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4- -4'- 2852 —CH, in alkyl chain str. 2953 2870
—CH; str. 1601 1425 benz.ring .
1.2 BP-AN-H  BP-AN-C8
DMSO-d; 12 .
T™S JEOL JNM-ECA300 NMR 1.5
KW-4A TA
Thermal Solutions MDSC 2910
N, 10 K/min Nicolet 560- BP-AN-H
IR BP-AN-C8
MgF 80%
250 W 365 nm
10 mW/em’ 4
mW/cm”  Olympus BH2
1.3 5
250 mL
20% 1.
.70C 7h Table 1 Tncreased proportion of photo-sensitive molecules in two polymer
70°C series
Sample HO and HI and H2 and H3 and  H4 and
0°C co* Cl C2 C3 C4
n, mmol 0.9 0.9 0.9 0.9 0.9
50°C 24 h n, mmol 0 0.045 0.09 0.135 0.18
. . n,:nh 1:0 1:0.05 1:0.10  1:0.15 1:0.20
1.4 DDC “H represents BP-AN-H series and C represents BP-AN-C8 series
DDOC number O ~ 4 represent five samples with increased proportion of photo-
sensitive molecules DDC and DDOC respectively " n, and n,, represent
the molar content of cinnamate in photo-sensitive polymer and phot-
sensitive molecule respectively .
ITO .
S0°C 7h. ITO 30 s 800 r/min 10 s
60C .
s30 'H. + 3000 r/min 120 s ITO
80C 4 h
NMR DMSO-d, 6 6.64 d 2H 7.45 s 4H
7.58 m 6H 7.60 t 4H 7.88 d 2H . FTIR
polymer film KBr em™' 2920 2850 —CH, in 25 ym
alkyl chain str. 2951 2870 —CH; str. 1603
1510 1427 benz. ring 1630 —C=C— in 5CB AB
cinnamate str. 10 min 90°.
87% .'H-NMR DMSO-d,
0 0.89 s6H 1.33:m 20H 1.79 m 4H 4.00 2
t4H 6.49 d 2H 6.90 d 4H 7.11 s 4H 2.1
7.53 d 4H 7.83 d 2H .FTIR polymer film KBr 1 2 BP-AN-H
em™' 3035 —C=H in cinnamate str. 2924 BP-AN-C8 DDC  DDOC



78

2008
d e f
HyH H, GHa HyH H .
*—ec—(lz—c—o O O 0-C=C—C—N*
d f O CH; b ¢ O h
2 2 s 2 ¥ 2 | a’ i
B o4 S
0 CHy b ¢ 0 h (ﬁH %Hg
=0 ‘ o=t S CH HC k
| [ J
i e n
CH HC x n o p a
| OCH,CH,(CH,);CHj OCH,CH,(CH,)sCH;
m p
n a
a q
n
d 0
df
ulr\_ !
-

w
)
—_
ok
0
<
=N
W
~
w
(o]
—
=1

Fig. 1 The "H-NMR spectra of BP-AN-H left BP-AN-C8 right and their assignment
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Fig. 2 The 'H-NMR spectra of DDC up  DDOC down and their assignment
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Fig. 3 Dark and bright polarized microscopy of liquid crystal cell
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Fig. 4 Plot of the transmittance as a function of rotation angle for
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Fig. 5 Plot of the transmittance as a function of rotation angle for

BP-AN-C8 series
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THE EFFECT OF DOPING PHOTO-SENSITIVE MOLECULES ON THE PROPERTIES
OF EPOXY-RESIN BASED PHOTO-ALIGNMENT MATERIALS

ZHANG Yue LIAN Yanqing WANG Xiaogong

Institute of Polymer Research  Department of Chemical Engineering
School of Materials Science and Engineering  Tsinghua University — Beijing 100084

Abstract Epoxy-based photosensitive polymers with two different cinnamoyl side groups cinnamoyl group and 4-
octyloxy cinnamoyl group were prepared by functionalization of the polymer precursor BP-AN . Two kinds of
photo-sensitive molecules including cinnamoyl groups were also prepared hydroquinone dicinnamate obtained by
reaction between hydroquinone and cinnamoyl chloride while hydroquinone di 4-octyloxyl cinnamate synthesized
through reaction between hydroquinone and 4-octyloxy cinnamoyl chloride. All chemicals were characterized by
necessary spectroscopic methods including ' H-NMR and FTIR which indicated their accurate molecular structures
had matched our target molecules.

The photo-sensitive molecules were doped into corresponding photo-sensitive polymers in different proportions
respectively and photo-alignment layers were prepared based on the spin-coated films of the polymers which were
irradiated under LPUV linearly polarized ultra violet and then used to assemble LC cells filled with nematic liquid
crystal 5CB. The photo-alignment behavior of the doped polymers was characterized by the microscopic observation
/T

and comparing the numerical value of T in sinusoid-curves of LC cells.

The results showed that below a certain doping point about 10%  increasing the concentration of the photo-
sensitive molecules would result in a better photo-alignment performance. Since the photo-dimerization reaction of
cinnamoyl groups happens only when two cinnamoyl groups stand in properly spatial positions to form a tetra-atomic
ring. Doped molecules greatly added up the amount of cinnamoyl pairs with adequate steric relations thus created
greater chance for cinnamoyl groups to crosslink and improved the LC-alignment performance. By doping different
amount of photo-sensitive molecules we found the ideal doping point would be around 10% n,: n, .Doping content
going up higher than that would lead to a worse alignment effect with the presence of irregular patterns and luminous
points under light microscope and decreased contrast too. Luminous points were probably caused by the limited
compatibility between the polymer and the doped molecules and doped photo-sensitive molecules cumulated and
became crystallized . As for irregular patterns they are surely caused by the weak photo-alignment ability of the doped
polymer. On one hand tiny crystals would disturb the uniformity of the surface on the other hand it is possible that
the existence of excess amount of cinnamoyl groups would both enhance photo-dimerization and photo-isomerization
reactions which are competitive reactions and lead to opposite alignment directions photo-dimerization would align
the LC molecules parallel to the polarization direction of LPUV while photo-isomerization would align them
perpendicular to the polarization direction of LPUV.

At the same time we found that LC cells doped with 4-octyloxy cinnamoyl groups showed a higher increase in
photo-alignment performance which indicated that the effect of doping varied for different systems and this method
could be rather useful for certain polymers.

In a word we’ ve synthesized two novel photo-sensitive molecules and doped them into epoxy polymers to
enhance the alignment ability of the material with success. In our case the contrast could be doubled or even tripled
by doping adequate amount of photo-sensitive molecules. The optimum doping amount found is around 10%

regardless of the assortments of epoxy polymers.

Keywords Photo-alignment layer Epoxy-resin Doping LPP linearly polarized polymerization





