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in the URI program. During the perjod, a program for the computer 31mu1atlon/
of An/Bn mixtures on two- and three-dimensicnal lattices yielded valuable
insights into mixing phenomena, initially in terms of equilibrium states, but
more recently extended to dynamic conditions.

In the electro-active polymer area, we have concentrated on research involving
“ poly (p-phenylene vinylene) (PPV) and its derivatives, copolymers, and blends.
"The electrical and, more recently, the non-linear optical properties of this
family of conjugated polymers has proved to be of particular interest and
potential applicability. Studies of the morphology of PPV has led to
observation of the importance of ultra-structure processing in the development
of maximum property sets. Finally, mention may be made of a new technique for
studying diffusion in constrained media pores using quasi-elastic light
scattering. This has led to advances in the theory of motion of flexible
chains under hindered conditions and constitutes a novel method of examining
the effect of chain microstructure and architecture on such motions.
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VI. ABSTRACT

This report is for the period 1 October 1986 to 30 September 1988 and
covers the operation of an AFOSR MIRP at the University of Massachusetts.
During this period the research program contained components dealing inter alia

with polymer blends, electro- and optically-active polymers, computer simulation

of blend phenomena, dynamic light scattering measuring diffusion in porous

media, and aspects of ultrastructural processing. New state-of-the-art instru-

mentation was developed, including a two-dimensional x-ray system and solid

state NMR. The MIRP program constitutes the core research complementing an
AFOSR/dARPA URI contract which was initiated here on 1 January 1987.

In the area of polymer blends we have continued to emphasize the effect of
chain microstructure on miscibility in multi-component systems. This has
involved phase behavior studies of copolymer-containing blends, where the struc-
ture of the copolymer have been varied in terms of chemistry, tacticity and/or
sequence distribution. We have also emphasized studies of fundamental interac-
tions in certain high temperature blend systems which were developed in the URI
program. During the period, a program for the computer simulation of A,/B,
mixtures on two- and three-dimensional lattices yielded valuable insights into
mixing phenomena, initially in terms of equilibrium states, but more recently
extended to dynamic conditions.

In the electro-active polymer area, we have concentrated on research
involving poly(p-phenylene vinylene) (PPV) and its derivatives, copolymers, and

blends. The electrical and, more recently, the non-linear optical properties of
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this family of conjugated polymers has proved to be of particular interest and
potential applicability. Studies of the morphology of PPV has led to obser-
vation of the importance of ultra-structure processing in the development of
maximum property sets. Finally, mention may be made of a new technique for
studying diffusion in constrained media pores using quasi-elastic light scat-
tering. This has led to advances in the theory of motion of flexible chains
under hindered conditions and constitutes a novel method of examining the effect

of chain microstructure and architecture on such motions.
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VII. DESCRIPTION OF RESEARCH UNDERTAKEN

Some sixty-five (65) manuscripts were published or are in press in the

grant period. A selection of results is presented below.
A. Polymer Blends

The dependence of kinetics of crystallization and melting behavior in iso-
tactic polystyrene/poly-o-chlorostyrene-co-p-chlorostyrene blends on tempera-
ture, thermal history, and blend compositon has been investigated. The
crystallization rate at a given temperature and copolymer composition decreases
with increasing copclymer content in the blend when samples are premelted.

These effects can be ascribed to the reduction of mobility of the crystallizable
chains due to the presence of the copolymer and to the decrease in the number of
heterogenous iPS nuclei as a result of the premelting process. The Avrami expo-
nent values and the analysis of the blend morphology indicate that the growth
mechanism of the crystals is strongly influenced by thermal treatment. There is
no measurable change in the melting temperature of iPS in the blends, with com-
position indicating that, on the basis of the Flory-Huggins approximation of the
thermodynamics of polymer mixing, the net interaction parameter at the melting
temperature is close to zero. From the comparison of the phase diagram for the
jsotactic polystryene-containing blend with that of the atactic-containing
blend, it can be concluded that in the amorphous state polystyrene with a regu-
lar configuration is slightly less compatible with the P(c-CIS-co-p-CIS) than is

polystyrene with random configuration.
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In another investigation copolymers of ortho(para)fluorostyrene and
ortho(para)bromostyrene with a range of copolymer compositions were prepared by
free radical polym-rization in toluene solution using azobis(isobutyronitrile).
The miscibilit, and phase behavior of these copolymers in blends with
poly(2,6-dimenthyl-1, 4-phenylene oxide) (°PO) have been studied by differential
scanning calorimetry. Of the four possible copolymer systems, miscibility was
observed only for PPO/poly(o-fluorostyrene-co-p-bromostyrene) blends in which
the copolymer contained between 11 and 73 mol% p-bromostyrene. High temperature
phase separation in the miscible blends is a function of copolymer composition
and of the thermal history. The results can be explained on the basis of the
mean field theory of phase behavior for homopolymer-copolymer systems.

In the high temperature area miscibility in the amorphous and the crystal-
Tine phases of a blend of poly(oxy-1,4-phenylenoxy-1,4-phenylenecarbonyl-1,4-
phenylene)[poly(ether ketone)(PEEK)] and poly(oxy-1,4-phenylenecarbonyl-1,4-
phenylene)[poly(ether ketone)(PEK)] has been studied by differential scanning
calorimetry (d.s.c.) and wide-angle X-ray diffraction (WAXD). Our results indi-
cate that the polymers cocrystalline on quenching from the melt but do not
cocrystallize when other thermal histories are imposed. It can be inferred from
results obtained for the crystalline phase that the two polymers are miscible in

the amophous phase.
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B. Electro- and Optically-Active Polymers

Two new types of p-xylene bis-sulfonium chioride monomers were prepared from
cycloaklylene sulfides. The polymerization characteristics of these monomers to
form poly(p-xylene sulfonium chlorides), and the thermal elimination reactions
of their polymers to poly(p-phenylene vinylene), were compared with those of two
monomers prepared from dialkyl sulfides. The cycloalkylene sulfonium chloride
monomer polymerized to higher yields and to higher moiecular weight polymers,
which showed more efficient elimination reactions.

The UV-visible spectrum of 200 nm thick films of poly(p-phenylene vinylene)
(PPV) siows three absorption bands, with maxima at 6.12, 5.06, and 3.09 eV. The
first two absorption bands are related to localized molecular states while the
band at 3.08 eV has a more complicated character with a 1.5 eV bandwidth, a 2.49
eV band edge and a maximum absorption coefficient of 1.5x10% em-1. Semiempiri-
cal MO calculations at the INDO and PPP levels and VEH techniques have been
applied in an interpretation of the electronic structure and excitations in this
electrically conducting polymer. A description of the lower energy excited
states of PPV has been achieved using an exciton model in which the polymer
chain is treated as an ordered array of identical molecules. The 3.08 eV
polymer absorption band is then attributed to an electron excitation spread over
several monomer units strongly perturbed by electronic-vibrational coupling.

In addition a versatile technique for preparing electrically conducting
polymer blends has been deveioped which utilizes the soluble precursor approach

to conducting polymer synthesis. The water-soluble polymeric sulfonium sait
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precursor to poly(p-phenylene vinylene) (PPV), a conducting polymer, has been
used to prepare blends of PPV with polyacrylamide (PAcr). These phase-separated
blends yield flexible and transparent films of good mechanical properties which
can be oxidized with strong electron acceptors (e.g. AsFg) and thereby exhibit
greatly enhanced electrical conductivity. The ultimate conductivity shows an
atypical gradual composition dependence, which lies between that of the pure
components. These blends can also be thermally stretched in the manner reported
for pure PPV. Stretching of the PPV/PAcr blends results in highly efficient PPV

chain orientation and greatly augmented conductivity along the stretch axis.
C. Computer Simulation of Mixing

Phase transitions from miscibility to immiscibility were observed in simula-
tions of binary polymer mixtures on a planar square lattice using reptation
sampling techniques. The relationship between the phenomenological interaction
parameter, X, and the true molecular interaction energy was followed and the
dependence of the number and distribution of heterocontacts in the mixture on
the applied heterosegment interaction energy was determined. Deviations from
the results of mean-field treatments, which overestimate the number of hetero-
contacts, were observed even for athermal mixtures. Kinetically driven hystere-
sis governed by a temperature equilibration time scale was examined for the
phase transitions. An important prediction of expansion of the polymer chains
in the miscibility region can be made on the basis of the results of chain end-
to -u distance calculations.

.n addition the behavior of a binary polymer mixture was simulated on a
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cubic lattice over both the miscibility and immiscibility regions. The number
and distribution of interactions in the mixture were found to be different from
the mean-field picture; however, the observed phase behavior agrees with that
predicted by the mean-field theory and is not affected by the observed con-
centration fluctuations. The relationship between the phenomenological x para-
meter and the heterosegmental interaction energy was investigated. Polymer
chains show nearly ideal behavior, even for strongly interacting mixtures; this
simplifies the theoretical treatment of polymer mixtures analogous to homopo-

Tymer melts.
D. Some Other Studies

The molecular weight dependence of the translational diffusion coefficient
of a flexible polymer in a highly interconnected porous glass material has been
studied by using dynamic light scattering. Porous silicas, each with different
pore radius Rp and porosity ¢, were saturated at equilibrium with dilute solu-
tions of linear polystyrene in a thermodynamically good solvent and examined in
a light-scattering spectrometer. Each measurement of diffusion was made
entirely inside a single fragment of saturated porous material, thus eliminating
effects due to movement of polymer from unbounded solution into the porous
material. Diffusion behavior was investigated as a function of the dimen-
sionless variables My = RH/Rp (the size of the polymer relative to the pores)
and qRp (essentially the ratio of pore size to the length over which diffusion
is probed), where Ry is the polymer hydrodynamic radius and q the scattering

wave vector. Macroscopic diffusion coefficients D,, phenomenological coef-
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ficients for diffusion over large distances in the porous glass, were obtained
from data at low qRp. The reduction in D, relative to Dy, where Dg is the dif-
fusivity in unbounded solution, can be satisfactorily interpreted in terms of
(1) hydrodynamic interactions of the polymer with the pore walls, which Tead to
a reduced intrapore diffusivity, Dp, relative to Dg, and (2) the tortuosity of
the pore space. At high M\y(Xy > 0.18), the dependence of Dp/Dg on Xy is con-
sistent with a transition from non-free-draining to free-draining behavior as is
predicted by scaling theories. For these data, the tortuosities (obtained as
the inverse of D./Dg in the limit \y = 0) are related to the pore space geometry

and are independent of )\y.
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PUBLICATIONS

Sixty-five (65) refereed publications have been published or are in press during
the period of this report using AFOSR support.
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