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Conductometric Studies of the lon Association of a-/B-Alanine
Bis-Biguanide Caobalt(l11) lodide in Methanol + Water
Mixtures at Different Temper atures
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The conductance behaviour of a-alanine bis biguanide cobalt(l11)
iodide and -alanine bisbiguanide cobalt(l11) iodide have been measured
in the concentration range (3.00-1.25) x10* eqv.dm® in methanol +
water mixtures at 10-35 °C. The limiting equivalent conductances (A)
and ion association constants (K ) for various compositions have been
calculated using Shedlovsky method. The limiting equivalent conduc-
tances (/\o) and ion association constants (K ) for various composition
have been calculated using Shedlovsky method. The Walden products
were determined. Based on the composition dependence of the Walden
products, the influence of the mixed solvent composition on the solvation
of ions has been discussed. For both salts, limiting equivalent conduc-
tances increase with raise in temperature and also ion association con-
stantsincrease with increasein the mole fraction of methanol. Thether-
modynamic parametersviz., changein free energy (AG°), enthal py (AH®)
and entropy have been calculated from the values of association constants.

Key Words: Association constant, Shedlovsky equation, Thermo-
dynamic parameters, a-/B-Alaninebis-biguanide cobalt(l I 1) iodide.

INTRODUCTION

The significance influence of dielectric constants on the ion-pairing process of
an electrolyte has been revealed by many workers™. The theories of conductance
have reveal ed one featurein common that the solvent is assumed as a continuum of
permittivity D and viscosity n. This assumption is hardly valid when discussing
strong ion- solvent interaction, since the size of solvent molecules are comparable
to those of solute molecules, sincethe size of solvent moleculesare a so considered
as rigid uniformity charged unpolarizable sphere>®. Concerning ion solvent inter-
actions this mode! is at best a doubtful approximation. Fous*® has developed a
model which permits treatment of long and short range interionic effects.

In the present work, the conductance and thermodynamic parameters of o-/[3-
alanine bis-biguanide cobalt(l11) iodide in water (H.O) + methanol (MeOH) mixture
at 283.15, 288.15, 293.15, 303.15 and 308.15 K were examined. Thelimiting equivaent
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conductances (/o) and ion association constants (Ka) for different mole fraction
i.e, 0.0000, 0.1942, 0.3600 and 0.5676 have been calculated using Shedlovsky’
method. These computed val ues have been used to discuss qualitatively the nature
of theion-ion, ion-solvent and solvent-solvent interactions of the complexes salt in water
+ methanol mixtures. Temperature variation of K and /Ao have been studied to obtained
the thermodynamic parametersi.e., change in free energy, entropy and enthalpy.

EXPERIMENTAL

a-Alanine bis-biguanide cobalt(l1l) iodide and B-alanine bis biguanide
cobalt(I11) iodide were prepared by following the reported procedure®®. The purity
of the sample was determined by conventional chemical analysisand spectral mea
surements. The values were in good agreement with the literature values. M ethanol
wastreated by the standard procedure®. About 700 mL of crude methanol (quaigens)
was treated with (10-13 g) CaO and was refluxed for 6 h. The mixture was kept
undisturbed overnight and then distilled™. For preparing agueous solution of metha-
nol Xyeon +0.0588, 0.1942, 0.3600 and 0.5676 water of specific conductance of the
order < 2 x 10° S cm™ was used. All the solution were prepared by dissolving
weighed samples of the electrolyte in solvent mixtures. All the viscosity, dielectric
constant and density valueswereinterpolated fromm literature values™. The condu-
ctivity measurementswere made at 1 KHz with a Systronics-306 digital conductivity
cell with smooth electrode. The observed conductivities were connected for the
conductivity solvent. The experiment was performed between 10-35 °C. Thetemper-
ature was controlled in athermostatic bath- Model D-G of HAAKE Mess-technik.

RESULTSAND DISCUSSION

The conductivity values of a-/pB-aanine bis biguanide cobalt(l11) iodide (2:1
salts) were analyzed using Shedlovsky’ technique. Shedlovsky method involves
the linear extrapolation using egn. 1:
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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
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z and A are the valence and conductance of the ions respectively, excluding their
sign, D isthe dielectric constant of the medium, n the viscosity (c.p.). The degree
of dissociation (1) isrelated to S(Z) by the equation,
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R is the maximum centre to centre distance between the ionsin the ion-pair. There
exists at present no method of determining the value of R precisely®. In order to
treat the datain our system the R valueis assumed to be R = a+d, where a, the sum
of the crystallographic radii of theions, is approximately equal to5 A and d (A) is
given by Glasstone®:

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
X1 isthe mole fraction of methanol of molecular weight M; and X that of water of
molecular weight M.
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Asper Shedlovsky method, aninitial value of A\, was obtained from the intercept
of the linear Onsagar plot of A vesus C*2. \°is obtained from the literature at 25 °C
and at other temperatures it was obtained by using equation™*:

2 = Mgs[1+ o' (t - 25)] ©)
where o' is constant.Using these values of Ao, 2°,2° ; Z,S(Z) and t values were
calculated. The mean activity co-efficient f. was determined by egn. 2. From the
linear plot of /AS(Z) versus CAf.’S(Z), A\, and K, were eva uated from theintercept
(1//\) and the Slope (K a/A?%), respectively. The procedure was repeated using these
values of Ao and K. All calculations were carried out on IBM PC-AT/386. The
results of K, and Agh, at different temperatures are summarized in Table-1.

TABLE-1
VALUE OF LIMITING EQUIVALENT CONDUCTANCE A, (S cn?), ASSOCIATION
CONSTANTSK,, (dmequiv’) AND WALDEN PRODUCT (Agno) OBTAINED BY
SHEDLOVSKY TECHNIQUE FOR a.-ALANINE BISBIGUANIDE COBALT(I11) IODIDE
IN METHANOL + WATER MIXTURES AT DIFFERENT TEMPERATURES

Temperature (°C)
10 15 20 25 30 35
X, =0.000
A, 21057 228.76 24114 256.24 265.97 287.22
Ka 435.57 307.78 328.88 293.36 323.56 372.83
A, 274.37 259.41 241.62 228.31 212.24 206.80
X, =0.0588
A, 176.34 186.78 208.24 226.20 241.08 262.69
Ka 490.78 420.89 367.05 334.26 374.59 432.97
A, 285.14 270.08 260.92 248.37 236.74 229.85
X, =0.1942
A, 135.03 143.22 164.15 179.96 193.79 208.53
Ka 583.60 50.35 417.79 37342 422.97 515.44
A, 294.37 280.57 275.77 259.86 243.59 231.68
X, =0.3600
A, 12255 141.18 156.30 168.14 181.97 196.95
Ka 678.72 565.85 478.18 406.33 480.96 561.72
A, 305.27 292.67 281.03 264.32 248.03 235.95
X, =0.5676
A, 12753 137.42 151.89 168.19 186.99 201.60
Ka 737.47 616.46 528.47 462.18 520.21 660.40
A, 252.51 232.10 229.81 226.17 221.40 213.29

The values of log Ka are plotted versus temperature(t) in Fig. 1. These plots
give smooth curve with a minima (tmn) generaly at 25 °C. The relative order of
magnitude of log K for the complex salt depends on the temperature which can be
reproduced by a quadratic equation™.
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log Ka = p(t-tmin)” + 10g Kagmin) (4)
where tmin, l0g Kamin are constant and p corresponds to the curvature of the parabola.

Thefollowing expressionsfor the standard entropies and enthal piesion association
in salt solution AS® and AHC can be derived from the egn. 4.

ASP = 2.303 R{log Kagmin) + p(3t + 546.3) (t-tmin)}
AHC = 4.605 pR (t + 273.15)? (t-tmin)
AGP = AH° — TASP
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Fig. 1. Temperature dependence of the ion-association constants between [Co(a-alan)

(BigH).]? and I~ in different mixed solvents of methanol + water: (A) X = 0.0000,
(m) X =0.0588 (O0) X = 0.1942, (@) X = 0.3600 and (O) X =0.5676

The Ao values for the electrolytes increases with rise in temperature in methanol
+ water mixtures. These are due to the fact that increased thermal energy resultsin
bond breaking and variation in vibrational, rotational and translational energy of
the molecules that |eads to higher frequency and higher mobility of ions.

The variations of AN and n with the mole fraction of methanol is shown in
Fig. 2. The viscosity of methanol + water mixture increase upto Xweon = 0.36 in
both cases and thereafter it decreases. Interestingly values of A\, of the salt decrease
upto thismole fraction and then increase in methanol rich region at al the temperature
i.e., 10-35 °C as expected from the Wal den product rule. The maximum in n versus
mol e fraction indicates maximum interaction between water and methanol in such
solvents. The Walden product (A\.no) increases upto the mole fraction of 0.36 in
methanol and decreases. It's change in solvation is reflected by the variation in
NoNo”, theincrease of the product indicates as increase of the hydrophobic solvation
withincreasing concentration of methanol. Asthe methanol content increases progre-
ssive disruption of water structure occurs and the ions become solvated with the
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other component of the solvent mixture (viz., methanal). Further, the effect would
be more in case of a solution at a higher temperature. These trends are observed in
present experiment too (Fig. 2).
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Fig. 2. Temperature dependence of the ion-association constants between [Co([3-alan)
(BigH)2]? and I~ in different mixed solvents of methanol + water: (A) X = 0.0000,
(m) X =0.0588 (O0) X = 0.1942, (@) X = 0.3600 and (Q) X =0.5676

Both salts, the Kasare found to increase in Xweon (linear plots) which indicates
an increased associations when methanol is added to water. The smaller Aon, values
in water rich region may be due to the large effective radius of the solvated radius
of the cation whereas maximum value of Aqo a Xweon = 0.36 correspondsto minimum
value of solvated radius of the cation. A noticeable decreasein the solvation size of
other solutes in water rich mixtures has also been found previously by other’®*’.
The Aon,. inthese binary mixed solvents of water increases and then decreases after
passing through a maxima'. It is thus apparent that the variation of the Walden
product with the solvent compositions is due to an electrochemical equilibrilium
between the cations with the solvent molecules on one hand and the sel ective solvation
of ions on the other with the change in the composition of the mixed solvents and
temperature of the solution.

Thevaues of AS?, AH® and AGP at different temperatures and in different solvents
are shown in Tables 1 and 2. The values of the K, of the complexes decrease with
rise in temperature until the Kaminy 1S reached at tmin which is characteristics of the
anions. Beyond trin, these valuesincrease gradually. The presence of t, was expla-
ined due to the weak hydration of the anion related to their structure of breaking
properties’®’®, Theincrease in the K, beyond t., is supported by increase of entropy
changes. A positive entropy change has 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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TABLE-2
VALUE OF LIMITING EQUIVALENT CONDUCTANCE A, (S cn?), ASSOCIATION
CONSTANTSK,, (dm’equiv?) AND WALDEN PRODUCT (Agn,) OBTAINED BY
SHEDLOVSKY TECHNIQUE FOR B-ALANINE BISBIGUANIDE COBALT(!!1) IODIDE
IN METHANOL + WATER MIXTURES AT DIFFERENT TEMPERATURES

Temperature (°C)
10 15 20 25 30 35
X, =0.000
A, 176.13 189.89 203.43 223.14 237.12 256.80
Ka 455.84 392.49 347.48 315.03 338.15 377.10
A, 229.50 21534 203.84 198.82 189.22 184.90
X, =0.0588
A, 144.58 155.83 172.19 194.53 200.56 217.49
Ka 527.18 441.18 381.28 347.19 411.58 476.10
A, 233.79 225.33 215.75 213.59 196.95 190.30
X,=0.1942
A, 110.52 119.94 136.57 149.59 163.72 175.10
Ka 645.73 555.24 461.12 405.85 458.52 559.70
A, 240.93 234.96 229.44 216.10 205.80 194.34
X, =0.3600
A, 102.53 114.10 128.06 138.93 15541 165.42
Ka 709.48 592.91 518.16 451.16 492.14 596.01
A, 255.40 236.53 230.79 218.40 211.82 198.17
X, =0.5676
A, 107.42 120.78 132.35 146.13 159.82 174.52
Ka 795.43 686.93 573.89 496.99 598.95 731.85
A, 212.69 204.00 200.25 195.68 189.23 184.64

Asexpected, thefree energy changesbecome more negative at higher percentage
of methanol which indicate the ion pair association are favoured with lowering of
dielectric constant of the medium in both cases. The lowering of K, values with
rise in temperature upto t, is reflected by negative AH® values. Since the reaction
is exorthermic, at higher temperature, ion association decreases. Above tmin, Ka
values increase with increase in temperature which is supported by positive AH®
values as shown in Tables 3 and 4. Beyond t.,, ion-assocciation is endothermic so
ion-association increase with increase in temperature.

Conclusion

Both salts show minimum association constants K amin & 25 °C, Ao are maximum
a same mole fraction i.e., Xueon = 0.36 in which n is maximum. At a particular
temperature, solvated radius of cation is inversely proportional to A.n.. Solvent-
solvent interaction is maximum where ) of solvent mixture is maximum. With the
increase in mole fraction of methanol, progressive disruption of water structure
occursand theions become solvated with methanol. Further, thermodynamics para-
meters support the variation of K, with temperature in both cases.
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TABLE-3
THERMODYNAMICS PARAMETERS AG® (kJ equiv™?), AH® (kJ equiv) AND
A (kI K 'equiv?) OF a-ALANINE BISBIGUANIDE COBALT(II1) IODIDE IN
METHANOL + WATER MIXTURES AT DIFFERENT TEMPERATURES

Asian J. Chem.

Temperature (K)
283.15 288.15 293.15 303.15 308.15
X, =0.000
AG® -14.87 -14.75 -14.71 -15.25 -15.18
AH° -35.14 -32.33 -32.64 38.35 37.85
10° AS® -71.58 -62.02 -61.16 176.83 172.08
X, =0.0588
AG® -14.58 -14.44 -14.39 -14.95 -15.56
AH° -34.13 -31.79 -26.72 34.83 40.86
10° AS® -69.05 -60.21 -42.05 164.20 183.12
X, =0.1942
AG® -14.99 -14.89 -14.70 -15.25 -16.01
AH° -39.68 -40.63 -32.11 37.37 50.90
10° AS® -87.20 -89.32 -59.38 17355 217.14
X, =0.3600
AG® -15.22 -15.18 -15.03 -156.58 -16.23
AH° -41.03 -45.71 -46.52 51.52 51.12
10° AS? -91.16 -105.97 -107.43 221.31 218.56
X, =0.5676
AG® -15.54 -15.36 -150.28 -15.82 -16.65
AH° -41.52 -38.63 -38.30 41.38 56.35
10° AS® -91.76 -80.73 -78.73 188.67 236.90
TABLE-4

THERMODYNAMICS PARAMETERS AG® (kJ equiv™?), AH® (kJ equiv®) AND
AS® (kIK* equiv®) OF B-ALANINE BISBIGUANIDE COBALT(lII) IODIDE IN
METHANOL + WATER MIXTURES AT DIFFERENT TEMPERATURES

Temperature (K)
283.15 288.15 293.15 303.15 308.15
X, =0.0000
AG® -14.41 -14.30 -14.26 -14.68 -15.21
AH° -32.83 -30.33 -27.97 21.60 28.40
10° AS° -65.04 -55.61 -46.77 119.70 141.49
X, =0.0588
AG® -14.81 -14.58 -14.48 -15.19 -15.81
AH° -39.50 -33.06 -26.72 52.00 49.84
10° AS® -87.17 -64.12 -41.73 221.64 213.05
X, =0.1942
AG® -15.12 -15.00 -14.94 -15.46 -16.22
AH° -37.15 -43.26 -36.46 37.30 50.72
10° AS° -77.80 -97.63 -73.38 174.01 217.23




Vol. 21, No. 6 (2009) Conductometric Studies of a-/B-Alanine Bis-Biguanide Co(lll) lodide 4223

X, = 0.3600
AG® -15.45 -15.29 -15.24 -15.63 -16.33
AHP -40.39 -3757 -39.35 26.32 43.84
10° AS -88.08 -77.33 -82.25 138.38 149,55
X, = 05676
AG® -15.72 -15.64 -15.49 -16.13 -16.91
AHP -4181 -44.70 -41.13 57.07 6111
10° AS -92.14 -100.83 -87.47 241.15 25321
ACKNOWLEDGEMENT

The authors are thankful to University Grant Commission(UGC), New Delhi,
Indiafor financia support.

REFERENCES

N. Bjerrum, Kon. Danske Vidensk. Selskab, 7, 9 (1926).

2. R.M. Fuoss, J. Am. Chem. Soc., 80, 5059 (1958).

3. R. Fernandez-Prini, ineds.: A.C. Coington and T. Dickson, Physical Chemistry of Organic Solvent
Systems, Plenum Press, London (1973).

4. J Barthel, R. Watcher and JH. Gores, in eds.: B.E. Conway and J.O.M. Bockris, Modern Aspects
of Electrochemistry, Plenum Press, London, Vol. 13 (1979).

5.  R.M. Fous, J. Phys. Chem., 79, 575 (1975).

6. R.M. Fous, J. Phys. Chem., 82, 2427 (1978).

7. T. Shedlovsky and R.L. Kay, J. Phys. Chem., 60, 67 (1956).

8

9

=

R.L. Duttaand Syamlal, J. Indian Chem. Soc., 45, 219 (1968).
D. Karipidesand W.C. Fernelius, in ed.: J. Kleinberg, Inorganic Syntheses, McGraw Hill Book
Company Inc., New York, Vol. 1, p. 56 (1963).

10. A. Weisberger, Techniquesin Organic Chemistry, Interscience, New York, Vol. 7 (1995).

11. A.l.Vogel, A Text Book of Quantitative Organic Analysis, Longman, edn. 4, p. 269 (1986).

12. C.D. Hodgman, R.C. Weast and S.M. Selby, 1956-57, Handbook of Chemistry and Physics,
Chemical Rubber Publishing Co., Cleavel 2257 ; Akhadov Y. Y., Dielectric Properties of Binary
Solution- A Data Handbook, Pergamon, Oxford, 1981 274; Timmermanns J., The Physico-Chemical
Constants of Binary Systemsin Concentrated Solution, Interscience, New York, A 786.

13. S. Glasstone, An Introduction to Electrochemistry, East-West Press, New Delhi, p. 89 (1942).

14. H.Yokoyamaand H. Kon, J. Phys. Chem., 95, 8959 (1991).

15. V.G.K. Raju, B. Sethuram and T.N. Rao, Bull. Chem. Soc. (Japan), 55, 293 (1982).

16. E. Hawlickaand R. Grabowski, Naturifirsch Z, 46a, 122 (1991).

17. R.K. Swain, S.C. Das and B. Behra, J. Electrochem. Soc, India, 39, 89 (1990).

18. J.F. Coetzee and C.D. Ritchie, Solute-Solvent Interactions, Marcel Dekker, New York, Vol. 2
(1976).

19. H.Yokoyama, Bull. Chem. Soc. (Japan), 61, 3073 (1988); 62, 345 (1989).

20. H.Yokoyama, Bull. Chem. Soc. (Japan), 57, 1304 (1984).

(Received: 6 February 2008; Accepted: 2 March 2009) AJC-7315



