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INVESTIGATION OF POLED FILM OF STYRENE COPOLYMER 

WITH p -DICYANOVINYL AZO DYE SIDE CHAIN 

CHENG YE, ZHIMING FENG, JIAFW WANG, HUI SHI, HAIOU DONG 
Institute of chemistry, Academia Sinica, Beijing 100080, China. 

_- Abstract __ In this paper the poling properties of copolymer (PS)O-DCV film 
have been investigated by the absorption and IR spectra. The relations between 
corrected electrochromism and poling conditions were discussed. From IR 
spectra a useful information about chromophore orientation was obtained. 

Nonlinear optical materials are currently of great scientjtic and technological interest. 
For second harmonic generation (SHG), a major challenge is to constmct necessarily 
noncentrosymmetric molecular assembiies having high structural order and suitable 
processability. One of approches is to incaporate organic chromophore molecules 
possessing large second - order nonlinear optical susceptibilities into side chain of 

glassy polymer and poling with an electric field * . As known, SHG coefficient d,, of 
poled polymer films can be analyzed according to the theoretical expression for uni- 
axial materials and the norinteracting oriented molecular gas model3, it is linearily 
dependent on the chromophore number density (N), the molecular hyperpolaribility 
(p), dipole moment (v) and the magnitude of the poling field (E&, that is: 

High chromophore number density will favor to increase d,, for functiondized 
polymer with same chromophore side chain and backbone. The copolymer of p- 
hyhxystyrene and p- [4-(2,2-dicyanovinyl)-4-(N-ethyl-N-2-oxyethyl)azobenzenene] 
styrene ((PS)O-DCV), with quite high N ,  had been prepared previously4. In this 
paper the poling properties of (pS)O-DCV film were investigated by spectroscopics, 
and the relations between N and poling conditions ( temperature, time and voltage ) 

d33= N.BP.E, (1) D
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166/[69O] C. YE ET AL. 

were discussed. 

EXPERIMENTAL 

1 . m  film prepar ation 
Films were made by spin-coating the solution of (PS)O-M=V in 1,2-&chloroethane 
onto tmnqarat microscope slide or KBr crystal plate (for measuring polarized IR 
spectra). The film thickness was 1-31.m measured by the interference microscopy. 
After the spinning, the samples were dried under vacuum at 6OoC for at least 2 hours 
followed by elevated temperature (100OC) for more 6 hours to remove solvent 
completely. 

As comparison, PMMA films doped with chromophore 4-(2,2-dicymovinyl)- 
4’-(N-dhyl-N-2-oxyethyl)hyl)azobenzene @CV) was prepared folluwing same pro- 
cedure, too. The dopant content in the t i h  was 4 mol%. 

2. Poling 
Poling was carried out using a disk top elmode - described previowly5. 
The substrate was placed film side up onto a ground plarmar Al electrode. A Cu foil 
top electrode ( cP8mm disk) was placed 13 mm above the Al electrode. Tlae tempe- 
ratme of the film muld be raised by a heating plate positioned under the Al electrode 
and controlled with a thermocouple. A high dc voltage was applied and the poling 
current was monitmed. Poled for a preset time the film was cooled to room tempe- 
rature during 30 mins, then the voltagewas removed. 

RESULTS AND DISCUSSION 

1. Absorption spectra 
The absorption of the films were measured with JASCD UVIDJX-320 spectrometer. 
Fig. 1 is the typical absorption spectra of the unpoled and poled (PS)O-DCV film. The 
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POLED FILM OF STYRENE COPOLYMER [69 1]/ 167 

FIGURE 1 absorption spectra of poled (PS)O-DCV films 
1. unpoled 2. heated only 
3. poled 4.3days after poling 

poling were performed at 1 17OC (Tg is 106OC measured with DuPont Delta ser. DSC7 
calorimeter), applied voltage was 1 OKV and time was 15.3 3 hours. There no chemical 
change under these poling conditions mdested by elemantal analysis and IR spectra. 
A decrease in absorbance was observed after poling. In contrast with common elecwo- 
chromism6, a hypsochromic shift was observed. The absorption peak was shifted 
from 5 10 nm to about 500 nm (dependent upon the efficiency of poling), and within 

other 3 days Amax was continually shifted to about 490 nm with a slight decrease m 
absorbance (curve 4). lien above changes stopped and the spectroscopic absorption 
characteristics remained constent. Compared with the absorption of unpoled film 
(curve l), the absorption band was broadened. 

Recently, electrochrmnism had been used to monitor the induced alignment and 
its tempd decay in a poled fiIm7. The observed decrease in absorbance canbe used 
to described the order of the dipole alignment 

However, our experiments mdicated the observed decaease in absorbance were caused 
by the field and heating ( the absorption of the films were decreased after heating 

*l-Al/& (2) D
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without field at 117OC for 3 hours (curve 2 in Fig. 1)). Therefore, a thermochromic 
mrrection must be introduced. 

"he dependence of the decrease in absorbance of poled (PS)O-DCV films upon 
the poling time, temperature and voltage had been investaged. The decrease in 
absorbance with thermochromic correction was linear with poling time. Since the 
thermodynamic equilibrium was not established even after more 15 hours poling in 
our experiments. Suitable poling temperature for (PS)O-DCV and DCVPMMA were 

found to be 1 17OC and 87OC, respectively. At higher temperature (such as 147OC for 
(PS)O-DCV and 100°C for DCVPMMA) the structural change of chmophore unit 
has been observed. The decrease in absorbance was proportional to the poling field as 
predicted from Eq.( 1). 

In addition, we had found that the poling current and the shift of absorption 
band may be used as probes for the poling level. However, there was much difficulty 
in quantitative analysis due to thermochmism. 

Soh  et at8 had found that the in- in N of the capolymer @CV-MMA) with 
respect to the doped system (DCV/PMMA) is not translated into the second harmonic 
coefficient d,, . They considered this may be attributed to reslricted motion and for- 
mation of centrosymmetric aggregates of the chromophm units. The N of our (PS)O- 

DCV sample (14 x 10 2o /an ,) is near twice of DCV i )  MMA ( 8 x 10 *' / cm ,), the 
motion of Dcv wflt be more ditllcult and the possibility of aggregation wil l  be higher. 
So, a higher poling temperature would be required, the poling efficiency would be R- 
ducedandthelargerth~ochn>mismwouldbeproduced. 

-- 2. IR andpolarized __ IR spectra 
Each vibralional mode of a molecule has a transitin moment vector M associated with 
it. When IR radiation is plane-polarized such that the electric vector E is pade l  to M, 
strong absorption occurs; if it is perpendicular, no absorption occurs. The absorption 
of each mode is proportionalto the square of the scalar product of E and M. IRand 
polarized IR spectroscopy m the most powerful &m&rhng ' andreaserchmeans 
for orientation and has been widely used in oriented polymer system 9. O .  However, 
few paper on the investigation of poled polymer frlm by IR andor polarized IR has 
been published so far. "he IR and polarized IR spectra of (PS)O-DCV fiis have 
beenmeasured with PE 983 spectmme&r. The spectra of poled films were essentially 
the same as that of unpoled films, except of height of peaks. The absorption of 1507 
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cm-' due to stretch vibration of phenyl ring was increased remarkably after poling. Its 
height was even higher than that of 1582 cm-' , but the 1507 cm-1 absorption was 
weaker than that of 1582 cm-' in the unpoled films. Moreover, the height of 1507 
m- peak was decreased with the film exposed in IR radiation for a long time due to 
the relaxation of orientation. So the peak of 1507 cm - l  can be used to monitor the 
poling efficiency and investigate the poling and relaxing processes. 

The absorption of all other vibration modes of phenyl ring, 1597, 1582 and 852 

cm- l ,  were increased obviously. These results indicated the phenyl ring was aligned 
perpedcular to the substrate after poling. The vibratim mode of ether bond of poled 
films at 1242 cm-l was increased due to -C6H,-0 align perpendkuku to the substrate, 
too. 

The dichroic ratio (R=A,/Al) of unpoled f W  was 1 .OO 2 0.02, here the error 

can be considered as the error of the measurements. However, R of most peaks in 
poled films were about 1.1, meaning that chmmophore units had been oriented after 

poling. Therefore, IR and polarized IR spectra are the convenient and useful means 
for charactering of orientation of poled filmsr. The detail will be published elsewhere. 

CONCLUSIONS 

The absorption spectra of poled (PS)O-DCV films had been investigated. Although 
the electrochromism can be used to monitor the poling, the thermochromism correc- 
tion should be considered. It made the quantitative analysis further complication. 

High chmmophore number density wi l l  favor to increase the nonlinear optical 
susceptibility, but high possibility of aggregation, caused by strong polarity of DCV 
chromophore , requires longer poling time and higher poling temperature. To obtain 
the most effective poling, higher and more uniform poling field is necessary. The 
electrode configuration should beimproved. 

We had demonstrated that polarized IR spectra offer asimple and practical 
method to estimate the induce alignment of chromophore qualitatively. Due to lhermo- 
chromism am be neglected for IR measurement, the result is straightforward. 
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of China. 
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