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7R d=A 4— [N, N-bis(hydroxyethyl) amino—4' —formyll azobenzene (CHO-DOH) 2.2
BB Knoevenagel F%¢ WS F3to] At AazrEaddideld FaHAg
NNEANERE EHE FEAY FAEILEARFE M=61,800 (MJ/M=186)°131, F&EH9
gaxE A5 A3 1-methyl—2—pyrrolidinone, N,N—dimethylformamide 52 ®HFx}d
24 Rf718lel 2 moron wiebx olf &rlE o183ty el whmpAd o] shesigltt
GAA BH oz Z3d) PE-Azo/Hyperd 93 AdE 24 A3 o] ##EA ¢o}
2AFHow @HEgon &g o] 2= 121TE vt Zo) ote] ZA wigkd =34
hake) 23 B)4E AleE Nd: YAG #HolA (1064 nm)E ©]&38fo] Maker fringe WHHOE
5% A7 diy = 254 pm/VE HIRE =2 g VERo] 2EAE TEAM R FAu3ko]
olFolA vl Ado] ddAES AT F Uk

ABSTRACT : A nonlinear optical hyperbranched pplyester (PE—Azo/Hyper) was synthesized
from 4-[N,N-bis(hydroxyethyl)amino—4'—formyll azobenzene and cyanoacetic acid by a
Knoevenagel polycondensation using 4— (dimethylamino)pyridine as a base. The resulting
polymer was soluble in polar aprotic solvents such as N N—dimethylformamide and 1-
methyl—2—pyrrolidinone and could be processed into optical quality films by spin coating.
The molecular weight was determined to be A=61,800 (M, /M,=1.86) by gel permeation
chromatography using polystyrene as a standard. No melting point was detected by
differential scanning calorimeter, indicating that this polymer presents an amorphous state. It
shows a glass transition temperature of 121 C. The second—order nonlinear optical
coefficient ds3 of the poled polymer determined by the second harmonic generation at 1064
nm was 25.4 pm/V.

Keywords : hyperbranched polymer, poling, optical nonlinearity .

2 A25% A63 2001d 119 803



o|FH - ol FA

N =
Hlg 3 BHS ol ool dol ks
R e 4, 2], A% S| WasA Hedl o)

BAE HEs| o]gIH FlsA, FAAM, FFA
T Eolell o] §& F Yo At A It FFH
Q A7t ARPEe] e k! AA Ar|-FshEx
71l ARS-E 22 B]AE B8 ARl LiNbOsst 2
2 £71 2AL 2x9 A 3P ofEeH Y T
FE& 4 52 7HF0R QlE] ¢gow gTHE
H A £88 A9slels AP ok A8
ot mEbA 2o 7RgAde] St B Mo R A
8 F v #7] vdg B s F5& P
Ak? B3] {47] nEAE= 7Rl Holu ¥ v
9] #dgt wEks Az £ Y3 AP FETE
Azs thekst Wio] H8dE 5 o] FAAE o
=3 9 AFF k= ol fuE AHE /R 9
o3 g f7) oA AR T2 viEtd §
A7t Zobd & doEE 2 g AR
F Advhs AR Ak

Ard oz 2z viXY J TEAE {7 H2E
A nEX fEY 0 T]Jdte] 7, TA A M4
78 A7) ol 8, S WMEALLEZMN v
A (non—centrosymmetricity) 2 &A1) o]=
SQuEA nRA AARES EP-FUAY, S
ALY, FAKEY 2 oAAd Fo s FErt
dHA AP HISo] vAEY L FHYuNIEFE A4
ol¢t ebAE JiAEl) Ast] MER RS 7}
A& vy P pEate] $gpo] EH] o|FoiA 1
Ak olF AT FoA 71EY 12FH T2 FA
< U FAEE uER= 2 3aMd F=2E Ae
Z2EAY TEA7} HZ YE Sasabe 5ol 2J3}od
wd b gtk olE2 AB¥ 9 4-formyl-NN-
di(2—hydroxyethyl aniline 3}&&=%E %%
S B3l 2EA Ay B a8AE e
o 4 uigd FEA goeRE I w2 ud¥
A a9t B2 JXE 7R & 28R iR
£ d=alv (dendrimer) 2 #5548 = Ao 74
2] Ajge] EyrAlge s BxkigF B3/} glon 9z
o B2 Zg71Eo] EAdrhs Hol drs) th=
o}

¥

oX i o

ot

804

2 aFeE BAgYY AR 5ol 4o
MEE ABY SFAZRH 3304 284 ¥
Yo mRAL FYS AR N 24T
B HEE AR 4P 1R wlsel £
gohe) w2 $AES vErdoER Fa W 4
ol 758 Ao AT IYNTFS Falo] 2 v
AYAE Fojank

oL

—_—

N
o
Riooft rlu

v

Oj¢

—

o
oft

J

>
e

Algf B Aol AR A|eEOS R pnitrotolueneS
LancasterAl A&-&, N-phenyldiethanolamine, sodium
nitrite, cyanoacetic acid, N N—dicyclohexyl—
carbodiimide(DCC) ¥ 4-—dimethylaminopyridine
(DMAP) £ AldrichAl 15 Al9RE, sodium sulfides
BakerAke] AJekE, sulfur, sodium hydroxide, sodium
acetate™ HAt 318re 17 Aleke 24 FASEA ¢
I adZ ARg3FRck awA 494 ARE g
tetrahydrofuran (THF) & B4ks}st A|F 2= calcium
hydride® AZAZY § F/3M] ARESIGIth A9 =
gofl A3 4ol N N-dimethylformamide (DMF) 9}
cyclohexanone HAlslst A|Eo=E 242t calcium
sulfate?} magnesium sulfate® X T FH3IM
ARZ3IGITT

7171 341 dFAg FEAY T A& s
'H-NMR £#E#E Varian Technology 300/54
System?, FT-IR A¥E#HLE Perkin ElmerAt9)
Spectrum 1000-&, UV/Vis 2ZEH-E Perkin Elmer
Ate] Lambda 142 ZH7} ARgsto] Atk TEA
43 432 DuPontAke] 2100 Model 910 EAAF &
A7) (differential scanning calorimeter : DSC)Z ©|
B3l A E471 AHelM 2% 20 TY 71EEE
AellA st ddAd S574E DuPontAR] 9900
Model 951 EFF £437] (thermogravimetric analyzer :
TGA)E o4&, A B4V AN &2 20 C=E
7FE3ke] A3tk EAERE DMFE f8/de® sl A
53 g=zulE 789 (gel permeation chromatography,
GPC) (columns styragel HT6E6E3) & A3 th ©]
) 7]F A& 2% polystyrenes AMESISTH

p-Aminobenzaldehyde@] &M, 300 mL FHSel
7.51 g (0.23 moD) 9] &3} 7.31 g (0.07 moD 2] F<
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sodium sulfide, 223 13.85 g (0.34 mol) 2
sodium hydroxideE Yol 208 %<t 5t} U&
Holl& 150 mL 75 oflgkg-of 25.05 g (0.18 mol) 2
pnitrotoluenes 0] =2t} olo] F ¥R fAe
2 WA Fdo) Wi 3A7F FoF FFAIG o] £
o] Bt AMox gr2 AAoT upd wzkA] $57)
SFE AR FHE EFUln Jd e AdEelA
st o|AE A TRl dol AHI] EsHEA
WzEAZITE oF 2AIRE & EEAe] Ado] A E |
OJAE FIEY 2R AZ3 FEE & Aol
8.6 g (5 39.1%) 8 AWEES 4L 5 Ao
%=48 72 C o)Ak FT-IR (KBr pellet, em™):
3500—3400(NHy), 3300~3200(Ar—CH), 1680(C=0),
1375—1300(CN). 1H-NMR (DMSO—dg, ppm): &
6.3(2H, NHp, 6.7-7.6(4H, Ar—CH), 9.65(1H,
CHO).

4-[ N, A-bis(hydroxyethyl)amino-4'-formyllazobenzene
(CHO-DOH) 2| &4, 45 mL2] HC/E (10:90 vol%)
o] 5.00 g (41.28 mmol) 2] p—aminobenzaldehyde
E ¥3 95 FEsllA 308 ¢ AEs] aylsith
7)o 2.85 g (41.28 mmol) &} NaNO,Z 713t &
15 mL9] 35% HCIH§-%& 243] 2748 diazonium
salt7} g =o] HAg HA Aok 15 mL 55 og
2] 7.47 g (41.21 mmol)9 N-phenyldietha—
nolamines $398] FojA wbg oo Wm 147k
B A3 FHEStelA] wargic) o] & A4 3.18
g (39.24 mmol) 9 sodium acetate®} 5 mL2] 20%
NaOHE 71t ¥ 2417k %<F of mukgich whgo)
2d A SEEES TR Yol 2447 B A
I FAAEE 9433 3 isopropyl alcohol} hexane o
B yEAsted 7.17 g (758 32.6%) 2 CHO-DOH
£ d%lon =E=32 86703tk FT-IR (KBr
pellet, cm™) : 3500—3200 (OH), 3000 (Ar—CH),
1680 (C=0), 1600 (C=0), 1350~1300 (C-N),
1250-1000 (C-0). 'H-NMR (CDCl3, ppm) : &
3.6, 3.8 (8H, N(CH,CH;0H)2), 4.2 (2H, OH), 6.8—
8.1 (8H, Ar—CH), 10.25 (1H, CHO). UV/Vis
(DMF): A pa/nm=475.

S8tM| PE-AzofHyper2| B, 10 mL THF®l| 0.50 g
(2.39 mmol) & CHO—-DOH, 0.43 g (5.00 mmol) 2]
cyanoacetic acid®} 1.05 g (5.10 mmol) 2] DCCE ¥

e

Z2H A25¢ 65 200143 114¥

L5 T olkgel 4dg F2stelr] 2A17F FF wrksich
olmj WA FAEQ ureaZ AATE F AoM 040
g (3.28 mmol) &} DMAPE ¥
i Asstellr fujjol THFE 2471t o] o THF
7+ A AAEE Weggg JAE gL T A=3 v
22 2447 F9 Aol 065 g (58 95.6%) 9
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(C-0). 'H-NMR (DMSO—ds, ppm): §=3.6 (4H,
N(CH,CHz—)32), 3.9 (4H, N(CH.CHy—)2), 6.7-7.6
(8H, Ar—CH), 7.8 (1H, —CH=0).

PE-Azo/Hyper2| Hf2t XM|&t Z3tA] PE—Azo/Hyper
£ cyclohexanone/ DMF (1:1 vol%) 2] &g o]
23t 7 wt%9 fHo 7 WE X 045 pm HEE
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ol 3—-41-& golmgr}, o] o ITOR2l& acetone
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ARNZ 1A 5 AHe og 32+ SH509
acetone 02 o] SRS AN A7st AMget
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At
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i I PHE T3t 34 wiEke AAEich
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Scheme 1. Synthetic route of monomer CHO—DOH and polymer PE—Azo/Hyper.
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Figure 1. (a) FT—IR and (b)'H-NMR spectra of
PE—Azo/Hyper.
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Figure 2. DSC thermogram of PE—Azo/Hyper.
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Figure 8. TGA curve of PE—Azo/Hyper (heating rate :
20 C/min, N, gas).
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Figure 4. Schematic diagram of poling process for
PE—-Azo/Hyper.
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Figure 5. 'Schematic diagram of poling process
for PE—Azo/Hyper.
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Figure 6. SHG signals of PE—Azo/Hyper.
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Figure 7. SHG signals for temperature of PE—
Azo/Hyper.
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