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W E ARSYNGERBSFERAMTUTAERRER & ARE A YMENFRREART
FoHELTIAZRHRBEEMERRRERSY ARG R B DB R R RSB A5TF
FRAEHOER LEEREEUESRTTRT ZRAYREAR F THRLNRHTERERER

i & 1 2 AR e i, R R B B AT 3K 200 nm.

XA T, REER, AEARS T, REOERES, SEAAES

MEERRAMBIR, EFEFEFHEMLED
AR HMBEHRNREZ— KERARE,
BHBEE,.BEVE . TRERSNEBTEM
HEFRHEE M"Y EFEROTAELR, M
FERAVAETHHRESERS T AR EAH
HABMREERTTUSEREYEXRNS TRE
EMERIH  XHIENEREEARRAYTE
Rk B &0 IE 5% B T8 3 1 & AR JE 8 (Surface relief
gratings)"* ™" . i T 33 b 22 1 R R 6 AM RT Ay G b B
BRAES, fFXH e T REMM T
S5 7y W A IR B 9 5 R TR R

EBMTHREASHBEATEE RN
WA RGBS A ER SR PFE
B ENE BT RESES FRTEESM
THes" " HEAEAASARRERXER
A, 748 P E B R R R AR A e e R i
BEFHE EERRS,BIGR T HEEEE
BEREBART T, RAEMRIAE 7 HEH A
B8 X e B SFPERE .

1 XBIH

1.1 FEFRHRM S

4B R EPRE IR E A A ], ST
MY, b EEAFELESRFRAE, o4
1,2,4-% =SB, Aldrich, i3 4 ; E RS ER A, AL =
XZFEE TS, brsl; #h 8,36 % ~ 38% , 7 BT
gl F AL, b ok MR AR 98 % KR, S ET Al
HREFEAE T AR N B EERK,

Acros, BRI 4 POk, R ZBEEREND
S 434l B R A DMSO AR ARIEA) .

#4387 TA Thermal Solutions DSC 2910
AEHBRBSG H BB SR A Bruker &
7] Bruker Aspect 3000 % ,300 M A% & 3t 8% (X , T™MS
PFF ; B AT BL KT 53 BT R A Perkin Elmer Lambda
Bio 40 % 5 AT W36 o 3 s 20 46 6% sr H7 R A
Nicolet 560-IR B {E 37 H-EH LS A HN . o TH
EATEITHHFR Waters 515 B, B
# % Styragel HT2 + HT3 + HT4; 7E 35°C, LA THF &
EALAEE | mL/min FHRER ERARELE
REEERRE RHREEHEREYER. &5
HP B THOMRTHEM KW4A B E
RS LW & B R ERABRE ML A
B ook 8% % M & fE R A Digital Instruments
Nanoscope llla [ F 1 B35 .
1.2 BN ER
1.2.1 “A8ERE 1,2- B M N -4-Bt
F(MACOM AR - M—EFERSEERNSER
MR BEREPMmA L2, 4K =MAF(19.2 g,
0.1mol) , MHTEHHAZRKEM(25 mL), B i
RE 12h, BAN T HEFE I ERIBRE, B
P EAAEE (16.84 g,80% ) mp:68 ~ 70°C (lit. mp
66~ 68°C); 'H-NMR(DMSQ): & 8.75 (1H, s, ph-
H),8.65 (1H,d,ph-H),8.25 (1H,d,ph-H) .

N, N-Z(12-E R 4- A2 B)- KR
(THHRK)HEM B N, N-ZREZEXER (0.9
g,5 mmol ) Fi 2 mL PIRE R 5 mL 7Y & T I P
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MA TMAC(2.2 5,10 mmol )9 NS Sk B RE 0, B B
MR SOCTHAE 12 b, B HFHA 100 mL K H ¥
TR EAE-GAENEER BIOAEK
(1.77 g,67% ) mp:200.59°C ; 'H-NMR(DMS0): &

=8.03~ 8.40 (6H, m, ph-H),7.2 (2H,1, ph-H),
[+ 0

6.95 (2H,d,ph-H),6.60 (1H,t,ph-H),4.55 (4H,

t,—0CH,),3.90 (4H,1,—NCH,) .
SEKARREEHG T KREEKODEIMINS
B, HeEEEmeE 1 Fix.

! 110% i
H—C OH + BiCigyy — o H—C OC1 Hyg

o

| ,
H—C—QOCNH,J + 2@—-NH; +QNH, cag 2T N(}CH—C%NH,

OCMHB
DHTM
Fig. 1 Synthetic route for diamino monomer
1.22 +AKEEXEFRNS R ¥24g 1.79(2H,m,—CH,),1.27~ 1.45(26H,m,—CH, ),

(0.02mol) 4-BREEXHRBEMRT 1Sl _HET
R (DMSO) 1, R E I AR BR 4P 2.76 g(0.02 mol)
MAECNBREHR 0.1 o, AR ZE 110C, FRF o
BT A5 6.11 g(0.02 mol), 30 min FHIH .
HOCHERKN 8 h SRR RMEAERMAKE
MEBTAS,5CTHE 30 min, HHKBEIER
BRiE. SEdR EHREREZE FKE%
X THRBZR 6.5 %% 93.9%. 'H-NMR
(DMSO): & =9.79(1H,s,—CHO), 7.76 (2H, d,
ph-H),6.92(2H,d, ph-H),3.97(2H,t, —OCH,),
1.64 ~ 1.75 (2H, m,—CH,) 1.17 ~ 1.40 (26H,
m,—CH,),0.81(3H,t, —CH,).

1.23 4+ ARERA " _EH=XF 5
{(DHTM)HIEH B LEAMEN 4T ARER
A HEE2.05(5.78 mmol) R 5.4 g(57.98 mmol) H
PL5 0.037 g(0.289 mmol) M EBE B £, A 1R
2, EXRFPT.ELABE LI0C. HEAMN
2hARE HEFBRE IS0C,HERN 1.5h. R
WEE EKREESO-0C, BMEXRBEEZLE
M. A 2 mol/L B EL R BB R AB®K,
LR EREY . W EMA 2 mol/L AIFE NaOH
PRIEpH R 5~6, TG 2 ml/L MEEEEK
T, PHNEpH N 7 -8, XN S KHAMBR
W, HUEdE RERE 1R P/ KBS
MK, 60CHS T 240, B0 1.27g, =R
42.74% .mp: 96.08°C, "H-NMR (DMS0) : 8 = 6.62
~7.04(12H, m, ph-H),5.32(1H,s,—CH—),3.95
(2H,t,—OCH,),2.6 ~ 3.2(4H, bs,—NH, ) ,1.73 ~

0.92(3H.t,—CH,), IR (KBr): 3417(N—H,s),
3031.6 (Benz. C—H, sir), 2848.4 (C—H, str),
1623.8 (N—H, str), 1581.4 { Benz. C=C, str),
1282.5(C—N, str), Anal. Caled for Cy Hu N,O: C,
81.71; H,9.72; N,5.44 .Found: C,80.91 H,9.66;
N,5.36.

1.2.4 FHEEEEEY(PLAN) ERAHHH
BT EESONEOEFMA Ak
DHTM(0.257 g,0.5 mmol ) #1 3 mL = B 3t Z Bt B¢
DMAc. E k2 HBME , 8 AR, MAZ
AP (0.264 g,0.5 mmol) , 3 F fill 3 mL. DMAc. %
AR KB HHBBERMS b ZH AR
EXR.SGERMN 12h BIRECESHBR. M
Al6mLBE LERYREMN, FARE 12008,
B Omn 5, SEAHKREE , YERRES
FEI0CH , EFERRN 3L REZREREE
BRHERE AR EERERGOPREPILE,
S, TR AVEESERNRAR DMACKES
TH, B8 PI ™ 0434 g. F.90%. T, =
104.17°C,GPC: M, = 6820, M_ = 11530, polydispersity
=1.69, ' H-NMR(DMS0): 8 = 7.95 ~ 8.31 {6H, m,
ph-H),6.87 ~7.41 (16H,m,ph-H),6.62 (1H,m, ph-
H),5.73(1H,s,—CH—),4.52 {4H, m,—OCH, )},
3.89(4H, m,—NCH,),3.87(2H,m,—0CH, ), 1.60
~1.66 (2H, m,—CH,), 1.21 ~ 1.37 (26H, m,
—CH, },0.83(3H,m,—CH, ),IR (KBr): 2921{C—
H ,str),1780.1724( C=0),1598 1508 benz ring),
1371( Cph-N,str)em™' .
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1.2.5 SRAECHMNBERSY (PLAZNT)

¥ PI-AN(0.365 g,0.5 mmol) ¥+ 10 mL N, N-
TR (DMF) B 100 mL Bl K EERS . BT
KkBH,BREBEROC. BAMHEEER
(0.104 g,0.75 mmol) Kl F W E B LB HER A
LR DMF B RIFFOCHBMH, XM 12h R
PEWEAAKRA PN, B8, FEGRT,
20 mL THF ¥ f#, B F 300 mL A 3 & 003E ,
BEOCHAS THR 4hBRRa6™R

0

TMAC

.@ o
x

Dianhydride monomer

O

Cl
+2 )H@:J;O

O

0.263 g. /=% :60% . T,:127°C ."H-NMR(DMS0) : &
=7.82~8.36 (10H, m, ph-H),6.85 ~ 7.36 (16H,
m, ph-H), 5.75 (1H, s,—CH—), 4.63 (4H, m,
—OCH, ), 4.07 (4H, m,—NCH, ), 3.94 (2H, m,
—OCH,),1.68 ~1.72 (2H,m,—CH,),1.22 ~ 1.40
(26H,m,—CH, ),0.84(3H, m,—CH, }, IR (KBr):
2921(C—H ,str), 1782,1727( C=0), 1600, 1510
(benz ring), 1338(C—NO,

,str)em ™!

0
0 + HZN—<: :>—CH4©>—NH

0

OCH,{CH,), CH;

——fﬁi@*o\»w*@ﬁ; -0 ©@

PI-AN

? (0] 0
PO omyns
0 :

N=N~<(:)>—NO2

OCH{CHy), CH,

O
OOk
n

0

OCH{CHy), CH,

PI-AZ-NT

Fig. 2 Synthetic route of the azo polyimide

1.3 #WERAH&RXEMT

HEEESY 0.1 g T 0.8 ml. DMF 7, %%
WA 0.2 pm ST ERB SR RBEH AR
M AEERE. B 0 S84MBHR, REH
FZEF ARG BEHS AN REHE %
LABBAEREN EEERE E5 70CT#
48 h, BARANAFHNR S M X TR 6H

MIxBEEZEXBMZ].MITAESPREMN

488 nm Ar” ¥t . FIBf A — R (K B 1Y He-Ne ¥
H(633om) 1E R W AR, 10 R K MO HL WM
PR + 1 BTSN, AR R EM R i 2

2 ER51i

_EEENER
KBNS _KAKNEB TUERM%K
BE . (DAESHE4BRE S 4 _HdEHE=ZKRH

2.1
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B R EE A R BB R, BIA - ARE
£,(2) 5% «BRRFAKS 4R EXTRR ol
BLBE AP ARAERTRAK ARESER | %12

104.17°C
RAEE =, A R R 1. T & R N ——

()P B b 5 R B A SR BB RN B &

Heat flow (W/g)

120.67" o
ERP RNSREE, HHELHERANEN. 02 "m.lznc
B, AR PR B AR (2) , M 7= B0 1o B M 3172°C
B.ALEIHLBERENGR. 05 s - L
2.2 BREESHER Temperature ('C)

AENRERETREABARSYN S EMHEED
H2FrR. U@+ ARERS - “HE=
EHGE)S B (N N-Z(1,222 " BN4-%REE
LR)VERBI)NBUSRTEREE A T2 FP
HERKMEENS, K KEETRA D& EE
B, MmTEAYHESRE, SEEERLETRA
HFABLEA .

HERBELHETEEEMERE™ Bk
SRAERESY(PLAN) AT ERBE MG
AEEUE B . MR R B2 00 1R AR T LR 4 18
AXRNARAEERSHNMBI RN . A FEEXNE 0.0 : ' . :

SR B AL F B A L G 1R A R LA R AT W A0 ey
2.3 REWERT

ﬁiﬁﬁﬁ‘%% PI-AZ-NT Eﬁlﬁﬁ&f‘éﬁf uﬁ. Fig. 4 UV-vis absorption spectrum of PI-AZ-NT in DMF
Bix4 5 PI-AN % BRI % S B B SE IR (5 (122.85 mmal1)
=6.62)EAHE RABESYWHERPREREER
MERNMERB L, M SFERRMNFELR 0.10F &

BE.

LB 7.9 Mg M EREELS
—N=N—HIM 5 . LEMHE 6 =8.3 Hik
HgESEBAELES—NO, HEHNAITE. X £
—NO, R B M Bl F i 7 & B A 3L 88 3 hd .
—N=N—MEERNES/EANS R . TER
&% PI-AN M4 SME B o ,2921 cm ™' 4k 3 —CH, ™ 0.005 3000 W00 6000
F C—H B4 R 3 ¥ , 15081598 cm™' J KM L. de)
BRI, 1780.1724 cm™ ' B C—0 B 4 IR 3
#E,1371em "B R Cph-N B M BEES
P PLAZNT SN ER S AR E S HEEZHA
A,HPETHOEADT,1340 e L H B — 4
R 3R 0 ke , X 2 K R _E Cph-NO, I 4aiR3) .
HEAYWN DSC B(E ) TUBS, A REAY
(PL-AN) #8380 B & 97 (PL-AZ-NT) 3 4 S8 B A T Fig- 5 () Diffaction efciency as & function of imadinion
EHRAY ENEIABRELDE, RADK e
BRAHTREE THEAER . TLUAN BT
BEELEHRREAER K, SIARGERNRMEERS

Fig. 3 DSC thermogram of the polymers PI-AN (above} PI-

06

<
=

Absorbance (a.u.)
e
o
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0.04
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o7, R FENE TRENRERE. 4T B RIEE 5000 s EHEBRM.

ERDEm, XEHE T RBENER. BEUH ES5bRERHTTENEREEEBERR
EHREE R E 4, HRARKEMGE 451 om AYBRREAMN R FARBERS . NEA L
A, B S T T 0 2 AE 68 T A B TR S S AR A EREAYEEERT MM ERXEEMREE
2.4 BAYEROEAXWE B, B RIFEEH 150 nm, VR F KN 667 nm.

EXMBR T, — B —RTHERS A BEREABSHEATER AFHASHEAX -

SRBEZRGTHNE) REEEREE. E  BRAARTEE.
O FR S B, 378 o S o 2 A S 2 3R B AR R A ) GLAR, BMSIAKEREMERG ST
MR, TREXBOERBEREF As() ANRERBRIEFARERBENTENRRR

R PEAZNT EEEM IS B figErry FEIABLRBERT . M 488 om Ac® HOEX
B R LR BB R AT E A i RAWMBETENTI, 8 A T AN KRR
BEAGHAREHABTES, AuEEs KEEMOMR KXRSUEAFESTERE

WA BRREEEFRAC MES()TUEH, % TERHEAFTR.
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SYNTHESIS AND CHARACTERIZATION OF A NOVEL SOLUTBLE AZO POLYIMIDE

JANG Min-Sok, HE Yaning, YU Haifeng, WANG Xiaogong
{ Depariment of Chemical Engineering and School of Materials Science and Engincering , Tsinghua University , Beijing 100084)

Abstract A novel soluble azo polyimide has been prepared from a post azo-coupling reaction scheme. The
polyimide-based precursor polymer was obtained from the polycondensation of N, N-bis [ (3, 4-dicarhoxypheny
anhydride ) - 1-carboxyethyl ] aniline and 4,4'-diamino-4"-hexadecyloxtriphenylmethane . It is soluble in polar organic
solvents such as tetrahydrofuran(THF) and ¥, N-dimethylacetamide (DMAc) . The azo polymer was synthesized by
the reaction of the polyimide-based precursor polymer and diazonium salt. Both the precursor polymer and the azo
polymer were characterized by ' H-NMR, DSC, FTIR and UV-Vis spectrometry . The effect of long alkyl side-chain on
the enhancement of solubility was confirmed . When the spin-coated azo polymer film was exposed to an interference
paitern of Ar’ laser, regularly spaced sinusoidal surface relief grating (SRG) was formed with depths up to 200 nm.
The diffraction efficiency of the detecting laser was recorded o monitor the forming process of SRG and the surface
structure on the film was also observed directly by using an atomic force microscope. The result shows that the
soluble azo polyimide with surface-relief-grating-forming ability has been successfully synthesized .

Key words Soluble azo polyimide, Post azo-coupling reaction, Surface relief grating (SRG)



