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Stilbene Side Chain Liquid Crystalline
Polyacrylate
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A 100 pm film of a side chain liquid crystal polyacrylate (P-10) containing a (CH,),, spacer chain and
a 4-dimethylaminostilbene-4’-carboxylic ester mesogen was measured to have degenerate four wave
mixing efficiencies at 532 nm 24 times that of a 1 cm cell of carbon disulfide and 0.16 times that of a
90 pm film of 1.25 weight percent 4-dimethylamino-4’-nitrostilbene (DANS) in poly(methyl methac-
rylate) [PMMA]. The second harmonic generation efficiency of P-10 at 1064 nm on a molecular basis
was (.18 times that of DANS in PMMA.

Keywords: Stilbene, polyacrylate, SHO, DFWM

INTRODUCTION

Organic polymers with donor-acceptor substituted aromatic structures are of in-
terest due to large second-order nonlinear optical coefficients x‘»,!-* and ease of
fabrication into thin films. Two approaches have been used to incorporate the
structure of choice into the nonlinear optical (NLO) material. One approach has
the active NLO structure dissolved in a polymer film, such as 4-dimethylamino-4'-
nitrostilbene (DANS) doped into poly(methyl methacrylate). Films of such dyes
oriented by DC electric fields in glassy polymers have x® values greater than those
of inorganic crystals.>~7 However, the initial x» values of DANS in PMMA are
not temporally stable due to relaxation of the polymer glass and of the solute
toward an equilibrium isotropic state.®” Greater temporal stability has been achieved
by incorporation of DANS-like structures as side chains of glassy polymers.' Fur-
ther improvement in temporal stability is expected in this second approach when
the NLO structure is the mesogen of a polymer liquid crystal (LC) which will retain
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anisotropic structure indefinitely. LC copolymers with dyes in the side chains have
higher order parameters than dyes dissolved in LC polymers.'" Numerous side
chain polymers have been prepared for second order NLO applications,*>-'*~'* but
many of the structures are proprietary, and most of them probably do not have
liquid crystal phases. Some of these polymers have been tested as frequency dou-
bling and waveguide devices."” '8

Somewhat less is known about the structural requirements of organic materials
for . Polymers with long conjugated mw-electron systems and heteroaromatic
ladder polymers have shown the largest x® values.!® Calculations on simple po-
lyenes indicate that donor and acceptor substituents such as those on DANS should
enhance nonresonant x¥.%° Third harmonic generation has been reported for co-
polymers of methyl methacrylate and acrylates containing structures analogous to
DANS.?!

We describe here preliminary degenerate four wave mixing (DFWM) and second
harmonic generation (SHG) experiments on films of a side chain liquid crystal
polymer P-10 and on films of DANS in PMMA for comparison.

O

DANS

(CHz),N Q T
N\ O CO,(CH,)00,CCHCH,

N

X
P-10

EXPERIMENTAL

Preparation and properties of P-10 and related polymers are reported elsewhere.*
The sample used for film preparations had M,, = 13,300, M,/M,, = 14, and 2%
residual monomer by GPC, and had thermal transitions of T, = 79°C and T, =
128°C. The phase transitions are broad and can be observed after the first DSC
scan only after the highly viscous mesophase has been annealed. The type of
mesophase has not been identified yet, but the polarizing microscopic texture
suggests a low degree of order.

The P-10 sample for DFWM was a 100 wm thick film contained in an area 1 cm
X 2.5 cm with a lead spacer designed for a solution infrared spectroscopy cell,
sandwiched between two microscope slides, annealed in a vacuum oven under
slight pressure at 140°C, and cooled to room temperature over 2 h to form a low-
scattering, slightly birefringent, yellow polymer glass. The DANS sample for DFWM
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was a 90 wm film on a 1 mm microscope slide prepared by evaporation of a
chloroform solution of a 1.25 weight percent dispersion of DANS in PMMA and
drying in air for 2 days. The average film thickness was calculated from measure-
ments of the thicknesses of the coated and the uncoated glass slide with a microm-
eter caliper. Without magnification the DANS sample appeared orange and non-
scattering. Examination with a polarizing microscope revealed small crystals of
DANS dispersed in the PMMA and a low concentration of DANS dissolved in the
PMMA.

The P-10 sample for SHG was prepared by filtering a 10% weight/volume solution
of the polymer in 1,4-dioxane through a 0.5 pm filter and spin coating the filtrate
onto a 2.5 cm X 2.0 c¢m sheet of indium tin oxide (ITO) coated glass. The glass
was cleaned by washing with sulfuric acid, n-amyl alcohol, and isopropyl alcohol
with water rinses after each washing step. The film was dried under vacuum before
poling. Its thickness of 1.5 pm and its number density of polymer repeat units were
calculated from the weight, area, and density (1.155 g/cm?®, measured by pycno-
metry). The film was covered with a second sheet of ITO-coated glass, and wires
were cemented to each of the conductive surfaces with electrically conductive epoxy
resin (Zymet SL. 100-ZX). On a microscope hot stage the film was heated above
its isotropization temperature for 10 min, and a DC electric field of 800 kV/cm
was applied. The sample was cooled at 0.2°C/min to a temperature 5°C below T;,
maintained there for 24 h, and then cooled quickly to room temperature before
the field was turned off. The SHG experiments were performed after the sample
had been kept at room temperature for 3 days. After poling the sample was clear
at the center with small ripples near the edges, and the transmittance of plane-
polarized light through the sample at an acute angle depended strongly on the
direction of polarization, indicating homeotropic alignment of the long axis of the
stilbene. This same effect was observed qualitatively 8 months after poling.

The DANS in PMMA sample for SHG measurements was prepared similarly by
spin coating a 1,4-dioxane solution of 1.0 weight percent DANS in PMMA onto
ITO-coated glass. The thickness of the orange, transparent film was calculated to
be 7 wm from its weight, area, and density. The sample was heated on a microscope
hot stage to 120°C at 10 deg/min, annealed at 120°C (T, of PMMA = 105°C) for
2 h, and then poled with voltage slowly increased to 400 V (570 kV/cm) and held
at 400 V for 2 h. The sample cooled slowly to room temperature with the field on.
No microscopic changes in the sample were observed during this procedure. Unlike
the sample used for DFWM, there was no sign of DANS crystals in the film at
400 x magnification. Apparently the solution of DANS in PMMA stayed homo-
geneous during rapid evaporation of dioxane in the spin coating process, and DANS
crystallized out of PMMA during slow evaporation of chloroform in the preparation
of the DFWM sample. In plane-polarized light the sample still appeared ordered
8 months after poling.

RESULTS AND DISCUSSION

x® was measured by DFWM using a frequency-doubled, mode-locked Nd:YAG
laser (Quantel Model YG571C) producing single 20 ps pulses at 532 nm. The pulses
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were split into two pump beams and a probe beam. The pump beams were focused
to an area of about 1 mm? and crossed at an angle of 6° in the samples with incident
intensities in the range 1.0-10.0 GW/cm?. The probe beam exactly counterpro-
pagated to one of the pump beams with incident intensities in the range 0.02-0.13
GW/cm?, and the signal beam emerged from the sample exactly counterpropagating
to the second pump beam. The two pump beans were o-polarized, and the probe
beam was p-polarized, so that x{), was measured. The temporal overlap of the
three input pulses was adjusted using optical delay lines, and the quantitative
measurements were made when all three pulses were coincident in the material.

The magnitude of x® for the polymer films was determined relative to a | cm
reference cell containing CS, under the same experimental conditions.?* The pre-
liminary data are not corrected for self-focusing in the CS, sample. A much shorter
pathlength of CS, is needed to avoid self-focusing. The x{3), data corrected for
sample absorbance, number densities of the samples, and molecular third order
responses are given in Table I. The P-10 and DANS films possess x® greater than
that of the CS, sample by factors of 24 and 145. The extinction coefficients, also
given in Table I, show that the films have considerable absorption at the wavelength
of the experiment, and the measured values of x®® may be enhanced by band-edge
effects.

SHG experiments on P-10 and on DANS in PMMA were performed with a
modelocked Nd:YAG laser producing 20 ps single pulses at 1064 nm. The absolute
conversion efficiency was determined by measuring the ratio of the 332 and the
1064 nm signal intensities and applying corrections for the relative responses of the
monochromator and photomultiplier tube to the two wavelengths. The angular
dependence of the conversion efficiency for the P-10 sample was similar to that of
earlier reports® of dye/polymer films with minimum response at incident angle 6
= (° from normal and increasing response to 8 = 60°, but the coherence length
could not be calculated because no series of Maker fringes was observed.?* The
coherence length of a similar polymer was reported to be about 5 um.?

The conversion efficiency of the P-10 sample was measured as a function of input
intensity at an angle of 0 = 50°, and the results are shown in Figure 1 and Table
II. Absolute efficiencies approached 107, which are typical values for organic
polymer films. At this time we have no independent measurements of the sample
order parameters to judge how well the samples were aligned. Fewer SHG ex-
periments were performed on the DANS sample, but preliminary experiments

TABLE I

DFWM x® values and extinction coefficients

Rel. molecular

Sample X (esu)® N (1020 ¢cm~3)e response a (cm~! at 532 nm)
CS,¢ 7.6 x 10-14 129 1

DANS 1.1 £ 04 x 10°! 0.33 1.1 x 10% 165

P-10 1.8 = 0.7 x 10-12 14.6 23 25

*N. P. Xuan, J.-L. Ferrier, J. Gazengel, and G. Rivoire, Opr. Commun., 51, 433 (1984).

* Estimated errors due to uncertainties of the interaction length in CS, and to random errors in
measured scattering efficiencies. '

¢ Number density of chromophores.
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FIGURE 1 SHG efficiency of a film of P-10 as a function of input intensity at & = 50°.

TABLE I1
SHG coefficients

Sample Relative x* N (10* cm ) Relative di;
DANS 1 0.27 12
P-10 2.1 14.6 0.18

* Absolute values are reported to be 1.5 x 107 esu (Reference 6) and 2 X 1077 esu (Refer-
ence 9).

indicated the conversion efficiency was less than that of the P-10 sample. Corrected
for path length and number density the molecular contribution ds; to x® of the
polarized stilbene of P-10 is less than that of DANS, qualitatively what is expected
for substitution of the strongly electron-withdrawing nitro group of DANS with a
moderately electron-withdrawing carboxylic ester group.

After hundreds of laser pulses at either 532 nm or 1064 nm all samples showed
visible damage in the form of black spots, bleached spots, or cracking of the film.
All data reported were obtained at exposures well below the damage threshold.

In conclusion, optically clear thin films of a new liquid crystal polymer (P-10)
containing a polarized stilbene side chain, and of DANS in PMMA have been
shown to exhibit strong picosecond DFWM responses at 532 nm and strong pi-
cosecond SHG responses at 1064 nm. The DFWM responses of the P-10 and the
DANS samples are about two and three orders of magnitude less respectively than
those of the best polymers with long conjugated main chains (x*’ about 10~° esu).
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