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2 9 B Ao ZAKEd mono-azobenzene 15 ZE polyquinonediimine (PQDI) &
TiCly A 3dlA 28 FEHos a9 g9 dade} 28 FT-IR7 'H-NMR=2
lsIFon, 58 HH ~dEHe olsld Exle] EA 139 1625cm™! B2ojA >C=N
olF 2ol F4EULTE 2o FAH. Mono-azobenzeneo] %% Zo] Eoll:= PQDIE &4
BE7 A Sl F3 FRHos S 1R o uFAY Lejol= A9 =3 ggtoy)
332 CH;SOHe} 28 Zils £ 8842 5’_°4-’f—‘21‘1} GPCell oj& #2138 ¥ 148
AY HE EEE 7MY, X-rayRHooRe W2 ztxel oA B2y APAL HYow,
125 C2 Exz] Foll= 748 nE8AYe i"?l?i}‘;’i‘:}- aERe] d Ao o3lH, TGAZ A
A 308 Colld Balex7t Uehdog dxoz ys nizele & 4 glon, DSCo) o §
T#e 125 €2l 1, mono-azobenzeneo] S 2 AEE PQDIE o] 504 £2 A7)
NLO-activedt PQDIe] SHGES 8.6 pm/V & 7183, #A AdA4e 23 A x5 Ao
Ae M3 dashs ZEE oy 100412 ol A e Yehigld.

ABSTRACT : Polyquinonediimines (PQDI) which have stable structure on heat and contains
mono-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 elementary analysis. Espec1ally, PQDI was comfirmed by the double-bond-
ing peak of >C=N appeared near 1625 cm™ by means of FT-IR spectrum. PQDI containing
mono-azobenzene group in both side chains was not soluble in non-polar solvents at all but par-
tially soluble in the polar solvents having small dielectric constant, and dissolved in the strong
acid such as sulfuric acid and CH3SO3H. Molecular weight distribution of PQDI measured by
GPC showed 1.74. It was confirmed through X-ray diffraction analysis that the polymer was
partially crystalline at the low angle region, but amorphous after heat treatment at 125 C.
The glass transition temperature (T of synthesized polymer was measured as 125 C by dif-
ferential scanning calorimetry. The SHG value for x‘? after poling at 125 C was 8.6 pm/V
(A=1.542 pm). The SHG value slowly decreased with time from the start but appeared tem-
poral stability after 100 hours.

Keywords: nonlinear optical, polyquinonediimine, mono-azobenzene group, NLO-PQDI.
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FEA Fo Rolo] &850} N1 Yot §3], 2F
AN A4 & 7HEAdol Hold FaeH {7 2
£z 64y Bt est #5& ¢a 9

BAzQ w4y et AFs 19683 Kurtzo}
Perryd] <9j3f Alg59] second harmonic genera-
tion (SHG) & =ofl o g AHA 49 hgo] 2
sdA Rejojth!? ulz ojo] 1971'd¢] Hauche-
corne 5ol ol3] th A EH A9 electric field in-
duced second harmonic generation (EFISHG) A
ol Y3l > C o} vjdy Fetaalol] Ui B
=Fo] REMA 197539 m-nitroaniline (MNA)
o] Euidedide dde] RYHUTE' Chemla
(1975),% Oudar (1977),° Levine (1975)"° 5-& &
AEe 7138y Fx, 9%, AR vAEA 31}
HatolF 54 Tol v]d¥ BH Ao omg
e vl dis AFsigdon, ! A4 v
AL A A% Eande] 43 ¢ 4 75
Ao dig Aoz A7y Yok
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FA-EdEA),

b) side chain polymer (Z4 318=2}4), ¢) main
chain polymer (F4 1#2}4)), d) crosslinking
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Be A% () ) 47188 a8 Eds

o] ¢J& noncentrosymmetry3}A] siEQ EA}S0)
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HUAdogys B Aeeltt) HuZ wej
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7 Al )t 4 (temporal stability)o] vth= @3 o]
Atk

g5 NLO-activedt v]dd JFEFEL A=
dlo] =Qlatar, Pt ddo] glow T A <t
AT L A2glg AU 48 WHesAE
Ay FAEH (R7]2F)E 2EXS 3 E=
Z4 AF =gste W] Ad. FH nERe
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EF )¢ =2

3 aERR ALdE EI3AA 4@
noncentrosymmetry ¥+ o] B]|mA LolslA o]
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£l = & 2AE ¥ Yde WE FF2
At
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polyquinonediimine & 433l Al&31 o).
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Ale} 9 BAM, NLO-polyquinonediimine2] #}=%
of AIE¥ s FA Y] A AGFEL 4-ni-
troaniline, sulfuric acid, sodium nitrite, sodium
hydroxide, phencl %] 212™, phenol® JunseiA}
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T3} dibromohexane, acetone® TCLA} A &£,
anhydrous potassium carbonatex= ShimakyuA} 3|
F& uAAClE o] HAst A3
Anthraflavic acid= AldrichA} Al &g A3 1,
potassium iodide, DMF& JunseiAl A|&& Apgs}
o0, DMF+ molecular sieveljol 4] 528 A A
8lo] ARg-lA ot

NIO-polyquinonediimine §Alo] AM-¥ aromatic
diamine & Fluka A} 8] 4,4’-diamino-diphenylsul-
fon2 FAIA AZAs AMR-8IEL, titanium
tetrachloride= JunseiA}l Al E 02 nitrogen gasZ
st AASAIA AMg-E1 o, Dabeog} chloro-
benzene2 Z}Z} AldrichAle} KatayamaAl A& &
ARg-stgct. 1 2], vzl £ (hexane, chloro-
form, ethanol)= HPLC& E3 Ale Alg-3d
t}. £+ IR (Nicolet FT/IR-650), NMR (JEOL
JUM-EX90A 'H-NMR), UV-Vis (SHIMADZU
UV-1601), X-ray (Rigaku D/MAX-II1A), TGA-
DTA (SHIMADZU DT-30A), GPC (Waters 746),
DSC (PERKIN ELMER DSC-7), 9424 (PE
2400 SeriesTI (CHNS/0 analyzer)) 2} 8|48 #|5
& ZA3] 948 A= AFAATNAT 40 43
5ol e A& At Do) Ao ¢4
M= g9 Scheme 13 2kt

B 4.

4-[(4'-nitrophenyl Jazo Jphenol 2]  &H4). 4-Nitro-
aniline (13.813 g, 0.1 mole)€ 50mL conc. sul-
furic acid®} 50 mL. H,09] =%}, 7)o sodium
nitrite (6.9 g, 0.1 mole) & 50 mL H,00] 43| %
oA 5CE FRBIEAM HH3] "ol z}rig
A gdlo] sodium hydroxide (4.0 g, 0.1 mole) <}
phenol (8.4 g, 0.1 mole)& 100 mL H,00] &3]
oA 7Hict o] AL A2olA FAITF 7hgE whgA]
A F AEE Aol #AAsA 2ot dFeyet o
Fate] A7 AHEE $23] HOZ Mol $ 44
8¢ ethanol® H,09] H=ujz} 1:19 Loz
AAARA7IA 342 4-[(4-nitrophenyl)azo Jphe-
nolo] 29%9] 482 dolmkt. FT-IR (KBr, ecm™)
3426 cm™ (-OH), 1503 cm™ & 1337 cm™ (-NO,).
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OMF/ K,CO, l Reflux
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o 8 o + HZNO“E‘Q—NHZ
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Chlorobenzene / TiCl, l Reflux
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Scheme 1. Synthetic route of monomer and polymer.

[(4"-nitrophenyl Jazo-4’-bromohexyloxy Jphenyl
9| #tA. 4-[ (4’ -nitrophenyl)azoJphenol(2.43 g, 0.01
mole) & &7 FAXE 4 Fetrad] @3, KO,
(1.52 g, 0.011 mole)& 80 ml acetonol] 7}3le] F
AIZE B9t 4438 =<9 & dibromohexane (24.40 g,
0.1 mole)& o}F HH3] Holz=gr}. 65 CE 4
A 24A17F B BFAZ g FAAD £ o
Fsle] A}t FEAZG 7)o Hake] ethanol e
Y1 ice bathoA 208 T FuA F s
t}. o35t WA B ethanol® ¢}7}e] acetoneo &
& 718ln =l £ Wgme) a1F wHsidoh A4
H A& ofsta AFA)7IW [(4 -nitrophenyl)
azo-4'-bromohexyloxy Jphenyle] 50% 2] 482 o
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ol"c}. FT-IR(KBr, cm™) 3103~2851cm™
(aromatic and aliphatic C-H stretching),
1503 cm™ & 1337 cm™ (-NO,).

Anthraflavic acid®] Mono-azo 3188 FxAl &
4. Anthraflavic acid (0.2 g, 0.00082 mole) %} po-
tassium . carbonate (0.34 g, 0.00246 mole), A %<]
potassium iodideE $§F 24 90 CE #A 8}
WA DMFo| @3] =gk DMFE 383 %
{ (4’ -nitrophenyl)azo-4" -bromohexyloxy Jphenyl
(1.0 g, 0.00246 mole)& 9] &0 HH3] Hoj=
gl 25 160~170 T2 #FAEAEA 24X &
FA A whgo] gusA F&E YA et
oz}sidct. AABE chloroformo] xolil o7
s}ate] haxane® 7} anthraflavic acid9]
mono-azo HFE FEA7} 24.5% 9] F&2 ol
t}. FT-IR (KBr, cm™) 3103~2851 cm™ (aromatic
and aliphatic C-H stretching), 1516cm™ &
1343 cm™ (-NO,), 1669 cm™ (C=0 stretching).

Mono-azobenzene 7| & 2t NLO-polyquinone-
dimine2] 4. Diamine (0.11 g, 0.00045 mole) 3}
Dabco (0.3 g, 0.0027 mole)E 90 T2 #A|51AA
chlorobenzene 10 mLoj) €43 =l of7]d tita-
nium tetrachloride (0.22 mL, 0.000675 mole) &
5mLe] chlorobenzeneol] €443 =9 £4&, ni-
trogen gasE FQISHHA ol s Hojmch.
SmL9} chlorobenzeneo. g2 Ao e,
anthraflavic acid®] azo 3IgE $54 (04g,
0.00045 mole) & 718 & 10 mL9] chlorobenzene
o2 Mol il 242t F< 140 CE #ASHA
A BFAN T oARE  filter caker ZAL
chlorobenzene © 2 Rojit}. oJf3} filter cakeZ
FE] dold g9g 7 F2A7|n A ES chlo-
roform 2.2 *xalA hexaneo.2 AZAAsI¥ct A2
FE FHEL ABsin AT PEAA A
Anal. Found : C(66.82), H(4.95), N(10.21), S
(2.75), Caled. C(67.50), H(4.93), N(10.16), S
(2.91), FT-IR(KBr, cm'):3110~2866cm™
(aromatic and aliphatic C-H stretching), 1516 cm™!
& 1343cm™ (-NO,), 1622cm™ (C=N stretch-
ing), "H-NMR(CDCl, : ppm) : 8.5~6.5 (aromatic
C-H), 4.2 (0-CH,), 1.9 (alkyl (CH,)s).
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Zn o %
NLO-polyquinonediimine2| £Xi2t &£X. #aja
2000~20000¢ 7zt= polystyreneS HEFA|eto g
A}8-8le] gel permeation chromatography (GPC)
o 2§ NLO-polyquinonediimine®] &2} 32
& Table 1o Jehfch

Table 104 B0 $HFE2e (M,) ol A
HArAR (M,)e] iRz & ol ohH,
M,/M2 e 17424 gl AW ¥e Wl
2 ¥y Ase ¢ # Aok °l= anthraqui-
none®] PZoll 7 Algol EAsly] W& UA %
oz sl tiolyl Exprt AFE & U= 7L
Holz]7] W&oln] WeALE B ©f ZA oA
o) Exg B & 283 Edo] dojd Aoz
A ztsjoi A},

NLO-polyquinonediimine2] Eslic. §4€ NLO-
polyquinonediimined A% :7¥3}17] g3l g2l
A &A% gl = A7E Table 2] e

§A84 xolo] mE NLO-polyquinonediimine
o] &858 =As 2 A3 mono-azobenzeneo] %

Table 1. Molecular Weight Distribution of NLO-
Polyquinonediimine

— = ‘molecular weight distribution
: M, M, OV TR
polymer " (M, /M)

NLO-polyquinonediimine

(mono-azobenzene) 3480 6000 174

Table 2. Solubility of NLO-Polyquinonediimine

* NLO-polyquinonediimine

solvent (mono-azobenzene)
water -
methanol -
acetone + -
THF +—
chlorobenzene + -
CHCl, +—
toluene - =
cyclohexane -—
H,SO, ++
CH,;SO;H ++

(+ + :soluble, + — : partially soluble, — — :insoluble).
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Figure 1. X-ray diffraction of (a) NLO-polyqui-
nonediimine (mono-azobenzene) pristine and (b) after
thermal treatment at 125 C.

# Z4d £o] 9+ polyquinonediimine2 toluene
7 cyclohexane & ¥4 ool Aol %2 ¢
oo, §8 A7 2 water @ methanol g A 93
4 fuldls F3 BEHA La4e Jehlidg.
& H,50,5 CH,SO;HS} 2 il £& &3
4E HAAFYr) olaid AMe 4F Z4d 2 A&
o] EAsl7] wfio] YA Folz Asled AIUE &
ol 33 AgH7] g7 Aog YzgojAr).
NLO-polyquinonediimine2] X-ray % UV-Vis &
3. Figure 19] mono-azobenzeneo] %Z Z4d)
#o] 2= polyquinonediimine®] X-raye] &4l 27
ol oJ3lH e 7tz o] o REdA ZAA o] Y
Ehdg o 4 ok o] AMde Z4oA 7IQlsk=R]
op T it FAd o AAAE M} ¢ o] o
< 77 WA o} 3}, FHE AHojA B

#F2|o A 249 A6z 2000 11¥

B AE 3 ZeRAedoitls] §A4H HHd ud A7

Table 3. Thermal Analysis of Polyquinonedi-
imine

polymer T4(C) T (t)r
NLO-active polyquinonediimine 308 125
(mono-azobenzene)

% Heating rate 20 C/min.

0.5 sec
95 0
N
50.2 T TTT———
7 3 me {475
b . S
D45 ", 1950 §
2 b s
20 -1425
-5 " " 1900
30 107.5 185 265.5 340

Temp. T (Heating)
Figure 2. TGA thermogram of NLO-polyquinonedi-
imine (mono-azobenzene).

FRol, F49] ¥Fo| mono-azobenzeneo] o]
Bol] & Agde BHE £7] fudEs 3] %3
%AY THF, CHCl, gufdl= 4% 2848 B
#91t}. Mono-azobenzene2] 7, DSCE A}&3}
o 44 4 AR £ d3 fedo] &5 (T
€ 125 °C §-2olA F3o] vebd g Figure 304
4 7 Ut o] Ty &% olFols A dgo] Az}
A3 FRY FRA} Jdeld g & = A 74E
Z34= noncentrosymmetric 3] s 8A17)7] &)
Al BAEehs 33 olgsigth
NLO-polyquinonediimine®| &% MZl. 43 poly-
quinonediimine?] TGA<%} DSCe} Az2 Table 3
3} Figure 29} Figure 3o Ztz} Jeh) o).
TGA9] ¥4 Za=z%E] Z4d) monoc-azoben-
zeneo] ZA3FE o] 2+ polyquinonediimine®] £-&
25 308 'C F-3oA Eaisl AAsEE Aoz ¥
olx d¥oz ohdg nEANYS BT 4 U
=3 DSC ¥4 Z3 polyquinonediiminee] Z#df
mono-azobenzeneo] A{=ol A& AS T, &= 125 C
AA BAE F 5l o] Be &84 (T vehd
A gt 23 vlAY AFE 23] st )
A fol REAE 29 FAYA|I T, 25A &
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Figure 3. DSC thermogram of NLO-polyquinonedi-
imine (mono-azobenzene).

Table 4. Second Order NLO Coefficient, x®, of
NLO-Polyquinonediimine Measured at 1.542 #m

NLO-polyquinonediimine 2P(pm/V)
(mono-azobenzene) - 8.6

80: L

700 A 4 4 4 A A A A 4 A a
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ol
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20|

10}

OI

120/ 22N 8) (%)

100 200 300 400 500 600 (hour)
Figure 4. Temporal stability of poled polymer for
SHG signal with mono-azobenzene subjected to heat
treatment at 125 °C.

S & Pl Agg ARsA. EI3H 25
£ ITO A30-100 V/ume] dc B3l £F
SEES

NLO-polyquinonedimine 2| H|Aig] 28t EAM =X,
B 23e] Ax= Table 49 Yehjon SHG =
A& 1.064 umollA] § switched Nd : YAG #Hlo]A]
of #HA¥ Raman shiftE o]&3lm a4 1.542 um
o4 &A=  polyquinondiimine (mono-azoben-
zene) 9] 2z} 8|9 Al4ghE 8.6 pm/VTh

&3, Figure 4= NLO-polyquinonediimine®] 7
Al 84 ER3ZE Jepigled, xrdEdA e
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NLO-polyquinonediimine®] 23 &7} 65%7#]
ZAashe 4%e JehliAyl, 100417 ¥4 SHG
Az M He 2Ee Jepido o3 @ 7
42 alkyl groupe®] 7 side chain®} chromo-
phore (-N=N-)¢] Zglo] ngate] ZA P8 E
F7HAYE APAael? A st

2 B

B d7dME @ 2 7] FolN IB@ 72E
71xl ZAlEol mono-azobenzene 1§ & ZHE A
28§ 8|9 polyquinonediimined TiCl, EA 3}l
A &g oz A

49 Gkl n¥AE FT-IR® 'H-NMR=2
elaldon 53], FHed AHEY odle nE
o] EA 539 1625cm™ 24 >C=N o}F
Aol FYEASTE B FAG

Mono-azobenzeneo] ¥& Z# o Eold= PQDI
E #R4F A2 S L= 53] FEFez
S L 7Haod, HS4 o= A A &%t
th o] AMdE IF FHHd TAlEo] EAE] HE
o A Fojz A AIHE &Fol I3 A
£ Aoz Az oA,

GPColl o3t A3 £3& 1742 AP W &
¥E 713oen, X-ray@Ao=2HE mono-azoben-
zeneo] A¥E PQDIx @& Zixo] oA &
FH AAAAE HYo, 125 CE g4 Fd= 73
8 aEAlE gt

aEze] B o5A DSC ¢ TGAE &%
gt A3, DSCol 9t T,gkol 125 Colny TGAS
Aol M= 308 CollA Ealexrt vehjueg 3o
2 ol §- P aERQYo] HiHA.

Mono-azobenzeneo] 542 AgE PQDIE o
LEolA  EZXe]A7l  NLO-activedt PQDI<]
SHG# 8.6 pm/V & 7121, A A =
A A7 27] A= MM Zasle 28E B
oli} 100417t Fofl& A e
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