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INTRODUCTION

Water-soluble polymers are those, which can either dissolve or swell in

" water to form either solution or hydrogel. The key to water solubility of water-soluble

polymers lies in positioning sufficient number of hydrophilic functional groups along

the backbone or'side chains of polymers." Some of the major functional groups that
possess sufficient polarity, charge or hydfogen bonding capability for hydration are

—COOH, —COO™M*, —CONH,, —S0O";M*, —S0;H, —NH,OH, —NH,, —SH,
—NHR, and —N R;™ X*, where M, R and X stand for metal, alkyl and halogen
respectively.

These functional groups not only impart solubility but also bring many useful
properties like chelating, dispersing, absorption, flocculation, thickening, drag
reduction etc. to the polymers. Water-soluble polymers may be used as materials
(e.g. super absorbent, soluble packaging, soft contact lens . etc.), but most
applications arise from their properties in solution, especially from their ability to
modify thé'rheology of an aqueous medium and to adsorb from solution onto
particles or surfaces. Moreover, some of these groups can further react to form other
kinds of functional groups. The water-soluble polymers, therefofe, find extensive
applications in areas including water treatment, cosmetics, personal care product,
pharmaceutical, oil recovery, pulp and paper production, mineral processing,

agriculture etc.

Water-soluble polymers can be divided into three categories, viz., naturally
occurring polymers (e.g. polypeptides, albumin, gelatin, agar, etc.), semi synthetic
polymers (e.g. cellular ethers and starch derivatives) and synthetic water-soluble
polymers. Among these, synthetic water-soluble polymers have experienced the
most rapid development and represent a major business with estimated world market
around $6 billion per year. lts diversity and quantity far exceeds those of the natural
and semi-synthetic water-soluble polymers and receives greater interest.with the
development of the petrochemical industry. Some important exan’iples of §ynthetic
water-soluble polymers are listed below: ) '

Nonionic: polyacrylamide, polyvinyl alcohol, polyvinyl pyrrolidone,

Anionic: polyacrylic acid, polyphosphoric acid, polystyrenesulphonicacid,



Cationic: polyvinylamine, polydimethyidiallyl ammonium chloride, poly (4-vinyl-
N-alkyl-pyridinium) salts.

Water-soluble polymérs are commonly synthesized ,frc;m water-soluble
monomers, e.g.,: acrylic acid (AA) and its sodium salt, acrylamide (AM), hydroxyethyl
methacrylate (HEMA), hydroxyethyl acrylate (HEA), vinylyyrolidone (VP) and
quaternary ammonium salts like, dimethyldiallyl ammonium chloride (DMDAAC) etc.
Various processes including aqueous solution polymerization, inverse suspension
polymerization and inverse emulsion polymerization are generally applied for
commercial synthesis. Solution pclymerization is commonly used in the synthesis of
linear, low molecular weight water-soluble polymers. In the solution polymerization
process, the water-soluble monomers are polymerized in a homdgénous aqueous
solution in the presence of free-radical initiators mostly by redox couples. The
polymerization is a very exothermic reaction (AH=55-95 kJ/mol}) in the solution
process. As the conversion of the monomer and molecular weight of the polymer
increase, the viscosity of the system increases sharply; this makes heat removal very
difficult. This could cause explosive polymerization and is detrimental to the
production. Therefore, in such a process the monomer content in the solution must
be controlled. Linear, high molecule weight, polyacrylamide-based polymers are
often commercially synthesized through inverse emulsion (WYO, 0.05-1 um)
polymerization®”, whereas the production of lightly crosslinked polyécrylic acid based
super absorbent polymers are generally manufactured by inverse suspension (W/O,
0.05-2 mm) polymerization. In both cases the water and monomer mixture (i.e. water
phase) is emulsified/suspended in an aliphatic or aromatic hydrocarbon phase (i.e. oi
phase), where the size of the particles strongly depends on the chemical and
physical properties of the emulsifiers or dispersing agents used. The existence of the
oil phase overcomes some of the problems associated in solution- ‘process, since it
lowers solution viscosities and can dissipate the heat of polymerization. Moreover, it
is also an attractive method because the oil phase permits relatively:higher monomer
content. However, the biggest disadvantage in these processes is the separation
and/or recycling of the oil phase after the polymerization, which drives up the cost
and causes environmental pollution. A clean, low cost process with good productivity
is highly desired in the industry. Usually, redox polymerization of acrylamide in
aqueous medium yields polymer having not so high molecular Weights primarily
because of fast termination process via transfer of electron to thé oxidant of the
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redox couple (e.g. metal ions at higher oxidation state) from the érowing polymer
chain. However, it has been shown recently that if the polymerization"is carried out in
a constrained space of a reactor (e.g. interlayer space of a clay mineral) such that
~ the growing polymer chain may not be able to transfer the electrons to the metal ions,
high molecular weight polymers are formed.® The effect of microefwironment of a
phyllosilicate in the polymerization process is not usually confined to delayed
termination only; it also affects the mechanism of formation and sometimes the
structure of the polymer. The role of charged groups on factors that govern the
efficiency of polyacrylamide (PAM) in its use as discussed above especially its recent
application as water soluble viscofier and displacement fluid in secondary oil
recovery in the salt rich waters, a complete molecular characterization’is required. In
the case of charged PAM the relative dissociation of the ionic groups and the
distribution and alignment of the charged dipoles along the chain are expected to
play a decisive role on the final state of conformation of the polymer chain. The effect
of hydrodynamic field on the viscosity of partially hydrolyzed PAM has been
discussed in the literature, The effect of various salt ions on the characteristic of
polyelectrolyte in the aqueous solution and the site-binding interaction of salt ions
with the polymer is also important. '

1.1 VERMICULITE

Vermiculite occurs in nature in the form of mécroscopic crystals. Vermiculites,
the geological name given to a group of hydrated laminar minerals, aluminium iron
magnesium silicates, are similar in appearance to mica. Biotite and phlogopite are
common parent minerals of vemiculite and mixed-layer mica/vermiculite (hydrobiotite
or hydrophlogopitg)Due to its structural features, vermiculite clays play an important
role in many natural processes and industrial applications. These include oil and gas
production,® and the removal of organic contaminants from water etc.'**? Recently,
these clays have also been used to produce new nanoporous materials.” Vermiculite
crystals are constituted of stacking negatively charged sheets, which are held
together by charge balancing interlayer counter ions.'* The sizeable interlayer
spacing of the clay plays an important role in the transport processes of natural and
contaminant species in the soil. Modeling of clay minerals is therefore of significant -
interest for understanding the underlying physico-chemical processes in these

phenomena, particularly clay swelling and the behavior of metatlic idns and organic



compounds in the interlamellar space. This behavior may well depend on the
dynamics of the clay structure that is generally probed by the methods of vibrational

spectroscopy.
CHEMICAL COMPOSITION & STRUCTURE

Vermiculite is a trioctahedral 2:1 layered silicéte. [ts empirical formula is:
Mgs.aFe®*06Als 3Si010 (OH) 24(H:0)

The negatively charged layer of its structure is formed from a sheet of edge-
connected XOsg octahedra, where X is an octahedral atom (Mg, Al, Fe), which are
symmetrically bound to two sheets of corner-connected TO, tetrahedra, where T is a
tetrahedral atom (Si, Al), forming six-membered silicate rings."® ﬁ'he vermiculite
structure, which is shown in Fig.1.1, contains three types of oxygén atoms. Oxygen
atoms of the first type (O)) link two Si atoms and are located at the corners of the
SiO, tetrahadra. Oxygen atoms of the second type (Oy) are tetra-cQordinated oxygen
bound to a silicon atom and three magnesium atoms. Oxygen atoms of the third type
(On) are tetra-coordinated oxygen coordinated to one hydr'ogenz atom and three
magnesium atoms. The external surfaces of the layer are built from oxygen of the
first kind (Oy). The structure of vermiculite has a monoclinic unit cell and the unit cell
is characterized by the following values of the lattice parameters: a = 5.33 A% b =
9.18 A° ¢ = 28.90 A°, and B= 97°%ref. 15). The interlamellar spaces are large enough
(Fig.1.1) to accommodate both inorganic and organic counter ions compensating the
eventual charge of the layer. The amount of isomorphous substitution in vermiculite,
however, is greater than in montmorillonite and much of this occurs in tetrahedral
sheet but as Walker has pointed out, it seems probable that highly charged members
of smectite group grade into the low-charged vermiculites. Only in the fully hydrated
phase (d (001) = 1.48 nm) are all the available sites occupied by water molecules. As
dehydration progresses, some of the unbound water are removed before the bound
water. The interlayer expansion and collapse of vermiculite layers are influenced by
the nature of the exchangeable cation as well as by that of the interlayer liquid.' In
this respect and its ability to form complexes with organic compound vermiculite bear
a striking resemblance to montmorillonite."”"® However, Mg-satdrated vermiculite
fails to expand beyond a basal spacing of ~1.45 nm with glycerol whereas all Mg
montmorillonite -appear to give double layer complex with glycerol (d (001)~1.78nm).
Weiss has 'reported that the basal spacing of vermiculite containing n-alkyl
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Figure 1.1. The layered structure of vermiculite.



ammonium ions of increasing chain length (Cs to Cyy) increasés in a stepwise
fashion.?® This behavior was thought to arise from the fact that on passing from an
odd to next even number of carbon atoms the interlayer distance increases by 0.20-
0.21 nm, but that on passing from an even to next higher odd number of carbon
atoms - there is virtually no increase in this distance. Walker and co-workers
demonstrated the presence of two distinct types of interlayer water in vermiculite
crystal.”*® The existence of both types of water in vermiculite has since been
substantiated by IR spectroscopy. Horward and coworkers observed that
montmorillonite intercalated two layers of ethylene glycol or glycerol from their
respective vapor phase whereas vermiculite did not yield regular double layer
complexes with either ethylene glycol or glycerol, irrespective of the saturated cation
and the pre-exposure to water vapor.?' Rather, a series of complexes formed with
basal spacing of about 1.36, 1.40, 1.43, 1.50, and 1.53 nm; two or more complexes
may be present in the sample. Brindley has drawn the attention to the fact that about
1/6 of the diagonal sites are associated with monovalent cations in montmoariilonite
and with divalent cation in vermiculite.?? In a double layer complex of extended amine
molecules, 5/6 of the total sites are therefore available on each oxygen surface. This
means that the amount of organic molecules, which can accommodate in a complex
of this type far exceeds that which is present in the corresponding one-layer complex.
With vermiculite, interlayer swelling is usually less pronounced, probably because the
silicate layers are more strongly held compared to montmorillonite. The amide
molecules tend to link to the cation by means of water bridges. Some vermiculite
samples, however, may expand to a basal spacing of 6.3 nm after prolonged
immersion in liquid N-ethylacetamide. This behavior is reminiscent of that shown by
n-butyl ammonium-vermiculite in water producing large interlayer separation.
Extensive crystalline swelling of this type is attributed to the operation of osmotic
repulsive forces giving rise to the formation of diffuse double layers when vermiculite
crystals are immersed in strong amino acid solutions.** The effect of adsorbent
charge and the kind of exchangeable cation present on the adsorption and retention
of diquat and paraquat by 2:1 type layer silicates have been investigated by
Weaver.?® Maximum uptake by montmorillonite was close to the exchange capacity
of the sample, being little influenced by nature of the saturating organic cations. On
the other hand vermiculite adsorbed appreciably less than its exchange capacity and

the extent of adsorption depended on the saturating organic cation decreasing in the



order Na*>Ca+*>Mg*2.Vermiculite can also intercalate various amino acids. The
relative lack of experimental data on vermiculite-amino acid complexes is perhaps
explained by the fact that the interlayer sorption of the organic species is usually iess
readily achieved with vermiculite than with montmorillonite because of greater charge
and hence greater electrostatic attraction between the vermiculite layers. Extensive
interlayer expansion can occur in vermiculite complexes with amino acid cations.?®
Thus single crystal of vermiculite of which the inorganic cations initially present have
been replaced by ornithine, lysine, and V-amino butyric acid catiens, swell in the
respective amino acid solutions, when its concentration is below a critical value.
Following Norrish, this type of swelling is initiated by the hydration_of the interlayer
amino acid cation, which dissociate from the clay surface.?’ This is followed by the
development of diffuse double layer on interlayer surfaces so that subsequent

interlayer expansion is controlled by osmotic repulsive interactions.
1.2 CLAY CATALYZED POLYMERIZATION

Clay is the key inorganic substance with applications ranging from pollution
prevention and remediation to enhanced oil recovery, the treatment of petroleum
liquids to the manufacture of cosmetics and pharmacetuticals to the synthesis of
polymer nanocomposite materials. An understanding of clay-organic interactions and
the effects of these interactions on the structure of clay complexes is a key issue for
future development in all of these applications. Synthetic and naturally occurring
clay minerals due to their favorable structures, are used in a number of widely
diversified roles in the chemical industry as catalyst for cracking or

% alkylation,? isomerization®® polymerization®' etc. In 1960’s and

depolymerization,?
earlier clay initiated polymerizations of vinyl monomers emphasized on the use of dry
clay minerals and non-polar solvents.'®*** Although the carbocationic
polymerizations of vinyl monomers have been investigated extensively with Lewis
acid such as AICIs, TiCls, Et,0, BCl; alky! aluminiums etc.3*? the first report on such
polymerization of styrene with acid clays®? came in 1964. Almost 100% vyield of
polystyrene of molecular weights 500-2000 was achieved. The catalytic activity of the
clay has been shown to be due to active protons associated with tetrahedral (due to
dehydration of mineral) aluminium.*"** The formation of carbonium ion following
surface adsorption of olefins on acid sites caused subsequent polymerization. Proton

accepting contaminants such as water, amines etc., being preferentially adsorbed



over styrene suppressed the polymerization. Styrene polymerized dn the surface of
homoionic clays.®® It is argued that an electron transfer from adsorbéd styrene to the
aluminium produces radical cations, which dimerize rapidly. Both radical cation and
dimers are involved in the initiation step but the propagation being cationic. Using
activated clay minerals, however, styrene did not polymerize in the presence of
ethanol, dioxane, ethyl acetate and methyl methacrylate (MMA) within 30 minutes of
the reaction. All these data lead to postulate that the active sites are the octahedral
aluminium at the crystal edges. The aluminium acts as electron acceptors.
Matsumoto, Sakai and Arihara preferred the concept of Brbnsted acidity rather than
Lewis acidity to be responsible for the initiation of the polymerization of styrene by
montmorillonite, a smectite clay mineral.*® The inconsistency of their experiments,
however, is in the reduction of polymer yield in the presence of trityl chloride, which
selectively adsorbs on Lewis acid sites. They argued in favar of the Bronsted acidity
on the ground that the replacement of exchangeable hydrogen ions by sodium or
ammonium ions almost completely inhibited the polymerization. On reacidifying the
mineral, however, the activity to polymerize styrene was restored. Since the degree
of polymerization increased with the dielectric constant of the medium and was
almost independent of the initial concentration, cationic mechanism for the initiation
process was favored.*® This would apply equally well to the propagating process and
therefore, the initiation by a radical ion mechanism cannot be ruled out.®® The
possibility of proton transfer to monomer leading to decreased avérage degree of
polymerization, as in conventional cationic mechanism, has also béen discussed.!
The work of Matsumoto and co-workers along with Solomon and Rosser lead one to
the conclusion that acidity of the clay cannot be solely ascribed to either Bronsted
acidity or Lewis acidity.***It is understood that dry mineral surface is very acidic due
to the polarization of residual water molecules by the exchangeable cations. Such
acidity is influenced by the solvent as evident from the blue colorations of aqueous
benzidine in the presence of oxidized montmorillonite **%¢. Solomon and Rosser
failed to find evidence of styrene interacting with the clay mineral which lead them to
assume that styrene is either incapable of moving into the interlayer space or
capable of doing so with difficulty. Blumstein and co-worker héve studied the
polymerization of MMA and methyl acrylate in montmorillonite interlayer induced by
y-radiation.*”"*® The interlayer polymer was difficult to isolate by the usual solvent
extraction and could only be isolated by treating the clay polymer compiex with



hydrofluoric acid, which damaged most polymers.®! Glavati and ¢o-workers found
that the polymerization of acrylonitrile/montmorillonite complex by y-radiation

produced stereospecific polymers.®*

Thermal polymerization of a number of vinyl monomers could be induced by
montmorillonite/2-2 azobis-isobutyramidine (AIBA) system if AIBA was previously
introduced to the clay mineral.5 The cationic form of AIBA goes to the exchange
sites in montmorillonite to form AIBA-clay complex, which decompbses thermally to
generate free radicals. The complex has initiating efficiency. The rate of
polymerization with AIBA-montmorillonite complex initiator is greater than for AIBA
alone.5 It has been proposed that free radicals remain attached to the adjacent
planes of AIBA-montmorillonite dispersed in water and on heating these planes move
away from each other allowing more water to penetrate. The influence of
aluminosilicates and magnesium silicates on the free radical polymerization of MMA
has been studied in terms of termination reaction and supported by studies of the
reaction of stable free radicals with the minerals. [n the absence of clay mineral the
yield of polymethylmethacrylate (PMMA) was 3.68% (mol. wt. 1.36x10°) whereas with
montmorillonite the yield was 0.68% (mol. wt. 3.05x10°). That the decreased amount
of polymer in presence of mineral is not due to depolymerization has been
established by heating PMMA with montmorillonite and determihing the viscosity
average molecular weight, My before and after treatment. In a recent ESR study to
assess the state of iron in montmorillonite, signals in the weak fielﬁ at ‘g; values of
7.6, 4.2 and 3.9 were assigned to Fe (lll} ions in the octahedral layér of the mineral.
The intensities of the wide bands of the spectra remain unchanged“when the cations
were altered as the exchanging sites. This indicated that the montmorillonite had
particularly no iron in the ion exchangeable positions. Studies on structural properties
of the polymers from clay catalyzed polymerizations of vinyl monomers have been
made by several workers. Blumstein and co-workers studied the dilute solution
properties of the polymers prepared in the presence of clay minerals which differed
significantly from those obtained using conventional free radical technique and
suggested that the interlayer PMMA developed a two-dimensional sheet structure in
the presence of a cross linking agent during the polymerization.“’l50 Analyzing the
NMR data they concluded that PMMA probably consisted predmihantly of isotactic
sequences. Small-scale stereo-regularity of this kind could be ‘ascribed to the

orientation induced in the intercalated monomer by ion dipole and the ester carbonyl
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group of the monomer. Earlier, Glavati and co-workers obtained oriented stereo
regular polyacfylonitrile and polyacrylic acid using similar procedures.’! It has been
reported that the influence of clay minerals on polymerization reactions extends
beyond direct action on monomers.** The minerals may also modify the chemical
compounds used as polymerization initiators. It has been observed thEat clay minerals
could affect both the rate and the rate of decomposition of initiators: Uskov and co-
workers reported that polyvinylchloride (PVC) or a vinyl chloride copolymer modified
by latex of butylacrylate-methylmethacrylate copolymer, butadiene-styrene
copolymer, PMMA or a similar polymer was prepared by adding the latex to the
reactor during the suspension polymerization.*® The addition was made after 30-95%
conversion of monomers. If inorganic compounds such as silica, méﬁtmorillonite ora
calcium phosphate were added before or during the polymerization, the polymer with
satisfactory particle size separated out from the aqueous suspeﬁsion. Recently,
Talapatra, Saha and co-workers reported that bentonite in conjunctién with alcohols
or thiols effectively initiate aqueous polymerization of vinyl monomers on the surface
of the minerals. %% A granular soil amendment was formulated from acrylamide
polymers, silicic acid or silicate and once or more of phosphates, nitrates and
sulfates or free form of urea, guanidine, dicyandiamide and amidinothiourea.’! The
product markedly improved aggregation of clay containing soils. T. Ono and co-
workers, however, polymerized MMA in H,O containing phyllosilicafes in presence
water and azo initiators.f? ;

1.3 POLYMER-SOLVENT INTERACTION

In view of the wide range of use of water-soluble syntheti}; polymers, the
understanding of the role of polar groups on different factors, which govern the
efficiency of their use, is important. Attempts at describing solvent, temperature and
molecular weight dependence on the conformational characteristics of the polymer
have stimulated the development of many fundamental models for polymer structure
and dynamics. One of the outstanding problems involves providing a description of
the degree to which solvent penetrates through the polymer coills as the chain
dimension swell with increased excluded volume interactions. The theory of polymer
solution dynamics is associated with establishing the relation between the
macroscopic hydrodynamic properties of polymer solution and molecular structure of
the polymer and the solvent. The increase in molecular dimension ffom monomer to



oligomer, oligomer to usual length polymer and from the later to the pleistomer is
accompanied by the appearance of new properties.®® Many present and possible
industrial applications of high molecular weight polymers arise from the unusual
properties they induce to their solutions. The study of their solution properties is
prerequisite for the development of this modern domain.

In the treatment of properties of very dilute polymer solutions it is convenient
to represent the molecule as a statistical distribution of the chain elements or
segments about the center of gravity.®* For a random chain devoid" of intramolecular
interactions between segments mean square distance between thé ends of polymer
chain is proportional to the number of segments in the chain én.d hence to the
molecular weight. This is true regardless of steric restrictions due to interaction
between neighboring segments and other restrictions on rotations about bonds of the
chain, provided that the chain possesses a degree of flexibililty and that it is
sufficiently long. Interactions between remotely connected segments separated by
many intervening segments along the chain may be considered to alter the linear
dimension of the polymer chain. Interactions between remotely cor;nected segments
of the given chain arise as consequences of the finite volume of eaph segments from
which all other segments are excluded, and of the net energy of intéractions beiween
segments which happen to be in contact. In thermodynamic terms, this implies that
the entropy change is important when a macromolecule dissolves. There may also |
be significant enthalpy change on account of the interaction of the solvent with large
number of component monomer units in the polymer. There ére both entropic
(excluded volume) and enthalpic (attraction and repulsion) contriéution to the non-
_ ideality of the polymer solution and for most polymer-solvent system there is a unique
temperature where their effects cancel. This temperature is called theta temperature
and at this temperature the osmotic virial coefficient is zero. The cancellation of the
effects at this temperature means the solutions then behaves ideally even though the
concentration is not low and it's thermodynamic and structural properties are easier
to describe.®>*® Systematic studies arising from the coupling of diffé:fent experimental
techniques are required for elucidation of diverse theoretical experimental aspects.
The most important parameters characterizing macromolecular chain in dilute
solution are the molecular weight, mean square radius of gyration and intrinsic
viscosity. Their determination for high molecular weight polymers, on the basis of

different theoretical approximations, opens a large area for discussing various
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aspects such as inﬂuehce of molecular weight and solvent 'power on concentration
domain, theta condition and the chain flexibility in the perturbed and unperturbed
states. A long chain hydrocarbon molecule in a solution takes on somewhat kinked or
curled shape, intermediate between tightly rolled up mass and; the rigid linear
configuration. Presumably all possible degrees of curling are représented owing to
internal Brownian movement of the flexible chains but the :configuration of
intermediate extension predominate statistically. If a continuojys energetically
indifferent solvent surrounds the long chain molecule, the weight fagﬁtor for particular
configuration is determined only by internal parameters - potéhtial energy for
restricted rotation and prohibition of segment interpenetration. The rﬁﬂean value of any
internal prope'rty in such an indifferent solvent might be cailled uni)iésed statistical
mean for the property. if the solvent is energetically unfavorable, so _t_hat dissolving of
the high polymer is an endothermic process, the polymer segments will attract each
other in solution and squeeze out the solvent between them. Other:_;conditions being
equal, a given high polymeric material made.up of flexible molecules will exhibit a
high intrinsic viscosity in an energetically favorable solvent and low intrinsic viscosity
in an energetically unfavorable solvent, This is of course hold only in very dilute
system. At higher concentrations energeiically_ unfavorable solvent will favour
polymer-polymer contact and hence lead to danger of gelation while an energetically :
favorable solvent will stand at higher concentration of the polymer and yet give a
stable solution. If a good solvent is mixed with a precipitating agent, the resuiting
mixture may be expected to be less favorable to long chain molecule than in a pure
solvent. There should also be _élose connection between intrinsic viscosity and
intramolecular agglomeration. Exactly the same solvent characteristic, which
determines the mean geometrical property of isolated long chain molecule, should
determine the amount of association of different solute molecules' into aggregate.
When a nonsolvent is added to a high polymer solution the point at which precipitate
begins represent a certain agglomeration tendency for chain segment of different
molecules. To a first approximation, therefore, it should represent a cedain definite
mean value for any shape dependent internal property. The solvent composition,
which is critical from the standpoint of solubility, should correspond‘to certain intrinsic
viscosity no matter what the solvent and what the nonsolvent be.*” ‘All these should
be more pronounced for the polymer molecules of high flexibility than for the rigid
chains. In a poor solvent the effective molecular shape is more compact and curled
{

11



than the unbiased statistical mean. An increase in temperature should increase the

relative importance of entropic factor over the energetic factor. In such a solvent

increase in temperature should result in an increase in intrinsic viscosity. In a very

good solvent, energetic weighting factor favors the most extended configuration of

the polymer.

1.4 REFERENCES

1.

10.
1.

12.

13.

C.L. McCormick, “Water-Soluble Polymers® ACS Symposium Series,
467,2(1991).

J.W. Vanderhoff and R.M. Wiley, US Pat. 3284,393, 3(1966).

D.L. Visioli, M.S. El-Aasser and J.W. Vanderhoff, Polym. Mater. Sci. 'Eng., 51,
258 (1984).

C. Graillat, C. Pichot, A. Guyot and M.S. ElAasser, J. Polym Sci., Part A:
Polym. Chem 24(3), 427(1986)

V. Glukhikh, C. Graillat and C. Pichot, J. Polym. Sci., Part A Polym. Chem.,
25(4), 1127 (1987).

F.A. Adamsky and E.J. Beckman, Macromolecules, 27(1), 312(1994).

V. Juranicova, S. Kawamoto, K. Fujimoto, H. Kawaguchi and J. Barton, J.
Angew. Makromol. Chem., 258, 27(1998).

P. Bera and S.K. Saha, Macromol. Rapid Commun. 18, 261(1997).

S. Karaborni, B. Smit, W. Heidug, J. Urai and E. Oort, Science, 271, 1102
(1996).

S.A. Boyd, J. F. Lee and M. Mortland, Nature (London), 333, 345(1988).

G.D. Williams, N.T. Skipper, M.V. Smalley, AK. Soper and S.M. King,
Faraday Discuss. Chem. Soc., 104 295(1996).

L.S. Kajita, Clays Clay M/ner., 45, 609(1997).

R. Dhamodharan, J.D. Jeyaprakash, S. Samuel and M.K, Rajeswari, J. Appl.
Polym. Sci., 82, 555(2001). ‘



14.

15.
16.
17.
18.
19.

20

21.

22,
23.
24.
25.
26.
27.
28.
29.
30.

31.
32.
33.

34.

35.

A.C.D. Newman, in Chemistry of Clay and Clay Minerals, Mineralogical
Society, London, 1987.

“A. Mathieson and G. F. Walker, Am. Mineral, 39,231(1954).

J.A. Bittles, A.K. Chaughuri and S.W. Benson, J. Polym. Sci.,A-2,1221(1964).
W.D. Johns, W.D and R.T. Tetenhorst, Am.Mineralogist.44, 894(1959)

G.W. Brindley, K. Wiewiora and A. Wiewiora, Am. Mineralogist,'54,1635(1969).
A. Amil, and D.M.C. Macewan, Kolloid Z., 1565, 134(1957).

A. Weiss,. Angew. Chem. Int. Edit. Engl., 2,134(1963).

M. Harward, D.D. Carstea, and A.H. Sayegh. Clays Clay Minerals, 16, 437
(1969). '

G.W. Brindley, Clay Minerals, 6,91 (1965).

G.F. Walker and W.G. Garrett, Nature, 191,1389(1961).

|. Barshad, Soil Sci. Soc. Am.Proc.16; 176(1952).

C.E. Weaver, Am. Mineralogist, 43,839(1958).

G.F. Walker and W.G. Garrett, Nature,191,1389(1961).

K. Norrish, Disc. Faraday Soc, 18,120(1954)

C. Kemball and J.J. Rooney, Proc. Roy. Soc., Japan, 52, 43(1949).
S. Mohil, Oil Co., INC., Brit.Pat.896, 864(1962).

Y. Suehiro, M. Kuwabara and V. Ayukawa, J. Chem. Soc., Japan, 52, 43
(1949).

F.E. Shephard, J.J. Rooney and C. Kemball, J.Catalysis, 1,379(1962).
H.Z. Friendlander, J. Polym. Sci., C-4, 1291(1964).

D.H. Solomon, J.D. Swift and A.J. Murphy, J. Macromol. Sci., A5 (3), 587
(1971).

P.H. Flesch, Cationic Polymerization and Related Complexes, Academic Press,
New York (1953).

D.C. Pepper, Trans Faraday Soc., 45, 3979(1949).

13



36.
37.
38.
39.

40.

41,
42,
43.
44,

45.
46.

47.
48,
49.
50.

51.
52.
53.
54.
85.

56.

D.C. Pepper, Trans Faraday Soc., 45, 404(1949).
D.C. Pepper and M.J. Hayes, Proc. Chemn.Soc.,228(1958).
A.G. Evans and G.W. Meadows, Trans. Faraday Soc. 46, 327(1950).

G.F. Endres and C.G. Overberger, J. Am. Chem. Soc. 77, 2201(1955).

J.P. Kenedy, Cationic Polymerization of Olifins. : A Critical -Inventory, Wiley-
Interscience, (1975).

J.A. Britles, A.K. Choudhuri and S.W. Benson, J.Polym.Sci., A-2,1847(1964).
JA. Britles, A.K. Choudhuri and S.W. Benson, J.Polym.Sci, A,-2v, 3203(1964).
D.H. Solomon and M.J. Rosser, J. Polym. Sci. 9, 1261(1965).

T. Matsumoto, 1. Sakai and M. Arihara, Chem. High FPolymers (Japan), 26, 378
(1969).

M.M. Mortland, Trans. 9th Intern. Cong Soil Sci. Ade/aide; 1,691(1968).

W. Bodenheimer, L. Heller and S. Yariv, Internat. Clay Conf.,vJerusalem, 1, 251
(1966). -

A. Blumstein, J. Polym Sci., A-3, 2653(1965).
A. Blumstein and F.W. Bilmeyer, J. Polym. Sci.A-4, 465(1966),
A. Blumstein and R.Blumstein, Polymer Letters, 5, 69(1967).

A. Blumstein, S.L. Malhotra and A.C. Waterson, A.C.S., Polymer Reprints, 167
April (1968).

O.L. Glavati, L.S. Polak and V.I. Shchexin, Neftekhimiya,3, 905(1963).
H.G.G. Dekking, J.Appl.Polym.Sci., 9,1641(1965).

H.G.G. Dekking, J.Appl.Polym.Sci., 11,23(1967).

D.H. Solomon and B.C. Loft, J.Appl.Polym.Sci., 12, 1253 (1968).
I.LA.Uskov, Yu.G.tarasenco, V.P.Solomko, Vysokomolekhul. Soedin, 6
1768 (1964).

S. Talapatra, S.K. Saha, S.K. Chakroborti and S.C. Guhaniyogi, Polym. Bull,,

14



57.
58.
59.
60.

61.

62.
63.
64.
65.

66.
67.

-10, 21 (1983).

S. Talapatra, S.C. Guhaniyogi, and S.K. Chakraborti, J. Macromol. Sci .Chem.,
A22 (11), 1611 (1985).

J. Bhattacharya, S.K. Chakraborti, S. Talapatra, S.K. Saha and S.C.
Guhaniyogi, J. Polym. Sci., Part-A : Polymer Chemistry, 27, 3977 (1989).

J. Bhattacharya, S.K. Saha and S.C. Guhaniyogi, J. Polym. Sci, Part-A :
Polymer Chemistry, 28, 2249 (1990). '

S.K. Saha and D.J. Greenslade, Bulletin of Chemical Society of Japan, 65,
2720 (192).

Jpn. Patent, 58, 28, 313, June 15, 1983, Nilto Chemical Industry Co. Ltd.

T. Ono, T. Takahashi, M. Konno and T. Mikawa, Ken Kyu Kiyomiyagi, Kagyo
Koto Senmon Gakko,18,57(1982).

C.l. Simionescu, B.C. Simionescu and S. loan. J.Macromol. Sci. Chem., A22,
765 (1985).

P. Debye and [.M. Krieger (unpublished) have shown that the average
distribution of each segment about the centre of gravity is exactly Gaussian for
random chain unperturbed by intramolecular interactions. '

P.J. Flory and T.G. Fox, J Am Chem Soc, 73 : 1904 and 1915 (1951).
H. Kurata, W.H. Stockmayer and A. Roig, J Chem Phys, 33(1),151(1960).

P.J. Flory, Principles of Polymer Chemistry, Cornell University Press,
ithaca, N.W., Chap. XIV, (1953). :

15



