Abstract

Polyelectrolytes, macromolecules possessing pendant groups capable of ionization, exhibit large changes in dimension in solution depending on experimental conditions. There have been several theoretical attempts to correlate the changes in dimension of the dissolved polyelectrolyte with its effective charge density. The expansions brought about by the electrostatic charges are calculated assuming a suitable molecular model. The charges are assumed to interact via a screened coloumb potential or limiting Debye-Huckel potential. Alternatively the excluded volume approach has been employed to polyelectrolyte expansions as well. There is a wide divergence of the predicted behaviour according to various theoretical models. For a more quantitative understanding of the configurational properties of these charge bearing macromolecules in solution, extensive investigations are thus needed. Polymethacrylic acid (PMA) synthesized by solution polymerization method was separated to fractions by the fractional precipitation technique using methanol as solvent and diethyl ether as non-solvent. Seven fractions in the molecular weight range 3 x 1 0 5 to 1.1 x 106 were obtained. The solution behaviour of the fractions were investigated by viscosity and light scattering techniques. Phase separation studies showed that dimethyl formamide/l,4-dioxane (5:7, v/v) mixture at (27.1 ? 0.2) ?C behaves as a theta solvent for the unneutralized PMA. Light scattering and viscosity measurements were carried out in the theta solvent and in aqueous solutions. Varying degrees of ionization and concentrations of the added salt were employed for the aqueous solutions. In common with the usual practice with polyelectrolyte solutions the values of the specific refractive index increments determined for the dialysed solutions were employed for evaluating the light scattering data in aqueous solutions. From the viscosity-molecular weight relationship deduced for the unionized acid, it was observed that the widely used MHK relationship in methanol, due to Wiederhorn and Brown, is grossly in error. The higher value ?v obtained for K? (1.03 x 10-3) in the organic theta solvent employed as compared to the literature reported value (6.6 x 10-4) for aqueous HCl solutions is ascribed to the higher unperturbed dimensions in the organic solvent for this hydrophobic group containing poiyelectrolyte, which undergoes conformational transition during its ionization. The exponents obtained in the dimension-molecular weight and viscosity molecular weight relationships for the ionized acids (<0.60 and <.0.80 respectively) indicate that the polymer exists in a random coil conformation in the ranges of ionization and concentration of the added salt studied. The osmotic second-virial coefficients for the ionized acids decreased with increasing molecular weight and the molecular weight dependence obtained was similar to those observed for nonionic polymers in solution. The determination of the dimensions of polyelectrolytes in solution by light scattering technique is uncertain due to the applicability or otherwise of the fluctuation theory of light scattering to these muiti component systems. The expansion coefficient obtained by light scattering were uniformly higher to those evaluated from intrinsic viscosities. From the values of Flory's universal viscosity constant ? obtained for the ionized solutions, it is estimated that the determined dimensions are higher by about 20% of their true value. However, the values of ? were independent of the degree of ionization and concentration of the added salt demonstrating almost a constant error in the determined values of dimensions. Hence dimensions determined by light scattering were also employed for evaluating the macroion expansion theories. The expansion coefficients obtained by light scattering and viscosity showed that the Fixman asymptotic third power ?-z relation is valid. The data obtained for the ionized polymer in aqueous solutions were utilized to evaluate the relative applicability of the various macroion expansion theories. The macroion expansion theories predict the variation of the expansion attributable to the presence of electrostatic charges with varying charge density of the polyelectrolyte. The configuration of the ionized macroion containing infinite concentration of the added salt has been used as the reference state by earlier investigators. This approach resulted in negative values for the extrapolated intrinsic viscosities and dimensions at infinite concentration of the added salt for most of the data obtained here and hence was not used. Instead, total expansion coefficients computed with respect to the unperturbed dimension of the unneutralized acid were used as the electrostatic expansions attributing the total expansions to the presence of electrostatic charges alone. To overcome the conformational transition affecting the computed expansion coefficients, the expansions with respect to the unperturbed dimension in the organic theta solvent was employed. The data obtained demonstrated that Katchalsky-Lifson, Ptitsyn and Kurata expressions are not even qualitatively valid. Relative merits of the Flory and Alexandrowicz theories could not be evaluated on the basis of the data obtained. On comparing the results obtained with those reported in the literature for the hydrolysed polyacrylamides, it is concluded that the macroion expansion theories are grossly inadequate. The expansion coefficients attributable to the long-range interference effects for the ionized polymer were computed. It was observed that the values were independent of the degree of ionization; vary with salt concentration and molecular weight of the polyelectrolyte. It is proposed that the chain-like character of the poiyelectrolyte affects only the long-range interference effects and electrostatic interactions greatly influence the short-range interactions. An empirical equation based on the above and assuming the additivity of the electrostatic and nonelectrostatic interactions was found to represent the data satisfactorily. A similar approach to osmotic second-virial coefficients of poiyelectrolytes was found valid for the data obtained. 

