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Liquid Crystal Photoalignment on Azo-Dye 
Layers 

LINLI SUa, BIN WANGa, JOHN W E S T a *  and YURIY REZNIKOV" 

aLiquid Crystal Institute, Kent Stute Universiy, Kent, OH 44242, USA, and 
'Institute of Physics, Nat. Acad.of Sci., prospect Nauki 46, Kyiv 252022, Ukraine 

Effective photoalignment of liquid crystals (LCs) on spin-coated layers of azo dyes on the 
surface of IT0 was observed. Methyl Red films were irradiated with linearly polarized light 
from an A S -  laser. The layers align the easy orientation axis of LC 5CB perpendicular to the 
polarization of the incident light. Photo-induced cisltrans isomerization and changes of the 
interaction between dye molecules and the surface of the 1TO are the proposed mechanism of 
photoalignment. Photoalignment of 5CB on layers of sulfasalazine after exposure to polar- 
ized UV light was also explored. A thermal induced anchoring transition was observed in  
addition to features similar to those of methyl red. 

Keywords: liquid crystal; photoalignment; inethyl red; sulfasalaLine 

INTRODUCTION 

Uniform alignment of liquid crystals (LC) is of great importance for 
liquid crystal displays. Of all the methods available to achieve surface 
induced alignment, linearly polarized light irradiation has proved to 
have many advantages. Most of the studies in this area have focused 
on light-induced anisotropy of polymer films, using different types 

* e-mail: johnwest@Ici.kent.edu 
7 E-mail: yuri@marion.iop.kiev.ua 
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of ~innamates"-~~, polyimides,"x61 polymer films with photosensitive 
main chain"] or side chains,'81 and dye-doped polymer films.lgl 
chemically bonded to the substrate have also been investigated." ' I 1  

Here we report on the first observations of photoalignment of LC by 
azo-dye layers spin-coated onto IT0 glass. The dyes used were Methyl 
Red (MR) and Sulfasalazine (SA). 

"ar"" 

EXPERIMENTAL 

The chemical structures of methyl red and sulfasalazine are shown in 
Figure 1. MR and SA were first dissolved in isopropanol (i-PrOH), 
then spin-coated onto I T 0  substrates to produce films of different 
thickness. Solution of higher concentration gives thicker film because 
the rest of the spin-coating conditions are the same for all the films. As 
shown in Table 1, films of different thickness are indicated by the 
concentration of the corresponding original solutions. 

TABLE 1. Methyl red films obtained from solutions of different 
concentration. 

Film A B C 

Concentration of 0.05 0.01 0.005 
IPA solution(wt%) 

Azimuthal alignment of nematic liquid crystal was obtained by 
irradiation with linearly polarized Ar+ laser light (Ion Laser 
Technology) and UV light (Oriel model 6266) for MR layers and SA 
layers, respectively. For MR the 501nm line of the Ar+ laser was used. 
For SA, the light source was a Xe lamp. The UV-vis spectra of the 
tested films were measured using an UV-visible spectrometer (Perkin- 
Elmer Lambda 19.22). The alignment of LC was tested in combined 
LC cells made from reference and tested surfaces, as shown in Figure 
2. The thickness of the cell is 47 micron. The reference surface was 
covered with a rubbed polyimide layer providing strong anchoring 
with a fixed planar easy axis. The tested surface was made from the 
studied materials. The aligning polyirnide surface determined the 
preferred planar orientation of LC in the cell parallel to the rubbing 
direction. After irradiation of the spin-coated dye layers, the cells were 
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assembled and then filled with the liquid crystal 5CB (K15 from 
Merck) in the isotropic state (50°C) for irradiated MR layers, and in 
both nematic state at room temperature (20°C) and isotropic state 
(50°C) for SA layers. The angle between the director on the tested 
surface and the easy axis of the rubbed PI, cp, was measured using a 
polarizing microscope. 

Methyl red Sulfasalazine 

FTGURE 1. The structures of methyl red and sulfasalazine 

- Bottom substrate PI rub. dir. 
with PI coating 

FIGURE 2. Fabrication of the cell 

RESULTS AND DISCUSSION 

In all cases, the light exposure resulted in a twisted planar LC 
orientation in the illuminated area, which was stable in time and at 
room temperature. As shown in Figure 3, no observable alignment was 
shown for irradiation time under 1 minute. Then the angle cp increased 
rapidly for short exposure time, texp, then remained constant with 
further exposure after reaching the maximum value cp 45". This 
behavior indicates that the light irradiation produces the easy axis 
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perpendicular to the polarization of light, E. The increase of the angle 
cp at the beginning of the exposure, cp(reXp), is produced by the increase 
of the anchoring energy, W, which is associated with the light-induced 
easy axis. The achievement of the value of cp 4 5 "  for cells with dye 
films of different thickness means that a strong anchoring ( W > W L )  is 
realized on the tested surface [I2]. In our case the value of the Frank 
constant is K = 4* lo-' dyne and we can estimate that the light-induced 
anchoring energy reaches the value of W 2 erg/cm2. 

FIGURE 3. Dependence of cp with exposure time for methyl 
red . Film thickness: A>B>C. (Ar+ laser output power: 3mW) 

The nature of the observed effect deserves further studies. We 
speculate that the underlying mechanism of the effect is rearrangement 
of the MR layer as the most probable origin of photoalignment effect. 

Polarized light exposure can modify the initial isotropic 
angular distribution of the adsorbed molecules. Indeed, the methyl red 
molecule is strongly dichroic, which results in the angular selective 
absorption in the MR layer. Depending on the mechanisms of the light 
action, the following ordering processes could be expected: 

Photo-induced transformation of MR molecules. For example, 
light-induced decomposition of MR molecules should result in 
anisotropic angular distributions for both unreacted molecules 
and photo-transformed molecules. These irreversible reactions 
will produce an anchoring energy expected to reach a maximum 
and then decrease. Reversible cis/trans isomerization of MR 
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molecules will also result in an anisotropic distribution, and the 
anchoring energy will be expected to approach a constant 
maximum value. 
Photo-induced changes of the MR - I T 0  surface interaction. It 
is reasonable to suggest that the excitation of MR molecules can 
provoke drastic changes to their interaction with IT0 surface, 
resulting in a new stable state of LC molecules on the IT0 
surface. For example, it is possible to presume appearance or 
disappearance of the H-bonds between MR molecules and OH- 
groups from the IT0 surface. 
Light-induced desorption. Absorption dichroism of MR 
molecules could lead to anisotropic desorption of molecules 
from the surface. It results in anisotropy of the MR layer. 
Light-induced reorientation of the MR molecules perpendicular 
to the polarization of the incident light. The effects of the 
molecular reorientation perpendicular to the vector E are well 
known. The studies of azo-polymer have shown such effect. [ I 3 -  

''I Ichimura et aI.'r6.'71 found in-plane reorientation of LC on a 
quartz surface modified with azobenzene and cinnamic units. 
These effects are explained by the consequent trans-cis-trans- 
cis-. . . isomerization of photosensitive fragments perpendicular 
to the vector E. This model includes a sharp increase in the 
rotation mobility of the photosensitive fragments during trans- 
cis isomerization and strong positive dichroism of trans-isomers. 
The increase of the rotation mobility leads to changes of the 
fragment orientation during trans-cis isomerization. If a 
photosensitive fragment is oriented perpendicular to the vector 
E, it is trapped because it does not absorb light in this 
orientation. Therefore, the molecular angular distribution is 
enriched with the molecules oriented perpendicular to E. As 
shown in Figure 3, we did not see any decrease of the light- 
induced twist angle cp after its achievment of the maximum 
value. This allows us to rule out these two mechanisms: light- 
induced desorption and irreversible phototransformation of MR 
molecules. The mechanisms left are trans-cis isomerization, 
changes of the MR - IT0 surface interaction and reorientation 
of MR molecules perpendicular to the vector E. 

The actual mechnism was deducted from and supported by the 
data of the spectral studies. The changes in the absorption spectrum 

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:

48
 1

6 
A

ug
us

t 2
01

2 



152/[472] LINLI SU et nl 

- 0.004 1 0.m 

0.002 * 

MR films with exposure time are shown in Figure 4. Figure 5 gives the 
change of absorbance at h,, with the exposure time. 

. . . * .  

0.W 

0.005 

0.004 

8 s 
0.003 

0.002 

0.001 

- 243min 

0.m J 
300 350 400 450 500 5M 600 650 

wavelength (nm) 

FIGURE 4. Change of absorption spectrum with exposure 
time for methyl red. 

0.005t . 
0.001 I 1 

0 100 200 300 

exposure time (min) 

FIGURE 5 .  Change of absorbance at hmax with exposure 
time for methyl red. 
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The absorbance first decreases rapidly, then changes very little with 
the exposure time, approaching a steady state. This behavior is typical 
for trandcis isomerization of azo-dyes. "*' The cis-isomer absorbs to 
the blue of trans-isomer. Therefore, the excitation of cis-isomers 
results in the broadening of the blue wing of the adsorption band. The 
isomerization is a reversible reaction and the absorption bands of 
trans- and cis- isomers overlap. Hence, the equilibrium point can be 
reached after a suitable exposure dose. The steady state seen in Figure 
5 is this equilibrium point. The evident changes of the shape of the 
absorption band after the irradiation makes the mechanism of light- 
induced reorientation of MR molecules seems unlikely. Thus, we are 
left with the trans-cis isomerization and changes of the MR-IT0 
surface interaction. 

The interaction between MR-molecules and IT0 surface is 
rather strong and easy to observe in the absorption spectra. As 
illustrated in Figure 6, the evident shift of absorption peak to the lower 
wavelength and changes of the shape of the absorption band with the 
decrease of the film thickness can be attributed to two possible 
processes. The changes in the shape and position of absorption band 
may be caused by the appearance of hydrogen bonds between MR 

....... 2 5 /  .. .. 
- mc 

M 

300 350 400 450 500 550 BM 850 

wavelength (nm) 

FlGURE 6. Absorption spectra for methyl red films and 
methyl red in isopropanol solution. 
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molecules and hydroxyl groups on the IT0 surface. Or it can be 
caused by an increase in the proportion of the cis isomer at the lT0 
surface due to the interaction of MR molecules with the surface. The 
second effect may also be related to the first one. 

Thus, at the present state of our knowledge, the mechanism of 
photoalignment of LC by MR films can be described as the following: 
The adsorbed MR molecules have strong interaction with the IT0 
surface. The absorption of light causes isomerization of the molecules 
and, in turn, changes their interaction with the IT0 surface. Both 
factors result in changes of interaction of MR molecules with 
molecules of LC. Because of adsorption dichroism of MR molecules, 
the angular distribution of phototransformed MR molecules is 
anisotropic. It leads to the anisotropic angular interaction of the 
director of LC with the MR films and thus to the appearance of the 
easy axis. 

Besides the study on the photoaligning properties of MR, we 
carried out tentative studies of photoalignment of 5CB by spin-coated 
layers of sulfasalazine irradiated with polarized UV light. We found 
that the direction of L€ alignment strongly depends on the filling state 
of liquid crystal. The easy axis is perpendicular to the polarization of 
UV light when the cell is filled with LC in nematic phase (T = 20°C). 
However, when filled under isotropic phase (T = 5OoC), the easy axis 
is parallel to the polarization of UV light. Heating of the cell that is 
filled under nematic phase causes reorientation of LC parallel to the 
polarization of UV light. The nature of this anchoring transition 
requires further investigations. 

CONCLUSIONS 

Photoalignment of liquid crystals by azo dye layers spin coated on IT0 
glass substrates after exposure to linearly polarized light was observed. 
Both methyl red and sulfasalazine produce good alignment. Photo- 
induced cis/trans isomerization and changes of the interaction between 
MR molecules and the surface of IT0 are proposed to be the 
mechanism of the photoalignment effect of methyl red. Further 
experiments are in progress for the anchoring transition process of 
sulfasalazine. 
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