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PHOTOCHROMIC BEHAVIOR OFTHIN FILMS OF 
FOLYMETHACRY LATE SUBSTITUTED WITH LATERALLY ATTACHED 
AZOBENZENES DISPLAYING LIQUID CRYSTAL ALIGNMENT 
PH(TTOCONTR0L 

H. AKIYAMA, Y. AKITA, K. KUDO and K. ICHIMURA 
Research Laboratory of Resources Utilization, Tokyo Institute of Technology, 
Y okoharna, Japan 

Abstract Photo- and thermal isomerization of poly[2-(2- 
methacryloyoxy)ajr~benzene] derivatives was investigated both in solution and in 
film state. In the photo-induced trans-cis isomerization, the rate in film state 
was smaller than that in solution. The kinetics of the thermal back reaction was 
proved to depend on the copolymeriiation ratio of the polymer. 
polarid light (LPL) irradiation of a thin film of the polymer induced dichroism 
of the film. The degree of the dichroism was related to the Tg of the polymers. 
In-plane alignment of nematic liquid crystals (LCs) was regulated by 
photodichroic thin films. Heat treatment of a film before irradiation was a 
important factor for the photoregulation. 

Linearly 

Recently new materials for optical data storage and display devices using linearly 
polarized light (LPL) as an external stimulus have been attracting intensive 
In many cases. azobenzenes were employed as photoreactive molecules. 
systems, optical modulation was due to the molecular reorientation through the 
photoisomerization of azobenzene induced by irradiation with LPL. However, the 
relationship between the photoreaction inducing LPL and the molecular structure of 
azobenzenes have not been thoroughly investigated. 

These materials fall into three main groups; 1) an azedye-dispersed polymer or an 
amorphous polymer bearing azobenzene in the side chain,' 2) liquid crystalline polymer 
films including mesogenic azobenzene moiety in the side chain? 3) surface-assisted 
alignment control of nematic liquid crystals by the surface of azobenzenecontaining 
polymer films.3 These systems are of practical significance because opt~cal information 
could be repeatedly written-in and erased simply by rotating an electric vector of LPL 
from a single light source. 

Concerning the third category, we have demonstrated that the reversible regulation 
of in-plane alignment of LC could be achieved by the photoisomerization of azobenzenes 

In these 
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92 H. AKIYAMA eta / .  

which were covalently introduced through their 2-positions to surfaces of silica glass 
plat6 OF poly(viny1 alcohol) films. Considering the shape of these laterally attached 
azobenzenes, such system have advantages for the effective induction of a planar 
alignment of LC, hence they are useful for the in-plane alignment control. In order to 
obtain more information on the photoreaction and LC alignment regulation, we 
synthesized poly(methacry1ate) having laterally attached azobeni~nes in the side chain. 
In this paper, the photoreaction of poly[2-(2-methacryloyoxylethoxy)azobenzene] 
derivatives was investigated with respect to 1) a rate of trans-cis photoisomerization, 2) a 
rate of the thermal cis-trans isomerization, and 3) the dichroism induccd by reorientation 
of azobenzene (Az) units. 

Materials 
The synthesis of 2-hydroxy-4'-hexyl-(4-hexyloxy) azobenzene have been described 
previously.7 
2-(Hydroxy)-4methoxyazobenzene were prepared according to the same method. m p  
4546'C. Found: C.72.90; H. 8.47; N, 5.64. Calcd: C.72.84; H. 8.56; N, 5.64. 
1 ~ - N M R  (CDCI~): QBR(BI, 4 
261 (w, 5 h-cHz)* 4 ~ P - t  m, -H, 45344 ns -2. Alo-cM-), IWH, s, 
W-W. 661 (lH, s, c;GH), 655(w, 4 Ar-H). 7.%(w, 4 

azobis(isobutyronit1e) in dry benzene in an ampoule was heated at 65'C for 12 h, and 
resulting viscous solution was poured into methanol to precipitate polymeric materials. 
Purification was canied out by repeated precipitation using benzenelmethanol system. 
The product was finally dissolved in benzene and lyophilized. The results of 
polymerization and the structure of polymers are summarized in Table 1 .  

1 . 1 @ 2 0 0 ~  m, a-12). 1.93 @H, S, m+a3), 

7.71 @N 1, A W .  
A degassed 33 wt96 solution of a monomer containing 0.5 wt% 2.2'- 

TABLE 1. (Irarecterizatica of polymers 

A 3 wt% solution of the polymcr in toluene was spin-coated on a quartz plqte (1x3 
cm). After baking at an appropriate temperature, the film wa. subjected to 
photoirradiation with light from an ultra high pressure mercury arc through glass filters. 

MeasuFement 
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19) was lower than those in 
solution. 
steric hindrance between the 
vicinal azobenzenes. In 
homopolymer films, the cis 
fraction of pMazhex-10 was 
largcr than that of pMaz- 10 in 
spite of large steric hindrance for 
hexyl and hexyloxy groups. 
This behavior might be 
explainable by considering the 
Tg of polymers; pMazhex- 10 
has low Tg (cr.t.), therefore, it 
was liquid-like at room 
temperature. The heat 
treatment before irradiation did 
not affect the value. 

trans-cis photoisomerization was 
carried out in terms of the 
following equation ( I ) ?  

It might be due to the 

Kinetic analysis on the 

P10- [tlm 

[tl - [ tb  
In- =Kt . . .(  1) 

where [t] is the trans ambenzene 
concentration, [t]m and [tlo are 
concentration of the trans isomer 
in a photostationary state and 
before UV-irradiation, 
respectively. Figure 2 shows 
first order plots of the 
photoisomerization of 

0- 
0 1 2 3 4 5  

time (min) 
FIGURE 2. First order plots for the trans-cis 
photoisomerization of pMaz- 10 (0). pMaz- 19 (a), 
pMazhex-I0 (A) and pMazhex-I9 (A) in film state 
(annealed at 120°C for 12h) and pMaz-I0 ( X), pMaz-19 
(-I-), pMazhex-I0 ( V )  and pMazhex-19( ) in toluene. 

0 1 2 3 4 5  
time (min) 

FIGURE 3. First order plots for the trans-cis 
photoisomerization of pMaz-I0 films annealed at 120" 
C for 0 h (a), Ih (m) and 12h (0) before irradiation. 

ambenzenes of polymers. 
solution, whereas it deviated from first order kinetics in film state. The decrease of the 
reaction rate in film could be explicable by assuming that the mobility of Az is limited in 
the polymer matrix. 
affect the rate of the photoisomerization. 

Thermal backward reaction 

The reaction of the polymers obeyed first order kinetics in 

Heat treatment of the films at 120 "C before irradiation did not 
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94 H. AKIYAMA et al. 

Differential scanning calorimetry was conducted on a DSC200 of Seiko Electronics Co., 
Ltd., at a heating rate of 10'Clmin. Gel permeation chromatography was carried out on 
an instrument of Jasco systems, a W C O  column oven equipped with 875 UV detector 
at a flow rate of 1.0 mUmin with chloroform as an eluent. Molecular weights of the 
polymers were determined according to a polystyrene calibration curve. 
copdymerization ratios were estimated by 1H-NMR spectra measured on a JEOL 
FX9OQ. The thermal backward reaction of mbemne  was moni tod  by absorbance at 
365 nm using a Hitachi 320 spectrometer equipped with a thermoregulated cell holder. 
The azobemne phdoimerization was followed by measuring UV and visible 
absorption spectra with a Hewlett-hckard diode array spectrometer 8452A. 

P o t o i m  

w 
. .  

The photoisomerization of the azobemnes 
attached to a polymerhacrylate backbone was 
investigated both in solution and in a thin film. 

o d e  1) in film state upon inadiation 
with 365 nm light. The top curve 
corresponds to the spectrum before 
irradiation, reflecting the 

100 300 400 SO0 1100 700 Figure 1 shows a spectral change of pMaz-10 Wavalwuth (NI 

FIGURE 1. c m  in UV-vs spcha ~l p m t o  in 
Rm s$t d.ing 3- liglt iwiaion. 

TABLE 2. Cis ~ractims (%)at photostationary starea in solution 

spectrum of the trans Solvent pMaz-10 pMaz-19 phlazhex-10 pMa2bcx-19 
isomer of the azobenzene. toluene 90 % 95 95 
The absorption maximum THF 95 97 
observed at 365 nm was 
attributed to the z-z* 
transition of trans TABLE 3. Cis Fractions ('K) at photostationery stales in film state 

m b e m n e s .  The Baking time (h) pMaZ-10 pMaz-19 puazhex-10 pMazbcx-19 
shift of x-x* absorption 0 78 95 87 90 

substituted ambenzene 12 79 97 87 '?4 
1 79 % 88 93 band compared to non- 

(hmax=3 12 nm) was 
owing to the alkoxy substituent at the 0- and p position of az.egroup. The absorbance 
decreased with increasing the irradiation time which indicates the photoisomerization of 
azobenzene moieties. 
From the absorbance of 365~1, the cis fraction m l d  be calculateds. The contents of 
the cis isomer at the photostationary states are summar id  in Table 2 and 3. In film 
state, the cis fraction of copolymer (pMaz-19 and pMazhex- 19) was similar to that in 
solution. In contrast, the cis fractions of the homopolymers (pMaz-10 and pMazhex- 
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PHOTOCHROMIC BEHAVIOR OF THIN FILMS 95 

Polymer films were irradiated 

Kinetic analysis of the thermal cis- 
trans isomerization of a pMaz- 10 film 
at 60°C was analyzed using the 
equation (2), 

[tlH,,-[tlHo 

PI Hwltl 
In =Kt .* . (2)  

where [t]% and [t]Hm are concentration 
of the trans isomer of the mbenzene 
in photostationary state and before 
irradiation, respectively. As shown 
in Figure 3, it followed first order 
kinetics. Therefore, the mobility and 

0 60 I20 I80 
Time (min) 

FIGURE 4. Erst order plots for the thermal cis-trans 
isomerization of films of pMaz-I0 (0. pMaz-19 (d, 
pMaz-199 0). The solid line was drawn on the basis 
of the isomerization behavior of pMaz-I0 in toluene. 

the free volume around azobenzene units in the film at 60°C might be analogous to those 
in solution. On the other hand, the thermal backward reaction rate of the copolymers in 
film state was initially larger and finally lower than that i n  solution. The phenomenon 
was more apparent with the polymer of lower azobenzene content. Such a rate 
enhancement in the beginning of the thermal isomerization is usually explained in terms 
of residual strain in the cis azobenzene produced by UV irradiation.9 

-- Dichroic ratio was defined as 
shown in the equation (3), 

Al-fv I 

0.00 
0 200 400 600 800 

Exposure energy (ml/cm2 ) 
dichroic ratio= - ...( 3) FIGURE 5. Polarized light exposure energy dependence of 

dichroic ratios of pMaz-lqO). pMaz-19 (a), pMazhex-10 
0) and pMazhex-l9(.). 

Al+Aii 

where Al and A// denotes for the 
absorbances at 365 nm, of which the direction of an electric vector of polarized probe 
light is perpendicular and parallel to that of the actinic LPL, respectively. As shown in 
Figure 5, the exposure energy required for a saturation of dichroic ratio was 50 mJ/cm*, 
and the maximum value for a pMaz- 10 film was observed at about 50 mJlcm2. These 
results had been discussed previously.7 
transition temperature (Tg) of the polymers rather than the structure of azobemne or the 

The dichroic ratio w& dependent on glass 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
32

 1
8 

Fe
br

ua
ry

 2
01

3 



96 H. AKIYAMA e t d .  

coplymeriiration ratio. 
displayed larger dichroic ratio. 
This low value seems to be attributable to a portion of the rapid thermal relaxation of the 
photo-induced dichroism. Eypecially dichroic ratio of a film of pMazhex-10 was very 
low, compared to those of other polymers. With this polymers of  low Tg (<r.t.), the 
orientation was more easily randomized thermally. 

Liquid crvstal photoalinnment 
We have already reported that the photocontrol of  LC alignment on the films o f  pMu-10 
and pMaz- 19.7 
pre-heated at 120°C before irradiation. A rate of the photoreaction of azobenzene units 
for actinic LPL was not seemed to vary with annealing because of no effect of the h a t  
treatment of the film on the photoisomeri7ation. I t  was suggested that conformational 
change at a topmost surfacc takes place in order to minimiix: a surface cnergy during thc 
heat treatment. The hydrophobic chromophores might been located at an uppermost 
surface of the film after the annealing. 

Photoalignment regulation experiment was performed by preparing polymeric films 
under the following condition. 
19 were heated at 100°C for 6 h. A film of pMazhex-10 was heated at 40°C for 12 h. The 
temperature was set slightly higher than Tg of the polymer. 
with actinic LPL (436 nm). 
This value was sufficiently larger than an exposure energy of 50 mJlcm2. which resulted 
in the saturation of the dichroic ratio. A ncmatic LC, NPC-02 of T ~ = 3 5 . 0 " C ,  was put 
between two polymer films. TABLE 4. Photoregulation of I,C alignment 
were summarized in Table 4.  
Homogeneous alignment of LCs was 
brought about except an LC-cell using the 
pMazhex-I0 films. In this case, 

This result patallels with the degree of 
dichroic ratio. 

A film of a polymer having a higher glass transition temperature 
The dichroic ratio of all polymers were below 0.08. 

The alignment regulation had been observed when the polymer film was 

Spin-coated films of p M u -  10, pMaz- 19 and pMazhex- 

Then they were irradiated 
The exposure energy of actinic LPL was 200 mJ/cm2 

The resulls 

Polymer In-plane orientation 

pMaz- 10 + 
pMaz-19 

homogeneous alignment was not observed. phlazhex-l9 + 
+ 

phlW,hex- I 0  

+: Homogeneous alignment. 
- : Schlieren texture was observed. 
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