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ABSTRACT: We synthesized a-methylstyrene copolymers bearing the two different organic
salt type chromophores and investigated their second-order nonlinear optical properties using
the linear electro-optic (EQ) coefficient measurement and second harmonic generation
(SHG). In the synthesis of copolymers, N-vinylcarbazole or p-hydroxyphenylmaleimide were
employed as a comonomer. In the synthesis of organic salt type chromophore, pyridinium and

quinolinium were selected as cationic species and tetraphenylboron was selected as a
counterion. In the case of p-hydroxyphenylmaleimide copolymer, we made an attempt to in-

duce thermal crosslinking

reaction utilizing diisocyanate.

Crosslinking reaction via

tetramethylene-m-xylidene diisocyanate was traced by virtue of infrared spectroscopy. The

stability of second-order nonlinear optic property was also observed.

Keywords: nonlinear optics, second harmonic generation, electro-oplics, molecular ionic chromo-

phore, crosslink.
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Al 2f. 4-Picoline,
hydroxybenzaldehyde,

lepidine, lodomethans, 4-
dibutyltin  dilaurate, p-
aminophenol, sodium tetraphenylboron, piperidine,
maleic anhydride, p-aminophenol 5& 1gA|¢fo 2
AldrichAtel| 4] #¢)3ted A}23} 1, m-isopropenyl
- @, a-dimethylbenzyl-isocyanate ( m-TMI), tetra-
methylene- m-xylidene diisocyanate (m-TMXDI)
+ American CyanamideAlo|A R0z dro} A
glo] AMgsiitt. 358 Al A" N-vinylcarbazole
& olgbgellA A, B Sz AR 1-
methyi-2-pyrrolidinone (NMP) 3} dimethylformamide
(DMF) = 8 Ao AF F/std A3ttt
g2 E3 A EANAIA 2 AFE-3 azobisisobutyro-
nitrile (AIBN, Junsei Chem. Co.)& Z&z& A o}
A Bl A A st AME-SHE T

cizky| 2 25 8H| 81, 1,4-Dimethylpyridinium
iodide(1), 4-[ N-(2-hydroxyethyl)- N-methylamino ]
benzaldehyde, p-hydroxyphenylmaleimide (HPMI)
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1-Methyl-4-{2-{4-[ N-(2-hydroxyethyl )- A-methyl-
amino Jphenyl}vinyl }pyridinium iodide  (3): 4-[ M-
(2-hydroxyethyl) - N-methylamino Jbenzaldehyde
(1 g, 5.58 mmole)$} 1,4-pyridinium iodide (1.31 g,
5.58 mmole) & 20 mL9| dete) o] 60 °CE 7}
@3t 3 piperidine (0.48 g, 5.58 mmol)& A3}ty
o} o]F &AL 1247 T refluxd ¥ 0-4 C &
LolA 1243 &t AR AHE I, o8
skl A A2 st 65%, m.p. 180-
182 C.

'H-NMR (DMSO-dg) & 8.78 (d, 2H), 8.21 (d,
2H), 7.92, 7.25 (2H in ethenyl group), 7.71 (d,
2H), 6.92 (d, 2H), 4.35 (1, 2H), 4.21 (s, 3H), 3.85
(t, 2H), 3.05 (s, 3H) Anal. Cald. C,;H;{N,OI(FW
396.27): C,51.53; H,5.34; N,7.07. Found; C,51.
67; H,5.42; N,7.18.

1-Methyl-4-{2-[ N-ethylene- N-methylaminophenyl ]
vinyl}pyridinium iodide- N-[(1,1-dimethyl-m-isopro-
penyl)benzyl]Jcarbamate (5): 1-Methyl-4-{2-{4-
[ N-( N-hydroxyethyl)- N-methylamino Jphenyl)}
vinyl}pyridinium iodide (1 g, 2.53 mmole) & 40
mLe] FHE DMFd| Fuf 2] wjEke]
dibutyltin dilaurate (0.1 mole%, DBTDL)S 7}
sttt o] §Yol m-TMI (1.02 g, 5 mmole)& 10
2ol 2H AHshgk F 60 Tl 5A12 wkg-Al T}
BHE T 27k dEES Ko eES AN T,
oAl dekgel] AHAA AT 5§ 72%, mp.
116-118 .

'H-NMR (DMSO-dg) 6 8.90 (d, 2H), 8.41 (d,
2H), 8.08, 7.28 (2H in ethenyl group), 7.74 (d,
2H), 7.33 (3H), 7.52 (s, 1H), 6.94 (d, 2H), 5.75
(s, 'H), 5.27 (s, 1H), 4.27 (t, 2H), 4.21 (s, 3H),
3.76 (t, 2H), 3.05 (s, 3H), 2.09 (s, 3H), 1.58 (s,
6H) Anal. Cald. C3)H;6NO,I (FW 597.54): C,60.
30; H,6.07; N,7.03. Found; C,60.14; H,6.11; N,
7.10.

1-Methyl-4-{2-[ N-ethylene- A-methylaminophenyl }
vinyl}pyridinium tetraphenylborate- N-{ (1,1-dimeth-
yl-m-isopropenyl Joenzyl] Jcarbamate(7).  1-Meth-
yl-4-{2-[ N-ethylene- N-methylaminophenyl Jvinyl}
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Pyridinium ¥ Quinolinium @718 338 oMethylstyrened] T2 €4 2 v|AY 38 EAjd -

pyridinium iodide- N-[ (1,1-dimethyl- m-isopropen-
yl)benzyl]]Jcarbamate (5.48 g, 9.17 mmole)& o
& WErE Ho]i 7)o 10 mmole?] tetrahen-
yl boron sodiume] wghg S92 oA 33}
Atk 30 < w & AHE FE3Y FAe
3t 11, ethanol/acetoneo & A ZAAdAT}
92%, m.p. 107-109 C.

'H-NMR (DMSO-dg) & 8.92 (d, 2H), 8.43 (d,
2H), 8.28, 7.30 (2H in ethenyl group), 7.76 (d,
2H), 6.77-7.43 (m, 20H), 7.30 (3H), 7.55 (s,
1H), 6.90 (d, 2H), 5.77 (s, 1H), 5.27 (s, 1H), 4.
27 (t, 2H), 4.21 (s, 3H), 3.76 (t, 2H), 3.05 (s,
3H), 2.09 (s, 3H), 1.58 (s, 6H).

AnalCald. C5HgN;O,B(FW 789.87): C,82.11;
H,7.15; N,5.32. Found; C,81.97; H,7.20; N,5.45.

1-Methyl-4-{2-[ N-ethylene- N-methylaminophenyl ]
vinyl}pyridinium tetraphenylborate- N-[ ( 1,1-dimeth-
yl-m-isopropenyl )benzyl Jcarbamate (7) 2} N-vinyl-
carbazole 2| (Copolymer 1). A% 8o tha
A (7) (1 g, 1.27 mmole) & v d FutE (VK, 0.73
g, 3.78 mmole) & 1 FAE @3 Z7F3 DMF9
=01 AIBN, 1 mole% & #H7}3 % o|& vacuum
ampled] A Ech o] FF &AS WAF-AF -3
Bo) wHow 998 WA F FUBL sealing
gle] 70 C, 48717 % BEHE Ak HAE F
3 £ ek HAA 7] & DMF/ether 2 A
AHAA ZAstE) 58 35%.

1-Methyl-4-{2-[ N-ethylene- N-methylaminophenyt ]
vinyl}pyridinium tetraphenylborate- N-[ (1,1-dimeth-

£
=
=

o
=

yl-m-isopropenyl Jbenzyl 1 lcarbamate (7)1t HPMIS|
=2 = 8t & (Copolymer Mm): 661 mg (3.50 mmol)
9] =B Hdgdelv|= (HPMD) 2 3.80 g (7.00
mmol) ¢] 1-methyl-4-{2-[ N-ethylene- N-methyl-
aminopheny! Jvinyl}pyridinium tetraphenylborate-
N-[(1,1-dimethyl-m-isopropenyl) benzyl]carba-
mate (1 g, 1.26 mmole) & AF &= £7]d ¥
Z22% NMP, 38mle] AIBN, lmole% & #7}3
t} o] &AW -F-dF WHE AHES ¥
B9 7IHE AASL 25T § 80 TZ 484 F
Qb whe-A|7lm ko] AL wiEhge] Zo} Fo F
FA 2] A& Uk o] AMES THFY 5

Felof A21d Al 1997d 1€

10

F B dod ez AFAAA EeEe
AASI 100 C IF LBA] 48417 Bt AFRA
Rk $58 45%.

1,4-Dimethylguinolinium iodide (2): 4-Methylquino-
line (lepidine, 5g, 34.9mmole)®} iodomethane
(4.95g, 34.9 mmole)2 dichloromethane (100 mL)
d 3l & 5AIF Bt BF JAANH WEEY
EE A2 2 A F, n-hexaned]| o} Fof 3
& Q1 AR WA 80%] FEEE =
A AR ES ATl Mp. 163-164 C.
"H-NMR (DMSO-dg) 8 9.40 (1H), 8.52 (m, 2H),
8.78 (1H), 8.06 (2H), 2.98 (s, 3H), 4.57 (s, 3H).

1-Methyl-4-{2-{4-[ N-(2-hydroxyethyl )- N-meth-
ylamino Jpheny!}vinyl} quinolinium iodide (4): & 3}
e FEE ()9 Ax W A G443t
g 58 60%, m.p. 120-123 C.

'H-NMR (DMSO-dg) 6 9.06 (m, 2H), 8.34-7.70
(m, 6H), 7.48 (1H), 6.78 (t, 2H), 6.32 (1H), 4.76
(t, 2H), 3.32 (t, 2H), 3.51 (N-CH, 3H), 4.42
( N-CHj; in quinolinium, 3H).

1-Methyl-4-{2-[ N-ethylene- N-methylaminophen-
yl]vinyl }quinolinium iodide- N-[ ( 1,1-dimethyl--iso-
propenyl)benzyl | lcarbamate(6). ¥ FTEE 3}
E (5)9 Az Wy A gsET 5%
72%, m.p. 95-97 C.

'"H-NMR (DMSO-dg) & 9.09 (m, 2H), 8.34-7.20
(m, 12H), 6.80 (d, 2H), 5.34 (s, 1H), 5.04 (s,
1H), 4.42 (s, 3H), 4.08 (t, 2H), 3.63 (t, 2H), 3.07
(s, 3H), 2.09 (s, 3H), 1.56 (s, 6H).

1-Methyl-4-{2-[ N-ethylene- N-methylaminophenyl ]
vinyl }quinolinium tetraphenylborate- N-[ (1,1-dimeth-

=
=
e ]
-

Mo rio

yl-m-isopropenyl benzyl 1] carbamate(8): 2 33
= 3AFE (N Az PHA fAreA st
FE& 92%, m.p. 182-184 C.

'"H-NMR (DMSO-dg) 6 9.09 (m, 2H), 8.28-7.48
(m, 8H), 7.21-6.76 (m, 26H), 5.34 (s, 1H), 5.04
(s, 1H), 4.42 (s, 3H), 4.06 (t, 2H), 3.64 (t, 2H),
3.06 (s, 3H), 2.09 (s, 3H), 1.56 (s, 6H).

Anal.Cald. C;H5gN40,B(FW 839.95): C,82.94;
H,6.96; N,5.00. Found; C,83.12; H,7.10; N,5.08.

1-Methyl-4-{2-[ N-ethylene- A-methylaminophenyl ]
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vinyt}quinolinium tetraphenylborate- N-[ (1,1-dimeth-
yl-m-isopropenyl )benzyl]] carbamate(8)2} N-vinyl-
carbazole ZEZ g (Copolymer 1): Quinolinium
salt & (8) (1g, 1.19 mmole) 7} v)d 7jul=
(VK, 0.69g, 3.57mmole)& 1 FAL 93 =&
3 DMF (20 mL)ol o] AIBN, 1 mole% & 3
7HE F olE T EHvIelAM 70 T, 4841 F<t
e st old AAAE 33 £ dg 44
10413kl 23 33 Rlatdch HAde 8 89
& & dlerge HAHAIZl 3 DMF/ethanolz 2] 3
AAMA A AT F5& 40%.

ABHZE. A 2ol §E" 28 FFEA (1, 1,
M )& tetrahydrofuran (THF)3} cyclohexanone
T DMFd| £& fal=8 B 49 338
A (copolymer [, 11)E THF/cyclohexanone
(15vol%) EFE&WE AHE-sled =<2l F indium
tin oxide (ITO)7} =¥d Fel#a dubdd &
713hg o] &-8ted 2000-3000rpme} £x2 Ad R
Bala] 0.2-1.5 gm FA Y] whahg A 23819
o] FAE &¥e] HEo] wet 2F=Arh. HPMI
23] (copolymer W )2} ZA$-, tetramethylene-
m-xylidene dilsocyanate (m-TMXDI)E 7luwA 2
ARE3led THE/DMF (1:0.2) €9 W] 11835 &
FRE o] FFHA L Ao 2HE 20wth 2
st wlare]  EA= profilometer
(Tencor P10)E AMg-3ted 43Tt olaf Fu+
W2 (second harmonic generation) &%& 938}
o Fel 719 Yl Alzd dubg Z2u B3 A
st A8 Ar|338k (linear electro-optic) A F
Z4 Al ITO7F =xd ¥t 9o & A58 9
S 110 833 & 43 Aleld] 44 A3 73
of 4% #3 Aelairh

2171 M ¥ B|MY HE SN ZAL " o
ez 234 Tz Bolol= Bruker FT-IR
spectrophotometer, Varian 200 MHz NMR spec-
trometer 5& ©] &3, AAEAL A&
A7, EAEAAENA EAsdT S 2
Z A%& DuPont DSC (differential
calorimetry) & o| &3ttt Ao £ &S
918l Ubbelohde® H=AlE o]&3te] DMF &4
Jeog 25°C €9 HE (inherent viscosity)& T

213213
e e |

surface

scanning
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sttt WA Eo <
point apparatus& o]l AFA3IQ ),
O[R} B|MY &3t Al (ds;) 9 3 (Second Har-
monic Generation): ¥ 2| g ututo] oluf Fu}
+ ®HE(SHG) FAHL& oln] z Uil Maker
fringe techniqued Alg3led TEM, R2ZdA 2ZE
gl Nd™3: YAG o] A& A3t} Kleinman
o] A A webd dpihs Alxtstr] fsle p-
p fringeE ©]&3tArt. ojuf Fo 413 (second
harmonic signal) & XA " A9 24 (quartz crys-
tal) o] 4 4k& 0.5 pm/VE 7133l 23t}
M7 &8 A4 (Electro-optic Coefficient, 733)94
£Y: 4% A7) B3 Alge C. C. Tengdll 93l
31QkEl whAM (reflection technique) 0.2 &35ty
31 He-Ne (3% 1 632.8 nm) & A3, Zt A&
= BFERAY ~8 kHzoll M 10Ve z2Hdog &
Aoz SAE A8 A7) B A rpe o
S 2L e o 1 gg AN = U

melting

(n?—sin? §)'/?
sin’® @

F=NU - U k-,

2k ¥ DEX 3. Scheme lol& ¥ |39
A ojzl ¥lME st dEkflg AFRE pyridinium
2 quinolinium$ ¥ 33l wak| A3 A
o] Azsls v A2ZE Jepii U IFE
(3), (4)e] FAA gz =r]et | MA B
o] A AEHA ethylinic?] 7} A=) NMR 7.2-
7.7 ppm QYA coupling constant ~15.5 Hz9)
A transT2E2 WHESI, T3 FT-IR spec-
tradl A% 1608 cm'o| A o|FAFe] EA bandE
wEg = gdd. a2En p-TMIE 9r2-A)7] et
A& ol &3t Ax" FFA (copolymer 1, 1)
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Pyridinium % Quinolinium g7 & T 3= oMethylstyrenedl =3
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CH;%_gm CH, =Cl
(CgHy), BNa
——

CHy O Chy " B(CeHs)s
—NHEo—CHA (7)
&h, + 'N—CH,

B(CsHs)(; 8)

CH, = o
O—é‘-NHéO—(CHz)
« N-CH,

VK —(VK);——(-CHZ—Jﬁ-r—
CH,
l —NH-COOR
Hy
CH,
ML —EHPMI et
CHs
e | F
oc»./x)‘_: c/,:,\"CO
m-TMXDI

Thermally Crosslinked Structure

—NH—COOR

Copolymer L II

Copolymer I

Scheme 1. Synthetic procedure for new nonlinear optical active copolymers.

DMF, THF, cyclohexanone, acetone % &
g3 E Hol 23} o]y PAche T E 1
Aol B Go4E Azste] szl golHe

E A 5 A dEA9) feeding
raticd] WE wEiNe] HE: FAUES Azr)FW
)\SI"LE'?O“ _,]3}] utx o2 rrLa—L 2= olq %‘%iﬂ

g =24

< v

mel 2% p-hydroxyphenylmaleimide2]
71¢] OH7} 9.7 ppm AEAA Ve o]&
el 9] aromatic ring?] 7019 44 (~9 ppm)
o] HREgozRE 1 BxAUE 7 5 UATH
HPMI o] NLO @3xle] Z3u| &2 122 3lde

F2 A21¥ A1z 1997 19

o, doizl FZ A & ¥]&& NMRe| #4 A3}
1:0959 iz FdES ¢ + Aot 28y £
Ao AdE N-vinylcarbazole F-& 3¢ 7 9o
= 18x NMR AafEde] iyl £ &
1, Aestel = aromatic ringdl] A sHe A 1}9,]

chemical shiftEo] 2% F dadols fFE =

&3 F3stEol A8 AEEES ) "u‘é?d‘i}
A, FEEA 1, mY =xAdels UV-VIS &~

e s &t =4 €8¢ a-r* transitionol) A
o] A3 F& vehlle band& 71¢ Aot ExA
& 73 4 Ui (Table 1 #%). 23d dain s
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Table 1. Measured and Calculated Parameters of
Newly Synthesized Copolymers

NLO: comonomer
— inherent "max T d33 733

feed: N , 7
eecing compost viscosity (nm) * (pm/V} (pm/V)
ratio  tion ratio

copolymer I 1:3 1:38 018 469 135 32 25
copolymer I 1:3 1:82 022 53¢ 128 10 21
copolymer I 1:2 1:11 026 469 165 40 35

& NMR A~®EX 9 94 B Agt
AR

1],_410

L6

J33l LEF
I | adlcal%
ol o3 fdA FEEAE AT F A

A} vinylcarbazole & E}"**ﬂ 2

FART 3 F E2xAd
b e 2 499, o]

QTE =

oft
rSl 2

g9 FHEE TSH % (inherent viscosi-
ty) % DMFU) 25 cow 0.1-0.3dL/go2 v]iA
£ FES JEAT

M7| ZtH EM. Table 1ol ARo] FE

1

L

ZEHA S 24F 42 E Bo Frf UV-VIS 28E
gozsEle] Ao odpd o] FFFA I, I, I
o WX 469, 539, 469 nmollA A& 7HAIH o]g]
cut-off= 2F 590, 700, 590 nmo|Al et RS

FE3| o] 3 Ade Tz

o} 2= ES olo-h;]. t\:zs]» o]
s7] Q] Al FAb QEAE AHRER 24}
3, o] FZ%A 1, I, & 135, 128, 165 CA
Aol e g 2y udy F3t aRaz dehdt

i

FolA st
Hol, F4Hl °41°IEE, hot plate <A
7 =HT} 10 C °]
ii\':"]"?‘ st 7t

xiotmowﬂi ““*1 Hhato] 571y 3}
Bag 4 Q). ol {4 g
WA, Z4o] 923 Wt Rz ARt

gt o woAe] 23 TN fEEE
Aoz mHHPed, B AFoA AHgE kb

g
3
18 e ox o
= An oo M
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i, AFE 7hehe e R o
gt 53 FFEA mdd =
phenylmaleimide”} %% @z e sl=
EA17] 7t o] oliAlohdo ]‘—l o] §-3te] car-
bamateZ¥& E% 23 7ta 2L H=8 F &
t}. aelng, o] A% B Azl det FEEA
dEge] B2 ujd 2 A 7tRE fEdb] Hste
A B2 XEE Aok $4 140 €9 Bl2F
33 2 A Bzl de 9% 27 B= AdE
5 =EA]7] 9}, o]hrlodo] B 7EE]

o
Mz
o
i
hu
i
|y

p-hydroxy-

>

Ay R o r}o -{n
to
iz
o
tlo
Jo
it
sk
4
4
o
o
[ew]
e}
o
=
lo
2
X

W Z (second harmonic generatlon, SHG) §A¢&
otolr 7] 918 SHG Maker fringe & 71238l
AN dips FEFFA 1, 0, T 2 sloiA
32pm/V, 10pm/V, 40 pm/VZ AtsielFh. o
o 712 34 (1064 nm)o A9 2HES 1.68 18
T 532nmalAe FHEEL 1.75% 7Pt A A}
At} o)52RE o3 W 30% 2 FH3IU-

A7) B8 AF, rpd BRI At A= B
He| & YAE TFEA ZEol A E He-Ne oA
3, & 632nmolAe] 7t BERHIH oD <
20-35pm/Ve] Zt& At (Table 1 FX). FEF7
A me s 25 A2 Al 7}3}] T At o
2 A7) 33 459 Tt ZEE Fig 1944 &
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Pyridinium % Quinolinium E7]& ¥ 33 o-Methylstyrenedl ZZ &9 §4 2 w438 38t E4o|

30

e = (150 °C)
25 1 m (170 °C) . *
20 =
) |
s n 'y
g 15
o
8 IS
10 = ]
[ ]
5 -
0 T T T T
Q 20 40 60 80 100

Poling Field (V/um)

Figure 1. Relationship between #y3 of copolymer II
and the applied poling field at different temperatures.

Utk B Ay &= 150 T 170 TE st
Aedl, 150 € A4 e W AsME LAt
g dlEaAE fAsda, 170 CAM e 8%
st HAE A d4de Bk 25 V/umFE
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Figure 2. Decaying behaviors of r4; at 100 C with
the annealing time.
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