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INTRODUCTION

 Ion solvation is the prerequisite for mere existence of electrolytic solution (Marcus, 1985). The structure and dynamics of electrolytic solutions have proliferated in recent years for its wide technical and theoretical interests. Wide range of interacting forces and different kind of species exist in the solution. These leave their mark on the transport properties of the electrolytic solution. Amongst the many techniques the measurement of speed of sound in solution hitherto being used to elucidate the structure of the solutions. This technique takes into account of the important consequences of ion solvation, such as reduced volume and the compressibility of the solvent molecules. Since the electric fields of the ions exert a considerable electrostatic effect on the surrounding solvent molecules, the volume and the compressibility of the solvent molecules are reduced substantially. The isentropic compressibility (s), the second pressure derivative of the Gibb,s free energy can be precisely obtained from the measurement of density () and speed of sound (u) in solutions by the Newton Laplace equation (Strutt and Baron, 1986):

s = V(dV/dP)s = (u2)

This parameter is sensitive to the ionic and molecular interactions. In this paper, results have been summarized regarding the solvation of ions of aqueous electrolytic solutions obtained from the measurements of speeds of sound (Rohman, 2000).

RESULTS AND DISCUSSION
[image: image1.wmf]Fig. 1. Variation of isentropic compressibility isotherms with concentration for 

           aqueous sodium bromide solutions at 273.15 K (open circles), 298.15 K

          (open squares) and 323.15 K (open triangles). 
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 Fig. 1 illustrate a typical example of concentration dependence of isentropic compressibility isotherms for an aqueous electrolytic solutions (Rohman, 2000). The isentropic compressibility isotherms of aqueous electrolytic solutions decrease with increase in concentration, converges at a particular concentration and diverse in a reverse way. The concentration at which the isotherms converge is designated as critical concentration. The critical concentration and their corresponding isentropic compressibility values for investigated electrolytic solutions are listed in Table 1. This concentration depends on the nature of the electrolyte used. At this concentration somewhat kind of structural transition occurs in the solution and may be presumed due to the competition of the ion-solvent interaction and the hydration with the ion-ion interactions. Similar kind of structural transition has been reported from the study of viscosity, electrical conductivity, molar enthalpy, refractive index (Vaslow, 1969) etc. It must be envisaged that when concentration of electrolytes in water medium is increased, there is a transition from the solvated ion due to the ion solvent interactions to the solvent-separated, the solvent-shared and the contact ion-pairs arising from the ion-ion interactions and is not restricted at a particular concentration but varies over a narrow range of concentration.

On increasing the salt concentration in the solution, the number of free water molecules around the ion decreases gradually until a situation is reached where all the water molecules are involved in the primary hydration shell of the solute. The isentropic compressibility at that concentration becomes independent of temperature and assigned as critical isentropic compressibility, s,h (Table 1). Such a condition may be correlated with the saturation of the primary hydration shell since the water molecules are not compressed further and become independent of temperature. Beyond this concentration cospheres of cation and anion start to overlap leading to the formation of ion pairs such as solvent-separated, solvent-shared and contact ion pairs. The lower value of Ks,h compared to water suggests strong ion-solvent interactions in aqueous solutions. The isentropic compressibility of aqueous electrolytic solutions is due to about 64% configurational and 36% vibrational compressibility (Eisenberg and Kauzman, 1969). In dilute solution the isentropic compressibility is predominantly governed by the configurational compressibility whereas in the concentrated solutions it is due to the vibrational compressibility. At the concentration where the isotherm converges, water structure has totally collapsed since all the water molecules take part in the solvation. As a result, the isentropic compressibility isotherms converge at this concentration. Beyond this concentration, vibrational compressibility dominates over configurational which increase with the increase in temperature at a particular concentration due to the thermal motion. Owing to this fact, reversibility of the isentropic compressibility isotherms occurs. Many authors tried to compute the hydration compressibility by using the Passynskii model (Bockris and Saluja, 1972). This model is based on the assumption that the solvent molecules solvating ions were fully compressed by the electrical forces of ions. As a result, the compressibility of the solvent molecules in the hydration shell is assumed to be zero. However this fact is not collaborated by the experimental facts (Rohman, 2000; Onori, 1988). 
Table 1. Critical concentration, critical isentropic compressibility (s,h) value and primary hydration number for aqueous and methanolic electrolytic solutions
	Electrolytic
solutions
	Critical concentration

(mol kg)
	10s,h
(Pa1)
	Primary hydration number


	LiBr + HO
	10.8
	2.61
	5.1

	NaBr + HO
	5.1
	2.88
	10.9

	KBr + HO
	5.8
	2.93
	9.6

	NaSCN + HO
	3.0
	3.12
	18.5

	KSCN + HO
	4.8
	3.18
	11.6

	LiNO3 + HO
	3.8
	3.34
	14.6

	NaNO + HO
	4.5
	3.04
	12.3

	Ca(NO) + HO
	2.7
	2.92
	20.6

	Cd(NO) + HO
	2.5
	2.93
	22.2

	NaSO + HO
	2.0
	2.64
	27.8


On the other hand, Onori (1988) model based on effective medium theory (Sheng, 1983) can lead to obtain the following empirical equation (Rohman, 2000):

nh = [s, - s,hV]/[V1(s,h -Ks,1)]                                      (2)
In Eq. (2), s, is apparent molal isentropic compressibility, V is apparent molal volume and V1 is molar volume of water. The estimated primary hydration numbers are found to be in good agreement with the available number of water molecules per mole of solute at the corresponding concentration. These values agree well with the literature values (Hinton and Amis, 1971; Ohtaki and Radnai, 1993).

CONCLUSIONS

 In aqueous electrolytic solutions the ion-solvent interactions dominate up to a certain concentration forming a rigid hydration shell and beyond this concentration a transition from ion-solvent to ion-ion interactions occurs leading to the formation of ion-pairs (Solvent-separated, solvent-shared and contact). This critical concentration depends on the nature of the electrolyte. The configurational compressibility contributes to the isentropic compressibility up to that concentration and beyond that, the vibrational compressibility dominates in the solution. The general assumption of zero compressibility of the primary hydration shell is not collaborated by experimental observation. A simple expression has been presented for estimation of the hydration numbers of the electrolyte in its solutions. The hydration numbers agree well with the reported values.
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