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Preparation and Characterization of Crosslinkable Photorefractive 
Materials 

KYUNG-SHIN MIN", YOUNG-SUN CHO", JAE-SUK LEEa*, GYOUJTN 
CHOb, TATSUO WADA' and HIROYUKI SASABE' 
"Dept. of Mat. Sci. and Eng., K-JIST, Kwangju 506-712, Korea; bep t .  of 
Chem. Eng., Sunchon National University, Suncheon, Chonnam 540-742, 
Korea; 'Frontier Research Program, RIKEN, Wako, Saitama 35 1-01, Japan 

The crosslinkable polymer matrices and NLO chromophores containing 
alkoxysilyl groups are used in this system to increase the stability of NLO 
property for sustaining photorefiactive effect. The polymer systems with or 
without crosslinkable groups were prepared fiom PMMA, poly(MMA-co- 
TMSM), poly(VK-co-MMA) and poly(VK-co-TMSM) doped with modified 
DRl (DRS) and modifled carbmle (CzS). The photoconductivity and second 
harmonic generation measurements for poled thin films were carried out to 
manifest the photorefiactive effect. The da  values were high (about 40 pm/V) 
and the temporal stability for crosslinkable polymer system was reasonably 
high (without UV-absorption change for 90 hrs). The electric field dependence 
of the photoconductivity was obtained by negative discharging method. 
Furthermore, photorefractivity was confirmed fiom two-beam coupling (2BC) 
measurements. It follows a value of the normalized gain coefficient I' of 
2-1 3 cm-' at 633nm. 

Keywords: photorefiactive materials; crosslinkable polymer system 

INTRODUCTION 

The photorefiactive effect, that is, the change of refiactive index of the 
material has been observed almost three decades ago"'. Most of researches 
have been focused exclusively on inorganic cry~tals'~'. However, inorganic 
crystals have a lot of problems such as a dficulty in fibrication and 
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100 K.-S. MIN C/ ~ l .  

processability. Recently, both organic single crystals and pold polymers have 
been emerged in this field because of their usehl properties and unique 
advantages, e.g., ease of preparation for large-area samples, a low dielectric 
constant, high optical performance, and low cost. 

In view of the poled polymer systems, the thermal crosslinking is promising 
for stability, such as crossl ied epoxy host polymeric system ; bisA-NPDA : 
DEHI3'. However, they have serious disadvantages such as optical loss and 
poor film quality due to phase separation. More recently, most of the 
researches focused on the multifunctional polymeric or monolithic material 
systemI4I. Though the multi-component systems with low T, have been studied, 
the crosslied system can be considered for thermally stable photorefiactive 
materials as well. 

In this work, a crosslinkable polymer system was selected in order to 
obtain thermally stable multifunctional system. The matrices and NLO 
chromophores containing akoxysilyl group were used in this system to 
increase the stability of NLO property for sustaining photorefiactive effect. 

EXPERIMENTAL 

Modiiled disperse red 1 (DRS) was used as a nonlinear optical chromophore. 
Modified carbazole (CzS) was used as a charge transporting molecule, 
especially in the cases of PMMA and Poly(MMA-co-TMSM). The 3-nitril 
c a r h l e  (67%) was prepared fiom solution of carbazole (3.0g, 0.018 d), 
nitric acid (O.%, 0.018 md), and acetic acid ( l .OmL,  0.018md) in NJV- 
dimethylformamide (DMF) ( 5 0 d ) .  CzS (yield 75%) was prepared fiom 3- 
nitril carbazole, 2-chloroethanol and tri-ethoxysilylpropyliicynate at room 
temperature in THF for 5 hrs using sodium hydride. Modified DR1 (DRS) was 
prepared following previously reported methodP1. 

Four kinds of polymers were used as matrices : PMMA, poly(MMA-co- 
TMSM), poly(VK-co-MMA), and poly(VK-co-TMSM), where TMSM is 3- 
(trimethoxy sily1)propyl methacrylate, and VK is 9-vinylcarbazole. The thermal 
properties of polymers were determined by DSC and TGA (Thermal analyst 
2100, TA Instrument). The molecular weights of polymers were determined by 
light scattering (S 4700 Marvem) analysis. 

Precursor solution was prepared fiom matrix polymer and dopants such as 
DRS (lowto/) and CzS (low%) in THF (2 g), and spin-coated onto micro 
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CROSSLINKABLE PHOTOREFRACTIVE MATERIALS 101 

slide glass. Each sample was poled at 7kV and 80 “c. W-VIS spectroscopy 
(Shimadzu W-3100)  was used to measure the absorption change before and 
after poling. The wavelength for photoconductivity and two beam coupling 
(2BC) measurements were determined using U V M S  spectroscopy as well. 
Second harmonic generation (SHG) was measured using a rotational Maker 
f?inge method at a fundamental wavelength of 1064 nm Nd:YAG laser. The 
films were coated on the IT0 coated glasses for the photoconductivity 
measurement due to xerographic discharge method. 

For measuring photorefiactivity, the films were prepared by casting onto 
the slide glasses, and dried more than one day. The thickness of the resulting 
films were 50 ,an-180 ,m. Each film was poled at 7kV by corona poling 
apparatus. The 2BC gain for each system was measured at 633nm. Since all 
the samples have a weak absorption at 633nm, then it was suggested that the 
absorption act as the charge generation, and the traps are assumed to be 
inherent in the polymer. 

RESULTS AND DISCUSSION 

Table I summarizes decomposition temperature (Td), glass transition 
temperature (TB), d33 and molecular weight of polymers introduced in this 
work. Generally, UV-VIS spectra and SHG coefficient were introduced to 
confirm the orientation of molecules after poling. The temporal stability is 
estimated from the time evolution of the optical absorbance. A normalizes with 
that of t=O (Ao). The value of A/& for crosslinked polymer was reasonably 
high. 

TABLE I . Characterization of lymers, absorption properties, SHG (d33’~) 
and 2BC gain coefficients of the fp R composites. 

PMMA 263 I085 85,000 486 126 7 5  2 6  
Poly(MMI\*TMSM) 240 237 150,000 487 21 17 5 2 0  
pdy(VK+MMA) 345 1370 31.000 494 57 I4 7 I2 8 
PoMVK-w-TMSMl 267 502 360.000 493 41 

by I.@ S C ~ ~ ~ U K I ~  ( e l ) ,  b, Qped wtb DRS and CIS, F’abaorptioo wc6icimt at 633mn. and ‘2BC gat0 
d c i d  

Figure 1 shows the electric field dependence of photoconductivity for 
photorefiactive systems. The photoconductivities are at least one order of 
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magnitude smaller than PVK 
system. However, the results reveal 
a relatively strong dependence for 
the electric field. 

The photorefiactive properties 
were confirmed fiom 2BC 
measurements. A value of the 

FIGURE 1. Photoconductivity vs. nofmalized gain coefficient 1' 
electric field strength by photo- was 2-13cm4 at 633nm, whereas induced discharge method. 

the absorption coefficient a was 
7.5-17.5 cm-' at the same wavelength (see Table 1). In fact, to achieve a real 
application, the net gain (1'- a ) must be positive, which are not achieved yet 
for our systems. This might be due to the absorption of exciting light by DRS 
chromophore. It follows that the design of optical windows for CT complex 
formation is strongly required. Further investigation is in progress. 

I@ lV 
Electllc cald (v.1) 

CONCLUSIONS 

In summary, second order nonlinear optical properties have been observed 
each system. In addition, photoconductivity, and asymmetric energy transfer in 
the two-beam coupling have been observed in a poly(N-vinylcarbazole) 
copolymer composite. This system is suitable for long-term information 
storage application. 
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