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To produce and characterize improved organic ferroelectric materials with emphasis on im 
proving the response time and sensitivity. 

3. STATUS 

io-4r*- 

10"5 r 

.   #NP WP 
■ NP    P 
•   P 
■ P 

P 
P 

o 

,-6 

We demonstrated improvements in the mobility 
of photorefractive polymers and preliminary results 
from photorefractive dendrimers intended for fur-      ►£ 
ther mobility improvement. Our contributions are     «^ 
illustrated by the mobilities (graph at right) of 
several photorefractive polymer composites. The 
Prototypical Photorefractive Polymer1 (red 
squares) consists of a polycarbonate (PC) host 
with attached NLO chromophore 4'-nitro-4'- 
aminostilbene (NAS), and a hole transport agent 
diethylamino-benzaldehyde diphenyl hydrazone 
(DEH). All three functional components are polar, 
leading to unacceptably low carrier mobility due to 
the dipolar disorder effect. The Transport- 
Optimized Photorefractive Polymer2 (blue circles) 
minimizes dipolar disorder using a nonpolar poly- 
styrene (PS) host and using a weakly polar transport agent tri-p-tolylamine (TTA), even in the 
presence of the even more polar chromophore 2,5-dimethyl-4-(p-nitrophenylazo)phenol 
(ENDNPB). This composition shows a 300-fold improvement over the prototypical composi- 
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tion at 800 kV/cm. The NLO chromophore remains highly polar as is necessary to produce elec- 
trooptic or orientational birefringence effects for generation of phase gratings, but careful choice of 
transport agent minimizes the dipolar disorder effect while maintaining electrooptic activity. 

4.  ACCOMPLISHMENTS 

The photorefractive speed and sensitivity are proportional to, and often limited by, the charge 
carrier mobility, and therefore increasing the mobility is essential to the development of higher per- 
formance photorefractive materials. 

a. Identification and quantification of mobility reduction mechanisms 

We have shown that the main cause of mobility-reduction in organic photorefractive materials 
is dipolar disorder due to the polar chromophores, a necessary component of organic photorefrac- 
tives. It is clear from our studies24 of transport in polymer-based organic photorefractive materials 
that it is not reasonable to expect significantly faster operation, presently in the millisecond range at 
1 W/cm2 intensity, with conventional polymer systems.5-6 The limitation is not in photogeneration 
efficiency, which can be made close to 100 %, but in carrier mobility, which is severely limited by 
energetic disorder in the hopping manifold. This disorder is a result of the defects and environ- 
mental inhomogeneity inherent in conventional polymer-based systems.4 The effects of dipolar 
disorder on mobility were first observed in the early 1990s7-8 in similar composites used in Xerog- 
raphy,9 but our work demonstrated the 
distinct importance of the NLO chro- 
mophores unique to photorefractive 
composites. 

The figure at right summarizes our 
results from doping a nonpolar host 
polymer (polystyrene, PS) with a fixed 
amount of a hole transport agent (30 
wt. % DEH) and varying amounts of a 
typical high-performance NLO chro- 
mophore (4' -nitro-4' -aminostilbene, 
NAS). The hole mobility drops pre- 
cipitously with the addition of the 
chromophore,10 consistent with the 
predicted dependence that the mobility 
decreases exponentially in the square 
of the dipole moment.11 

Since the polar chromophores are 
necessary for producing refractive- 
index modulation, whether through 
linear electro-optic (Pockles) effect12 
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or by orientational birefringence,13 it is not possible to reduce dipolar disorder sufficiently by re- 
duction of dipole moments or concentration of dipoles. We therefore sought transport agents with 
reduced sensitivity to dipolar disorder. 

b. Mitigation of mobility redaction by careful choice of transport agents 

We have established methods for 
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choosing combinations of charge trans- 
port and NLO agents to minimized the 
effects of dipolar disorder and increase 
mobilities 2-3 orders of magnitude. 
Transport agents with low dipole mo- 
ment relatively insensitive to inhomoge- 
neous electric fields, and therefore 
maintain high carrier mobility in the 
presence of dipolar disorder. This prin- 
ciple is demonstrated in the graph at 
right, which shows the strong depend- 
ence of the carrier mobility for both hole 
(open symbols) and electron (closed 
symbols) transport agents in the pres- 
ence of a high concentration (25 wt. %) 
of the highly polar EHDNPB chromo- 
phore.10 Reducing the transport agent 
dipole moment by a factor of 8 from 
PTS to TTA increases the mobility by 
over two orders of magnitude. The low- 
dipole transport agents TTA and TAPC, 
by virtue of their relatively small dipole moments, are insensitive to the dipolar disorder due to the 
chromophores, thus restoring most of the mobility reduction from addition of 25 wt. % of the 
highly polar EHDNPB chromophore. 

c.  Development of Photorefractive Dendrimers for further mobility increases 

Even after minimizing the dipolar disorder effect, carrier mobility in polymers remains unac- 
ceptably low. This is because significant energetic disorder remains, a problem inherent in the large 
inhomogeneities of conventional polymer-based systems.14 To visualize the inhomogeneity prob- 
lem, think about conventional linear polymers, with their unavoidable polydispersity, as an inter- 
twined bunch of strings in a beaker, strings of varied length. Compare this picture with a beaker 
filled with dendrimers (dendritic or hyper-branched polymers), spheres of uniform size. In addi- 
tion, physical defects introduce deep traps in the matrix, and defects at the level of a tenth of a per- 
cent or more will substantially detract from photorefractive performance. Dendrimers afford excel- 
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lent synthetic control over their topology by rational design; that is, we can ensure a much more 
homogenous (i.e., uniform and low polarity) microenvironment for charge transport. 

Chromophore 

Sensitizer 

Agent 

Dendrimers have received little attention, yet perhaps hold the greatest potential for under- 
standing and optimizing photorefractive properties. Dendrimer composites like the one shown 
above consist of three main subunits: a core (black), branches (blue), and surface groups (red).. 
These three subunits can be independently varied to make chemically and topologically homogene- 
ous arrays of optimal charge transport agents and/or chromophores. Dendrimers remain relatively 
small and are readily doped with 
other molecules like the chromo- 
phores (green) and sensitizers 
(black). Such structural control 
allows optimization of the trans- 
port mechanisms in ways not 
possible in less ordered systems, 
while maintaining good control 
over thermo-physical properties. 
We have begun making photore- 
fractive dendrimer systems to 
validate our hypotheses. 

We have synthesized den- 
drimers capped with 4-12 carba- 
zole endgroups as transport 
agents (D4, D6, D8, D8E, D12). 
These dendrimers were doped 
with an NLO chromophore 
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The D4 dendrimer (with carbazole 
end-groups) exhibits mobilities 
(graph at right) above 10-6 cm2/Vs 
at 800 kV/cm electric field,15 con- 
siderably higher than in the 
PVK:TNF systems the prototypical 
photorefractive epoxy poly- 
men DEH systems. The D8E carba- 
zole dendrimer with 37 wt. % NAS 
chromophores exhibits reasonable 
photorefractive response (graph at 
right), with two-beam coupling 
gain of 12 cm-1 at only 350 
kV/cm.1516 Other groups, Yu at 
Chicago and Wada at RIKEN,17 

made dendrimeric systems intended for photorefraction. But, while their results are encouraging, 
only our group has reported successful demonstration of photorefraction in a dendrimer system. 

The dendrimer approach also allows 
us to prepare single compound (mono- 
dispersed) dual-function systems. For 
example, we have recently synthesized 
CZD6NS3 (right). We expect dual- 
function dendrimers to be superior due to 
very low electronic defect density, and 
by virtue of synthetic control over their 
topology, we can ensure a much more 
homogenous microenvironment for the 
transport states, resulting in increased 
mobility. In polymers, you can work to 
minimize polydispersity and defect den- 
sity, but the dendrimeric systems are in- 
herently superior in this respect In addi- 
tion, the dendrimeric systems permit de- 
tailed control of molecule orientations 
and environment so that redox potentials and photoionization energies can be adjusted without in- 
creasing disorder. For example, the electron-withdrawing group of a hole transport agent can be 
presented to the outside of the dendrimer structure while the remainder of the molecule is "pro- 
tected" nearer the molecular core. 
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However, the carbazole moiety is a poor choice for photorefractive composites because it is 
polar and therefore very sensitive to the dipolar disorder effect, resulting in low carrier mobility 
and low photorefractive speed. A preferred system with a TTA transport agent (below) to increase 
carrier mobility is currently undergoing transport measurements. 

>    TTA 

%   tri-p-tolylamine / 
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