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1.1.1 BETEF PCDA % S0ml Z RS IA 2. 2e(10mmel R =R FFRE A 15ml £
K E L, KB ESCUT, BB EBR. 0.9 (Smmc)N-FEH —~ Z B 0.8
(10mmol ) 827 F 4l Fo K Sk o, ERIRIBEH M LAwimm. Bnss, iE
KB, RIS 24h. e, IOR LT 66 B (R I BERF AL S AR, 100C IS H =T 42 120, B A
=/ PCDA2.0g, /=3 74% , 48 5 198 ~ 199°C . IR(KBr [EH ) 1 v.. , 1847.1775,1719an ™ ';
2980 2940cm™ ', 'H-NMR ( DMSO-dg, ): 3.84 (¢, 4H,—NCH,—), 4.45 (¢, 4H,

¥

o,
—OCH,—),6.50~8.50(m, 11H, ArH) . MS:529(M"* }.324.219(B),175.103.
1.1.2 BEBREBPAAMSHE E25mL ZOFINA 0.05407g(0. Smmol) ¥ % — Jifn
1.50mL ¥ H A NMP, K15 % 3, BN E K, RBE _REE. MR 15min 2FHRIA R
k=B PCDAO0.26473g(0.5mmol), Fl 0.82mL NMP W% BBy VE#F, Wik i A R Y
. Bk R M Sh, BEIBRE N 240, BH A RBEBRIER PAA.
1.1.3 1{PAYMIH & HERUMAT, mELRRBEERBBRTRNMA 0.150g
{0.63mmol )X B R HER TR M FWERLEI 0.080g(1.00mol) LK BERREY, L BPAFLI €. &
B, Sk B RN 10h. FRIZEHT, BL4 BB BA 10mL KF UL g, AR
¥OR, TIRE T T8 24h, BLAEKL(PA).
1.1.4 1(PDHHE HIOBREEBERL(PAETERN NMP h, B BEmLE, R
EHM A FREE B, 3 500 ~ 1000 $%/min, BHE] 30s. 120C A A+ T4 100, &
15Smin AFHEZE 200T, RIBY¥/haT, ERER, BOOEREREEL(PD.
1.1.5 2~8(PAKHE XRAE1.1.3RUUMNINE.
1.1.6 2~8(PI) XRHAS51.1.4 B HE.
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L1506 % A PE 983G BULL e AL . 58 41 AT IR i e33R B B 3 8451A RSt
WY 6] W 4T 4R R e e i B A A 7 M-330 B Y. 'H-HMR #%£ H Varian Gemini
300 K NMR #{¥ . iR Trio-2000 B BTN . 45 &5 MR AL 5 R R4 S0
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Scheme 1  Syntheses of Poly(amic acid)s and Polyimides

FHEF Y, A4 RBEREFESEF M4 PRERTERALNRUNAE,
RTUBAFARRZEALHMSBORBEERERELZHE RNEERB T ETHK



o# HOBE TAEEREN L EENNENES TN S RREE 635

I, REBERICES O WA BE, BNEAVPDER BN PR ERER
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i Scheme 1 FiR, §RE N E—FRABI -FHISEH N B ERSEER
HRBER PAA. ER %D, PAA SERLE W, ERMER SSIABEGELA, B1
(PA). H(PA) BT REULBE B REL1(PI).

5RRERABSECNRERPETOMERR, RIRA THEHESE NMP B
FRAGEALBSNTRIRE, AKEETEANYHMBERE RV BESERH B ER
BRI THEHEALBSFRENRIEINE.

2.2 {LBEN

2.2.1 M RELACER (PAYILS IR 1720cm ™ ' 24 1660cm ' EH G T B
AR R E P ERERY(FE 1).1510em ™ ' L4 1335em ™ 122 RS L 4R Wk 43 B
TERERNSEERAN A AATHENRE R RM SR YT BRILES, &
1775~1780cm ™ ' B— P H B R H , 72 1660em ' EHMBKF Z LMK, IRHHE
BT BN ERL. FEA XX RAANBERKHRABEL, HHESE A2 LA
32 S b B R /.

Table 1 The characteristic [R absorption bands of poly (amic acid) (PA) and polyimide { P1)

Absorption bands (KBr,em™')

Polymer
(PA) {Pi)

1717, 1661, 1510, 1336 1777, 1721, 1512, 1337

100 I (K- 1w [F 1w ] -] (e

1717,1661, 1510, 1335
1717, 1657, 1510, 1336
1721, 1661, 1510, 1335
1717, 1657, 1509, 1335
1721, 1660, 1511, 1335
1721, 1658, 1511, 1335

1719, 1655,1511, 1336

1779, 1720, 1504, 1337
1775,1718, 15114, 1336
1776, 1714, 1509, 1335
1775,1718, 1511, 1336
1775, 1718, 1511, 1336
1780, 1720, 1512, 1337

1779, 1723, 1513, 1338

2.2.2 EITTIEEEE ERER(PARNERT (PSR HEAENEMY R
RRH . ERER(PA)EF IS PR E ZHEHNREBHER K, £ K okm+
BB 460nm Z274, 17 76 N-BEE-2- T o £ 96 o 3 ok W i % 16 O 486nm (3 2).
FRR R R A B R R I 49 460 ~470nm, U TG, B KB B EB AR S
(%3).

2.2.3 'H-NMP# NAREBRERA HNMRERELREELEID BEMNES4.05%
AREASEAELPEFRFALEAE, £ 4.60 B4 B A ST BREF L2
il HFERTFRAZMBE §7.00—-8.00 X4, MR FHRERFHL2EBS
FI7E 6 10.0 M 13.4 &4
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Table 2 The maximum absorption wavelength of Table 3 The maximum absorption wavelenght of poly-
poly (amic caid) (PA} in different solvents (amic acid} {PA) and palyimide (PI) in thin solid film
A max (nm) Apue{nm}
Polymer Polymer .
THF NMP (PA) (PI)
1(PA) 458 486 1 466 428
2(PA} 452 486 2 456 452
3(PA} 458 486 3 462 466
4(PA) 458 486 4 464 458
5(PA) 458 486 5 464 458
6(PA) 460 486 6 464 458
7(PA) 460 486 7 462 450
8{PA) 458 486 ] 460 456

Table 4 The 'H-NMR spectra data of poly(amic acid) (PA)

Chemnical shift & (DMSO-dg }
Polymer

—HCH,— —OCH,— ArH —NHCO—  —COOH Others
1(PA) 4.10 4,65 7.00—~8.70 10.45 13.5
2(PA) 4.04 4.60 7.00~8.50 10.56 /
3(PA) 4.06 4.63 7.10~8.55 9.95 13.4 2.35(s,CH,)
4(PA) 4.04 4.60 6.80~8.45 10.50 /
5(PA) 4.04 4.40 7.04~8.44 10.40 / 3.94(s,—CH,—)
6(PA) 4.05 4.60 6.90~8.45 9.83 13.4 3.83(s,—CH;—)
7{(PA) 4.04 4.60 6.80—8.80 10.12 13.4
8{PA) 4.06 4.60 6.90~8_80 10.10 13.3

224 REASTE ROWPREMHEREHSESHEAVH B4 IRSELE
RAX, ROHZEMARRERBREMUSEONBHERLEREMNE, W FERT
FRML . LMAEH-NMR 3 |, 558 50 0908 I I 5 2 5T A9 W T L A9 L o) 8 K,
W r(mol%) AR AH SR, WAATRARTUNE = 6.
A, +B{1-x)=C/D=8
x =(8C/D - B)/(A - B)

R ARRGYTERECANEHATH S ERTH B RESYHA A RAHMNSE
METHFERTH, C RESYW HNMR EPHERFHEER, D 2R SHW HNMR
EHERERFH@EEM. AMRBER(PAMREHSESNTRS.

Table 5§ The chromophore density in the poly {amic acid) (PA)

Poly (amic acid) {PA) 1 2 3 4 3 6 7 8
Chromophore density x{mol% } 100 52 80 82 100 94 100 100
2.3 PE%KH

LA EEEBRER (PARSBE T _HET M (DMS0), N, N-— 5 X 5 B B
(DMF)F1 N-B B2t ng b B (NMP), ZE I Sk, SR O H 4. s NMP 5
WETEFIR M, TROBL AT — WM. IRk, MR TH AL, AT
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SYNTHESIS AND CHARACTRIZATION OF POLYIMIDE
ATTACHED WITH NONLINEAR OPTICAL AZO SIDE-CHAIN

MA Hong, DUAN Xiaofang, CHEN Ping, QIU Ling
ZHANG Jiaxin, Zhai Jianfeng, SHEN Yuquan
{ Institate of Photographic chemistry, Chinese Academy of Sciences, Beijing  100101)
MENG Jiben
{ Department of Chemistry, Nankai University, Tianjing  300071)

Abstract  Eight polyimide polymers containing NLO azobenzene sidi-chain have been

synthesized and characterized. High chromophore content up to 100% {mol)} has been

achieved due to the utilizing of a novel synthetic route. The prepolymers are soluble in many
' organic salvents and have good film forming property. The sofetening points of the materials

after imidization are rather high.

Key words Poly(amic acid), Azobenzene, Polyimide, Second—order nonlinear optical material



