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An Alternate Synthetic Route for the Soluble Nonlinear Optical 

Polyimides 

HAN YOUNG WOOa, KI-JEONG MOONa, HONG-KU SHIMa, KWANG- 
SUP LEEb, MI-YUN JEONG', and TONG-KUN LIMC 
'Dept. of Chemistry, KAIST, Taejon 305-701, Korea; bDept. of 
Macromolecular Science, Hannam University, Taejon 300-79 1, Korea; 'Dept. 
of Physics, Korea University, Seoul 136-606, Korea 

Two functionalized second-order nonlinear optical polyimides were 
synthesized by the polycondensation reaction between chromophore- 
containing dianhydride and diamine monomer. The molecular weights of the 
final polymers were determined to be Mn=lOOOO-1 1800. No melting was 
detected and they showed relatively low glass transition temperature at 160.7 
"C and 180.7 "C due to ether linkage in the polymer backbone. In the case of 
PI2-DANS, high optical quality films were prepared by spin casting. The 
second harmonic generation coefficients, d33 and d3l of PI2-DANS were 
measured to be 24 and 4.8 pmN respectively. They exhibited no decay until 
ca. 100 "C. 

Kevwords: nonlinear optics (NLO); polyimides; second harmonic generation 

INTRODUCTION 
Recently, much attention has been focused on processible NLO thermoplastic 
polymers with high glass transition temperatures."] Among these 
thermostable polymers, functionalized aromatic polyimides have attracted 
much attention due to high temperature alignment stability, good mechanical 
property, low optical loss, efc. Several synthetic routes for NLO- 
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40 H. Y. WOO rt 01. 

fimctionalized polyimides have been r e p ~ r t e d . ' ~ ~ - ' ~ ~  A common synthetic 
route for NLO polyimide is the condensation polymerization of dianhydride 
with diamine compound containing a NLO chromophore through a 
poly(amic acid) prepolymer.12] But this method includes a tedious procedure 
for the synthesis of the chromophore-containing diamine monomers. The fact 
that few chromophores can survive relatively harsh chemical conditions of 
the monomer synthesis limits the kind of chromophores that can incorporate 
in the polyimide backbone. To avoid troublesome synthesis of the 
chromophore-containing diamine compounds, we incorporated a NLO active 
chromophore into the dianhydride unit instead of the diamine unit. This 
method permits the versatility in selection of the chromophores which are 
incorporated into the polyimide backbone. Also, to improve solubility of the 
polyimide system, we introduced ether linkage into the polymer main chain. 

RESULTS AND DISCUSSION 

The synthetic routes of the chromophore-containing dianhydride monomer 
and the final polyimide systems are presented in Fig. 1. We incorporated 4- 

bis(hydroxyethyl)amino-4'-nitrostilbene (compound l), which is famous for 
the second-order nonlinear optical material, into the polyimide backbone and 
it was synthesized according to the method described in the previous 
literature.['] Compound 1 was mesylated and followed by successive sN2 
alkylation with 4-hydroxyphthalic acid dimethyl ester in N,N'- 
dimethylformamide solvent. Hydrolysis catalyzed by NaOH in H20/Acetone 
cosolvent gives tetraacid 4 which is precipitated by adding the reaction 
solution dropwise to the aqueous HCl solution. Dehydration of compound 4 

afforded the dianhydride monomer 5 containing NLO chromophore. By this 
simple method, more various chromophores can be incorporated into the 
polyimide backbone. Two types of polyimides were condensed in N- 
methylpyrrolidinone solvent and followed by chemical imidization with 
acetic anhydride and pyridine. The polymers were purified by a Soxhlet 
extraction for 2 days using methanol as a solvent. The polymers are very 
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41 AN ALTERNATE SYNTHETIC ROUTE FOR NLO 

soluble in aprotic polar solvents such as DMF, NMP, THF, etc. The 'H NMR 
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FIGURE 1 . The synthetic scheme of the monomer and polymers. 

spectra of two polymers show a signal broadening due to polymerization, but 
the chemical shifts are well consistent with the proposed polymer structures. 
The UV/vis absorption spectra of the polymers indicated the absorption 
maxima at around 430 nm owing to the n-n* transition of the stilbene 
chromophore. From TGA and DSC thermograms of the polymers, it is 
noticed that the initial decay of the systems starts at ca. 280 "C that is 
ascribed to the decomposition of stilbene moiety and that the breakdown of 

the polymer main chain happens at around 455 "C. The DSC curves show a 

glass transition area starting at 160.7 "C in PIl-DANS and 180.7 "C in PI2- 
DANS. The CF3- unit in the polymer backbone increased the chain rigidity 
and improved solubility noticeably. These physicochemical properties are 
summarized in Table 1. 

The nonlinear optical characteristics were studied by second harmonic 
generation (SHG) method with the PI2-DANS films. In the case of PI2- 
DANS rather than PIl-DANS, a higher optical quality film was prepared by 
spin casting from 10 wt. % cyclohexanone solution. The poling voltage 
dependence of the SHG signal shows that dipole aligning happens above 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

44
 2

0 
A

ug
us

t 2
01

2 



42 

PI1-DANS 
PI2-DANS 

H. Y. WOO ef ul. 

M, (€91) T, ("C) 1'' Td ("c) h,, (UV/vis) nm 
10,000 (1.59) 160.7 272.32 437.6 
11,800 (2.13) 180.7 280.80 430.5 

TABLE 1. The physicochemical properties of the resulting polyimides 

2.6 KV at room temperature. It is anticipated that no SHG signal is detected 
at room temperature due to the orientational inability of the dipoles in the 
hard polymer matrix. This aligning is attributed to somewhat easy rotation of 
the chromophores due to free volume between the polymer chains. However, 
the SHG signal disappeared in 10 minutes after electric field was removed. 
After the film was poled at around T, of 180 "C under the electric field of 3.6 
KV for 2 h, relaxation of the signal was measured immediately for 1 hour in 
the absence of electric field, which shows a typical temporal decay of the 
poling induced nonlinearity and stabilization of the intensity at about 70 % of 
the initial maximum value. It informs that the stable conformation of the 
polymer chains was accomplished above the temperature of glass transition 
to lock the dipole alignment. The second harmonic generation coefficients, 
d33 and d3, were determined to be 24 and 4.8 pmN at 1064 nm, respectively. 
In calculating of the SHG coefficients, we have made correction on the 
absorption of the film at 532 nm. The study of the real time NLO stability of 
the poled polymer films as a function of temperature indicated that the initial 
NLO value was maintained until ca. 100 "C. 
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