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ABSTRACT: We selected polyamic acid as a precusor of polyimide which is highly thermally
resistant and disperse red 1 as a nonlinear optical active chromophore. Two compounds that
were anchored with trialkoxy silane were employed to fabricate the organic/inorganic com-
posite film via sol-gel process. After corona poling and thermal treatment, partial imidization
was completed. Resulting from the network and good thermal resistance, the molecular dipol-
ar alignment became very stable after poling. Therefore, we developed the polyimide ana-
logue with NLO chromophore to exhibit good temporal stability.

Keywords: polyimide, chromophore, sol-gel process, silane coupling agenmt, organic/inorganic
composite.
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(PAAYE ¥A3l7] Y8iA diaminee 2y 4,47-
oxydianiline (Aldrich Chem. Co., 98% ; ODA) &
Ay on, dianhydride 2= pyromellitic
dianhydride (Aldrich Chem. Co., 97% ; PMDA) &
Hejsle} z4z} THF 9 acetic anhydridesf|A] A2
g &, 28 2 $9IA713 70 CAA 3UD B
Az A gulE S AAT T AT

SagoaHE o2} H4Y S4o] Held dis
perse red 1 (Aldrich Chem. Co., 97% ; DR1)&
sfergel AAR 3] LA,

Polyamic acide] "t 22 gE=E vgA
amine 7] 8} alkoxy 7] & -3 3-aminopropyltri-
ethoxysilane (Aldrich  Chem. Co., 98% ;
APTES)& AM-&l¥ith #9, Aleddo] triethoxy
silane®.2 EA¥ polyamic acid$} DR1#e] A&
HE7 Y E-A N T8 e 2RE B
981 DR1& A¥NE & Us e 3-
(isocyanatopropyl)-triethoxysilane (Fluka Chem.
Co., 98% ; IPTEOS)& ARg-3tith EJ AR A
ok} guf= A A& T3 &FT AR AR
stgict.

g A,

Amine Terminated Polyamic Acid2l S¢f: 24|
o] FUAE FAStE vg S v 334
2 93l BE e 49 FIPE ARG
AEA=Fe] polyamic acid (PAA)E+F @& o7
=3} 2xo} e Fo 71254 vg "dvlE v}
Ang gegolnis A9 AERE 7MY H4F
o RAEE 7H 9 UA=F PAAS EX¥ 2E &
9)3}le] diamines#} dianhydride] ¥rg-2H|E 1:1,
1:0.95, 1:0.925, 1:0.99 v 3. vgA &
FA o] = Wiy v P4 A g
A% & AZ}E WA Hstd £ 1-meth-
yl-2-pyrrolidinone (Junsei Chemical Co., 99% ;
NMP)e| g3ty 10 wt% 9 F=g ¥&& &R
t}'* ODAE A4 #3719 @4:4121 NMPs} &
A A 43 LA F, A vhe-E )
o] PMDAE Y1 A4 £47] sdA HFA A%<

%39 amine terminated polyamic acid

(ODAPAA)E 3319}, Spectroscopyd] &3-&
A gadH e ARE T4 e AFHAA
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FT-IR : 1100~1000w (Si-0), 1260m (-Si-O-
C-), 1660s (-C=0), 2800~3000s (-CH-), 3000
~3500s (-NH-).
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Scheme 1. Synthesis of 3-aminopropyltriethoxy silane
endcapped polyamic acid.

#Fziol #2238 A3 19989 94

FT-IR : 1100~1000w (-Si-O-), 1260m (-Si-
0-C-), 1660s (-C=0), 2800~3000s (-CH-),
3000~3500s (-NH-).

Disperse Red 10| ZEHEl Alkoxy Silane (AS-
DR1)2| gtM: Scheme 29| §4 729} 3o] THF
(50mL)9] DR1(2.20g, 7.0x10%mol) & B 2
=29] dibutyl-tindilaurate (DBTDL) &v} 3)oj A
IPTEOS (2.40 g, 1.0x10 2 mol) A3 H7}5xn
70 CAlA 24417 HEAIFT. Dol £ g il
ARAA A3 F, 3497 Y AFEG FoRle
S E AAs YA e] AS-DR1& i (+
£ 70%). 'H-NMR(DMSO-d6) : 8(ppm) 8.33(d,
2H), 7.91(q, 2H), 7.26(s, 2H), 6.81(d, 2H), 4.97
(t, 1H), 4.27(t, 2H), 3.82(q, 6H), 3.67(t, 2H),
3.54(q, 2H), 3.19(q, 2H), 1.61(s, 2H),
1.22 (m. 12H), 0.61(t, 2H) FT-IR : NH stretch-
ing 3329 cm™! (hydrogen bonded), 3420 cm™ (iso-
lated), Carbonyl (C=0) 1698 cm™ (hydrogen
bonded), 1725 em™ (isolated), NO, 1516 cm ™,

71718, 289 2xAHE A% HeQ 23
£24L Perkin-Elmer Co., System 2000 FT-IR&
AH2-E19 ™, '"H-NMR (BRUKER Co., AC-200)
& o]&3le] ODAPAA, E-ODAPAA 9 AS-DR1
o g4 & A3

Dianhydride®} diaminee] whg-Eu)d| m& E=}
g o] W38 gel permeation chromatography
(GPC, Waters Co., Model 440) & o] &3l <13}

HiCHAC\ | CH,CH,0H :
H;C/\? C=0
N . DBTDL
~+ ———e
¢ THF

DR1 IPTEOS

O

AS-DR1
Scheme 2. Synthesis of alkoxy-silane disperse red 1.
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Figure 1. Infrared spectra of (a) amine terminated

polyamic  acid (ODAPAA) (b). 3-aminopropyltri-

ethoxysilane endcapped polyamic acid (E-ODAPAA).

Infrared spectra of E-ODAPAA (c) before heating ;

(d), (e), (f), and (g) after heating at 130 C for 1 hr, 180 'C

for 1 hr, 180 C for 2 hr, and quenched state, respectively.
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Figure 2. 'H-NMR spectra of (a) amine terminated polyamic acid (ODAPAA) and (b) 3-aminopropyltriethoxysilane

endcapped polyamic acid (E-ODAPAA).

4 Aden EF Wi 49 HE W o)z}
gl A&A% W= (-NH-)7} 2359 &< #<l3)
Qr. zEs 1660 cm™, 1544 em oA ¥l ¥
amide I M=} amide II W=yl JepdE #eld
Qrh 2] 1260 cm™o)4 APTEOSS) -Si-0-C
ANZ2A% F5uieb 1100~1000 cm™'o|A] APTESS)
-Si-O Fulel ekzte] Aolvin} wEg £ Aok
=3 Fig. 29) el ODAPAAS} E-ODAPAA
9] 'H-NMR 2¥lEq £4& B84 FT-IRe 23
& 3ldiact. ODAPAAY APTEOSE #H7hghl
w2} ODAPAAe] dxjoldl (-NHp)7l9] #lar}
10.5 ppmol 4] 10.7 ppmo. 2 0.2ppm FE7} o) %
d& Belen, 3~5ppme| &yt H=7t 3.5 ppm
oA 38ppmeo2 o|FdHTh ET 4 479
EA w=z¢9 1.6 ppm# 0.6 ppmolA  w|eksln}
broad® peak? M2 A& BEY ¢ AU
Ao Azshs AN BFsHe £uis AvgE
£ AASHY7A 0~2.0 ppmoll N B3E e H=A
2 ODAPAAste] whgd oajA velhd s
HAsojA. o)4e) Aus ODAPAAS Al ¥
o] J 4] Aoz EAHo AL ¢ F Ut

#Eeal{ A229 A5& 19983 9¢

(b

Transmittance

4000 3000 2000 1500 1000 500
Wavenumber/cm ™’

Figure 3. Infrared spectra of (a) disperse red 1(DR1)
and (b) alkoxy silane DR 1{AS-DR1).
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Figure 4. 'H-NMR spectra of alkoxy silane disperse
red 1 (AS-DR1).
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Table 1. Molecular Weight Measurement of

ODAPAA°‘

PMDA/ODA imidization

M M M /M
molar ratio " v ! Mo temp.(C)®

0.900 6000 6120 1.02 175
0.925 11000 11990 1.09 180
0.950 14700 17052 1.16 180
1.000 97000 109610 113 210

% Molecular weight were measured by GPC using DMF solvent.
b Imidization temperature obtained by TGA analysis (20 €/
min, N;) and FT-IR spectrum.

Weight Loss (%)

20

0 - T — v
100 200 300 400 500

Temperature (°C)

Figure 5. Effect of curing temperature on thermal
stabilities of (a) AS-DR1 and (b) ODAPAA.
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Figure 6. UV-visible spectra of E-ODAPAA-AS-
DRI film prepared by different imidization time and
solved in NMP for 2 hours;(a) imidization {30 min),
(b} imidization (1 hr), (c) imidization (2 hr), and (d)
non-imidization,
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Figure 7. UV-visible spectra of E-ODAPAA-AS-
DRI film prepared by corona poling and imidization
and annealing test;(a) imidization and poling, (b)
imidization, (c) imidization and poling/annealing (1 hr,
100 ), and (d) imidization/annealing (1 hr, 100 C).
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