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Rigidity Dependence of Alignment and 
Relaxation in Main-Chain Nonlinear Optical 
Polymers Measured by Optical and Electrical 

Method 

HEE-JIN CHOI~,  TONG KUN L I M ~ ,  MI-YUN JEONG~, JEONG 
WEON WUb, KWANG-SUP LEEC, SOO-MIN LEEC and 

BONG-KEUN SOc 

aDept. of Physics, Korea Univ., Seoul 136701. Korea, bDept. of Physics, Ewha 
Womans Univ., Seoul 120-750, Korea and ‘Dept. of Macromolecular Science, 

Hannam Univ., Taejon 300-791, Korea 

The dynamics of two main-chain nonlinear optical polymers, PA-PS and PA-MS, was studied 
at various temperatures below TF. In the characterization, both the photo-induced isomeriza- 
tion method and second harmonic generation were employed. In the case of non-polar align- 
ment by the linearly polarized UV light, the main-chain of PA-PS polymer was found well 
re-aligned but the main-chain of PA-MS polymer was not, because of the high rigidity. In the 
case of polar alignment by in-siru corona poling technique, double exponential functions fit 
well to the data of both PA-PS and PA-MS polymer relaxation data at all the temperature 
range. 

Keywords: main-chain polymer; photoisomerization; relaxation dynamics 

INTRODUCTION 
Nonlinear ophcal @LO) organic matenals have been mtensively investigated 
because of theu potenhal apphcahons to photonics dewces such as second h o n i c  
genmtor, phase conjugator, ophcal swtch, and EO modulator. The study of 
alignment dynamics of the chromophore as well as the polymer mamcham IS 
important m charactenzmg the polymenc matenals for the dewes applicahon In ttus 
work. the dynamics of two mamchain nonlmear opt~cal polymers. PA-PS and PA- 
MS. hamg different glass tmsihon temperatures, hence different rigidities, was 
studied at vanous temperatures below Ty. In the charactenzahon, both photo-mduced 
isomenzahon method and second harmonic generahon were employed. From the 
mfiared (IR) spectroscopy, we observed that the locomohve motion of polymer 
mam-chain IS present 
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100 HEE-JIN CHOI er al. 

EXPERIMENT 
Sample preparation: Figure 1 shows two newly synthesized main-chain polymer 
structures whch were PA-PS ~oly[2-(2-(4-(dimethyl~ino~~nyl)vinyl~5-ni~o- 
1,4phenylene] imino-[bis(4carbonylphemylene) diphenylsilane] imino)] and PA- 
MS ([Poly (2-(24(dimethylamino~~yl~yl)vmyl)-5-nit1,4-phenylene]-imino- 
[bis(4carbonyl-pheriylcne) dimethylsilane] hino)]. The glass m i t i o n  
temperatures of PA-PS and PA-MS are 111°C and 176"c, respectively. The 
different polymer main-chain struchrres are responsible for the different glass 
transition tempmahires of PA-PS and PA-MS. To prepare the thin film, two main- 
chain polymers wen dissolved in N - ~ y - 2 - p ~ ~ i s o n e  @NIP) at 10 weight %. 
The solutions were stirred for one day at room temperature and filtered with a 0 . 2 ~  
teflon filter. Thin films on a clean slide glass and sapphire slide were spin coated at 
4oOrpm for one minute. The sapphire slides allow spectroscopic measurement of IR 
region (1400-2000 cni'). The solvent was removed under vacuum condition at 
110°C for 10 hours. 

@)PA-PS (b) PA-MS 

FIGURE 1 Main-chain nonlinear optical polymcr structures; (a) PA-PS and (b) PA-MS 

Measurement of pbtdnduced alignment: S m e  the chmophore of the 
polymer possesses shlbene, it can be aligned through the photo-isomemahon 
process in the desired &rechon by pumping with a polanzed W light. ophcai 
pumping was camed out by madiahng the samples on sapphue substrate with a 
linearly polanzed W light h 1kW mercury lamp which is band pass filtered, and 
lens focused. The samples were pumped for one hour at mom temperature and T,- 
40°C respechvely, and then IR spectra were obtained nght after. 
In-sh measurement of the trpasient NLO response: For the electnc-field poling 
of chromophorcs, we employed a corona poling method, the same as that reported in 

our prevlous work [I]. The ~OCONL poling voltage of 3.5kV was applied evenly on 
the sample and the &stance between tungsten hp and IT0 electrode was I 5cm 
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RIGIDITY DEPEMENCE OF ALIGNMENT AND RELAXATION 101 

RESULTS AM)DIscussIONS 
It has been h o w  hat the photo-isomerization of stilbene groups results in the 
reanaslgement of polymer main-clmin. To confirm this, IR spectra were taken to 
measun the photoinduced alignmeat of polymer maiwlmin. We obsaved the 
change m the mtio of 00 m h m g  v i i o n  mode, papcndicular to parallel 
dimtion of pumping light polaaization, at 1653mi' of polymer main-chnin [2], 
which show that the alighmcnt of polymer main-chain is achieved by optical 
pumping fix PA-PS Fig. 2(a) and (b)]. Figure 2(c) shows the IR-transmisSi on ratio 
change at 1653cm" O f  the PA-PS and PA-MS b e f a  and affa optical Pumping at bre 
temperalum of 3O"c and T,4"c. 

It WBS f d  that the PA-PS p o l ~  ~ 8 8  d i d  well and the motmt O f  

alignment BS incrarses. H o ~ ,  the main-chain O f  PA-MS is 
not aligned well by optical pumping. Fmm the cxqarkm of glass transition 
temperatme of the two polymers, we amclu& that the alignment of PA-MS is 
restricted by thc rigidity of polymer mainchain. In orda to investigate the dynamics 
of dipoles m main-chain @lytnen, we performed the in-siru & harmonic 
generation measurement with a corona field applied at the tempaatures of 30 "c, Tg- 
40 "c, and T,-25 "c for each sample. We obsaved the polar ahpment for both PA- 
PS and PA-MS, which occlll~ in the molecular dipoles BS well BS in the polymer 
main-chain.Thcrelaxationdynarmcswae mvestigatcduponremovingthe comna 
electric field At all the tanpcraane range, botb double qmmnthl firnction and 

polymer exccpt the data of PA-PS at 30 "c m which case only the double exponential 
DissaQ-Hill many boay naodel M well to the data Of both PA-PS and PA-MS 
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102 HEE-JIN CHOI et nl. 

fimction fits well [Fig. 3 (axd)]. 

1 .o 

0.8 

0.4 

0.2 

0.0 

In (t)/ln (IOC. ) 

1 .o 

0.0 

0 4  

-a&* .xp - - - . cm-moami 
- 9 0  

0.2 

0.0 -12 
0 600 1OOO 1600 2000 - 4  0 1 2 3 4 6 6 7 0 

Tlmr/(erc ) In(tMn(wa.) 

FIGURE 3 The relaxation dynamics; for the PA-PS w l e  (a) the plot of d(t)/d(O) vs. t 
and (b) the plot of In[-ln(d(t)ld(O))] vs. h(t) at 30Dc and for the PA-MS sample (c) the 
plot of d(t)/d(O) vs. t and (d) thc plot of ln[- lno/d(O))]  vs. h(t) at 30% . 

We observed that the pokaligmmt (an extanel oolone field) can be achieved 
f a  both PA-PS and PA-MS dtl-hh, while the IWII-P~ 

e g )  mbe achieved fmPA-PS only. 
(optical 
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