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ABSTRACT

The second harmonic properties of thin films of polymeric colorants covalently
linked to azo dyes were determined and the effects of poling time, poling tem-
perature and poling electric fields on the SHG were evaluated. A poling tem-
perature around the T, of the polymeric colorants, a poling time between
20~30 min and a poling electric field at 5 kV/cm? were found to be suitable
conditions. The decay of the second harmonic coefficient of the polymeric
colorants and of the dye/PMMA mixed system corona-poled films was com-
pared. It was concluded that films of the polymeric dyes have more potential
for use as practical nonlinear optical materials than dye/PMMA mixed
systems. Copyright © 1996 Elisevier Science Ltd

INTRODUCTION

It is generally recognized that donor—acceptor substituted organic com-
pounds such as benzenes, stilbenes and azo dyes possess large molecular
second-order nonlinear optical susceptibilities."> A number of workers>*
have examined the NLO (nonlinear optical) properties of such molecules
dispersed in glassy polymer hosts and in liquid crystalline polymer hosts.
However, host-guest systems suffer from limited solubility of the NLO
molecule in the polymer host, and orientation in glassy polymer matrices is
gradually lost over a few days at room temperature.>

* Corresponding author.
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Fig. 1. The structure of polymeric colorant.

A more advantageous arrangement is to connect the active NLO species
covalently to the polymer backbone. Herein, we report such polymers with
covalently bound azo dyes,’ as shown in Fig. 1.

The second harmonic generation in transmission through the films, ds3,
was measured by the Maker Strip method using a YGA laser. The factors
influencing the SHG of the poling time, poling temperature and poling
electric field were studied. The decay of the second harmonic coefficient of
the polymeric colorant and of the dye/PMMA (guest-host) system in
corona-poled films was compared. It was found that stable, high orientated
and ordered levels of NLO-active material could be achieved.

EXPERIMENTAL
Film preparation and poling

The polymeric colorant (Ia or Ib) films were prepared by spin-coating. A
solution of Ia or Ib in chlorobenzene was spin-coated at 1500 rpm onto a
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Fig. 2. Needle-electrode poling configuration.

1-mm-thick transparent microscope slide followed by a soft bake at 60°C for
30 min to remove residual solvent. The film thickness was measured with a
profilometer, and each sample yielded thickness values in the range of 1 ym.

The films were poled at selected temperatures and times, using a needle-
electrode poling configuration, as shown schematically in Fig. 2. The film
was then cooled to room temperature with the electric field still applied.
Finally, the field was removed, resulting in a system where the nonlinear
optic molecules were aligned within the polymer matrix. Since the operating
point of the corona-onset discharge did not exhibit the characteristic bluish-
white sheath associated with a full positive corona discharge, and since the
poling was performed at an elevated temperature, this type of poling is
referred to as COPET.

Measurements of SHG signal

In general, the second harmonic power in a uniaxial material is given by
eqn (1).6

P¥ = (51272 ) A)* To, Pp* P2 x 1/(n? — n3 )?sin®y(6) (1)

where A is the area of the laser beam spot, P, is the incident laser power, ¢,
and T,, are Fresnel-like transmission factors, n is the refractive index at the
indicated frequencies, and 1 (6) is the angular dependence of the second
harmonic power resulting from interference between free and bound waves.
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When the coherence length L. = A\4(n, — ny,) is large compared with the
film thickness, sin%y (6) can be expanded for small v (), leading to eqn (2):

2
.2 L n
sin“y)(6) ~ I:EL_C(_NQ_;—S—mZ‘é)T/i] (2)

where 71 = (n,, + n2,)/2 and N? = 7 + [(n, — na.)/2)%.

Since (n, — ny,)7n, the second harmonic intensity is independent of the
coherence length. The expression @?p? is determined by the form of the non-
linear susceptibility tensor, and the geometry of the experiment. The film
preparation technique used in this investigation results in a material posses-
sing a unique axis in the direction parallel to the field direction within the
point group comm. There are then five nonzero tensor components, three of
which are independent. With the three axis the unique axis, one finds that
with d3; (= d»1), dyz and dyy (= dis), Kleinman symmetry gives djs = ds,
and the method of film preparation gives d3; = d33/3. The polarization of the
second harmonic has the form shown in eqn (3).

P* = 2d\sE,E,
P2 = 2d\sE,E; (3)
P = dy B2 + dyy B

where the standard reduced notation has been used, with the incident laser
light polarized, and projecting the incident electric field onto the film non-
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Fig. 3. Second harmonic light vs incident angle for a poled film of Ia.
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linear polarization components. Under these conditions, d = d33 and eqn (4)
pertains.
P = (cos?8,,/3 + sin®6,)sinfy,, + cosh,sinfd, coshy, (4)

Using second harmonic generation in transmission through the films, ds;3
was measured. The transmitted second harmonic intensity is a function of
the angle () between the incident fundamental beam and the film normal as
shown by the typical data in Fig. 3.

The measurements were made on a g-switched Nd: YAG laser with a
1.064-um wavelength. The value of d3; was determined by comparison to d;
of quartz measured under the same conditions.

RESULTS AND DISCUSSION
Poling time

After films of the polymeric colorant Ia were poled at 5 kV/cm?, 110°C and
different poling times, the dss-value of the films was determined. The results
are shown in Fig. 4 and indicate that the longer the poling time, the higher
the second harmonic intensity (SHI). Moreover, when the poling time was
over 30 min, the SHI approached a constant value. The orientation order of
the colorants in the polymer is time dependent. The longer the poling time,
the more ordered the colorant molecules become in the polymer, and the SHI
values of the films become larger. When the poling time is sufficiently long,
all guest molecules in the polymer are poled to a degree which imparts non-
linear optic properties to the system and the SHI value approaches a con-
stant value.

10—
’;
E
3 s
L
6 L L L
0 10 20 30

Poling time (min)

Fig. 4. Relationship between SHG and poling time.
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Poling temperature

Ia films were poled at different poling temperatures (5 kV/cm?, 6~10 pA,
10 min), after which the films were cooled to room temperature and the SHI
value was determined. The results are shown in Fig. 5 and indicate that the
SHI reaches a maximum value when poling temperature is around the T,
(110°C). This is the reason why on raising the temperature close to the Ty,
the film becomes soft and the rotation of the colorant molecules in the
polymer occurs readily during poling. On cooling, the guest molecules are
frozen into their new orientation, imparting nonlinear optic susceptibilities.
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Fig. 5. Relationship between SHI and poling temperature.
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Fig. 6. Relationship between poling electric field and second harmonic intensity.
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Poling electric field

Ia films were poled at 110°C for 5 min with the applied electric field being
varied from 3 to 8 kV/cm?. The results are shown in Fig. 6, which indicates
that the SHG signal intensity increased with increasing poling electric field.
This may be attributed to more molecules aligning for the nonlinear optic
activity under the applied stronger electric field. Since the magnitude of the
second order nonlinear properties of the guest—host film system is directly
proportional to the orientational order of dye molecules and because film
was easily damaged under too strong an electric field, in general, the applied
poling electric field was about 5 kV/cm?.

Decay of the second harmonic coefficient of polymeric colorant films and
dye/PMMA dopant films

Our approach was to dope the PMMA films with polymeric colorant
monomers, viz. 4'-[(2-methacryloxyethyl)methylamino]-2,4-dinitroazobenzene
(IIa) or 4'-[(2-methacryloxyethyl)methylamino}-2-cyano-4-nitroazobenzene
(1Ib). The dye/PMMA (Ila/PMMA or IIb/PMMA) dopent films and poly-
meric dye films were poled under identical conditions. The decay of SHG
intensity with time was examined (Fig. 7), and the second harmonic intensity
continued to decrease at a slower rate. Moreover, over a longer period of
time, the decay constants of polymeric dye films were typically smaller than
those of dye/PMMA dopant films. Figure 7 shows that the copolymer
(polymeric dye film) alignment decays to ~85% of the original value,
while that of the guest-host system (dye/PMMA depant film) decays to
~50%.
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Fig. 7. Decay of second harmonic coefficient of polymeric colorant and dye/PMMA films.
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In this case the polymer chains may have begun to relax, and dopant dye
molecules that were earlier locked into alignment have greater freedom to
rotate and decrease the SHG coefficiency. In addition, one end of the dye
molecules in the polymeric dye films is fixed to the polymer backbone and
the dye moieties have less freedom to rotate than those in PMMA films
doped with the dyes. Thus, the loss in SHG intensity of polymeric dye with
time is smaller than for a dye/PMMA mixed system. It is concluded that the
films of polymeric dye have more potential use as practical nonlinear optical
materials than dye/PMMA mixed systems.

CONCLUSIONS

The magnitude of the second order nonlinear properties of a polymeric
colorant film was found to be directly proportional to the orientational order
of the colorant molecules, and SHG was influenced by the poling time, the
poling temperature and the poling electric field. The most suitable conditions
were when the poling temperature was around T, of the polymeric colorants,
the poling time was 20-30 min and the poling electric field was 5 kV/cm?,
The decay of the second harmonic coefficient of the polymeric colorants and
of the dye/PMMA doped system films was compared. The second order
nonlinear optic coefficients of Ia and Ib copolymer film decayed to 90% of
the original value after 6 days. Films of polymeric colorants are thus more
useful as practical nonlinear optical materials than dye/PMMA mixed systems.
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