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This research involves photoinduced structural changes in crosslinkable azobezene-based

polymers and their applications to novel optical devices. The first emphasis of this study is to quantify
the influence of crosslinking on photoinduced structural changes, especially at molecular and
macroscopic levels. Immobilization of photoinduced macroscopic motions by photocrosslinking,
which is the first research done in this area, is beneficial for industrial use as grating devices. The
demonstration of novel optical devices using this technique is the second emphasis c;f this research.
The conclusions in each chapter of this thesis are summarized below.

Chapter 1 describes the background for this study. Photoisomerization of azobenzene is the
most important basic effect in this study. All of the photoinduced structural changes studied here are
based on photoisomerization of azo chromophores. These photoinduced motions are classified into
three levels - molecular, domain and macroscopic motions — and the present knowledge found in the
literature was reviewed. In particular, photoinduced orientation and surface relief gratings, as
molecular and macroscopic structural changes respectively, were explained in detail. In the last
section of this chapter, the scope and the outline of this study were summarized. My aim was to clarify
the influence of crosslinking on photoinduced structural changes and propose novel optical devices by
combining photoinduced motions with photocrosslinking.

Chapter 2 presents the detailed preparation of a series of push-pull type
azobenzene-containing polymers with crosslinkable groups used for this study. To compare positional
relationship between azo chromophore and crosslinkable group, two different type copolymers, which
contain azobenzene and acrylic groups 1) in the different side chains and ‘_2) in the same side chains,

were prepared through radical copolymerization. I fabricated typical copolymers that contain each
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group either in the different side chain
or in the same side chain as shown in
Figure 1. All of the prepared

copolymers were amorphous and their
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Chapter 3 focuses on photo &
.o . .. (a) Acrylic p{DR1M-co-2HPMA] l=o
crosslinking methods: by irradiating nb=cH,
either a UV light or a 655 nm laser onto (b) Acrylic p[ASA-co-VN]
the crosslinkable azobenzene- Figure 1. Copolymers containing azo chromophore and acrylic
containin I rs Photo groups (a) in the different side chain and (b) in the same side
& POIymers. chain. Copolymer ratio: [/m=0.5/0.5 by mol.

crosslinking reaction of the acrylic

groups was observed by monitoring the decay of the acrylic peak on IR spectra. Photocrosslinking
with UV irradiation at 8o °C under nitrogen was accompanied by photo-degradation of the azo
chromophores while 655 nm irradiation revealed photocrosslinking without any photo-degradation of
the azo chromophores. The photocrosslinking proceeded at lower temperature and shorter
polymerization time than thermal crosslinking. It was concluded that photocrosslinking using 655
nm laser was especially advantageous for the optical device fabrication using various

photo-functionalities of azo chromophores.
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Figure 2. Birefringence behavior of copolymer, acrylic pfDR1M-co-HEMA] (DR1M content; 50 mol%) before (a)
and after (b) crosslinking. At point A, a linearly polarized laser (writing beam) is turned on; at point B, the laser is
turned off; and at point C, a circularly polarized laser (erasing beam) is turned on. Operating temperature; 25 °C.
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This chapter also describes the influence of crosslinking on molecular level photoinduced
structural changes. Photoinduced orientation behavior in the crosslinked network was measured by
monitoring as birefringence of the azo chromophore (Figure 2). It was shown that photoinduced
structural motions at molecular level were significantly affected by crosslinking. The stability of the
photoinduced orientation was especially improved. This was more apparent with an increase in either
crosslink density in the polymers or operating temperatures. The orientation behavior that was
analyzed by biexponential curve fitting indicated that the movements of the azo chromophores were
restrained by the crosslinked network. However, the azo chromophore was still mobile in the
crosslinked network. Introduction of crosslinking into azobenzene-based polymers was expected to
improve stability of reversible optical storages.

Chapter 4 explains photo-immobilization of photoinduced structural changes of the azo
chromophores in the copolymers. In fact, the photoinduced orientation was not permanently locked
even though photocrosslinking was performed simultaneously during photo-orientation. This
observation is true even for the copolymer containing both azo moiety and acrylic groups in the same
side chain. Investigation in the more tightly crosslinked network should be pursued to clarify the
immobilization of structural change at molecular level by crosslinking.

On the other hand, relief gratings photo-inscribed on the polymer surface were immobilized by
photocrosslinking. The photo-immobilized gratings were stable even at temperatures higher than the
Tg (=150 °C) of the crosslinked polymer whereas most of the gratings without crosslinking disappeared
around its Tg (=120 °C) (Figure 3). It was concluded that macroscopic structural changes such as
polymer chain migration could be locked permanently by photocrosslinking. This advantage is
expected to be used to improve the stability of optical grating devices.
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Figure 3. Thermal stabilities of normalized diffraction efficiency for grating films (a) photocrosslinked after grating
inscription and (b) without crosslinking. Tygs of the photocrosslinked and non-crosslinked copolymers are 152 and
115 °C, respectively. Copolymer sample: aerylic p{DRiM-co-HPMA].
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Chapter 5 proposes novel optical devices using all optical processes by combining
photoinduced molecular and macroscopic structural changes derived from photoisomerization of
azobenzene with photocrosslinking. These optical devices were successfully fabricated and their
optical characteristics were demonstrated. The possibility of polymeric EO switching by both the
gratings and poled orientation was proposed and, it was shown that the output signals were modulated
with the switching wvoltage at the
frequency of 10 kHz. The optical losses

at 824, 1,316 and 1,553 nm were
measured on the slab waveguides
including the azobenzene-containing
polymer as a core and were less than 3.2
dB/cm after photocrosslinking. By
taking advantage of both photo
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techniques, waveguide wavelength filters
] . Wavelength (nm)
with gratings were fabricated and showed

a reflection peak at 1,310 nm (Figure 4). Figure 4. Transmission spectrum of a 10 pm wide
. . . wavelength filter with 5 mm long grating length. Waveguide
It is worth emphasizing that the grating length: 8 mm.

waveguide device fabricated using all
optical processes was able to filter a specific wavelength.

Chapter 6 describes a summary of the research presented here.
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