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@ o g-Methyl styrene? maleic anhydride® TYHAZ A3t felHolexrt 2 Aol $23k poly ( @-methylstyrene-co-maleic anhydride)
(MSMA) 714 22} (substrate polymer)E 431 7)ol UEEIE 740 #AEE ZEANSS o)t Eglahe whg 2 AAE wdE Y
TEAe A7) B B4 ol 2ASsch MSMA 714 ZEA ) hydroxyl’| & 7HAE azo ) @Ak (chromophore) 2-[4-(4-nitrophenylazo)-N
-ethylphenylamino)ethanol (DR1)& 2¥2+ ¥H$ (polymer reaction) .2 maleic anhydrideol ester 2%22 £4% 9 4-dimethylaminopyridine (DMAP)
Zojate 2 2 (MSMA-D)2.t} DMAPS} 3-dicyclohexyl carbodiimide (DCC)E §A1 AH8& 3¢ (MSMA-DC)7F DR1 #4etel £9&0| &4 v
b B8 B8 DEA (MSMA-DO)S A7B8AS () 3o 6328 nm<) FLIA 18 pm/Ve} &2 Ueidlon 44 AR feldo £
(TP7H 175 T ooz 43t Uehth

Abstract: Non-linear optical polymer based on poly ( a -methylstyrene-co-maleic anhydride) (MSMA) substrate polymer was prepared by polymer
reaction method and its thermal and electro-optic properties were examined. In the polymer reaction between MSMA substrate polymer and 2-{4-(4-
nitrophenylazo)-N-ethylphenylaminolethanol (DR1) chromophore, the degree of substitution of DRI into MSMA was higher with the 4-dimethylaminopyridine
(DMAP) as catalyst and 3-dicyclohexyl carbodiimide (DCC) as dehydrating agent (sample, MSMA-DC) than the one with just 4-dimethylaminopyridine
as catalyst (sample, MSMA-D). The synthsized NLO polymer (MSMA-DC) exhibited electro-optic coefficient of 18 pm/V (6328 nm) and glass
transition temperature (Tg) of about 175 T.
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1. B TEAE olgdtd BgaAE A2Y P w2 WNFHAF
o= G7 A4, FHRAN0], A B4, 78 ARA Tl &7
H] 48 28 (non-linear optic) THL BNFE Aer] A& g9 oj2l§ EA4L BEAI] At ¥e A7t AdsHa ok
293 Wz7) 59 558 Faxd AFAold 2 3% nFH ¢ A Agoz Awd 64y I3 DEAFA poly (methyl
AL 9% RS W WASE 2T oF 7R HAE B8 methacrylate) (PMMA)9] #5421 P2ANS7}H i, o] A2 24
2A ZoA % HAY B8 §718 £k nEA 23 2 o] o tHchromophore) &5 methylmethacrylate ©349] 2t 2 Fdo
& A7t 42 2e BAL T3 JH1-5]. ok o] BRSO ¥ 2 oy 2Add TFY JYERVY FE Ad A1)
2 27 BlAdE B8 AZL AY: Qe Bk ope} Az AR o3 vlwd w& BAFL wHE g 2EAE QUL AYG
28 284 BAL AU Q7] ook vldE FHEHL ojgg 4L EAolk (ticyano)7| & ERte FHEE 7R
Jehjs 224 AEE LiNbO; S 2& 57180 vls) A7128 PMMA $#EA3 vAdg 28 2212 s 2| 2A4F
Azt 33 $RAAET} ZAon 2 AR TR AdEm g of we wMyg Bt nae Aol BolAH 4 micrometer F
Axste] AAHI S Aol AUtH4-9). v uHE B3 A9 BaAs Az o B2 F(crack)ol 471E FAAC
UebA 9oH13-14] webA 714 2#2Hsubstrate polymer)E A
A §AG Fd TEAHS(polymer reaction) o]-§3te TATE
t % A% (e-mail: Ispark@bh kyungpook.ackr) % ) (side-chain)ol =Yt ol AETHIU.
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Scheme 1. Synthesis of poly( @ ~methylstyrene-co-maleic anhydride)
(MSMA).

AFAXE @ -methylstyrene maleic anhydrideE FH#A
Mgt 71 ZEAE FARD dv]o] YEEZIE 1A 24
al

2 g E
B TEANEE ol goe] BB W L 4HY MUY 39
neAe) 27138 SH e 2Asc

2.4 #

21 A ¢ Y A

Poly (a-methylstyrene-co-maleic anhydride) (MSMA) &%
Ao gAol AH4¥ maleic anhydride (Junsei Chemical)¥ chloro-
formoll AZAA st AHEHN 2™ @ -methylstyrene 7LZ 75t
ARSI AAAIQ 2,2 -azobisisobutylonitrile (AIBN)& Wako
AL Al%FFE methanolel AFA st AgstATh Ay JA
& 938 Eh(chromophore) 2 £+ Disperse Redl (DR1)ele}
v $34ez E#9E Aldich Chemical AMS) 2-[4-(4-nitro-
phenylazo)-N-ethylphenylamino)ethanol & A AIgle] AF&3Ig o),

2.2. Poly(a-methylstyrene-co-maleic anhydride) (MSMA)
33 A

100 mL 37 Z&8t2=o] a-methylstyrene 35 g (296 mmol),
maleic anhydride 145 g (14.8 mmol), 2,2'-azobisisobutylonitrile
(AIBN) 0.073 g (&ZAdiH] 1 mol %), dimethylformamide (DMF)
117 g& ¥ 24 715 stolA ZW3tAA 60 ToA 2447
SAA 2L S E THFE 7haf ok 5 wt %9 §4o2 g
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o} FHAE A2 o]E o7 L AF AZ (60 T, 8A17H9
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anhydride) (MSMA)E 2™ w734 & Scheme 191 YehiS
th o] 9% «-methylstyrene? maleic anhydride®] mol B]Z
gel3te] MSMA 3384 A8 28Ut
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AHScheme 2 FX). o] v|AY B3 TERY FAES Y3l
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%! ¥ methyl alcoholol] ARA A7+ o7 AP oAby
}R3E 23 wrEste] HAF ¥ X Lo DMFY Holn olE
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& 80 TollA 4AL AF Azsdch
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Scheme 2. Synthesis of MSMA-D and MSMA-DC non-linear
optic polymers.

N7 &< 2utele gesigit. 4oz W ¥ DMAP 3 g
3-dicyclohexyl carbodiimide (DCC) 3.8 g& Y& ¥ 100 CoA 4
A AT REE 4202 Yz ¥E2 S methyl alcohol
of FHAA o7 F THF BAl 59 methyl alcohold] HA,
A3 g AFAZ (60 T, 847H9 £o2 254 wrEsie] AA P
HE AREL A9} o2 MSMA-DCE Hslgen 1 ey
< Scheme 24 YEhAAT

2.4, 717124

AR 58 A% 2 uMg F3 a2 gAAL ¢
A AN ~#HEHL Midac FT-IR 3% F=A4A2 A 2890
o spectrume 2 cm” resolution® 2 Aglen AlgE KBrg o &
3to] FH)8t¢gth. NMR spectroscopys 300 MHz 'H-NMR(Bruker
AM 300)& AH&stE o CDCLF DMSO-ds2 AH4-85ith. GPC
£ o183 MSMAS] Bajg 2ae £ eluentZ 319 1 mL/min
9| flow rate ZJA Fo}H o7 polystyrene standard® AH&3}
Ak F#A9 €3 A% DSC (Dupont TA 2000)& AHg-3tge.
W, A2 50 mg& 20 T/min $E2 4239 $Aoezs &
A8t 29 DuPont 91 thermmogravimetric analyzerZ Ab&3}a]
10mg Wejel A2E A& 71F 394 30 T/ming) £52 &4
7Y 22 g FEe #2E 25

2.5 9N HxE % FHI| & AL (Electro-optic
Cefficient, rz3)2 &3

48 wdy F3 1832 AEE cyclohexanone Lo 20 wt

% §4o% A O& £y AFoE A% © AT (indium
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Table 1. Characterization Data of MSMA Substrate Polymers

Sample Monomer Copolymer T, Yield My
No.  Feed Ratic® Composiion” (T) (%)  (x10)

MM MM
MSMA 67/33 52.1/419 2139 545 29
MSMA-l 50/50 49.3/%0.7 2260 728 34
MSMA-2 33/67 482/51.8 2300 490 41
MSMA-3 25/75 41.8/52.2 2384 415 45
MSMA-4 20/80 41.7/323 2395 500 52
MSMA-5 9/91 47.1/529 2360 B0 40

2 (My] : a-methylstyrene ; [Me] : maleic anhydride
® Determined by elemental analysis.

tin oxide)7} 4&A 9= &l (ITO glass) ol spin coater ©°l
£35of wtto g ©¥3YC)

AF LuiE AASY] Y5t ujAy B8 2P HReE &
¥Y ITOSEE 100 T LBAA ©AZE AgolA AzsA
ITO $jo Az8 1¥a dete] FAE resolution 0.1 pme
Taylor HobsonAte] Talysurf model 10& A8t} Z38HAch

o)z} wjMd Hi EFHE V] AME nER A& 27
g wage] ulAgA A 798 wgol a7ach wekA ITO
of uetow HAY WY B& 1A Fo & ARE JME
2237 (poling)7t BRI} o8y BHoz vy F3t 2
wtok ojo] sputtering WHLZ LFuEAD W FAz
contact poling& $18 HZo g A48 + YEE s

AY A7) B8 A5 ZAE Tengll5) Sl os 2xd @
49X} (simple reflection technique)& ©l§3t3th Fdeze
He-Ne (34%:6328 m)dlolAE Agaiqa, B3xe 74 o
AgE o 500 HzollM ## @zAgt 27 Ve 27822 ZFH3
. A8 A7) 28 AF (e 23 22 2 (D 93 AH
ek

3
- 31, (%= sin?g) * 1
BT Yz vV, I.n? (n’—2sin%f) sin’g
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Z4& AL Rol AAHA oM FFRAY £&2 50509 &7
A FF A Ad2 Jegoh MSMAZEEAS 24 242 C,
He 94 B4 27278 o 4 0§ AH§se AdtEgH
Wy _ _10x+2(1—x) A
We — 108x+48(1—» @

TAsE, A9 A A5 F, 198

22 - $A49 - 439 - 2718 - 2

®)
L

........—L___ JUL—P__J ®)
i 1 ©

—T T T T T T T T

T T T B
14 13 12 #1 10 9 8 7 8 5 4 3 2 1 4]
PPM

Figure 1. 'H-NMR spectra of (a) MSMA (b) MSMA-D and (c)
MSMA-DC.

o} 7] A, Wy = MSMAW hydrogen ¢ total weight
Wc = MSMAW carbon 9 total weight
x = MSMAU « -methylstyrene®] mole fraction
(1-x) = MSMAWY maleic anhydride®l mole fraction

MSMA %2 A& £9¢] DSCEA 27 T, maleic anhydride
o] #Fo] ¥ MSMA-404 71F EA Yeldth & MSMA
A& £ ZdA DRl 2H9g =gskevlE o -methylstyrenest
maleic anhydrideE 67/33¢) FFul=2 st 4= MSMAE AH¢
891 o] A2 photobleachingdl o8 AAY FHEL YA
7] W&ol

S GAE azo7lE 7IAE 24T DR19) hydroxyl71 € MSMA
9] maleic anhydride WH¥o$le]l nEA wHe-g Tt =457
95to] DMAPS Zvj2 Al43tglon] DRI @4gho] ester 2%
z 249 £99 wAg #3 18R (MSMA-D)E U 19
1 DMAP @ DCCE o] 43t DRI #Ag& MSMAY &4 =
olak My B8 & (MSMA-DOAEE dtos Z FHA
2 FAE A g 24 Fde g 2o

Figure 19} MSMA, MSMA-D, MSMA-DC¢] 'H-NMR #42
B2 Jyehen o8 AgE 2% DMSO-&E S92 st &
o)At WA Figure 1(a)ol MSMAS] 'H-NMR 2¥E#& Yeh}
9tk 72 ppm 329 o] MSMAY « -methylstyrene ¥
oelo] T3e BegEFo) Fa0l8 12 ppmole o -methylstyrene
o WEr|9g 44 "olasl yehdth 25 ppm ¥29 FHolAe
DMSO-ds &lioll 23 Aeli 34 ppm B2 FHolaE £ulFol
ZA3e Lo & FolZolt, Figure 1(b)olE MSMA-DY
'H-NMR 2#9E3& Jehdch o -Methylstyrene®] &9
2227} 7.2 ppmol A UEb 2 o] maleic anhydride?] 7AgyHEo] o
8] A7 carboxylic acidd] 4 Fol=27} 123 ppm FZolA U
yol, £3 7.8 ppmd 82 ppmol A UEEZ #HY7]E A DR19
uWEEg 44 3ol27t Jehdth Figure 1(c)l= MSMA-DCY
'H-NMR ~®E3¢ Yt o -methylstyrened] W3E3H
o] 447 72 ppmol A veht e Figure 1(b)9he 2% maleic
anhydride®) M&tgol o8] B3 carboxylic acidel 4 ol
7} A}ehA o] carboxylic acid7t DCCell 28] DR13} uh-3-3Hed
ester2 A8 Aol 7A@ Ao AZHYUT

Figure 25 MSMAA 1E¥# £9 FT-IR £4Z2#8 Yehiyd
t}. Figure 2()914 MSMAS$] anhydride 3¢ C=09] &35l
7198 Helazt 1860 cm’St 1780 cm ' E2AA UEhgch
Figure 2(b) o141 MSMA-D®] ester 2%9 C=09] 41575 7]
Qak= Blo] 37} 1735 em” B-2olA MEA dehia Qe AoR
Ho} DRl @Aghe] £¢o] HAES & & AUtk 22y 1860
cm’' 1780 cm ! #2o]4 YEhE anhydride 39 C=09] o]
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Figure 2. IR-spectra of (a) MSMA (b) MSMA-D and (c¢)
MSMA-DC.

A7 As Velta g Ao Rol DRI Wige] b3 &
PR AFSS ¢ 4 AQAt 22T 1650 cm” 1A MSMA-D
9] carboxylic acid®] Azt 47 9% C=0 peak’t BUH
At} Figure 2(¢) 91ME 1735 cm” 2914 MSMA-DCS) ester
Aol C=09 A1%3F 7108t Fol=e 2717} anhydride %
9 C=0¢] o2 (1780 cm Vel Hl3) ZA vebytch T2 1650
em” oA Yelle MSMA-D9 carboxylic acid®] C=0 Ho]=7}
A9 AEA ZAeg Hol DCCol 93 MSMA-DQ carboxylic
acid$} DR19] OH7} Ajut&-3le] ester2 A8E A& ¢ F YU

3.2. olMY ZE TEXO T DR1 LAich moizko| HH

TR g o] &% vdY B TEAY 7 L S8 o
oM 71z TEA =€ 2AGY] AR ufe Fas 24
@ =43 ZAde 2 1A el fley orldAe FAs}
dstn ARAET 5 UV 84 $48E AHgatdd o€ Hat
of w4 w49 DRI &9 woz ARHNE FYsglch MSMA
of =9id DRl 24cte] ¢ 24 3EA §99 UV 2= &
BAE ARAR dulsted 7R 2mi6], 2 ZHE Table 291 1
BRI,

Table 2914 & + 3A%°] MSMAE 7|4 &A=z & v|4¥
e aEAe A glolME DMAPTE Zul2 & MSMA-D
ol vl3s] DCCE Tl & MSMA-DCY 747t 24dd =48
o] 7.

3.3, HIME T ZYES BN 43
A B3 TRAE AFee) 2IRY (poling) Fol BT

Table 2. Characterization Data of MSMA Substrate Polymers
and the Non-linear Optic Polymers

Sample  Content of Chromophore® Te T
No. (mole %) (T (cy
MSMA - 214 328
MSMA-D* 58 140 349
MSMA-DC* 304 175 280
# Determined by UV spectroscopy.
® Tnitial decomposition temperature
“ Based on initial maleic anhydride unit.
T \/\@ \
“4—
(2]
ut
(b)
: /(0)\4“
\d
T 1 L L T T | ] T T o
25 50 75 100 125 150 175 200 225 250 275 300

Temperature{°C)

Figure 3. DSC thermograms of (a) MSMA (b) MSMA-DC and
(c) MSMA-D.

Hldol FAZE FAHo ok 10 wetr 3 AdAAe] FaH Wy
7} 9ok ol A A Al 84 AA (differential
scanning calorimetry) 2 ¥ %% 4% (thermo gravimetric
analyzer)& %3 F3SAh

A2 poly (a-methylstyrene-co-maleic anhydride) (MSMA) 7]
A a8zl FAd oA a-methylstyrene®} maleic anhydride
o FENE gested gold MSMA mEA Al £9 maleic
anhydride F84ld] ©& Toot 2439 W3S Table 19 veh)
Ach

a -Methylstyrene®} maleic anhydride® feed ratio7} 1:49 o
MSMA A% 714 &2 T8 2A%S Yehigled oA
maleic anhydride 5917} 712 wel TEAF Al&2] stiffness
7} S7vehe Aol shte flelz W due maleic anhydride
FEu7t 3745l wet AAEE MSMA 33849 Exige)
7ts)7] ez 4z

MSMA 714 zEA 9 o7]e] DRl 2GS =89 g2
MSMA-D € MSMA-DC v|4% %8 u¥zte] DSC ¥4 2A7E
Figure 3ol Yelglch. Figure 3914 & 4 9l%o] MSMAS T,7t
220 C F2olg oy MSMA-DC= 175 CTE oz os MSMA-D
9 Ty 140 CTL2 ¢ velzth o] DRIo| =Ygl wel 2
A9 AREH} Foreted F4 2 F49 E5E7 FU8I7
HgFoln o] FoA MSMA-D7} MSMA-DC B4 T7 o @
A& MSMA-DCY 7% DRI1°| maleic anhydride ®tE 943 &
N =95 7271 Arled 718t §4% & gk

Figure 4°l& DR1 2449 MSMA 7| n&z 2 MSMA9)
DRle] E=J¥ MSMA-DC H|Ay 33 289 g 5% B4
(TGA) 235 Yehlild, MSMAE 27]#8] €% (Ti)7F 328 C

2oz v dUP4e] £& nEA Y &%tk DRl ¢ o
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Figure 4. TGA thermograms of (a) MSMA-DC (b) DRI and (c)
MSMA.
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2 AR 55 AT ALdAM AF #7FE AAT Y
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3 AFE ZAAL AVME ZFAZL 27 VY sinedE
500 Hz9 342 4718194t} Figure 6014 B5%o] poling® H]
Ag B3 a8 Av|BeAeE A3 AF A7 F o ¢
uzsA Ws 94 ¢ Aoy ol vy 33 A5 s
A AF A7F AR 4L 5% A2 Rz AZHAG o)A
e = AA biased voltage7} U7HE el ALEHE FAHX/
7] SolA 17 sojof & @Foz Hris Ak
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Vp : Poling Voltage
Ve : modulating Voltage
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Figure 5. Change of rx in MSMA-DC with poling electric field.
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Figure 6. Change of rx in MSMA-DC with biased electric field.

Figure 790 v|4¥ 33 1#z11 MSMA-DCE A48t
poling A7149 A71E€ 100 MV/mE 381 10 C/3 min®] %
L £52 2TE FUMAIIEA AVBEASY HEE XS 2
A2 JehlAD) Figure 7914 € F %ol vAE F3 187
uteko] 257} 718l webd] A7|FeArrt vdAH e F7hst
o7t feldelE R 1 F7t 712717t 243 AR o
AL f2 dol A n§A A& A{3|Hel AFHDR 9
B A7 R o3 kel wjdo] foldA Hied Q% Ao
AZEYch 28R 8] Mol LERT 40 T BL LEdAE
A7) FEAF7 A FZFase @4 e fEldel2=
Boh ¢k 40 T o349 &EAE a¥A Ba Alee &%) 9
HA7IZ o g S FIsHA HERE BT wge] ZE
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Figure 7. Change of rx in MSMA-DC with poling temperature
under constant poling field (100 MV/m).
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Figure 8. Relaxtion of rx in poled MSMA-DC with temperature.
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