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Abstract: The precursor polyimide of the photoreactive polyimides (PI—SP6 and PI-SP12) was prepared
from a derivative of 2, 2, 2—trifluoroethane dianhydride and 3,3'—dihydroxy—4,4'—diaminobiphenyl.
PI-SP6 and PI-SP12 were then prepared by the polymer reactions of the precursor polyimide with
photoreactive 2—styrylpyridine alkylene (hexylene and dodecylene) derivatives, respectively. The pho—
toreactive polymers were soluble in organic solvents. The polymers showed the initial decomposition
temperatures around 350 C. The glass transition temperatures of PI-=SP6 and PI-SP12 were found
to be 130 C and 85 T, respectively. This result means that the latter polymer is more flexible than
the former polymer. Their transmittance in the film state was 90% at 250 C, which indicates that the
photosensitive polyimides with thermal stability have high optical transparency even at the high
temperature. The respective dichroic ratios of PI-SP6 and PI-SP12 were found to be 0.01 and 0.03
at an exposure energy of 1.5 J/cm?® This result suggests that the latter polymer with larger flexibility
compared to the former polymer is more effective for the photoalignment.
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Scheme 1. Synthesis of polyimide, PI, and photoreactive poly —
imides, PI-=SP6 and PI-SP12.

7100 T wgkgel] HAFLh o] MBS THFe 0]
weksel] AFsE 3 Ak2elN Adizete] BAEEE o=
PI-SP6& Atk 82 0.72 g(81%) ©IAT

PI-SP122] 41& $Jali= THF 50 mLell Zeow|= PI 0.58
g(7x107" B 9iEeke] 7157} SP12 0.83 g(2.8 %1077 ), 1
21 PPhy 1.3 g(5.0X107° )& 3591 5 o] g8 0 C oJsl=
U3 WA ZICE ©17]e] DEAD 0.86 g(5.0x107° )& de &
L2 AR M| SE|aL 72413 B9t wHAATE AE &
goln|=o] Fefi= 910] PI-SP6g) & Wl o= 319 82 0.86
g(87%)°]31tt.

ZX. A2 AAEHL Jasco FT-IR 620 F33347)2 o]g-4
243153t} 'H-NMR A E&S Bruker Avance Digital 400 FT—
NMR #4715 olg8l S4siolct ke F52t AdS 9
3 UV AHEZHL Shimadzu Model 2401 #3335 o]&3)
st @det Zeloln|=s} BHelE Zejow =] 2] A
& 2% DuPont 2100 GFFEA71(TGA) 5 o431 A 7]
F3lIA 20 C/min '] £EE 24s19a fE|doler= 29} 2
< 24 DuPont 2000 AIXAIEEA(DSC) & o183l 573
St TFEE(p = HHEEEoE(DMF) & ARgste] 25 ol
A g o HEAR SHsIth @9 aAEe] gt et
P} TR THFE Svll2 sjo] Waters Aliance V2000
AR ZRPE RS o] g3 S7gs9it) o) A EElE
AS T BE ARSI

ST} SOl 2. 498 B8 Zelow=e] Huke
o} FuidS AR S8l 37 E Zejoln|=E TFA §oof
1.5%% =91 th o] g5 A7 FE71E o] 83| A = g

71l TRTE - Aol xSl AES e S

A 4
o,



SE-EYE Y AAErE T &

317] $Ist A5 APAE AREBIA] b 19t 25l H S Pl
IS S5 At A2 HEAE AR I &
St} o5 F59] FREE-S UVAIERS] F3-42 S48l
e o]5 FEO] ek UV BHEAHS o] &8 o)Al
(dichroic ratio) [DR= (A ,—Ap /(A +A)]E 73t A8
o} oluf AL S} Ay ZE2F LPUVLS] 72191 wheke] w9l =3
Ql Weke] FYEE YR

A A EE

Z2(0|n|=2] M. Zglo|n=9] IS EIsIE] PIO)
IR AFEZS 2431901 o] AFEHoA o] Zgjolu]=9] AB &
9]9] FHe] B|=2A]7)0]| 7|18 F) 7} 3450 em T 2ol L
Bk, olW|= 1Ee] Fhdr1e] i, vt AlExlEe] 7)1%
E57} 1780 em™' 3} 1722 em™ ol Upekkom 544 Zajo)u]
© TRz YEY TEo] 71918k 35707} 1380 cm™ellx] Lkt
T} % pI-SP6 7} PI-SP129] IR ~HE#SS =438 A1} o]5 A
HEHA Zao|n| =] AB @] F71¢ s|=FA7]el 71Q1sk
3450 cm™ !t F-2of|A 9] 5]z} Mitsunobu H-el| 2J3l] AlEAl,

i g

B 2 3.4 CFp 43 2 &
7 I N
N\m @/N O
- 0 C 0 o
] 1
0

1
5w s 1 ! Ho
5 5
5 5

7

2-10 TMS
DMSO
11
JL 1 H,C
T T T v |M\JL| T T
1" 10 9 8 7 6 5 4 3 2 1 0
ppm

ppm

(b)
Figure 1. '"H-NMR spectra of polyimides PI (a) and PI-
SP12 (b) in DMSO—de.
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Table 1. Molecular Weights of Polyimide and Photoreactive
Polyimides

Yield Conversion® [n]?

Polymer o) @ gy M MM
PI 81 - 0.51 50600 2.44
PI-SP6 83 100 0.46 36000 1.62
PI-SP12 75 100 0.42 26200 1.55

“Measured in DMSO—Dgby 'H-NMR. “Intrinsic viscosities were measured
in DMF at 25 C with an Ubbelohode viscometer. ‘Measured in THF by gel—
permeation chromatography.
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Figure 2. TGA thermograms of polyimides PI (=), PI-SP6

(==), and PI-SP12 (---).
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Figure 3. DSC thermograms of polyimides PI, PI-SP6, and PI—
SP12.

300 350

ol EE (7Y 5 HERNA] %3)th. o7t Egjoln|= PIV} rigid
3 T2 77 wiiolel A4ty 8y, PI-SP6Y) PI-SP12
£ 130 T2} 85 Tl A7t 75 VFERISIcE PI-SP6¥) PI-SP12
o] Tiell Slolr] Aol AAkE 7123719) 2do)x] 2] ek wlto|ck
=, 2oolxe] Aot Al |wrt 71 Eelld s 7 PI-SP12
9] fddo] Aselr ] Aoyt e AAAIE 7IA]= PI-SP6 R

o 7] wizeltk
BBt Z2join|=0| £} HES. F A0 sk Elo]

u|= P[-SP12 D59 Fahe-g A n 7| 8] AR&eld 2.0 J/em”
O] APE & F AR 100, 200, 250, 18] 300 CollA] zkzt
304 dAEst & AF0 Fi&s 574510 Figure 4 v
Atk ek g AR ke 787] 2-2EldulEde] &
Hm)7} 325 nm F-2ol LEhol SRt 3-8 A1) whel
o] 1A= olell tigt v=7F vehA] ekt 1eellM A7 A
204 400 nm oFolM 90% o)de] FakES Biom A
g 2L7h Aesitets Fakgo] 250 C7HE = fAE %)
t}. o] Av= et FA3E Zejolu]= PI-SP129] Fago] 4
oA Bt ofujal AAE] g Folln 9hs A ongitt
PI-SP6 ZE2] F9-8% PI-SP129} vz A et

PI-SP6 25°] =458 UV 57 2AFERS e Zlo] Figure

20|, A33¢ #13%, 20099

Transmittance(%)

500 600 700 800

400
Wavelength(nm)

Figure 4. Transmittance spectra of PI-SP12 film after irra—
diation of an exposure dose 2 J/cm? and subsequent annealing
at different temperatures for 30 min.
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Figure 5. UV spectra of PI-SP6 film exposed to unpolarized
UV light at various exposure doses.
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Figure 6. Normalized absorbances of PI-SP6 () and PI-
SP12 (@) films at 325 nm as a function of exposure doses.
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Figure 7. Dichroic ratios of PI-SP6 (M) and PI-SP12 (@) films
exposed to LPUVL exposure doses.
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