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ABSTRACT: The efficient second harmonic generation has been observed in poled polymer 

systems. But, the nonlinear optical activity of these systems was relaxed with time. In order to 

enhance the stability of second harmonic activity over time, poling and subsequent physical aging 

process was applied to a doped polymer system. The aging process changes the relaxation behavior 

and improves the temporal stability of the second harmonic activity. 
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Many organic materials for nonlinear optical 
applications have been investigated because of 
their flexibility of artificial molecular design 
and large optical nonlinearities as compared 
with those of inorganic crystals. 1 •2 

Recently, it has been reported that efficient 
second harmonic generation (SHG) can be 
observed in poled polymer systems such as 
molecularly doped or covalently functionalized 
glassy polymer. 3 •4 In these systems, a structural 
non-centrosymmetry, which is a prerequisite 
for accessing the SHG effect, is offered by the 
alignment of nonlinear optical chromophores 
in polymer matrix. The polar chromophores 
are oriented by appling electric field above glass 
transition temperature, from the original 
random orientation to the direction of electric 
field. However, these systems show the decay 
of SHG activity with the lapse of time, even 
below glass transition temperature. This un
desirable phenomenon is caused by the dis
orientation of ordered chromophores in poly-

mer matrix. 
In this study, poly( 4-vinyl pyridine-co

styrene) was doped with N,N'-bis(4-nitro
phenyl)-methanediamine (NMDA) of which 
the calculated molecular hyperpolarizability f3 
is 12.2 x 10- 3 o e.s.u. The doped film was poled 
above glass transition temperature (Tg) and 
subsequently aged just below Tg. And the effect 
of physical aging on the relaxation of SHG 
activity over time was investigated with varying 
the aging time. 

EXPERIMENT AL 

Poly( 4-vinyl pyridine-co-styrene) (10 wt¾ 
styrene) was purchased from Aldrich Co. and 
purified by dissolving in methanol followed by 
filtration and precipitation into water. The 
precipitated copolymer was dried in vacuum 
oven at 100°C for 3 days. Molecular weight 
measurement was carried out in a GPC 
chromatograph (Waters) with DMF as eluent, 
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relative to polystyrene standard (Mn= 4.2 x 
105, Mw=7.8 x 105 and polydispersity= 1.9). 

NMDA was synthesized by the reaction of 
p-nitroaniline with formaldehyde in methanol 
at room temperature. The chemical structure 
was verified by 1 H NMR spectroscopy as 
follows: 

02N-ONH-CH2-NH--o-N02 

NMDA shows 80 times stronger SHG than 
urea in powder test, even though the crystal 
structure has not determined yet. 

The polymer films containing nonlinear 
chromophore NMDA were prepared by 
spin-coating on preheated (80°C) ITO glass 
substrate from DMF solutions, and dried 
in vacuum oven at I00°C for at least 30 h. 
The film thicknesses were measured by a 
surface profiler (DEKTAK-11-AV type). Film 
thicknesses were 7-9 µm and thickness varia
tion of a film was 0.2 µm. 

Tg's of the copolymer and the mixtures with 
NMDA were measured by Rigaku thermal 
analyzer (CN 8085EI). The Tg almost linearly 
decreases with increasing the NMDA content 
as shown in Figure 1. The NMDA plays a role 
of a low-molecular-weight diluent and con
sequently enhances the mobility of the system. 

The film was first corona-poled by applying 
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Figure 1. Glass transition temperature as a function of 
NMDA content. 
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electric field at about 5°C above T9 for 30 min, 
and then cooled down to room temperature in 
the presence of electric field. In the subsequent 
aging process, the poled film was kept at about 
5°C below for a finite time. During the poling 
and aging process, silicon oil was coated on 
the film surface to avoid the film breakdown, 
and 4 kV electric field was applied between ITO 
anode and pin-shaped cathode which was 
spaced about 1 cm from the film surface. 

The SHG measurements were performed at 
room temperature with lapse of time, by 
illuminating a Nd-YAG laser with a 1064nm 
wavelength. 

RESULTS AND DISCUSSION 

Assuming that a poled polymer film belongs 
to poing group co mm, the second harmonic 
polarization P induced by electric field E is 
given by5 

P;"'=2d15 ExEz (1) 

P;"'=2d15EyEz (2) 

P;"'=d31 E; +d31E; +d33E; (3) 

where dij are the second harmonic coefficients. 
Since Kleinman symmetry6 gives d15 = d31 , two 
nonzero coefficients (d31 and d33) remain, 
which are responsible for the generation of 
second harmonic wave. 

The second harmonic coefficients were 
determined by Maker fringe analysis. 7 In this 
method, the second harmonic intensity for 
uniaxial materials is given by 

P2w= (512n3 /A)t!T2"'d2 P(0)2 P! 

x [1/(n!-n~"')2]sin21/J(0) (4) 

where P"' and P 2"' are the incident fundamental 
and the transmitted second harmonic powers 
at an angle 0 from the film normal, A the area 
of the beam, tw and T2"' transmission factors, 
d the nonlinear coefficient, P(0) the projection 
factor, n"' and n2"' the refractive indices at the 
fundamental and second harmonic frequencies, 
and 1/1(0) the angular dependence of second 
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harmonic power. The second harmonic coeffi
cient d33 was calculated from the angular 
dependence of p-polarized transmitted second 
harmonic intensity against p-polarized incident 
wave, assuming that d31 =d33/3. 8 The value 
was compared to d11 of quartz. Typical Maker 
fringe of a sample is shown in Figure 2. 

The refractive indices (Table I) of a film were 
obtained using prism coupling technique, 9 with 
changing the wavelength of laser. Argon and 
Helium~Neon lasers were used. The coupling 
of a laser beam by a prism into a planar wave 
guide is governed by the angle of incidence of 
the light onto the prism base. We could observe 
strong coupling of light into the prism at three 
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Figure 2. Second harmonic intensity for a typical film 
containing 20 wt% NMDA as a function of incident angle 
of the 1064 nm beam. 
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angles. The refractive indices of the funda
mental and the second harmonic wave were 
calculated by a nonlinear regression ofSellmeir 
equation, which is given by 

B 
n2 =A+-------,--D),,,1 

l-C/A2 

The calculated refractive index data were 
n2w= 1.633 and nw= 1.601. 

Figure 3 shows the d33 decay at room 
temperature as a function of time after poling 
and aging. The second harmonic coefficient for 
poled and aged films (B and C in Figure 3) 
decays more slowly and the residual second 
harmonic activity is stronger than that for 
a simply poled film (A in Figure 3). For 
chromophore-doped polymer films, it is con
sidered that the higher the degree of orientation 

(B) 
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Table I. Values of refractive indices as a 
function of wavelength of a film 

containing 20wt% NMDA 

,l./nm n 

476.5 1.662 
488.0 1.653 
496.5 1.649 
514.5 1.639 
632.8 1.624 

(C) 
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Figure 3. Time decay of the second harmonic coefficient for films containing 20 wt% NMDA: (A) 0 h; 
(B) 2 h; (C) 5 h aged samples. 

Polym. J., Vol. 23, No. 10, 1991 1211 



S. C. LEE et al. 

of chromophores, the faster the decay rate. 
However, the decay behavior of the film aged 
for 5 h is similar to that of the film aged for 
2 h, even though the absolute d value of the 
former is higher than that of the latter. This 
means that the decay rate decreases with 
increasing the aging time. Two important 
origins, which influence the realignment of 
nonlinear chromophores to the random 
orientation, can be considered: one is the 
secondary relaxation of a glassy polymer, and 
the other is the inherent thermal mobility of 
the low-molecular-weight chromophore. The 
free volume of the system is an important factor 
to affect above two origins, because molecular 
motion in the bulk state can not take place 
without the presence of void volume. Usually, 
the free volume below Tg is larger than that in 
the equilibrium state, because a non-equi
librium state is frozen in during cooling of a 
polymer from above to below Tg. The physical 
aging changes the distribution, the size, and 
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the content of free volume in a non-equilibrium 
state. Therefore, the mobility of chromophore 
is constrained and the temporal stability of 
second harmonic efficiency is improved. 
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