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Fundamental questions concerning chiroptical polymers arise oH Hs on
from the characteristics of natural polymers, which have a one- C”Q‘C“‘C”fO‘C”z‘CH‘C”fN%
handed helical conformation and show characteristic functionality ’
in living systems. Conformational chirality can be optically induced
by the irradiation of photochromic molecules and polyniets. N
This phenomenon has been investigated for cases of many kinds ©
of photochromophores, for example, azobenzéntsyercrowded
alkenes6 diarylethend, binaphthalene%and spiropyranes.

Since the pioneering studies by Goodm@the optical induction Figurg 1 Chemical structure of epoxy-based amprphous polymer PDO3
of supramolecular chirality has been widely studied using azoben- €0M@ining azobenzene chromophores and no chiral groups.
zene-containing polymers. Azobenzenes are well-known chro- 40
mophores for their photoinduced linear orientation via trazis—
trans photoisomerizatiol. Photoinduced chirality changes in
azopolymers have been reported for polymethacryfapedypep-
tides? and polyisocyanatesThese azobenzene polymers contain
chiral centers, and the chiral properties were investigated in solution
using two different wavelengths as the light source.

The use of circularly polarized light (CPL) has been demonstrated a0l ‘ ‘ ‘ .
as a method for partially resolving a racemic mixtéitéRecently, 300 403\’ aveles::th (nm§°° 700
Nikol(.)va. etal. repqrted on the photoinduced Chirali'Fy of gmorphqus Figure 2. Induced CD spectra of the PDO3 films, which were irradiated
GPL ™ The muced chiraiy of e asobenzone polymars was. 2 EILISIGSd A a5 bea 483, 100 mn, 14, Exposure
investigated as a function of the ellipticity of incident light.
However, Iftime et al. reported that circular dichroism (CD) is not CD was measured from 300 to 700 nm using a JASCO 720 CD
induced in an amorphous azopolymer film by irradiation with CPL  Spectrometer.
and proposed that liquid crystalline alignment represents one of No circular dichroism was detected from unirradiated PDO3
the key factors in the creation of a chiral superstructbiiderefore, films, indicating that the materials initially were achiral. When the
the issue of the origin of the photoinduced chirality of azobenzene films were exposed to right- or left-handed CPL, no CD was
polymer films irradiated by light with handedness is not clear. In observed as well. However, when we introduced the linear polarized
this research, we report on an investigation of chirality photoin- portion to the incident CPL, that is, elliptically polarized light (EPL),
duction from amorphous and achiral azobenzene polymer films. & large CD signal was detected. Herein, light ellipticity) (is
The findings show that liquid crystallinity is not a necessary defined by the angley = arctan b/a), whereb/a is the ratio of
condition for a material to exhibit photoinduced chiral properties. light intensity at the minor (b) and major axis (efigure 2 shows

To attain an amorphous polymeric property, epoxy-based azoben-photoinduced CD spectra of the film that was exposed to left-handed
zene polymer PDO3 that contains no chiral centers was used inEPL with a 14.8 ellipticity. The variation in CD spectra was
this study. PDO3 was synthesized via the reaction of 2,2-bis(4- monitored as a function of exposure time. A positive CD peak
glycidyloxyphenyl)propane with disperse orang® he chemical ~ centered at 435 nm (Figure 2a) became split into two oppositely
structure is shown in Figure 1. Optically transparent films were Signed peaks (Figure 2id) with increasing the exposure time, that
prepared by spin-casting a solution of 10 wt % PDO3 in cyclo- IS, negative exciton coupling. As the exposure was continued further,
hexanone on glass slides. The glass transition temperature of thehe intensity of the negative CD increased and that of the positive
polymer was 110C, and the films were baked at 16Q to give CD decreased. After 70 min of irradiation, only a single negative
0.4um thick films. A UV absorption maximum was observed at CD peak at 505 nm with an intensity 6f57 mdeg was evident.
477 nm. The light source for chirality induction was an argon ion Under all these conditions, CD signals appeared in the region of
laser (Coherent) at 488 nm with an intensity of 100 mWicm  correspondingr—* transition of the azobenzenes. Therefore, the
Handedness and ellipticity of the incident laser beams were CD spectrum might have been generated from the photoinduced
controlled using al/4 waveplate. The beam was expanded and chiral orientation of azobenzene chromophores. Exciton coupling
collimated to obtain a homogeneous light intensity over the entire arises from interactions between neighbor chromophores through

area to be exposed. After the film was exposed for 10 s to 70 min, their locally excited states. The negative exciton coupling represents
an anticlockwise orientation of azobenzene chromophores. Accord-

* To whom correspondence should be addressed. E-mail: kimdy@Kkijist.ac.kr. ing to exciton coupling theoty blue-shifted exciton excitation

CD (mdeg)
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Figure 3. Intensity profile of (a) the left-handed incident Ataser beam
(Oin = 22°, uin = 11.£) and (b) the transmitting beam after the irradiated
film (Oout = 18°, Your = 5.9°). The major axis of the transmittal light was
rotated in a counterclockwise direction.
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Figure 4. (a) Optical rotation angleXf) and (b) ellipticity change of the
principal axis as a function of the incident light ellipticityig) for the
amorphous PDO3 film exposed to leM)-/right (O0)-handed elliptically

polarized Ar laser beams. Exposure time was 10 min.
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occurs in the case of the parallel orientation of chromophores, but

a red-shift occurs in the case of the in-line orientation. Therefore,
the induction of azobenzene chiral orientation might progress from
a parallel to an in-line orientation of azobenzene chromophores.
Other evidence of a photoinduced chiral suprastructure of the
amorphous PDO3 polymer was the optical rotation of the principal
axis. Figure 3a shows an intensity profile of an incident laser beam
with left-handedness. The ellipticityy(,) was 11.4, and the
principal axis @i,) is located at+22°. Figure 3b shows an intensity
profile of the beam passing through the irradiated polymer film.
The principal axis was rotated 4h a counterclockwise direction.
The ellipticity of transmitted light becomes smalléwy = —5.5%).
Considering the film thickness of 04m, 4° represents a huge
amount of optical rotation. This clearly shows that the film became
optically active. Figure 4 shows the optical rotation angle and the
ellipticity change of the films after exposure to left-/right-handed
EPL with various ellipticities. If the polymer film was exposed to
right-handed EPL, the major axis was rotated in a clockwise
direction. However, the angle of optical rotation was not exactly

the same as the case of left-handed EPL. This might be due to a

different activation energy or conformational stability between left-
and right-handed supramolecular helical orientatiSrs.

The chirality photoinduction of an azobenzene polymer might
be a combination process of linear polarization and circular
polarization of incident light. Figure 5 illustrates one of the possible
mechanisms for the chirality photoinduction, based on our CD

Left-handed
optical rotation

Left-handed supramolecular
helical structure

Left-handed elliptically polarized light

Figure 5. Schematic diagram of a proposed mechanism for the optical

induced chiral suprastructure of an amorphous azopolymer film. Left-handed
elliptical light might induce a left-handed helix orientation of azobenzene

chromophores.

generated. If the film was exposed to complete CPL, the preferred
axis of azobenzene orientation could not be generated on amorphous
azopolymer films. In the case of the liquid crystalline azopolymer
film, the intrinsic birefringence would change the incident circular
polarization to the elliptical state after the first layer. Optical rotation
through further layers would be generated in the same manner as
for the amorphous film. This is consistent with the explanation
proposed previousl#1® Consequently, a key factor for photoin-
duced chirality of an azopolymer film is believed to be the linear
orientation. Chirality photoinduction using CPL in liquid crystalline
polymers represents a special case.

In summary, chiral orientation of azobenzene chromophores on
the amorphous polymer films was optically induced by irradiation
with Ar™ laser light with elliptical polarization. The chiral structures
were strongly dependent on exposure energy. The induction of
chirality might arise from the stepwise rotation of a linear orientation
of the azobenzene groups through propagation of the light. We are
currently investigating the detailed mechanism of optically induced
chiral suprastructures and potential chirality amplification by taking
advantage of this extraordinarily high optical rotation.
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