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Principal Investigator: Dr. Sukant Tripathy

Current telephone number: 508-458-7116

(Cognizant Scientific Officer:  Dr. JoAnn Milliken

Brief description of the project.

The principal focus of the project is to develop new materials chemistry based on molecular
level design and solid state chemistry. The goals have been to develop electroactive pclymers with
novel electronic, optical and nonlinear optical properties. Second and third order nonlinear optical
materials have been developed based on conjugated macromolecules and asymmetric anharmonic
molecular electronic dipolar oscillators.

In this multidisciplinary research effort, starting from first principle, polymeric systems have
been developed with stable large nonlinear cptical coefficients, ultrathin electroactive redox
monolayers, molecular superlattices etc. Photochemical crosslinking and photopolymerization have
been emploved as engineering tools in materials fabrication and to elicit new phenomenon.

Significant results during last year.

1.

o

LI

A new class of stable (temporal aud thermal) second order nonlinear optical materials has
been developed. In addition, these systems are photoprocessable and the photochemistry may
be carried out as almost the last step in any fabrication process. Cinnamoyl and styryl
acryloyl groups are used as the photocrosshinking groups.

. Guest-host systems have been designed with complete compatibility. The second order

nonlinear optical medium does not suffer from phase segregation and a very high level of dve
loading may be achieved.

. Suitable design of the NLO chromophore has led 1o some of the largest photoconductivities in

these polymers with the addition of charge transporters or dye sensitizers. Large
photoconductivity, small dark conductivity, stable and large electrooptic coefficients make
this class, efficient candidate photorefractive materials.

. Poling and crosslinking has led to increase in dielectric constant, decrease in dielectric loss

due to molecular motion and increase in dielectric strength. Dipolar units are designed with
large polarizabilities and ground state dipole moment to yield large net polarization upon
poling.




f. Brief summary of plans for next years work.

Design: Molecular units with transparency to shorter wavelengths, larger dipole moment,
stab'sr holes and large figure of merit for photoretractive effects will be designed.

Dynamics simulation of these systems will be carried out to study molecular motion, packing and
orientational stability. Electronic and optical properties will be estimated.

Svnthesis: Above designed molecular units appropriately functionalized will be synthesized.
These molecular units will be incorporated into macromolecular architecture as side chains, in the
main chain and in other articulated structures. Photochemistry in thin films, in monolayers (L-B) and
under orientation fields will be carried out.

Processing: Mono and multilayers and spun on films will be fabricated. Photocrosslinking will
be carried out in these films under applied fields. Microfabrication and direct processing will be
carried out using the photocrosslinkability by using photomasks and direct laser beam writing.

Characrerization: Details of the photochemical reactions will be investigated using numerous
solid state in situ characterization techniques. Polarized FT-IR, FT-NMR, UV-Vis-Near IR
spectroscopies will be carried out as a function of photoprocessing and field induced modifications.
Other linear and nonlinear optical properties will be investigated. Dynamic mechanical analysis,
dielectric measurements and thermal analysis will be carried out to study molecular motion
orgaiueat:on and property aspects.

Q. Name of graduate students and post-doctorals currently working on the project.
Post-doctoral
Dr. Braja Mandal

Graduate students (Ph.D. Candidares) Department
Mr. Jeng-I Chen Chemistry
Mr. Yong Ming Chen Physics

Mr. Ru Jong Jeng Chemistry
Mr. Lian Li Physics

Ms. Sutiyao Marturunkakul Chemistry
Undergraduate students Depariment
Mr. Craig Masse Chemistry
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a. introductory viewgraph
b.  figure
c. concluding viewgraph

d. text




Problem:

Development of single component
puotorefractive polymers.

Approach:

Requirement for photorefractive behavior are
second order nonlinearity and large
electrooptic coefficients, photoconductivity
and small dark conductivity. Good optical
quality is an additional requirement to permit
large path lengths.

Single component NLO system has been
developed where the NLO chromophore acts as
the dye sensitizer for photogeneration of
carriers. The donor amino group acts as a
stable hole transporter and the poled NLO
system provide the required stable electrooptic
coefficient. The NLO units are designed to
absorb and photogenerate carriers in the visible
spectrum. Tertiary amine as the donor 1s a
stable hole and participates in the hole
transport. There are no charges in the system
without photoexcitation to provide dark
conduction.
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Summary:

The only reported photorefractive polymer 1s a
Luce component system. It contains;

1. An NLO polymer
2. Sensitizer
3. Hole transporter

(IBM Labs, Ducharme et al)

This type of system suffers from phase
segregation, poor optical quality and an
unstable E-O coefficient. By designing a
photocrosslinkable NLO unit that 1s also a
stable hole transporter and by appropriately
designing its optical absorption properties, a
new class of candidate photorefractive
materials has been developed.
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Figure 1. Photocurrent measured as a function of
laser intensity at 514 nm with 10 V bias.




Problem:

Development of high dielectric, low loss
. -.ymeric materials for high energy density
capacitor technology.

Approach:

At the present time poled PVDF 1s used for this
purpose. Polyvinylidene Fluoride 1s a
ferroelectric polymer which upon poling and
alignment of the polarizable-CF2 dipoles yield a
large dielectric constant in a polymer with low
loss and high dielectric strength.

We have designed photocrosslinkable
macromolecules with highly polarizable
molecular dipoles incorporated 1into the
structures. These polymers may be poled in an
analogous manner and subsequently
photocrosslinked to yield a high dielectric
constant polymer. Crosslinking leads to a stable
network leading to extremely low loss high
temperature stability and high dielectric
strength.




Summary:

~“ne of the largest (possibly the  largest)
dielectric constant in a low loss polymer has been
achieved. This 1s a perfectly general and
versatile approach as any number of polarizable
dipoles may be incorporated following the same
chemistry. The poled polymer with these
polarizable units will have a net polarization and
have features of a ferroelectric system except
there will be no Curie temperature since the
crosslinked system may not relax.
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Figure 2. Photocrosslinkable nonlinear optical polymer
providing large dielectric constant and low loss as a result of
poling and subsequent crosslinking.




PROBLEM
MODIFICATICN OF ELECTRONIC AND OPTICAL
PROPERTIES OF POLYDIACETYLENE VIA CHANGES
IN THE SIDE GROUP MOLECUILAR STRUCTURE.

APPROACH

Charge carrier generation in polydiacetvlene thin film single crystals, poly-
PTS (2,4-hexadiyne-1.6-diol bis(p-toluenesulfonate)) and poly-BTFP (bis-(4-n-
butyl-2.3,5.6-tetra-fluorophenyl) butadiyne), is studied by using steady state
photoconductivity techniques. The polarization dependence of photocurrent has
completely different behavior for the polvdiacetvlene single crystals PTS and
BTFP. The results suggest that the side groups of polvdiacetylene can significantly
alter the material physical properties. In BTFP there is substantial m-overlap from
the side group structure to the backbone n-cloud. This overlap is not present in
1> where the tolouene sulfonate group is attached to the backbone by a
methvlene bridge (o).

The diacetylene BTFP was designed and synthesized by Nakanishi and
coworkers at RIPT Japan according to our specification (from theoretical

consideration).

—
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Explanatory

The photoinduced carrier generation of polydiacetylene single crystals.
poly-P1S and poly-BTFP (Figurel). are investigated by using the steady state
nhotoconductivity technique. Charge carriers are photoinduced by the incident
light of photon energy above bandgap. Light polarization 1is adjusted
continuously by rotating a half wave plate (Figure 2). The polarization
dependence of photocurrent of PTS and BTFP are shown in Figure 3. The
polarization dependence of photocurrent has compieteiy different behavior for
the polvdiacetylene single crystals PTS and BTFP. PTS shows a maximum
photocurrent when the incident light polarization is about 60 degree to the
polymer chain and minimum when the polarization is parallel to polvmer chain.
A small dip 1s observed in the photocurrent when the polarization is exactly
perpendicular to the chain direction. BTFP, on the other hand, has completely
different behavior. showing a maximum in photocurrent when the polarization
of incident light 1s paralle] to the chain. It is interesting to note that the
absorption 1n both PTS and BTFP single crystals is much higher when the
incident hight polarization is along the chain direction. The absorption spectrum
for the two systems look similar though absorption is red shifted for BTFP
compare to PTS. This suggests that the side groups play an important role not
only in just shifting the bandgap but also quite significantly alter the
photocarrier generation mechanism. Crystalline diacetviene polvmers BTFP
and PTS are important examples of solids with quasi-one dimensional band
structure which behave quite differently regards photocarrier generation. This
clearly establishes the importance of synthesis and design at the molecular level
to elicit new phenomena in these systems. The electronic and optical properties
of polydiacetylenes were assumed until now to be entirely due to the delocalized
electronic structure of the backbone. The side groups were assumed to play only

a mechanical (structural) role in the svstem.

[4
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Figure 1 Solid-state polymerizaton scheme and the
chemical structure of PTS and BTFP
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Figure 2 The experimental setup for the measurements
of polarization dependence of photocurrent.
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Tripathy), Die Makromolecular Chemie, Rapid Communications, 12 63 (1991).
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"Design and Synthesis of a New Class of Photocrosslinkable Nonlinear Optical Polymers,” (S.K. Tripathy,
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Honors/Awards/Prizes for contract/grant employees (list attached): 1

The Mark Jonathon Elliot Scholarship Award was awarded to Dr. Xiao-Fang Sun, in 1990, for his outstanding
scholarship, during his graduate studies at the University of Lowell.




