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ABSTRACT : We studied the orientation behavior and thermal stability of polyimide (PI) molecules
under irradiation of polarized UV (PUV) using polarized fourier transform infrared (FTIR)
spectroscopy. In the case of PUV —exposed PI films, the remaining PI molecules after photo—
degradation showed molecular orientation perpendicular to the irradiated PUV polarization
direction predominantly, due to the preferential degradation of PI molecules parallel to the
irradiated PUV polarization direction. On the other hand, the rubbing of PI films induced
reorientation of the PI molecules parallel to the rubbing direction. We also investigated the
thermal stability of the alignment layers formed by rubbing and PUV irradiation on the PI
films using polarized FTIR. The thermal stability of the PUV irradiated PI alignment layer is
lower than that of the rubbed PI layer due to the fragmentation reaction of the PI by PUV.
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Figure 1. FT—IR spectra of Nissan 7492. (a) PAA
solution, (b) after soft baking for 90 seconds at
70 C, and (c) after hard baking for 1 hour at 230 T.
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Figure 2. FT—IR spectra peak area change with
curing time.
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Table 1. FTIR Peak Assignment in the 1800~ 1300
cm’! Region® 1%

material peak (cm™) polarization’ assignment

PAA 1715 v (C=0), acid
1658 v (C=0), amide [
1536 o (CNH), amide 11
1511 v (1,4-CgH.)
1410 o (OH), acid

Pl 1777 I v {C=0) in~phase (imide I)
1719 1 v {C=0) out~of—phase (imide I)
1513 I v (1,4-CgHy
1370 1 v (CNC) (axial—imide 1)

* Il — parallel transition moment tendency ; L — perpendicular

transition moment tendency.
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perpendicular to the PUV irradiation direction, and
(¢) difference obtained by subtracting (b) from (a).

verdth Figure 4(c) & Figure 4(a) 8 A
]A-] Flgure 4(b) /\:ﬂhz%]o 7]—6‘}— /‘\.tﬂEEé
el Figure 4(0)E ®¥ 1719 ecm™ ') 93
%9 @& vEhlz ohE 928 29 g v
s & ¢ 4 3tk Table 1o waw, 1719
cm el 9] e Bl & 4% Ado] RYES
7R3, 1513 em™'# 1370 em ™! HAEL BA =
| Hald Ho) RAEZS A7 Q=
Utk WA, PUV ZAF Fofli= PI £4150] PUV
g kel dis] AR wEgds ongit} o
3 PI 2259 PUV HY Wik e 4
§}‘_:_ PUV zx} HLskoﬂ _ﬁsgzs} PI
FEe] ¥ o R Qdd YeEhtEs Zog
o 23 PUV ZAL] w2 Pl 2259 Hjg
ast7) Yate], 2y H2¥ Prel B4 FTIR
é 3ttt Figure 5% #% @9 PI
AHEHES YRt PUV Az
g P1g} H]_U.EH B 29 39 P19 Figure 5(a)
oA Figure 5(b)§ #e ~="EYQl Figure 5(c)
A 1719 em™'elME &9 g2, 1513 em™'# 1370
cm” oA o) e JERZ] wiEe] PUV ZAbel
oJ% PI Aol widss Exb wige Yehgz
£ & F AUk oleid An Y A® PI
A2 2 W) wet PI BASo] HaekA W)

lm o
U.u o

(e oo 18 (m

2

¥

o

F

Z o
40
27

o
=
ot

.‘E,

B
o, T

e

18 gle A 2
JI.

10 ox L o
|m
o
k1

&)
o
T
.ﬂ
’;U

Moo

Z2M  A267 A43 20023 7Y

1719 1513 1370
() \ 0.0325 ¢
1

(b) 0.0310

Absorbance

0.0015

(©

1800 1700 1600 1500 1400 1300
Wavenumbers {cm )

Figure 5. FTIR spectra of rubbed PI: (a) with
polarization parallel to the rubbing direction, (b)
with polarization perpendicular to the rubbing
direction, and (c) difference obtained by sub-—
tracting (b) from (a).

FE S-S vepdch

gxzlof ME I3 WX Wil 4 A pr 4
S 1A7F 59 PUV 2AME PI 8 z47he] 93
oo mE dF AL detrr] e FA oE

2ol 1A1ZF B 44 2xde dAEE +3s)
%t Figure 62 PUV7ZF ZAME PI B59] FTIR A~
AEY Felld AdHor Z% £ 939 1719
em™' (v (C=0) out—of—phase (imide 1))$} 1513
em™! (V(l A-CsHo)ollA e dxj8] £ o 939

AadS A (2)e] upet HEEE EAE o)t

% Remaining Peak Area

= Area(7)/Area(0)x 100 (2)
Area(T) = 274 &5 7T 143 B o
SEEDIEERE
Area(Q) = 92 o] 9z w4

Figure 614 23, 1719 cm™'¢]
A= HA "ol ek FbehE
140 C o8 2=l #z dgdo] MM3] 74
fig=s L}E}lﬂmoﬂi 1513 cm 9 A% 120 CH}
A F= AA- WiEst glkzk 120 T o)%o) *W
| #ashe Ag gA93 5 Q90 140 TH

$olli= 140 C
3]

7
A% Bolgrt

Ol

435



o
ofk
oy
Ho

110
© 100T PONE 2 <> LIPS
o))
© L ) o ©
S g0 <o
g ¢ o
g ¢ o
c 80F [ ]
[
<
< °
1
2 70F © 1719cm
® 1513cm”
60} T
50 700 150 200 250 300

Temperature (C)

Figure 6. % Remaining peak area change with
thermal treatment of the PUV irradiated PI.

FZ 1719 cm oM g olEg ¥ WshE PUV &
Ak PI owigkete]l AAe st o)n|z AR Rz 2l
3 9 g w@A ] g FAl] G4 Atgel 9% C=0
FANEY P Hesicta & o vk AR
140 T ©jF9 2&oXE Atgel 2% C=0 54
719 AR QR SAskA Hdx H3 W
o] AA3] 7H487] AlZEe}. 1513 cm el €]
3= 98 13 PI wigkeke] | 4-CeHye2l &3}
AER s 120 T o] LEoIAFE Fz 9
o} a7t dojytrh Figure 70 TAI% 89 A€
Pl wigrete]l Aol 1719 em™'e 3 WHo)
160 T7HA= A3 Zrasltirh 2 o]% 275 T7h
A A &% Fokete AE%E 147} 275 C
ojFof A FZ3 UeRg it
1513 cm™'9] =2 9 Z W3t 9l
th7} 250 T o] $5E F43] 7kAadtr] A2

olg1st AT PUV FAl® Pl wjgkwte] ZA9xY
g xgd Pl gt dxag B3 o= A%

o Bolz gk sz dF rasl obgd A A
stol) o3t C=0 F47159 FAo) W& 1719 cm™!
e} w3z W F/ME fFEST B 5 e
Zlolt}, ¥hdel 1513 cm™'Y A$E 1,4—-CiHy9

dEavro] doju}r] w2 250 CTrkAl= & ®ish
7t g oy I ol ARHE Qla JAS Havt
vebdth. Figure 6% Figure 79 A3E n|w sk
BE PUVZE ZAHE PL slldato] 2w Aalg PI i

3
s

s

436

B

-7

100¢

® ¢ O
o
x )
g 8o}
a )
(e
<
£
©
g 60}
O
any
2 <& 1719 em™
¢
4Op ® 1513cm”
5y 00 T50 00 250 300

Temperature (TC)

Figure 7. % Remaining peak area change with
thermal treatment of the rubbed PIL

gl wlal w2 e vEE e & 7
Atk olZ2 d7] FellA e UV EAte Ak Te
of o) Astzxjow Fdwst Yo wAF 24
oA U AstE < dled & ddeAe
PUV ZA} wigeke] 2 o 444& PUV ZAte]
e Pl BEY F A& £l kel dsll F A
o) o7t gobA L 0|2 st A At HEL

Z fgdn”
gxzjoll w2 oMy Ml Al M 1M
o] WA

PUV A} PI &3 2] 2" PI *”E«l
HIE zAlely] 98 A4 RTEE 1Az 39t 4
AYAE 3 F B#F A ~HEHE FAS
21 (3), A WE AMESE] B2 Fe
DHEE 7A= 1719 cm 9} £H3
2 7IK= 1513 cm telA]e R 139
(dichroic difference) & T3ttt
DA719) = | A, (1719~ A, (1719) |

D (1513) = | 4,(1513) -4, (1513) |

-

T

ox:',

Ay PUV ”‘3
o] Hol Edl
o, A, = PUV
£ Aol ““*‘57}
t}. Figure 8% Figure

513 BAE e

Polymer (Korea) Vol. 26, No. 4, July 2002



g AgAde] =AM A4 HaEeol g EYolvn

0.05
o
o
0.04 o ©
8 o
o
] [ ]
5 0.03 o o
% [ J
o ooz} ® .
o e
<
3] )
g 001} o
¢ Rubbed PI (1719 cm™) e ® i
0.00 .
® PUVPI(1719 cm™)
50 100 150 200 250 300

Temperature (C)

Figure 8. The FTIR dichroic difference change
with thermal treatment temperature of PUV ir—
radiated PI and rubbed Pl at 1719 em ™.

l <
0.015F <o
S 0 o
3 * o
C
[o]
5 o0.010}
3 ®e, ©
(8] o <
]
5 0.005}
(&}
a °
O RubbedPI(1513cm™) ¢
o0 °
0.000f @ PUVPI(1513cm?) T
50 100 150 200 250 300

Temperature (C)

Figure 9. The FTIR dichroic difference change
with thermal treatment temperature of PUV ir—
radiated PI and rubbed PI at 1513 cm ™.

o Xe] PUV ZALe} 28l Aejd Pl vigete] I
ol wE AHEe] o] Wlzhs veld Ao
t}. Figure 8o W2 PUVZF ZAME PI wljgFete]
$olE 71E 2% 100 C ol$%E D(1719) %
BA8l7) A&ste] 220 TAME dAg) A9 =
D@1719) zkell Wiste] D(1719)%ko] 43% o}
=5 4 7 ANk AL B A2)d Pl
BAY &&= 140 CT7AAE D(1719) 38 W}
718 gled 160 T o]|F¥E Zishr) A#ste]
220 CeMe 27 DA719) 2 66%7F ol 3l

flo ¥0 N 9 oy

E2lH AH263 Al4s 20029 7€

%%o] o3 o} A Al

At Figure 99 A9+ G4 22 & D(1513)
#Ee] HeE vepdch ¢y Ael9 Pl wigEke D
(1513) gkol AMA3| ZAsh] Alaste] 7tdew
220 CollMy= 7] D(1513) 32l 84%7} 2gkon]
220 T ©ol%9 Az 2ZoM%E D(1513) Fol F
A3 A8k Wide] PUV ZAMg PIowjdkehe
D(1513) kel 100 CT7HAlE= A w7} glolovt
120 CTHE |FA43] ZFast7] Al&ste] 220 CTellM el
D(1513) e dXg 2] 20% =% A =HAch
olz]gt A= Pl widkete] dAe= Pl 452 4
‘3}0 E 3] PUV XA PI wl&
B2 Qe e Hxl
ol 47 AN MFLE A F s

Seo) ey Hel® Pl owgehact Qoldrkn A7
[

Ealo], Thed 2L @ sl AR =

PUV ZAtel| @} PUV H34 Wae Has p
Ao ARl GRS Qs vlEe PI #AES
PUV ®g 4ol 202 wigstal, 2250w 2
Y oA2® PL 242 o el FyetA Pl #
A2 Aol 28-S BESGT PUV AL
2% PI widkate 21 A2ld PI s gnchs @

OHE

A MYFE B FUAh ©lRE PUV 2A 4
d #AE: Boh 2 wHg pl B & @ &
Aef 2o 2 wahEth wala PUV XA PT w)
FurE 7hx= LCD A Az F4elrle A 3o
Me g 43 PR A N9 WS #
A3t7] HeliAE 120 T olste} %A A8 =<
2 FA8= Zlo) 228 Zow wodn)
H2IDEH

1. Sir G. Allen, “Comprehensive Polymer Science :
The Synthesis, Characterization, Reactions &
Applications of Polymers (First supplement)”, p
301, Pergamon Press Ltd., New York, 1992.

2. P. Yeh and C. Gu,
Displays”, p. 1, John Wiley & Sons, Inc., New

“Optics of Liquid Crystal

437



10.

438

York, 1999.

. D. Demus, J. Goodby, G. W. Gray, H. W. Spiess,

and V. Vill, “Handbook of Liquid Crystals”, vol. 1,
p. 732, Wiley—VCH, New York, 1998.

. J. W. Lee, S. J. Sung, and J. K. Park, Synthetic

Metals, 117, 271 (2001).

. G. P. Bryan—Brown and 1. C. Sage, Liquid Crystals,

20(6), 825 (1996).

. P. J. Shannon, W. M. Gibbons, and S. T. Sun,

Nature, 368(7), 532 (1994).

. J. Lu, S. V. Deshpande, E. Gulari, and J. Kanick,

J. Appl. Phys., 80(9), 5028 (1996).

. A. Lien, R. A. John, M. Angelopoulos, K. W. Lee,

H. Takano, K. Tajima, and A. Takenaka, Appl
Phys. Lert., 67(21), 3108 (1995).

. K. Sakamoto, R. Arafune, N. Ito, S. Ushioda, Y.

Suzuki, and S. Morokawa, J. Appl Phys., 80(1),
431 (1996).

N. A. J. M. van Aerle, M. Barmentlo, and R. W. J.
Hollering, J. Appl. Phys., 74(5), 3111 (1993).

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

. J. L. West, X. Wang, Y. Ji, and J. R. Kelly, SID 95
Digest, 703 (1996).

B. Bahadur, Mol. Cryst. Liq. Cryst., 109(1), 1 (1984).
S. Morozumi, “Liquid Crystals : Applications and
Uses”, ed. by B. Bahadur, vol. 1, p. 185, World
Scientific Publishing Co., New Jersey, 1990.

K. R. Ha and J. L. West, Mol. Cryst. Lig. Cryst., 339,
125 (1999).

M. K. Ghosh and K. L. Mittal, “Polyimides:
Fundamentals and Applications”, p. 18, Marcel
Dekker Inc., New York, 1996.

H. W. Siesler, J. Mol. Struct., 59, 15 (1980).

B. Jasse and J. L. Koenig, J. Polym. Sci. Phys., 17,
799(1979).

R. Hasegawa, Y. Mori, H. Sasaki, and M. Ishibashi,
Mol. Cryst. Lig. Cryst., 262, 77 (1995).

B. S. Ban and Y. B. Kim, J. Appl. Polym. Sci., 75,
1728 (2000).

M. Hasegawa and K. Horie, Prog. Polym. Sci., 26,
259 (2001).

Polymer (Korea) Vol. 26, No. 4, July 2002



