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2 o B A7olAE BAAg di-azobenzene 1§ ZtE polyquinonediimine (PQDI) & TiCl,
Z7) sllA 23 2Pz SN BHE 99 n8Ak= FT-IR% 'H-NMRZ #<!
sgon, B3 AM 2dER ot mEAe] 4 HAQ) 1625 cm™ F2A >C=N o
Zz43o) YAEULL B 3t} Di-azobenzeneo] §&d| 2oj%le PQDIE fd 457t &
WEre, olME B w324 Sufdls Al Bx ggteu, fA 4t e I S ofF F
o 8348 HodZrh. GPCo) 98t Bxlar EXE 1.388 F& X & /1A%, X-ray@Aoz
REE haloTt Jeh)y] Wj2d] A2 glo] §] Ho|e® RIdAM EIHelE Pt SHGE
zRsiguh. ngxie]l @ M oa, TGASHAE 280 CollA Bal &7t veies, 4
Aoz obgd nEAYL & 4§ dow, DSC 2F T,g& 116 Col 1, di-azobenzeneo] 2
Az A¢E PQDIY) SHGHE xP+ L.2pm/V &g 7, 24 439 &3 d3 20 4
glof| A= okzle] SHG 748 7iAgen, 20A17 Fole R4 & JepiAh

ABSTRACT: Thermally stable polyquinonediimines (PQDI) containing di-azobenzene in the
side chain were synthesized by means of condensation polymerization under TiCl,. The
synthesized monomers and polymers were identified by FT-IR, 'H-NMR, and elemental
analysis. Especially, the polymerization of PQDI was comfirmed by the double-bonding peak
of >C=N appearing near 1625 cm™ in FT-IR spectrum. PQDI with di-azobenzene group in
one side chain was insoluble in methanol, acetone and non-polar solvents having big dielectric
constant, but had good solubility in polar solvents having small dielectric constant. Molecular
weight distribution of PQDI measured by GPC was 1.38. It was confirmed to be amorphous
polymer through X-ray diffraction by the appearance of the halo in case of PQDI containing
di-azobenzene in the side chain. The glass transition temperature (T',) of synthesized polymer
was measured to be 116 C by differential scanning calorimetry. The SHG value for x'® was
1.2 pm/V (A=1.542 pm). The SHG value slightly decreased in an early stage but showed tem-
poral stability after 20 hours.

Keywords: nonlinear optical, polyquinonediimine, di-azobenzne group, NLO-PQDI.
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Alf 9 24, NLO-polyquinonediimine®] A3
d AMEE dERAE A7 A ASELS 4-ni-
troaniline, 2-amino anthraquinone, sulfuric acid,
sodium nitrite, sodium hydroxide, sodium ace-
tate, sodium sulfate, phenol $°] 1o, phenol
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< JUNSEIAN 2 42oM A& FAHBIER oA
AL-8-315i T

=3 dibromohexane, acetone& TCLA|& anhy-
drous, potassium carbonatex= SHIMAKYUA =z
HAACIE Lo B#ASE AgEHHT. DMF&
JUNSEIA) 2 molecular sievelljoll A 428 Al A3}
o] AMg-3t T}

NLO-polyquinonediimine §4ol] Al-8-% aromatic
diamine® KATAYAMAZA2l p-phenylene diam-
ined F3AH ABH3 ARREHYL, titanium
tetrachloridet= JUNSEIA| & nitrogen gas& %
o] AABAIA AME-8om, Dabcost chloro-
benzene2 ztZ} ALDRICHAI9} KATAYAMAA|
£ A 3o 2 9, v R] &4 (hexane, chloro-
form, ethanol)¥ HPLC& &3 A2 AL
t}, EAMd= IR (Nicolet FT/IR-650), NMR
(JEOL. JUM-EX90A 'H-NMR), UV-Vis
(SHIMADZU UV-1601), X-ray (Rigaku D/
MAX-IIIA), TGA-DTA (SHIMADZU DT-30A),
GPC (Waters 746), DSC (PERKIN ELMER
DSC-7), 9424 (PE 2400 SeriesOI (CHNS/0
analyzer)), ¥]418 33 AF& 3] A4 FA
£ FAREANAF L HXFHA = A& AMS-3}
g, 9 nEe] FA Az o
Scheme 13 2t}

B 4.

4-[ (4 -nitrophenyl)azo]phenol2| #}4: 4-Nitro-
aniline (13.813 g, 0.1 mole)& 50 mlL conc. sul-
furic acid¢} 10 mL H,09] %<t} «7]9) sodium
nitrite (6.9 g, 0.1 mole) & 50 mL H,O¢l] &43] =
oA 5 CE AREEA HH3] "oz} 2y
% &9 sodium hydroxide (8.0g, 0.2 mole) &}
phenol (9.4 g, 0.1 mole)& 80mL H,0¢] <hA3)
FolA 715it) o]zl A& FAITE J1E A
N F FAE Aol T ) gt A7
gl 7 HHEE FE23] HO0Z Rold + Y&
£ ethanol®} H,0¢9 F-ujujr} 1:190 &G0z A
AAAFIH 14 4-[ (4 -nitrophenyl)azo Jphenol
ol 39%9 &=z oMt FT-IR (KBr, em™)
3431 cm™ (-OH), 1513 cm™ & 1340 cm™ (-NO,).

[ (4 -nitrophenyl) azo-4" -bromohexyloxy ] phenyl 2]
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Bt A: 4-[ (4" -nitrophenyl)azo]phenol (5.0 g,
0.02056 mole) & #7F AXE 4T Eokadd Wi,
K,CO; (4.26 g, 0.0308 mole)-& 100 mL acetoned])
7hetel F A7t B9t ¢4Ad < ¥ dibromo-
hexane (25.08 g, 0.1028 mole) & o}5F HH3| "o
=dch 70 CTE AXSHEA 24417 B #FFAIY
kg YNzl % dxnisid 749 Ao gy
Zube. A|AS uEEe] dibromohexanee] dolgle o
2 AF ZFR3o AAAZD. WAHES ethanold
o}719] acetoneo @ E& 71 =Q F JAae|
35 Badich A4 2R E A3t AF dxA
719 [ (4’ -nitrophenyl)azo-4" -bromohexyloxy ]
phenyle] 84%2 &=z <dojx. FT-IR (KBr,
cm™) 3103~2851 cm™ (aromatic and aliphatic
C-H stretching), 1517 & 1337 cm™! (-NO,).

2-(4-hydroxyphenylazo)anthraquinone2| $t4]:
2~-Aminoanthraquinone (11.16 g, 0.05 mole) &
50 mL conc. sulfuric acid®} 10 mL H,09] =<1
t}. 7] sodium nitrite (3.59 g, 0.052 mole) &
UM ofF HAF) Hojmela Ao F A
E WA AUl dEn SRV SHE
718 B 500mL Rt 283, ¥£39 sodi-
um sulfate €Y 3 diazonium sulfateE il
739t oFsled PolA  diazonium sulfate (filter
cake)& sodium hydroxide (4.0 g, 0.1 mole)$}
phenol (4.7 g, 0.05 mole), sodium acetate (8.2 g,
0.1 mole) 2 EFF &4 Al A7t 7l wwke A7
% 4o HCIE 715l QAo =018 3A & F
7 g F A7 HAEE FE§ HO0= Ao
¥ oAl A9k AFAFI™E 2-(4-hydroxyphenylazo)
anthraguinone¢] 80% 2] &2 ¥olHel. FT-IR
(KBr, em™) 3361 cm™ (O-H), 1503 & 1330 cm™
(-NOy), 1672 cm™ (C=0).

Anthraquinones] Di-azo EIBME |TA 8A: 2-
(4-hydroxyphenylazo anthraquinone (5.64 g, 0.0172
mole)#} [ (4" -nitrophenyl)-azo-4" ~bromohexyl-
oxy Jphenyl (6.98 g, 0.0172 mole)o}  potassium
carbonate (2.76 g, 0.02 mole) & 7}8led DMF <o)
A 22 90 CE FAHAA 244 /AT
£ 283 AN F AL A3 AHES HO
2 83 42 F A sl JF dzA9
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Scheme 1. Synthetic route of monomer and polymer.

anthraquinone®] di-azo 3 §FE F=#7} 62%<)
F&2 ZolArt. FT-IR (KBr, cm™) 3103 &
2851 cm™ (aromatic and aliphatic C-H stretch-
ing), 1520 & 1343 cm™ (-NO,), 1673 cm™ (C=0
stretching).
Di-azobenzene? | 3=
o] &4 Diamine (0.25 g,
(154¢g, 0.0138mole)&

NLO-polyquinonediimine
0.0023 mole) % Dabco
90 CE FABEA

#F2if A25¢ A43 20019 79

chlorobenzene 15 mLoj| €3] =<t} o7]9) -
tanium tetrachloride (0.38 mL, 0.00344 mole)&
10 mLe] chlorobenzened] 7}3led wtE L9088 ni-
FEPAA HolEyr}
i0 mL2] chlorobenzeneo. & o} Walil, anthra-
quinone?] azo 3}E H=A (1.0g, 0.0015 mole)
& 715t & 15 mL9 chlorobenzene @ 1o} &
th 40A17F &<t 150 CE #AAA #FAI F

trogen gas& A3
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A ozt A fAg At FUAT| L A4
E& chloroforme 2 %A hexanee & AZEAQ%
b AZYE AAES dgsln g A2AA &
&ttt Anal. Found:C(71.39), H(4.85), N(13.
25), Caled. C(72.81), H(4.86), N(13.51), FT-IR
(KBr, cm™):3110~2866 cm™ (aromatic and
aliphatic C-H stretching), 1520 & 1335cm’!
(-NO,), 1617 cm™' (C=N stretching), 'H-NMR
(CDCl 4:ppm) : 8.5 ~ 6.5 (aromatic C-H), 4.2
(0O-CH,), 1.9 (alkyl(CH,)5)

#n W 0@

NLO-Polyquinonediimine2| £Xjgf =%, Al
2000~20000¢ 7= polystyrened FFA o2
A3l GPCell 93t NLO-polyquinonediimine£]
2ajg 23Z49%E Table 19 JehAg]r}.

Table 164 B0l F3FEAE (M, A
g (M) vizd & g 7R e,
M./M,8 3 13824 BAlgo] F& ¥z 2
zHo] &g ¢+ AUth

NLO-Polyquinonediimine2| &3{x. #4¥ NLO-
polyquinonediimine & A% ZE3P7] 9Jdle] Aol
A 243 ¢35 A5 Table 20 YeRlSdTh

$44 zpold] wE& NLO-polyquinonediimine
o] g =& A3 A di-azobenzeneo] FZFol|
u} 2ol gl& polyquinonediimine (PQDD & /4
A7) & waterE H]E3)A methanol, acetone ¥
u]ZA gufel cyclohexanedls A9 =] ¢o,
= te F4 4d Fd A7t FAE THF,
chlorobenzene, CHCl;2} #]34 £uj9] tolune 1]
1 H,80,3 CHSOHS #e e & 83
4& HAFATh

NLO-Polyquinonediimine2] X-ray % UV-Vis &
H. g5 AYPAA HAF5o], Fio & F}
di-azobenzeneo] 4o o] Q= PQADIS] 4=
Eg AT gty {7 galle} Fdele ofF F
23 =)}, Figure 1€ di-azobenzeneo] & % &
ol x 8" PQDIo X-raye] B4 ZAaes, 1E
242 7HXe T4 hallowdt YehYr] B &, o
A E 748 DEANYE &+ At} o] FHE
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Table 1. Molecular Weight Distribution of NLO-
Polyquinonediimine

l i mclecular weing distribution
polymer now (M, /M)

NLO-polyquinonediimine
(di-azobenzene)

962013270 1.38

Table 2. Solubility of NLO-Polyquinonediimine

NLO-polyquinonediimine

solvent (di-azobenzene)
water --
methanol -
acetone -
THF ++
chlorobenzene ++
CHCl3 ++
toluene ++
cyclohexane --
H,S0, ++
CH,S0;H ++

(+ + : soluble, + — : partially soluble, -- : insoluble).

100

Intensity (a.u)

SR

26 30 35 40 45 50 55 60 65 70 75
26

Figure 1. X-ray diffraction of NLO-polyquinonedi-
imine (di-azobenzene).

T8 25 noncentrosymmetric A v 84171 7] 913
A BFAEe F3E& o83 Figure 2&
di-azobenzeneo] &< ¥ 2= PQDIE DMSO
1.25x10* molell A} A@3 UV-Vis 2HEHE B
o}Zt}. Amino-anthraquinoned] di-azobenzene
linkage & WAE Alold] ©gjstd H|HANEE F
FHFIE Anax 40 378 nmoll A charge transferdll
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Figure 2. UV-Vis spectrum of NLO-polyquinonedi-
imine (di-azobenzene).

Table 3. Thermal Analysis of PQDI
TGA DSC

polymer (T,. C)* (T, )
NLO-active
.. . 280 116
polyquinonediimine (di-azobenzene) 8
“ Heating rate 20 'C/min.

9% &FF #Hazt Jvepde ¢+ Uk =3
absorption edge Zto] 600 nm o]¥of 71 ag]Z o]
oA e Aoz Hol FA: r-Axlel HHA s
=7t % IUHECAESE ¢ £ e, =7 9
polyquinonediimine (di-azobenzene)2] ®IAEAL
ZA3)7] 918l Al+= absorption edge gtEth F u] &2
1200 nm o]’de} FU L A183fot HE & + AUrh

NLO-Polyquinonedimine2| @& A3Z. %433
PQDI®] TGA¢} DSCe] AnE Table 37} Figure
3, Figure 49 zZtz} Jehi A

TGA9 84 AnzRE 249 di-azobenzeneo]
Af=lo 9= PQDIe) £§ 25%& 280 C B3
Al B8zt AEElel =3 DSC 24 s PQDI
o} Z3¢] di-azobenzeneo| A= U AE T,
T 116 CollA #a% 4 93 o] A &8H (T
2 UERR] gttt 23t vjAd AleE EAE) 9
3l 714 fjddl nEAE 29 IHATL T, %
dqAx S5 g sl ARE AFs|H 5
g £5& 116 ColA ITOAZ9] 100 V/mme] de
ARgstol A £S5 AT

NLO-Polyquinonediimine®| H|Al% 28t SA =
M. B 4% A= Table 4o Jehiigon,
SHG A& 1.064 oA 6 switched Nd : YAG
#olx AR Raman shiftE o] &Fo2M 1.542

#2of AI253 A4z 2000 79

0.5sec

95 o
N e, 2074
$0.3 ¥ e .. Btdmin
A \:""' 475
k) \ S
£ 4 Y {-9s0 2
m kY
: e
20 o ]-1428
y
-5 I - 1900
30 107.5 185 262.5 340

Temp. T (Heating)

Figure 3. TGA thermogram of NLO-polyquinonedi-
imine (di-azobenzene).
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Figure 4. DSC thermogram of NLO-polyquinonedi-

imine (di-azobenzene).

Table 4. Second-Order NLO Coefficient, ¥, of
NLO-Polyquinonediimine Measured at 1.542 um

NLO-polyquinonediimine 1P(pm/V)
(di-azobenzene) 12

100

90
[

so4* §

704 g g ¥ ¥ )

604

50

40
304
20
104

X280/ (0) (%)

0 R A e e S

0 10 20 30 40 50 60 70 80 90 100
hour,

Time after poling (hours)

Figure 5. Temporal stability of the PQDI with di-azo-
benzene at the room temperature.
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mmol ZA"  polyquinonediimine (di-azoben-
zene) o 22} ¥AY AlegE 1.2 pm/VETH

£3, Figure 55 NLO-PQDI® ZA] A =
AAFAE e o, 274N E 2zte] AA
AN Zavh dold ¥, 20417 FREIE SHG

HArgd s He BEE JeEhidn. o2
A gL alkyl groupe] 1 &2} chromophore

(-N=N-)¢} Ago] nEAe} %A AHYE Z71
Acke 4¥AT° R SR,

a2 £

2 apdAe € 2 3V FAAM I F=E
74Aw ZAlzd] di-azobenzene1F& zt= PQDI
£ TiCl, A A &3 FPEe2 stk

e d3Ae}l A= FT-IR® 'H-NMR2
Iz o 53], Hd AHEH 93l nE
7o) £4 =1 1625 cm™ £2A >C=N o]%
Aol FAAEHUEE B FA

Di-azobenzenee] ¥ Zd| Bogle PQDI= #3
A427} & methanol, acetone @ H|ZFA Kujd&=
Aol =2 gtkont, F4 A7t A FAHLud e
ol & &g epliglch
GPCell 23t 25 E¥+= 1.382 §2 EA3
yelliglern, X-ray®A o 28E di-azobenzeneo]
23" PQDI= F33¥ halogt Yelhr] g @
2z glol frEl Aol RN EFAeE F3
o] SHGE Z#3I9rl. Amino-anthraquinoned]
di-azobenzene & ZAYAIA WNAF Aojo] =g e

VAN EE Z7[A7]8  absorption edge Fto)
600 nm o]F 7z o]o]A A= Aoz BA z-Azt

9] HlAA ST} 5 FUEHASE ¢+ U

aRate] GRMe) o3, TGAE 43P Ax,
280 ColM ¥a &xr} vehba DSCol 9@ T,

2 116 Coluz dAoz AT EAg]e] &
NP

Di-azobenzeneo] ZAl&2 Add PQDI9 3¢
SHG# 1.2pm/V kg YJeplils, AA (34
o &3 A 2] AelolA <ofre) SHG A& 71
Aston, 20417t T = P& bl
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