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Present designs for photorefractive polymer materials require 2
three principal components, a charge generator (CG); a chargeFigure 1. Examples of CTA, NLO, and CG materials commonly used
transport agent (CTA) or photoconductor; and a nonlinear optical for photorefractive polymer composites.

(NLO) chromophore (Figure £)? Photoconducting polymers,
doped with NLO and CG materials, have shown remarkable
photorefractive effects but often lack appropriate materials
properties (such as stability against crystallization) and are not
amenable to simple combinatorial methods for optimization.
Designer polymers with multiple components built into one
covalent network demonstrate superior materials propérties,
but typically require extensive monomer synthesis for each
structural chang@. An alternative design strategy is to begin with
a polymer and graft on the components (Figuré2j. Herein, Figure 2. Generalized fully functional photorefractive polymer: CG,
this strategy creates bifunctional polymers and leads to photo- Charge Generator; CTA, Charge Transport Agent; NLO, Non-Linear
refractive materials, with net gain, derived from simple siloxane Optical chromophore.

polymers and platinum catalyzed hydrosilation chemistry.

The synthesis strategy pivots on the platinum-catalyzed hy- components, the relative proportions can also be controlled. Thus,
drosilation of olefins with poly(hydromethyl)siloxane. This polymers of the general form xCG/yCTA/zNLO are attainable.
method has been previously used to prepare homopolymers with ~ Starting out to mimic the known active polymer composite of
photoconducting propertied)(141> Extension of the method to ~ PDCST/PVK/Gq,?**?we prepared allylcarbazole, purchased al-
permit the incorporation of multiple olefins in the same reaction lylcyanoacetaté® and ran the mixed hydrosilation reaction in the
pot immediately opens up the possibility to synthesize a library presence of platinum catalyst with toluene as solvent (Scheme
of polymeric materials and to optimize their properties by 1). Purification was achieved by an initial toluene/methanol
combinatorial method¥° Initially, even parallel synthesis can  precipitation, followed by a repetitive reprecipitation procedure
lead rapidly to a prototype. In addition to the nature of the various using tetrahydrofuran as solvent and hexanes as precipitant. The
mixed, grafted polymer was then subjected to Knovenagel
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Figure 3. Spectral characterization: left top, UV &f middle, UV of

5; bottom, UV of4; right-top-left, IR of Si-H region starting siloxane;
right-top-right, IR of Si-H region at the start and end of the reaction

(the small absorbance to the left of-3il is RCN from the NLO); right

bottom,'H NMR of 4 with integral for determining molar ratios of NLO:
CTA (see Table 1); NLO, (peaks a, b, and e); CTA, (peaks a, ¢, and d).
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Table 1. Physical and Photorefractive Characterizatior8o#
and7
sample 3 4 7
Ty (°CR 25 43 30
ratio (CTA/NLOY 2 15 1.5
Tore 70 50 123
R x 10718(m2/V2) 0.15 0.15 0.16
Odark (PS/cmy 0.005 0.005 0.003
Ophoto (PS/CMY 0.005 0.016 0.020
gain coeffl" (cm™1)f 4 22 12
7 (SP 10 2.8 1.8
o (cm™bh 16 5.4 5.4

aGlass transition temperature measured by DS@olar ratio of
CTA/NLO as determined by NMR and UV Processing temperature
to make good sample$Quadratic NLO response at 1 ¥z Con-
ductance dark and photo at 40 mW/FcirGain coefficien€* 9 Response
time at 0.25 W/cra " Absorbance at 676 nmTrap density
laser beams in a material across which an electric field is applied.
Through the photorefractive effect, power is transferred from one
beam to the other, and when the transfer of power exceeds the
absorption by the sample, a condition of net gain is achieved.
Photorefraction is seen for each of the bifunctional polymers
described here, and sampleshowed a net gain (Table ) As
a comparison, a composite df 2, and G (1.5:1:0.02) was
prepared?). The processing of the sample required much higher
temperatures, and problems with crystallization plagued the
sample preparation. Finally, a reasonable samplée7 afias
prepared, but it showed a gain significantly lower than the
comparable bifunctional, thus, supporting the practical aspects
of the grafting methodology.

These results prove not only that this method is useful for the
rapid and variable synthesis of bicomponent polymeric materials
but also that these materials can be highly active in the photonic
and electronic applications for which they were designed. The
proof of principle having been established, it remains for a general
library to be elaborated.

This method will be applied to the rational design of structure
function assays such as those related to the recently discovered
relationship between HOMO energies and trapping dengities.
It is our hope that the generality of this synthetic method applies
far beyond the development and optimization of photorefractive

IR, and UV methods. Reaction progress is monitored by the Materials; specifically, we anticipate libraries of siloxane-based
residual Si-H stretch that comes in a convenient window of the Polymer grafts as catalysts, sensors, and materials.

IR spectrum (2160 cri). Incorporation ratios of the olefins can
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the relative molar absorptivity. NMR and UV methods also show
that the discrete spectroscopic signatures of the molecular
components are not lost or significantly perturbed in the polymer
(Figure 3). The commercial siloxanes used in this study have a
broad molecular weight distributicd and GPC analysis confirms
that this breadth of distribution is carried through to the product by flve methylenes shows promising results; Tf.=

functionalized polymer.
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