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of Polarized UV-exposed Polyimide Films 
for Liquid Crystal Alignment 
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(Received 6 August 1997; in final form 3 April 1998) 

Polarized Fourier transform infrared (FTIR) and ultraviolet-visible (UV-VIS) spectroscopy 
were used to investigate the cause of liquid crystal alignment on polarized UV (PUV) irradiated 
polyimide (PI) films. PI films strongly absorb below 350nm. PUV irradiation of the PI film 
caused a decrease in the intensity of the original IR absorbance peaks of the PI, due to 
degradation of the PI molecules, along with the appearance of a new peak at 3261 cm-'. 
Because the PI molecules oriented parallel to the direction of UV polarization preferentially 
degrade, the predominant orientation of the remaining PI molecules after PUV irradiation is 
perpendicular to the PUV polarization direction. Liquid crystal (LC) molecules align parallel to 
the predominant orientation of the PI and perpendicular to the PUV polarization direction. 

Keywords: PI-2555; polarized UV; liquid crystal; infrared spectroscopy; degradation 

T 

1. INTRODUCTION 

Most electro-optic applications of liquid crystals require controlled 
alignment. Control of liquid crystal alignment in LC devices is traditionally 
produced using mechanically rubbed polymer films. A synthetic velvet cloth 
is widely used to rub PI films. However, rubbed PI films have several 
drawbacks, such as particle defects and static charging problems that can 
destroy a liquid crystal display (LCD) [l]. 

*Corresponding author. Tel.: (330) 672-2654, FAX: (330) 672-2796, e-mail: johnwest(@ 
scorpio. kent .edu 
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14 K. R. HA et al. 

PUV irraditation techniques have been developed recently to produce 
alignment of LC on polyvinylcinnamate films [2-41 and polyimide films. 
[5 - 81 PUV irradiation of PI films as an alignment technique for LCDs has 
the advantage of using the existing PI technology, while eliminating the 
drawbacks of rubbing. PUV irradiation can also be used to easily 
manufacture multi-domain LCDs [8, 91. Although much work has been 
done to investigate the mechanism of LC alignment on rubbed polymer 
surfaces [lo], little has been done to examine the mechanism of LC 
alignment on PUV irradiated PI surfaces. 

For rubbed polymer surfaces, it is clear that the molecular interactions 
between LC molecules and the oriented polymer molecules is more 
important than microgrooves in creating alignment [ 11, 121. IR dichroism 
measurements have been useful in evaluating the molecular orientation of 
polymers [ll]. Recently, much work has been done to measure the 
orientation of rubbed PI by polarized IR spectroscopy [13, 141, but only 
preliminary work has been done to determine the orientation of the PI after 
PUV irradiation [6]. 

Many kinds of PI can be used as LC alignment layers. In this study, we 
used DuPont PI-2555 as the LC alignment layer. This material is widely 
used as an alignment layer in both twisted nematic (TN) and supertwisted 
nematic (STN) LCDs. PI-2555 is an amorphous polyimide based on BTDA 
(3,3', 4,4'-benzophenonetetracarboxylic dianhydride) and a mixture of ODA 
(4,4'-oxydianiline) and MPD (m-phenylene diamine) [ 151. The chemical 
structure of PI-2555 is shown in Figure 1. 

In this investigation, we studied PUV irradiated PI-2555 films using 
polarized infrared spectroscopy to determine the molecular orientation of PI 
before and after PUV irradiation. 

2. EXPERIMENTAL 

A. Materials 

DuPont PI-2555 was used as the polyimide alignment layer. To obtain the 
FTIR spectra, suitable concentrations of the polyamic acid (PAA) form of 

FIGURE I Chemical structure of PI-2555. 
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LIQUID CRYSTAL ALIGNMENT 15 

PI-2555 solution were spin coated on CaF2 rectangles. Concentrated PI- 
2555 was diluted with the DuPont T-9039 solvent, a mixture of NMP (N- 
Methyl-2-Pyrrolidone) and 1 -Methoxy-2-Propanol, usually in a ratio of 1 
part PI-2555 to 4 parts solvent. Solutions were typically spin coated at  
3000 rpm for 30 seconds. Before spin coating, CaF2 rectangles were rinsed 
with isopropyl alcohol, and dried throughly on a 125°C hot plate. After spin 
coating, the PI-2555 coated CaFz rectangles were soft baked for 10 minutes 
at 125°C to remove solvents. After soft baking, they were hard baked in a 
275°C convection oven for the desired time, usually 1 hr to accomplish 
imidization. The thickness of the PI is usually 60- 70 nm at these conditions. 
After hard baking, the rectangles were cooled to room temperature in a 
desiccator. After complete cooling, FTIR spectra were taken. 

For the UV-VIS absorption measurements, quartz plates were throughly 
cleaned with methanol and dried on a hot plate. After cooling, they were 
spin coated with PI-2555 solution, and the imidization reaction was carried 
out the same way as with CaF2 substrates. 

6. Analytical Instrumentation 

To investigate the effect of UV irradiation on PI films, a Perkin Elmer 
Lambda 19 was used to take UV-VIS spectra. To study functional group 
and the molecular chain orientation change by PUV, a Magna 550 FTIR 
(Nicolet) was used to take transmission FTIR spectra. From the collected 
FTIR spectrum, the CaF2 spectrum or twice the IT0 glass spectrum was 
subtracted to obtain the sample spectrum. A single diamond IR polarizer 
from Harrick company was used for this study. To reduce the noise level, 
over 300 scans were obtained at 4cm-' resolution. To investigate the texture 
of the liquid crystal in contact with PI films with different treatment 
methods, an optical microscope (Leitz) with crossed polarizer was used. 

C. PUV Irradiation 

UV irradiation was accomplished using a 450 W Xenon lamp (Oriel) with a 
UV linear dichroic polarizer (Oriel). Xenon lamps emit radiation in a 
smooth continuum from the UV through the VIS, with higher deep UV 
(DUV, < N 320 nm) output than mercury sources. The PI was irradiated in 
air. The intensity of the UV in the UVB region after passing through the 
polarizer was about 6 mW/cm2. 
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16 K. R. HA et al. 

D. Preparation of Liquld Crystal Cells 

Four cells were made to investigate the alignment of liquid crystal in contact 
with the PI-2555 alignment layers with various surface treatments: rubbed 
PI, unpolarized UV-irradiated PI, polarized UV-irradiated PI, and 
untreated PI. Eight rectangular pieces of ITO-coated glass were cleaned 
with methanol, and PI-2555 solution was spin coated on the I T 0  glass using 
the same method as CaF2 rectangles. The PI-coated I T 0  glass substrates 
were cured the same as before. After curing for 1 hr, two PI coated I T 0  
substrates were hand rubbed four times each with velvet cloth, two 
substrates were irradiated for 1 hr with unpolarized W, and two substrates 
were irradiated for 1 hr with polarized UV. A mixture of a UV-curable 
adhesive and 4.0 pm glass fiber spacers was applied to four corners of the PI- 
coated substrates. Rubbed and PUV cells were assembled with anti-parallel 
orientation. After assembly, cells were filled with nematic liquid crystal E7 
(K - N = -10°C and N - I = 60"C, BDH Chemical Co.) by capillary 
action in the isotropic state at 85°C. E7 is a eutectic liquid crystal mixture of 
51% 5CB, 25% 7CB, 16% 80CB, and 8% 5CT [16]. After filling with E7, 
the four edges of the cell were completely sealed with 5 Minute Epoxy 
(Devcon). After the epoxy was cured, the cells were heated to 85°C for 30 
minutes and slowly cooled to room temperature over 2hrs to give good 
homogeneous alignment of E7. 

3. RESULTS AND DISCUSSION 

A. Curing Reaction 

7. FTIR Spectral Changes with Curing 

To study changes in the FTIR spectrum caused by the imidization reaction, 
the FTIR spectra of PI-2555 were obtained after soft baking and again after 
hard baking. Figure 2 shows FTIR spectra of PI-2555: a) after soft baking 
for 10 minutes at 125"C, and b) after hard baking for 1 hr at 275°C. After 
hard baking, no detectable strong peaks were found between 1900cm-' to 
4000 cm-' region except a weak peak at 3068 cm-' caused by the aromatic 
C -H of the PI. Therefore, in this paper, we present FTIR spectra between 
1900cm-I- 1OOOcm-I. As shown in Figure 2(a), after soft-baking, several 
characteristic PAA peaks appeared at 1725, 1665, 1606, 1539, 1499, 1408, 
1302cm-'. Two small peaks at 1780 and 1856cm-' are cyclic anhydride 
peaks caused by the BTDA, which is present in a slight stoichiometric excess 
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LIQUID CRYSTAL ALIGNMENT 17 
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FIGURE 2 The FTIR spectra of PI-2555: (a) after 10 minutes soft baking at 125°C and; (b) 
after 1 hour hard baking at 275°C. 

TABLE I FTIR Peak assignment (18, 191 in the 1900- 1000cm' region 

Material Peak (cm-')  Polarization Assignment 

PA A I725 v(C = 0), acid 
Tendency' 

I665 
I606 
I539 
1499 
1408 
1302 
1238 

v(C = 0) in-phase(imide I) and 
out-of-phase(anhydride) 

1724 I v(C = 0) out-of-phase(imide I )  
I676 v(C = 0)-phenyl 

PI 1780 II 

V( 1.4 - C6H.4) 
u(CNC) (axial-imide 11) 

* 11 ~ parallel transition moment tendency; I ~ perpendicular transition moment tendency. 

1501 II 
1375 I1 

to enhance the molecular weight [17]. The peak assignments are shown in 
Table I [18, 191. 

As shown in Figure 2(b), after hard baking at 275°C for 1 hr, the 
characteristic imide peaks appeared at 1780, 1724 and 1375cm-I. The peak 
at 1780cmp' may be assigned to the two different functional groups. One is 
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18 K. R. HA et al. 

from the excess cyclic anhydride of unreacted BTDA, and the other is from 
the v(C = 0) in-phase(imide I) stretch of the imide group which is formed 
by the imidization reaction. From these results, we monitored the progress 
of the imidization reaction during hard baking. The peak at  1238cm-' may 
be tentatively assigned as - C -0 -C - asymmetric stretching [18]. 

2. Curing Rate at 275°C 

To study the curing rate of PI-2555 at 275"C, FTIR spectra were taken after 
various times of curing at 275°C. The degree of imidization was followed at 
the 1375cm-' imide band, normalized to the 1501cm-' band as internal 
standard. We used the 1375cm-I band because it is isolated from other 
peaks [20]. The curing reaction can also be followed using the change of the 
- COOH group at 1408 cm-I. 

Figure 3 shows the FTIR spectra before curing and after various cure 
times at 275°C. As the curing time increased, the peak intensity at 1408 cm-' 
decreased, while the peak at  1375cm-I increased. Most of the spectral 
changes occur during the first 10 minutes of curing. The peak area at 

S 

O 0.0 
r 

1375 cm" 
P3hr 

I 

Wavenumbers 
FIGURE 3 FTIR spectra before and after curing at 275°C. The spectrum before curing 
( t  = 0) shows a peak at 1408cm I. After curing, several curves are shown for cure times rangin 
from 10 minutes to three hours. These may be most readily distinguished near the 1375~11- 
peak. 
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LIQUID CRYSTAL ALIGNMENT 19 

1375cm-' increased from 0 to 0.932, 0.948, 0.958, 0.958, and 0.959 with 
increasing curing time from 0 to 10, 30, 60, 120 and 180 minutes, 
respectively. If we assume the degree of imidization of PI-2555 cured for 
3 hrs at 275°C to be loo%, we can calculate the degree of imidization with 
curing time using Eq. ( I ) :  

% Imidization = ( A I ~ ~ ~ / A I S O I ) / ( A I ~ ~ S / A I ~ O I ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ C  x 100 ( 1 )  

where and A1501 are the peak areas at 1375cm-' and 1501cmp1, 
respectively. Percent imidizations calculated using Eq. (1) were 97.9% (after 
curing 10 minutes), 98.8% (after 30 minutes), 99.4% (after 1 hour), 99.7% 
(after 2 hours), and 100.0% (after curing 3 hours). 

According to Figure 3, imidization reaction is 97.9% complete within the 
first 10 minutes of curing. The fast reaction in the early stage of the curing 
results from the higher amount of solvent (NMP + 1-Methoxy-2-Propanol 
mixture) content in the early stage of curing reaction, which increases the 
mobility of the chain. The curing reaction gradually slows, due to the 
decrease in molecular mobility resulting from the loss of residual solvent and 
from the conversion of the PAA to the more rigid PI [21]. 

The pretilt angle between LC and PI alignment layer strongly depends on 
the surface tension of the PI layer [8]. Controlling the YO imidization, by 
changing either the curing time or the curing temperature, can control the 
surface tension of the PI layer. Imidization results in a reduction in the 
concentration of the polar - COOH and - CONH - groups, which are 
converted to - (C = O),N - groups. Therefore, this imidization reaction 
is responsible for the change in surface tension of the PI alignment layer 
and, thus, for the resulting change in the pretilt angle. 

B. Effects of the UV or PUV Irradiation 

1. U V- VIS Spectral Changes 

Photochemical reactions will depend on the overlap of the emission spectrum 
of the UV source and the absorption spectrum of the PI. Strong absorption 
means efficient transfer of energy from the incident light into the PI 
molecules. Therefore, we obtained UV-VIS spectra of the PI-2555 after 
various exposure times with unpolarized UV irradiation. All of the UV-VIS 
spectra of PI before and after UV irradiation showed very little absorption 
from 350 to 800 nm; therefore, we present here only the 200- 350 nm region, 
as shown in Figure 4. Therefore, the UV light at wavelengths less than 350 nm 
will induce most of the photochemical reactions of the PI in our experiment. 
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20 K. R. HA et al. 

200 250 300 350 

Wavelength (nm) 
FIGURE 4 UV-VIS spectra after various times of PUV irradiation. 

By increasing UV irradiation time, two absorption peaks at 210 and 
270 nm, which were present before UV irradiation, decreased, as shown in 
Figure 4. Particularly, after 3.5 hrs UV irradiation, the shoulder peak at 
270nm almost disappeared as shown in Figure 4. In addition, the color of 
the PI-2555 changed from a yellowish tint before radiation to transparent 
after UV exposure. 

2. Alignment by PUV lrradiatlon 

PUV irradiation of the PI cured at 275°C resulted in several changes 
appearing in the FTIR spectra. First, the absorbance of most PI peaks 
decreased with PUV irradiation, with some of the peaks showing a shift to 
lower wave number. Second, a broad new peak appeared at 3261cm-'. 
Third, polarized IR absorbance spectra showed changes in the relative peak 
heights, indicating changes in molecular orientation. 

a} Changes of the Peak Intensities with PUV lrradiation Time To investigate 
the effect of the PUV irradiation on the PI, FTIR spectra of the PI before 
and after PUV irradiation were taken. Figure ?shows changes in the 1900- 
1OOOcm-' region of the FTIR spectra with increasing PUV irradiation time. 
Three observations can be made from Figure 5. First, all absorption peak 
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LIQUID CRYSTAL ALIGNMENT 21 
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FIGURE 5 
0 hr; (b) 10 hrs; (c) 19 hrs; and (d) 35 hrs. 

FTIR spectra in the 1900- IOOOcm-' region after PUV irradiation times of: (a) 

intensities decrease as PUV irradiation time increases. Second, the peak at 
1721 cm-' (due to C = 0 of imide group) became very broad. These 
features are very similar to spectral changes resulting from the degradation 
of PI films due to irradiation with ion beams, such as B+ions [22]. Third, the 
peaks initially at 1724 and 1375cm-' shifted to 1721 and 1367cm-' after 
PUV irradiation. This shift may reflect changes in the local environment of 
the groups. 

To investigate the absorbance changes of the characteristic peaks as a 
function of PUV irradiation time, the areas of the 1855, 1780, 1724, 1501, 
1375, and 1238cm-' peaks were measured after various PUV irradiation 
times. The % remaining peak area after a given PUV irradiation time was 
calculated by the following equation: 

% Remaining Peak Area = Area(t)/Area(O) x 100 (2) 

Area (t) = The peak area after t minute of PUV irradiation time. 
Area (0) = The peak area before PUV irradiation. 
The YO remaining peak area changes for each of the peaks are shown in 

Figure 6. According to Figure 6, those peak areas at 1855 and 1501 cm-' 
decreased very rapidly due to cleavage of the C(0)  -0 - (CO) of the 
cyclic anhydride, and the transforming of the aromatic rings, respectively. 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
0:

37
 2

0 
A

ug
us

t 2
01

2 



22 K. R. HA et al. 
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PUV Irradiation Time (min) 

FIGURE 6 YO remaining peak area changes of several peaks with PUV irradiation time: 
e1855cm- I ;  o 1780cm-'; A1724cm-I; V1501 cm-I; .1375cm-'; and 01238cm I .  

The YO remaining peak area changes of the imide group, which shows peaks 
at 1780, 1724, and 1375cm-', show different degradation rates among the 
three peaks. The slow decrease of the 1724cm-' peak (which moved to 
1721 cm-' after PUV irradiation) may be caused by the combination of two 
effects: 1) decrease of the peak area due to degradation of the imide bond, 
and 2) increase in peak area due to formation of C = 0 or COOH groups 
by photo-oxidation, 

It is well known that UV absorption below 250 nm (AE = 116 kcal/mol) 
can result in the breaking of the carbon-carbon, carbon-halogen, 
carbon-oxygen, and oxygen-hydrogen bonds in the polymer chain to 
produce radicals [23]. Photo-oxidized radicals can be formed by the reaction 
of the radiation-induced radicals with oxygen or moisture in the air. These 
radicals can undergo further photolysis to smaller fragments [24]. This 
means that the PI surface was initially oxidized by the PUV to form C = 0 
containing groups such as C = 0 and COOH. The majority of the COOH 
groups may be formed by the cleavage of the comparatively weak 
- C -N - bond [25]. After long PUWirradiation, however, the 
fragmented material yields very small photooxidation products, such as 
H 2 0 ,  C 0 2  and CO, that will be easily evolved away [26]. Therefore, a 
decrease in the areas of all the peaks can be observed. The peak area at  
1501 cm-l showed a faster decrease than that of the - C -N - bond at 
1375 cm-'. It indicates faster transformation and removal of the 1,4-C6H4 
group than that of the - C -N - bond. 
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LIQUID CRYSTAL ALIGNMENT 23 

b) New Product Formation with PUV Irradiation Figure 7 shows the FTIR 
spectra of the PUV irradiated PI in the 3600-2700cm-' region. By 
increasing the PUV irradiation time, we found a decrease of the 3067 cm-' 
peak due to aromatic C -H, along with the appearance of a new broad 
peak near 3261 cm-I. With increasing PUV irradiation time, the intensity of 
this peak increased, and its position moved from 3286 cm-' (10 hrs 
PUV) + 3273 cm-' (19 hrs PUV) + 3261 cm-' (35 hrs PUV), as shown in 
Figure 7. This new peak at 3261 cm-' may be due to OH stretching of the 
-COOH group, which can be formed by breaking the - C  -N - 
bond, or the peak may result from other -OH groups [27]. 

In order to determine what reaction occurs with PUV irradiation, 
difference spectra were obtained by subtracting the FTIR spectrum of the PI 
after PUV irradiation from the FTIR spectrum obtained before PUV 
irradiation. The typical spectrum obtained by subtracting the FTIR 
spectrum of the PI after 10 hrs of PUV irradiation from the FTIR spectrum 
before irradiation is shows in Figure 8. As shown in Figure 8, all peaks in 
the difference spectrum, except peaks at 3274, 1749, and 1708cm-', show 
negative absorbance due to degradation of the PI by PUV irradiation. The 
1749 and 1708 cm-' peaks may be caused by the carboxylic acid groups 
produced by the PUV irradiation. Carboxylic acids which exist as dimers 
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0 3400 3200 3000 2800 

Wavenumbers 
FIGURE 7 
0 hr; (b) 10 hrs; (c) I9 hrs; and (d) 35 hrs. 

FTIR spectra in the 3600-2700cm ' region after PUV irradiation times of: (a) 
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24 K. R. HA el al. 
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FIGURE 8 FTIR spectra of PI: (a) after 10 hrs PUV irradiation; (b) before PUV irradiation; 
and (c) difference obtained by subtracting (b) from (a). An expanded y-axis scale is used for (c). 

absorb at N 1710cm-', and free, non-hydrogen-bonded acids at 1755 cm-'. 
Therefore, the peak at 1749cm-' may be caused by the carboxylic acids 
which form hydrogen bonded complexes with adjacent oxygen products 
[28]. The peak at 3274cm-' may be caused by the - OH of the - COOH 
groups and other - OH groups. 

With PUV irradiation, the concentration of the more polar - COOH 
groups increased relative to the less polar groups, such as the benzene rings 
(see Figs. 5 and 7). This increase in polarity of the PI surface by PUV 
irradiation may have an effect on the pretilt angle of the LC. 

c) Molecular Orienption of the PUVlrradiated PI To determine changes in the 
molecular orientation of the PI induced by PUV irradiation, polarized 
FTIR spectra were obtained after PUV irradiation. Figure 9 shows the 
difference in the polarized FTIR spectra of PI after 1Ohrs of PUV 
irradiation. The difference spectrum is obtained by subtracting the FTIR 
spectrum with perpendicular polarization from the spectrum with parallel 
polarization. For a given wave number, the absorbance difference ( A d )  in 
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LIQUID CRYSTAL ALIGNMENT 25 
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FIGURE 9 Difference in the polarized FTIR spectra of PI after 10 hrs of PUV irradiation. 
The difference spectrum ( A d )  is obtained by : A d =  , 4 1 1 - A ~  where ,411 is obtained with IR 
polarization parallel to the PUV polarization direction, and A L  is obtained with IR polarization 
perpendicular to the PUV polarization direction. 

Figure 9 is given by: 

A d  = All - A* (3) 

where ,411 is the FTIR absorbance obtained with IR polarization parallel to 
the PUV polarization direction, and Al  is the absorbance with IR 
polarization perpendicular to the PUV polarization direction. 

All peaks in Figure 9 show negative values, except for a positive peak at 
1729cm-'. According to Table I,  the peak at 1729cm-' has a transition 
moment perpendicular to the molecular axis. All other remaining peaks 
have transition moments parallel to the molecular axis. This PI molecular 
orientation change after PUV exposure appears to be primarily due to the 
preferential degradation of the PI molecules parallel to the PUV direction. 
Reorientation of the molecular chain due to the imide bond breaking may 
also play a role. 

In Figure 9, the area of the 1729 cm-' peak is smaller than the other peak 
areas. The C = 0 group corresponding to the 1729cm-' peak may be 
poorly aligned due to its proximity to the kink in the MDA region of the PI- 
2555 chain (see Fig. 1). Therefore, measuring the peak area change at  
1729cm-' with PUV irradiation time can result in error. Instead, we used 
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two strong negative peaks in the difference spectrum to estimate the degree 
of orientation of the polymer chains [29]: one at 1501 cm-' and the other at 
1367 cm-'. The dichroic difference (D) at these peaks were determined from 
the polarized FTIR spectra at various times after PUV irradiation according 
to Eqs. (4) and (5 ) :  

D(1501) = IAl((1501) - AL(1501)I (4) 

4 1  

where All = Absorbance when the polarization vector is parallel to the PUV 
irradiation direction; Al = Absorbance when the polarization vector is 
perpendicular to the PUV irradiation direction. 

The dichroic differences (D) at 1501 cm-' and 1367cm-' are plotted in 
Figure 10 as a function of PUV irradiation time. According to Figure 10, 
both D( 1501) and D( 1367) initially increase with PUV irradiation time. 
However, after 13hrs irradiation, both D(1501) and D(1367) start to 
decrease. This suggests that after 13 hrs PUV irradiation, very little 
unreacted PI parallel to the PUV polarization direction remains, and the 
reaction of molecules oriented perpendicular to the PUV direction begins to 
dominate [30]. 

In order to compare the molecular orientation of PI after PUV irradiation 
with that of PI after rubbing, we took the polarized FTIR spectra of PI-2555 

PUV Irradiation Time (hr) 

FIGURE 10 Dichroic difference change with PUV irradiation time: 0(1501cm-'); V 
0(1367cm-'). 
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LIQUID CRYSTAL ALIGNMENT 27 

after rubbing with a velvet cloth 5 times. The results are shown in Figure 1 1.  
In contrast to the PUV irradiated PI, the difference spectrum in Figure 1 l(c) 
after rubbing showed the opposite trend, with a positive value at  1501 cm-' 
and a negative value at 1726cm-'. This result is consistent with previous 
work showing that the rubbed PI molecules are aligned along the rubbing 
direction [31]. As with PUV irradiated PI, the peak at 1726cm-' is smaller 
than other major peaks. 

3. Alignment Direction of the LC Molecules 

a) Texture of the LC In order to investigate the effects of the PI alignment 
layer treatment on the texture of the LC, four LC cells with different 
treatment methods were prepared: (a) untreated PI; (b) rubbed PI; (c) PI 
irradiated with unpolarized UV for 1 hr; (d) PI irradiated with PUV for 1 hr. 
After filling with liquid crystal, the cells were observed under the microscope 
using crossed polarizers. The photomicrographs taken under the crossed 
polarizing microscope are shown in Figure 12. According to Figures 12(a) 
and (c), Schlieren textures, which are due to imperfect homogeneous 
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FIGURE 1 1  FTlR spectra of rubbed PI: (a) with 1R polarization parallel to the rubbing 
direction; (b) with IR polarization perpendicular to the rubbing direction and (c) difference 
obtained by subtracting (b) from (a). An expanded y-axis scale is used for (c). 
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28 K. R. HA et al. 

FIGURE 12 Photomicrographs of the IT0 glass LC cell (x  110): (a) LC cell made of PI 
without any treatment; (b) LC cell made of rubbed PI; (c) LC cell made of 1 hr UV irradiated PI 
and (d) LC cell made of 1 hr PUV irradiated PI. (See Color Plate I). 

alignment of the E7 [32], appear in the LC cells which were prepared using 
the PI without any treatment and the unpolarized UV irradiated PI. In 
contrast, LC cells with rubbed PI and PUV irradiated PI, show uniform 
homogeneous alignment of the E7 as shown in Figures (b) and (d). The 
difference between these two cells is the presence of the scratch lines for 
the rubbed PI layer, which are not present in the PUV irradiated PI. With 
the crossed polarizing microscope, we also confirmed that the alignment 
directions of the LC molecules were either parallel or perpendicular to the 
rubbing direction or PUV polarization direction. To investigate whether the 
LC molecules align parallel or perpendicular to the rubbing or PUV 
polarization directions; we obtained FTIR spectra of two LC cells. 

b) FTlRMeasurernent In order to investigate the alignment direction of the 
E7, polarized FTIR spectra were obtained for the I T 0  glass cell with PUV 
irradiated PI alignment layer. These are shown in Figure 13. The peak 
assignments are shown in Table 11. The direction of the transition dipoles of 
- C = N stretching in E7 is parallel to the long molecular axis of the LC 
molecules [33]. Also the symmetric and asymmetric stretching modes of 
- CH3 have components that are parallel, while the symmetric and 
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FIGURE 13 FTIR spectra of IT0 glass LC cell with PUV irradiated PI alignment layer: (a) 
with polarization parallel to the PUV irradiation direction; (b) with polarization perpendicular 
to the PUV irradiation direction; and (c) difference obtained by subtracting (b) from (a). 

TABLE I1 Peak assignment for E7 [I61 

Peak (cm-') Assignment 

3072 C -H aromatic stretching 
3053 C -H aromatic stretching 
304 1 C -H aromatic stretching 
3029 C -H aromatic stretching 
2956 asymmetric stretching mode of CH, 
2929 asymmetric stretching mode of CH2 
2871 symmetric stretching mode of CH3 
2858 symmetric stretching mode of CH2 
2227 stretching mode of C = N 

asymmetric stretching modes of - CH2 are perpendicular to the long 
molecular axis of the LC molecules. Figure 13(a) shows the FTIR spectrum 
with polarization parallel to the PUV polarization. In this case the 
- C -- N stretching mode peak is small compared to the CH2 stretching 
mode. In contrast, Figure 13(b) shows a strong symmetric stretching mode 
peak of - CH3 at 2871 cm-', as well as strong - C = N stretching mode 
peak at 2227cm-', compared to the other - CH2 stretching mode peaks. 
These two results strongly suggest that the alignment direction of the E7 
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30 K. R. HA et al. 

molecules is perpendicular to the PUV irradiation direction, or parallel to 
the direction of the PI molecular chain. Figure 13(c) shows the difference 
spectrum obtained by subtracting spectrum (b) from spectrum (a). 

Figure 14 shows the FTIR spectra of the LC cell with rubbed PI 
alignment layer. In contrast to the spectra with PUV irradiated alignment 
layer in Figure 13, the spectra in Figure 14 show the opposite trend for E7. 
Thus, these spectra support the conclusion that the alignment of the E7 
molecules is parallel to the rubbing direction, or parallel to the PI molecular 
chain direction. 

4. CONCLUSIONS 

In this experiment, we have arrived at  the following conclusions: 

1. With increasing PUV irradiation time, all peak areas decreased except for 
a new peak at 3261cm-', which may be caused by the production of 
- COOH and - OH groups. This indicates an overall degradation in 
the polyimide chain. Figure 6 demonstrates that photodegradation 
occurs at a faster rate in some functional groups than in others. 
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FIGURE 14 FTIR spectra of IT0 glass LC cell with rubbed PI alignment layer: (d) with 
polarization parallel to the rubbing direction; (b) with polarization perpendicular to the rubbing 
direction; and (c) difference obtained by subtracting (b) from (a). 
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LIQUID CRYSTAL ALIGNMENT 31 

The unreacted molecular chains of the PUV-irradiated PI were 
perpendicular to the PUV polarization direction, due to the preferential 
degradation of the PI molecules parallel to the P W  polarization 
direction. 
The main reason for LC alignment by PUV irradiation is the 
photochemically induced anisotropy resulting from preferential photo- 
degradation of the PI molecules parallel to the PUV direction. LC aligns 
with the preferential orientation of the polymer chain, or perpendicular 
to the polarization of the UV. 
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