mixture (viz.,
methanol). The effect would be more in case of a solution at a higher tem-
perature. As expected, A, values increase with rise in temperature linearly
irrespective of the nature of the solvent. The free energy change (AG®) for
association is calculated from the relation'’, AG® = -RT In Ka. The heat of
association (AH®) is obtained from the slope of the plot of log K4 vs. 1/T
shown in Figs. 1-3. The AH® values obtained are found to increase system-
atically with the composition of the mixed solvent. The entropy change
(AS°®) is calculated from the Gibbs-Helmholtz equation, AG® = AH® - TAS®.
The values of these thermodynamic functions are given in Tables 4-6. The
negative values of AH® indicates that ion association processes are
exothermic in nature in all solvents at all temperatures. At a particular
temperature AG® becomes more negative with the increase in X;. This
indicates that ion-pair association is favoured with lowering of dielectric
constant of the medium. A positive entropy change is explained on the
assumption that the ice-berg structure around the cation is broken when
association takes place leading to an increase in the degree of disorderliness™.
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log K,s increase linearly with the increase in temperature. Ag1|, is maximum

at X; = 0.36 in which 1 is maximum. Ion-association process is exothermic
in nature. lon-solvation is minimum in the mixture whose viscosity is maxi-
mum. In methanol rich region ion association process are less energy-
consuming and more stabilized than in water-rich region.

NN E DD =

— = — om0
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