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Fig.1 Synthetic routes for azo polyimide reported before
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Fig.2 Synthetic route for azo PI through post-poelymerization azo-coupling reaction

1.1.1 N-ZE-N-QQ-RLE)ERRK FrREL N-
ZEN-(2-B 7 %)% W 5.00 g(30 mmol) , BLA 25
mLBHE P, BAKKGE P ERHETREBRHAS
mE =& E B (33 mmol) , W E KK, ZE 110CH
WBTFRM 3 h 48 IE R JE A 25 mL 7K 25 mL
FoOE, AN pHEKXT 8, W, MEIME. T#
FHHZERERITEY4.088,7FK 73.4%.
'H-NMR(CDCL, 8):1.17(3H,t),3.41(2H,q) ,3.58
(4H,s),6.70(3H,1),7.23(2H,1) .

1.1.2 N-Q2-(5-ER-HEFEEHL)ZE)-N-L&
EW  HRE N-ZE-N-Q-FZE)HEM1.616 g

(8.8 mmol ), FX & 2.3 &, 5-TH HHE I 1.54 ¢
(95% ,9.5 mmol ), ¥ % 2 T 80 mL DMSO 1, FF M
A 10.0g K,CO, 0.8 g KI(#E{LH), % 110CTF
R 12h. BIERNEHRBEEREIA KBRS
TLNE. L, TR, B 1,223,758 N 46.2%.
'H-NMR(DMSO-d,,8):1.05(3H,1),3.44(2H, q),
3.71(2H,t),4.16(2H,1),6.20(2H,s),6.59 (1H,
t),6.64(1H,d),6.72(2H,d),7.12(2H, t),7.54
(1H,d),7.68(1H,m).

1.1.3 2-(N-ZEFERRE)-ZERENE R
PREL N-(2-(5-HB-WEXRER) ZHE)-N-2BXE
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% 0.301 g(1.0 mmol) , ¥ % T 30 mL & HCl HFH]
(36.5% )%, BEIA SnCl,1.50 g, ER S FP T #
R R 40 ELRNEE FREER
BT KK, &£ % B 5 R I NaOH 5 )
(40%), % pH> 13, AR B BIRE, Z /5 LH
SR, BRI . EBRINIIRER TS
B THF (B A AEY) S5, BRI R
BAKBEG MBERUIE, i, B HESE TRE™
¥7 0.239 g, ™= 35 88.2% . H-NMR(DMS0-d, , §) (/.
3):1.10(3H,t), 3.44(2H,q),3.68(2H,t),3.82
(2H,s),3.96(21,1),4.25(2H,s),5.99(1H, d),
6.18(1H,s),6.37(1H,d),6.58(1H, m),6.77(1H,
d),7.16(1H,m) .

i HoN NH, g

Fig.3 'H-NMR{DMSO-ds) of diamine

1.1.4 BB EERESY K\ EHT,
BESERE T, DN A T B (K 1.084 g(4.0 mmol) 1 6.0
mL DMAc. £ —RR B ik 2 £ M5, I A B BF
6FDA 1.776 (4.0 mmol) fl 6 mL DMAc. H SR
TRMESh ZHABREZR, XM 48 h, FIER
R HIA 30 mL ZBRBT A1 35 mL WEAE, iR T KM
43h W REARERAENKRERERI
FE, L, THRBTY 2.451 g, FE 90.2%. IR
(KBr,em ') :1599 1508 1433 (Benz. ring,s), 1732
(CO—N,s) ,1257 (€—0,s),1370 1296(C—F,s).
"H-NMR(DMSO-d,) L 4. T, 2 211C.

1.1.5 FHARBTRE FRE B BE W B2 SR 4R
BEE5Y0.679 g(1 mmol) , 75 & T 60 mLDMAc 1, #i
AR EERTS, BTIKET , BRFHERAR
BB ABRP RERIE AL 12 b, FERBEA
KBAKPHRE, T, 60C TREH=WIHERT
THF P, B AXBAMBPIE, TE, TRE™
#0.770 5,7 3£ 93.0% . IR (KBr,em ') :1601 1516
1423 (Benz.ring,s),1732(CO—N,s),1255 (C—O0,

s),1340 1134(C—F,s) . T, 2§ 220C .

1.2 BRPHE

¥ 0.1 g BEAWHET 1 mL DMAC P, 885
BB 0.2 ym kBRI WER (HHEH.
GRRFF)SFPALZEFKARRIRNE . kS
TR AEHLRAEREEFLEREE ES
T0OCTH 48 h, BERMRENBSHHE. FiB
FeaEWEEEHME um £4.
1.3 RE9HENR4L

BRXE4]RAERE, I EAYHEH
1Tl AL ER 7.0kV, RALIRF X 210C .=
YO U 2 55 B B L IR 0 Nd: YAG Bk ok,
HEFOLEK A = 1064 nm, UBESE IS,
1.4 ZREEAXBHONIZEERSKI

REEREBMHERAFRRPRETEHN
488 nm Ar’ HOL . RAKEEE S ROCER[13] . 5t
T80 F I8 F #1 B %088 ( AFM, Nanoscope 1Ila, Digital
Instruments Co. )31 .
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K% N 0.60 dL/g(30°C,NMP FilizE). K 4 2B
BtV fie e BR 2R B W A0 {0 RUSRBE 0 B Y S R 3L
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IR IR A 0 4 5 R B B o o 9 4 R L R R i
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Fig.4 'H-NMR ( DMSO-dg) of precursor polyimide and azo
polyimide .
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Fig.5 UV-Visible absorption spectrum of azo polyimide in DMAC

solution
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Fig.6 d3 of the azo polymer film with the increasing of poling

temperature
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Fig.7 AFM image of the surface relief graling formed on the
azo polymer film
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NONLINEAR OPTICAL AZO POLYIMIDE FROM POST-POLYMERIZATION
AZOQ-COUPLING REACTION

HUANG Furong, HE Yaning, YE Gang, WANG Xiaogong

( Departmeni of Chemical Engineering, Laboratory for Advanced Materials , Tsinghua University, Beijing

100084)

Abstract A nonlinear optical { NLO) azo polyimide has been synthesized by post-polymerization azo coupling

reaction. In the process, a new diamine monomer, ([ 2-( N-ethylanilino )-ethoxyl ] p-phenylenediamine ), was

synthesized and then reacted with 2,2-bis (3, 4-dicarboxyphenyl ) hexafluoroisopropylidene dianhydride (6FDA) to

obtain a polyimide-based precursor polymer.The precursor polymer owned excellent solubility in DMSO, DMF and

other polar organic solvents . Through post-polymerization azo-coupling reaction of the precursor polymer,the NLO azo

polyimide was obtained. This synthetic scheme can avoid exposure of the azo chromophore to the rigorous

imiderization conditions required in the synthesis of polyimide.By the scheme,the degree of functionalization of the

azo polyimide can reach abort 100 % under mild reacting condition and the product can be easily separated from the

solution. The polymer synthesized was characterized by using spectroscopic methods and thermal analysis. The

polymer shows good solubility, processibility and thermal-stability . The dj; of the polymer film is 39.2 pm/V.

Key words Post-polymerization azo-coupling reaction, Second-order nonlinear optic, Polyimide



