Preface

Scope and Object of the Work

Since the birth of polymer science, polyelectrolytes have been the subject of extensive
investigation. They still continue to be a very active area of research in a variety of fields e.g.,
chemistry, physics, biology, medicine, materials science and nanotechnology. The
widespread interest in the area of polyelectrolytes stems from the scientific curiosity in
understanding their behaviour and also from their enormous potential in commercial
applications. Polyelectrolytes have been utilised to assemble nanostructured materials with
desired properties. Potential applications in medicine and biomedical engineering are also
being vigorously pursued. Complexes of polyelectrolytes with conjugated polymers such as
polythiophenes and polyanilines are being used commercially as conducting coatings. These
are widely used in industry as surface-active agents for water treatment and oil-spill
treatment. These also find applications in the industrial production of personal care products.
cosmetics, pharmaceuticals, biosensors, surfactants, absorbents, ion exchange resins,
stabilizers, adhesives, paints, papers etc. A very promising and emerging area of application
of polyelectrolytes is the assembly of thin films of novel materials. When polyelectrolytes
and surfactants are present together in solution either inherently or by design, there can be
significant interaction between them that can be important in such long-established areas as
mineral and material processing, enhanced oil recovery, detergency and paint and cosmetic
formulation. More interest also stems from the potential for utilising the microstructural
environment of polyelectrolyte-surfactant complexes in applications such as control of
chemical reactivity, drug delivery, solar energy conversion and isotope separation. Accounts
of some of the important applications of polyelectrolytes are available in various books and

reviews.' ™’

Physicochemical properties of polyelectrolyte solutions have been studied for several
decades, but several of them have not yet found a satisfactory theoretical explanation. In
many cases a qualitative understanding is available, but a quantitative understanding is still
awaited. For others, the origin of the phenomena observed remains partly obscure, indicating
that the present treatment of the polyelectrolyte behaviour is incomplete and that some
fundamental new views are required to gain a full understanding. Keeping in view of
widening fields of applications based on the specific properties of the polyelectrolytes, it,

thus, appears that the situation is far from satisfactory.



In recent years, the study of polyelectrolytes has seen a revival stimulated by the use
of newly available experimental techniques and the introduction of new theoretical
approaches. Although new insight has been gained, no real breakthrough has been realized so

far and much remains to be done.

The study of polyelectrolyte solutions has been conducted very extensively in aqueous
solutions.”*?? This is partly because many polyelectrolytes, usually with high charge
densities, are difficult to dissolve in solvents besides water. Moreover, because of the great
interest in the naturally occurring polyelectrolytes such as proteins, nucleic acids, and
polysaccharides in aqueous medium, the behaviour of these species in aqueous solutions has

become a main subject of study.'>?

The main factors that govern the dissolved state of polyelectrolytes in solutions are
firstly, the electro-repulsive forces working between the ionic sites in the polymer chain and
secondly, the interactions between the polyions and counterions surrounding the polyion
chains. The first factor is concerned with the expansibility of the polymer chains, whereas the
second is not only retlected in counterion binding but also in the amount of solvation and the
solvent structure in the vicinity ot polyelectrolytes. Both of these factors are related to the
relative permittivity of the solvent media. Use of a series of mixed solvents corresponds to a
systematic change in the relative permittivity of the media and hence allows us to study the

behaviour of polyelectrolyte solutions from a more general point of view.

The present dissertation, therefore, aims at elucidating the behaviour of a selected
polyelectrolyte (sodium polstyrenesulfonate, NaPSS) in acetonitrile-water mixed solvent
media using different experimental techniques with special reference to its interaction with

small ions and surfactant ions furnished by the surfactant cetyltrimethylammonium bromide
(CTAB).



References

1.

10.

11.

12.

13.

14.

W. P. Jencks, Catalysis in Chemistry and Enzymology, McGraw-Hill, New York
(1969).

C. L.McCormick, J. Bock, and D. N. Schulz, in Encyclopedia of Polymer Science
and Engineering, J. 1. Kroschwitz (Ed.), Vol. 17, p. 730, Wiley, New York (1989).

D. N. Schulz and J. E. Glass (Eds.), Polymers as Rheology Modifiers, Advances in
Chemistry, Series 462, American Chemical Society, Washington, DC (1991).

J. Bock, R. Varadaraj, D. N. Schulz, and J. J. Maurer, in Macromolecular
Complexes in Chemistry and Biology, P. L. Dubin, J. Bock, R. M. Davies, D. N.
Schulz, and C. Thies (Eds.), p. 33, Springer-Verlag, Berlin (1994).

J. E. Glass (Ed.), Hydrophilic Polymers: Performance with Environmental
Acceptability, Advances in Chemistry, Series 248, American Chemical Society,
Washington, DC (1996).

E. D. Goddard and J. V. Gruber (Eds.), Principles of Polymer Science and
Technology in Cosmetics and Personal Care, Dekker, New York (1999).

J. E. Glass (Ed.), 4ssociative Polymers in Aqueous Solutions, ACS Symposium,
Series 765, American Chemical Society, Washington, DC (2000).

K. O. Havelka and C. L. McCormick (Eds.), Specialty Monomers and Polymers:
Synthesis, Properties, and Applications, ACS Symposium, Series 755. American
Chemical Society, Washington, DC (2000).

C. L. McCormick (Ed.), Stimuli-Responsive Water Soluble and Amphiphilic
Polymers, ACS Symposium, Series 780. American Chemical Society,
Washington, DC (2001).

C. L. McComick, R. S. Armentrout, G. C. Cannon, and G. G. Martin, in
Molecular Interactions and Time-Space Organization in Macromolecular
Systems, Y. Morishima, T. Norisuye, and T. Tashiro (Eds.), p. 125, Springer-
Verlag, Berlin (1999).

A. Harada and K. Kataoka, Macromolecules, 28, 5294 (1964).

M. Hara (Ed.), Polyelectrolytes: Science and Technology, Marcel Dekker, New
York (1993).

H. Dautzenberg, W. Jager, J. Kotz, B. Philipp, C. Seidel, and D. Stcherbina,
Polyelectrolytes:  Formation, Characterization and Application, Hanser
Publishers, Munich (1994).

S. K. Tripathy, J. Kumar, and H. Nalwa (Eds.), Vol. 2, Handbook of
Polyelectrolytes and Their Applications, American Scientific Publishers,
Stevenson Ranch, CA (2002).



15

16

17

18

19.

20.

. J. C.T. Kwak, Polymer-Surfactant Systems, Macel Dekker, New York (1998).

.E. D. Goddard and K. P. Ananthapadmanabhan, Interactions of Surfactant with
Polymer and Protein., CRC Press, Boca Raton, FL (1993).

.P. M. Claesson, A. Dedinaite, and E. Poptoshev, in Physical Chemistry of
Polyelectrolytes, Vol. 99, p. 447, Marcel Dekker, New York (2001).

.S. A. Rice and N. Nagasawa, Polyelectrolyte Solutions, Academic Press, New
York (1961).

F. Oosawa, Polyelectrolytes, Marcel Dekker, New York (1971).

E. Selegny (Ed.), Polyelectrolytes, D. Reidel, Dordrecht, The Netherlands
(1974).

M. Mandel, Polyelectrolytes, in Encyclopedia of Polymer Science and
Engineering, H. F. Mark, N.M. Bikales, C.G. Overberger, and G. Menges (Eds.),
2nd ed., Wiley, New York (1988).

S. Forster and M. Schmidt, Adv. Polym. Sci., 120, 51 (1995).

H. Eisenberg, Biological Macromolecules and Polyelectrolytes in Solution,
Claredon Press, Oxford (1976).

A. Veis (Ed.). Biological Polyelectrolytes, Marcel Dekker, New York (1970).

. M. T. Record, Jr., C. F. Anderson, and T. M. Lohman, Q. Rev. Biol. 11, 103
(1978).

V. Bloomfield and I. L. Carpenter, Biological Polyelectrolytes, in
Polyelectrolytes: Science and Technology, M. Hara (Ed.), Marcel Dekker, New
York (1993).



