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(PE—Azo/Hyper) AB;
4—[N,N—-bis(hydroxyethyl)amino—4¢—formyl]azobenzene (CHO—-DOH)

Knoevenagel .
M,=61,800 (M./M,=1.86) ,
1—methyl—2—pyrrolidinone, N,N—dimethylformamide
PE—Azo/Hyper
121 .
2 Nd YAG (1064 nm) Maker fringe

daz = 25.4 pmN

ABSTRACT A nonlinear optical hyperbranched polyester (PE—Azo/Hyper) was synthesized
from 4—[N,N-bis(hydroxyethyl)amino—4¢-formyl]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 M,=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 . The second—order nonlinear optical
coefficient ds; of the poled polymer determined by the second harmonic generation at 1064
nm was 25.4 pm/V.

Keywords hyperbranched polymer, poling, optical nonlinearity.
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AB; 3

p—nitrotoluene
Lancaster
nitrite, cyanoacetic acid, N,N¢-dicyclohexyl—
carbodiimide(DCC)

, N—phenyldiethanolamine, sodium

4—dimethylaminopyridine

(DMAP) Aldrich 1 , sodium sulfide
Baker , sulfur, sodium hydroxide, sodium
acetate 1
tetrahydrofuran(THF) calcium
hydride .
N,N—dimethylformamide (DMF)
cyclohexanone calcium
sulfate  magnesium sulfate

H-NMR

Varian Technology 300/54
System , FT-IR Perkin Elmer
Spectrum 1000 , UV/Vis Perkin Elmer
Lambda 14 .
DuPont 2100 Model 910
(differential scanning calorimeter DSC)
20
DuPont 9900
Model 951 (thermogravimetric analyzer
TGA) , 20

DMF
(gel permeation chromatography,
GPC) (columns styragel HT6EGE3)
polystyrene
p-Aminobenzaldehyde
7.51 g (0.23 mol)

300 mL
7.31 g (0.07 mol)
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sodium sulfide, 13.85 g (0.34 mol)

sodium hydroxide 20 .
150 mL 25.05 g (0.18 mol)
p—nitrotoluene
3
2
86 g ( 1 39.1%)
72 P FT-IR (KBr pellet, cm™):

3500—3400(NH;), 3300—3200(Ar—CH), 1680(C=0),
1375—1300(CN). 1H—NMR(DMSO—ds, ppm): &
6.3(2H, NHy), 6.7-7.6(4H, Ar—CH), 9.65(1H,
CHO).
4-[N,N-bis(hydroxyethyl)amino-4¢-formyl]azobenzene

(CHO-DOH) .45 mL HCI/ (10:90 vol%)
5.00 g (41.28 mmol) p—aminobenzaldehyde
30
2.85 g (41.28 mmol) NaNO
15mL 35% HCI diazonium
salt .15 mL
747 g (41.21 mmol) N-—phenyldietha—
nolamine 1
3.18
g (39.24 mmol) sodium acetate 5 mL 20%
NaOH 2
24
isopropyl alcohol hexane
717 g ( :32.6%) CHO-DOH
86 . FT-IR (KBr

pellet, cm™) 3500—3200 (OH), 3000 (Ar—CH),
1680 (C=0), 1600 (C=C), 1350—1300 (C—N),
1250—-1000 (C—0). *H-NMR (CDCls, ppm) &
3.6, 3.8 (8H, N(CH,CH20H)>), 4.2 (2H, OH), 6.8—
8.1 (8H, Ar—CH), 10.25 (1H, CHO). UV/Vis
(DMF): A pax/nM=475.
PE-Azo/Hyper

(2.39 mmol)

cyanoacetic acid

.10 mL THF 050 g
CHO-DOH, 0.43 g (5.00 mmol)
1.05 g (5.10 mmol) DCC
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5 2
urea 0.40
g (328 mmol) DMAP 30
THF . THF
24 0.65 g ( : 95.6%)

PE—Azo/Hyper . FT—=IR (KBr pellet, cm™):
3400—-3300 (Ar—CH), 2220 (C=N), 1720 (C=0),
1600 (C=C), 1350-1000 (C—N), 1300-1000
(C-0). '"H-NMR (DMSO—ds, ppm): 3 =3.6 (4H,
N(CHxCH2—)2), 3.9 (4H, N(CHxCH.—-),), 6.7—7.6
(8H, Ar—CH), 7.8 (1H, —CH=C).

PE-Azo/Hyper PE—Azo/Hyper

cyclohexanone/ DMF (1:1 vol%)

7 wt% 045 pm
indium tin oxide(ITO)
3-4 . ITO acetone
isopropy! alcohol
1
acetone

Solitec 5100 spin coater

900—-1000 rpm 1
NLO
40 ym
1.0-1.5 cm
, 7 kV
5 mA
Nd YAG (1064 nm)
(second harmonic generation: SHG)
Maker fringe .
attenuator A /2—plate 1064 nm
. 2
band—pass filter p—
(PM tube)
boxcar averager
0.0001° rotation
stage 0.5° 2
805
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Scheme 1. Synthetic route of monomer CHO—DOH and polymer PE—Azo/Hyper.

Maker fringe

465 mm Y-
cut quartz quartz
d11=0.5 pm/VV
12 (ordinary wave)
quartz TE 1064 nm
1.5341, 532 nm 1.5470
Nd YAG Lumonics
HY750 8 ns, 10 Hz

Monochrometer McPherson 275
Hamamatsu R—928 |, rotation stage
Micro—controller TL78
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Oriel 71841 Boxcar Averager  Stanford
SRS 250
4-[N,
N—bis(hydroxyethyl)amino—4¢—formyl]azobenzene
(CHO-DOH) Scheme 1 p—

nitrotoluene sodium sufide/sulfur
sodium hydroxide p—aminobenz—
aldehyde HCI/

2—(N—ethylanilnino)ethanol
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Figure 1.
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PE—Azo/Hyper.

AB>
CHO-DOH cyanoacetic acid, DCC
THF DMAP
Knoevenagel
PE—Azo/Hyper 95.6%
FT-IR 'H-NMR
.Figure 1(a) FT-IR
3500-3200 cm™
2220 cm™
1680 1720 cm™
CHO-DOH 10.25 ppm
Knoevenagel
Figure 1(b) 'H-NMR

PE—-Azo/Hyper

DMSO, NMP, DMF
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(a) FT—IR and (b)*H—NMR spectra of
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Figure 2.
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Figure 3. TGA curve of PE—Azo/Hyper (heating rate :
20 /min, N, gas).

spin coater
GPC 80
(Mn) (My) 61800
33300 (Mw/My) 1.86
DSC TGA
Figure 2 3
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Hyper Ty 121 TGA
240
UVNis

807



438 "Q*
I Monomer (CHO-DOH)

- " ’-_‘ = == = PE-Azo/Hyper (before poling)
S 428 AN K PE-Azo/Hyper (after poling)
g M
~ A
[} A
Q .
5 T \
\

\
g AN
< AN\

‘-‘. \

N N Py,
300 400 500 600 700 800

Wavelength (nm)

Figure 4. Schematic diagram of poling process
for PE—Azo/Hyper.

UV/Vis Figure 4 .
CHO-DOH ( : tetrahydrofuran)
475 nm , PE—Azo/Hyper
ITO 438 nm
37 nm
. 13
428 nm
10 nm .
(M 11)
(M 00)
14
Figure 5
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Figure 5. Schematic diagram of poling process
for PE—Azo/Hyper.
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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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