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Holographic Storage in Photoresponsive 
Crosslinked Polymer-Liquid Crystals Composites 

NAOKl YOSHIMOTO, SHIN'YA h4ORIN0, AKI KAIHO and 
KUNIHIRO ICHIMURA 

Chemical Resources Laborator): ToLy~ Iiistitute of Technology, 4259 Nagatsuta, 
Midori-ku, Yokoharnu 226-8503, Japan 

Holographic gratings were formed by using croaslinked polymer-liquid crystal composites 
containing azobenzenes. The holographic recording was hascd on photoinduced alignment of 
a nematic: liquid crystal filled In a cell ac a I-csult of the amplification of photoreorientarion of 
azohenzenc rcsidues and exhibited volume holographic properties with Hragg diffraction. 
Spatial frequency of 1 pm was obtained for a cell of200 p i  in thickness, whereas diffraction 
efficiencies depended on holographic cxposure dosea and cell thickness. A free-standing film 
of this composite system was also prepared to perlorn holographic recording. 

K e y w ~ r d s :  holographic storage; photoresponsivity; crosslinked polynier; liquid crystal; bire- 
fringence 

INIRODUCTION 

Recently, much attention has been paid on hybrid systenis of liquid 
crystals (LO)  and polymers such as polymer dispersed LCs (PDLCs) and 
polymer stabilized LCs (PSLCs)".". These systeins exhibit electrically 
driven light scattering or reflection and applicable for holographic 
recording['.''. Holographic PDLC devices have so far reported 
inultilayer structures consisting of alternate layers of a polymer and small 
LC droplets formed by photocuring of isotropic mixtures of acrylates and 
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LCs undei- irradiation with interference light of two bcnins The pel-iodic 
modulation of the refractive index is caused to give rise to light reflection at 
a specific wavelength in accordance to Bragg's diffractioii. 
Photorefractive LCs are also holographic materials using electrooptical 
properties. Materials displaying photorefractive effect have been studied 
for low-mass LCs'", PDLCs".", and high- and low-mass LC mixtures'"."]. 
Photorefractive effect arises not only from electrooptical properties but 
also inoleculx orientation (so-callcd "orientational enhancement") due to 
high performances of two-beam coupling"01. Holographic PDLCs and 
photorefractive LCs use changes in birefringence induced by electr-ooptical 
properties and/or photocuring, and have volume holographic properties. 

Photogeneration of birefringence induced by photochromic molecules 
such as azobenzenes has been extensively studied by using various 
molecular systems" 'I. For example, photochromic molecules have been 
doped into poly(viny1 alcohol) (PVA)"" or attached covalently to liquid- 
crystalline polymers'''] and peptides"'] to create holographic gratings a7 a 
consequence of the photochrornism. Surface relief gratings by using 
azobenzene side chain polymers have been recently developedl15'. 
Photoisoineritation of azobenzene molecules tethered to a surface layer of 
a substrate leads to reversible control of LC alignnient"b-'71 so that 
homogeneous LC alignment is generatcd by irradiation with lineal-ly 
polarized light of axis-selective photoisoinerization. LC dii-ectors are 
determined by the electric field vector of the light. This kind of siufoce- 
m i s t e d  photocontrol of LC alignment is regarded a a unique optical 
hybrid system resulting from the appropriate combination of LCs a Iw-ge 
birefi-ingent niedia with photoresponsive surfaces 

We have demonstrated recently that LC alignment in a hybrid system 
comprised of a low-mass LC and a crosslinked polymers with azobenzene 
sidc chains is controlled by irradiation with linearly polarized"x1 and by 
obloque irradiation with non-polarized light.'" 'O' The 1nc&iz;-777ediflted 
photocontrol of LC alignment is  triggered by the photoreorientation of 
azobenzene residues studded to crosslinked polymers. Consequently, 
this composite system provides large photoinduced changes i n  
birefringence originated from LC alignment. One of the practical 
significances of the system is good transparency to visible light because of 
low loadings of azobenzene residues even in volume cells. We report 
here that holographic gratings are formed in the LC / crosslinked polymer 
composite systeiii, which records a refractive index modulation i n  thick 
cells. Volume holograms formed by photogenerated LC alignment i n  
ci-osslinked polyiner matrices arc 3150 described 
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HOLOGRAPHY OF PHOTOPOLYMER COMPOSITES [40971/329 

EXPERIMENTAL 

Chemical structures of materials used here are shown in Figure 1 (a). A 
cell filled with LC / photoresponsive polymer networks was fabricated 
according to our previous report."'] A homogeneous solution of benzoyl 
peroxide (BPO), an azobenzene derivative (Hex2Az) and a nematic LC, 
DON-103 (TN, = 73 T). in dichloromethane was evaporated in v m i o  at 
room temperature, followed by mixing with I ,4-butanediol diacrylate 
(BDA) as a crosslinker. Amixture consisting of 5 wt% of BPO, 30 wt% 
of BDA, 5 wt% of an azobenzene derivative and 60 wt% of DON-103 was 
sandwiched between two cleaned glass plates. The cell gap was adjusted 
from 25 pm to 300 pm by using film spacers. olthoscopic observation 
revealed that the mixture is in an isotropic phase. The cell was heated at 
80 'T for 10 inin to achieve the radical polymerization. 

Holographic recordings were carried out by using the setup illustrated 
in Figure 1 (b). Linearly polarized beams at the wavelength of 488 or 
514 nm from an argon ion laser were used as a writing beam. The 
intensity of the writing beams were CCL 45 mW crn-'. The writing beams 
were expanded and collimated. The angle between the two beams was 
I4 or 28 ', Diffraction efficiencies were evaluated here as intensity 

CnH21W1 ~ c - - o - ( - J - o c ~ , , + ,  R -  
DON-103 ( n,m = 3, 2-4, 2-5, 1) 

Mirror 

Rotation Cell 
stage 

BDA BPO 

(a) (b) 

FIGURE 1 
study and (b) optical setup for holography experiments. 

(a) Chemical sturactures of compounds used in this 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

32
 1

6 
A

ug
us

t 2
01

2 



rations of the + 1 order diffracted beam to the beam ti ailsinitted thi ough a 
sample cell by using a He-Ne laser beam. Writing and reading 
experiments were carried out at room temperature. 

RESULTS AND DISCUSSION 

Photoinduced refractive index modulations 
The polymerized cell showed weak light scattering at room tempeIatuie, 
indicating the occurrence of phase separation a result of the 
polymerization. A clearing point as a transition temperature between 
nematic and isotropic phase (7J wa5 checked by orthoscopic observation 
and determined to be 47.5 "C. The Tw, was much lower than that of the 
pure DON-I03 (TNi = 73 " C ) ,  reflecting the contamination with various 
components. Figure 2 shows tlie transinksion bpectra of the sample at 
room temperature and at T > TNI. The transpareiicy at room teniperattilr 
was preserved at writing wavelength, 488 nm and 514 niu. Cells heated 
above TNI displayed significantly low light scattering 21 the wi-iling 
wavelengths. Despite loss of transparency at the room temperature, tlie 
transmittance of the 100 bm thick sunpie shows co, 7 8 ;it the writing 
wavelength (488 nm) 
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HO1,OGRAPHY Ob PHOTOPOLYMER COMPOSITES [4099]/33 1 

Diffraction efficiency (77 ) of a cell depended on holographic exposure 
doses, as shown in Figure 3 (a). The maximum value of 77 of a 25 pm- 
thick cell was 2.6 % at an exposure dose when irradiated time was carried 
out for 5 min to give an exposure dose 9.0 J c i d .  As shown in Figure 3 
(b), birefringence was generated by irradiation of a cell of the same 
thickness with 436 nm linearly polarized light from a high pressure Hg- 
lamp. Note here that the photoinduced birefringence is leveled off at 
exposure doses of about 500 mJ cm.l, indicating that the photogeneration 
of birefringence is completed far before holographic gratings exhibit the 
maximum 77 value. Diffraction efficiency is also influenced by formation 
of  interference fringe in addition to photoinduced birefringence. 

0.0 15 7, 

0.0 
5 0 500 1000 1500 2000 

Exposure time (min) Exposure energy ( mJ cm-*) 

( a) (b) 

FIGURE 3 (a) Exposui-e time dependence of the diffraction 
efficiency with a 25 pn-thicir cell. The incidence angle between 
two writing beanis was 1.1 ' (b) photoinduced birefringence 
changc of a 25 pln-thick sanrplr with linearly polarized 436 nni 
light. 

Thick Hulopraiii Propq&s. 
The dependence of the dittractiori 21 ficir:,i;y on crli thickness is shown i n  
Figure 4. The diffractiorr efficiency is 20  % for the 100 pin-thick cell, 
which has reasonable transparer:cy at tilt: W U ~ I I I ~  wavelength A 100 
pin-thick volume hologram showed the angula;. selectivity at the Bragg 
angle. A qiiantitative estimation of voiunx !lologrnm is mride using the Q 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 0
2:

32
 1

6 
A

ug
us

t 2
01

2 



parameter, which is defined 

where A and d are [he wavelength of a writing laser (488 nm) and a cell 
thickness, respectively. n is the average refractive index, which is 
estimated to be I . 55 .  A is the spatial period of the grating followed by 
the equation: 

A = a / s i n 6  (2) 

where 8 is the incidence angle between writing beams. When the 
incident angle is 14 ', Q is calculated to be 12.8 for d = 25 pm, and 5 1 for 
rl = 100 pm, respectively. Q value5 of thick holograms are larger than 40 
- 60'*'] so that the property of thick hologram is obviously obtained for 
100 Fm-thick cells. 

Diffraction efficiencies were very small when exposure was made at 
5 14 nm. The absorption coefficient of azobenzene side chains at 5 14 nm 
is smaller than that of 488 nm so that photoinduced reorientation of the 
azobenzene does nor significantly occur at this wavelength. 

A spatial period of 1 pm was generated by holographic irradiation at at 
488 nm . I n  this case, a diffraction efficiency of a 200 pin-thick cell 

Cei I thickness ( pm) 

FIGURE 4 Dependence of diffraction efficiency on cell 
thickness after in-adiation with light beams from a Puf laser at 388 
nm (opened circles), and 5 14 nni (filled circles). respectively, for 5 
min at a11 incidence angle of 14 '. 
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HOLOGRAPHY OF PI-IOTOPOLYMER COMPOSITES [4101]/333 

was 5.6 % after the irradiation for 10 min. This value is comparable with 
a photorefractive material using high- and low-mass LC mixture."' 
Crosslinked polymers stabilize the photoinduced LC alignment to give rise 
to the narrow spatial period. 

A300 pm-thick free-standing film of this composite system was also 
prepared to perform holographic recording. Figure 5 shows 
photographs of a free-standing film showing spots of diffracted and 
transmitted beams. This film has rough surfaces so that the writing two 
beams are out of focus. Nevertheless, a diffracted spot was observed 
even in a free-standing film which contains 60 % of nematic LCs. 

FIGURE 5 Photographs of a free-standing film (a) before and 
(b) after hologiaphrc exposure for 5 min at an incident angle of 14 ', 
exhibiting spots of transmitted (c.eriter) and diffracted (left side) 
beams See Color Pldte XI1 at the back of thi5 issue 

CONCLUSIONS 

A novel holographic material has been developed by using composites 
containing of LC and crosslinked polymers with azobenzene side chains. 
Fabricated cells still maintained reasonable transparency for writing beams 
in spite of light absorption the azobenzene because of its low loading. 
Diffraction efficiency depended on holographic exposure doses and cell 
thickness. ' h e  composites showed volume-type holograms with the 
Brdgg diffraction. A free-standing fi lm was also fabricated to perform 
holographic recording. 
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