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2 4 ¢Eer|E dAgE wddo]l AjE  m-isopropenyl-a,a-dimethylbenzyl isocyanate
(m-TMI) ¢} butanone oximeo] %-2|50] = m-TMI § 712 @2 & ¥ 3sle= FE2EHE A
Zalgch g g = o xu|ME 33t EAlS el s 4 -[(6-hydroxyhexyl)methylamino]-
4 nitroazobenzeneg ATAA ALSIET. 3oz 24]0] dlglE F AT E olhrlohlolE
o elgtel] ERgte olxfotdizte] A e EAR ZtndEY S fEF ol§ Fod 23
J*B—_B‘Oi Al Hgrh 3 o]lE 22 EMdE 7R virtuA WHEHuElaEyelE 35F
HE {3 BaHe]l F S Exe] g E 73t 1005004 9] 3tAse Adungiol.

ABSTRACT: We synthesized new copolymer which contains the monomer resulting from the
reaction of m-isopropenyl-e,a-dimethylbenzyl isocyanate (#-TMI) with chromophore and -
TMI blocked with butanone oxime. We anchored 4’ -[(6-hydroxyhexyl)methylamino]-4-
nitroazobenzene as a second-order nonlinear optical active chromophore. After regeneration of
isocyanate following thermal dissociation of butanone oxime, we investigated the inter-or
intra-molecular crosslinking reaction between the secondary amine in carbamate and regene-
rated isocyanate. This crosslink reaction was traced via in-sifu FT-IR spectroscopy merhod.
Also, we synthesized the non-crosslinkable copolymer which bears methylmethacrylate and
monomer with same chromophore used above. After poling the sample, we calculated the
order parameters and investigated its relaxation behavior at 100 C.

Keywords: blocked isocyanate, hydrogen bond, crosslink, electro-optic, order parameter.
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Butanone Oxime 2.2 B ¥ m-TMIA| ZZ=gA &4 2 4 7lnda

dehte el BAl, 223 53 2342y 0¥
AlAel vl dY S99 A Fol BANH, ol
5 8Y B 549 949 IR, AS4e B
A717) 98l e w2l AFHIL YTk £ @7y
ANE 245 oMY Z4 TER) DAY A7

g FY3E F F436A JtuA FYgle] A F e
2 B2z, B2l i o] A e 4y ¢
o] vetve iAo dE 2Ag & A
71k 2oy HAHA HololA tl7] FolA Bet
2& olxrloplo|EZIE RF8l7] ¢J8] phenol,
oxime, caprolactam] 3}§E8 Alg3e Bx @
Mg & AFolA o) gstarz} stgh 2 Moz
Ao AEEZ BXH o|arololEr|= AFH
2 carbamated A3} o5 Ho| o8 54 2
T G A slEEAl thA] ol hAjohdlo] EZ| 7} &)
AdEe A4E ARG BE F2d o8 AziHE
FEAH 3 4R (moisture curable resin)¢l 799
EA 8z o] Ao o] EF| 7L Bl o3 AuiEe §
gt 2 EANE AA A3 oltlez wiHA
& T olaAjohdlo]E9) ¥hE-Ela] o}
H& A st ﬁi}ﬂl“ 4% Ad nEAER
A Ee ZR7IEY § FRoBA AdEo]
AAo|th!® ol wlat B °"‘?°ﬂ*‘]“ o]z} H]A
B 5L 7HE 7lsA 9EAE o]aA oh
7NE Me e-EEHAE o] Rl =4
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15—1}—‘;—% 34 8la, butanone oximeo 2 2
= -TMI g 71 deol] ofs sfzl=|A A A
44 01**] offlo| B} thE TEfAo] EA3le= car-
bamate®] o|xjo}dlztel whg-of ]3| slwAge] B
A W4E o £33 o =AslnR
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FRAE Tz F E5HE T 4 24 #34
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4 ¥

Al ©f. m-isopropenyl- @, a-dimethylbenzyliso-
cyanate, 6-chloro-1-hexanol, butanone oxime, p-
nitrobenzenediazonium tetrafluoroborate, dibutyl-
tin dilaurate (DBTDL) %& 1§ Aoz Al
drichAbllA]l - #_lsted AAlgle] Algsidz, M
methylaniline2 1§ A]2o 2 AcrosAlollA] Tel&}
o Wd IF FH3A ARsIET 35 23
£l 2 AlL-¥ dimethylformamide (DMF)2} Junsei
Chem. Co.2%E T3 methylmethacrylate
(MMA), styrene& Z¢2 Ao A2 27 A}
A 2o FF MAAZ AMLE azobisiscbu-
tyronitrile (AIBN, Junsei Chem. Co)& Z%aA
ol acetoneol| A A st AMR-sIA ).

C2fa]| 2| g,

N-(6-Hydroxyhexy!)- N-methylaniline2| #}A:
500 mL 2+ Fetxzd] 8F YZ471E dx sl =
2 7t2E A AF ZFE Mmethylaniline 15.0 g
(0.140 mol), 6-chlorohexanol 19.5 g (0.142 mol),
potassium carbonate 19.6 g (0.142 mol), potassium
lodide 400 mg& 100mL2] #x-butanold] ®ejA] 4
At WA § Eetead Aeow WA 7
Gatell A FESIL SujAlA F o] YHES B =
(164 'C/0.11 mmHg) 3t} 235g(81%)e] N-
(6-hydroxyhexyl)- N-methylaniline& <%t} b.p
164 C (0.11 mmHg).

'"H-NMR (CDCly) ; & (ppm) 1.44 (m, 4H), 1.62
(m, 5H), 2.98(s, 3H), 3.36 (1, 2H), 3.67 (t,
2H), 6.74 (m, 3H), 7.29 (t, 2H).

4" -[ (6-Hydroxyhexyl )methylarmino ]-4-nitroazo-
benzene2] 8tM : 250 mL 37+ Z&}x3d 50% o}
M EA 100 mLe] 11.4 g N-(6-hydroxyhexyl)- N-
methylanilineg 591 ¥ 50% oMJEA 20 mLs}
p-nitrobenzenediazonium  tetrafluoroborate 10 g&

—~

3}ttt p-nitrobenzenediazonium tetrafluorobo-
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AFF - HFE -

rate7} A atge] wetd £4e ofFE Be Yoz
HETE 5417 B AdolA aRkele] Hhgo] o+
HH 25% FRUol+E Hrisle] 894 F3sld
o AAE S et THFY 34 Na,SO,
2 HxAH ERdoz AAAYS] 10.0g(60%)
9] 4’ -[(6-hydroxyhexyl)methylamino }-4-nitroazo-
benzeneg A&t TH m.p 143-145 .V

'H-NMR (CDCly) & (ppm) 1.40 (m, 4H), 1.60
(m, 4H), 3.08 (s, 3H), 3.44(t, 2H), 3.63 (4,
2H), 6.72(d, 2H), 7.9 (two overlapped d, 4H),
8.30 (d, 2H).

E5E.

1-14-({ N-hexylmethyl )amino-4" -nitroazoben-
zene]- N-[ 1-(3-isopropenyl! }-1,1-dimethyl Jcar-
bamate2| Bt (Monomer 1) : AxE 100 mL 3%
Zgt~3d 4 -[ (6-hydroxyhexyl)methylamino]-
4-nitroazobenzene 3.00 g#} DMF 40 mL& Yol&+
o} Zojsge] DBTDLE Y3 m-TMI, 1.73¢g
(8.58 mmol)& DMF 20mLd] 5o H3sac).
70 CE 2417 FQF myketal Ed| 2P S AEA
Zth o] A4 E8L THFY %o zate] #ile] s}
Bt ARG APAI7IL dergs AAAsl 29g
(61%)9] #5882 1-{4-( N-hexylmethyl)amino-
4’ -nitroazobenzene ]- N-[ 1-(3-isopropenyl)-1,1-
dimethyl Jcarbamate 2 A&t m.p 76-80 TC.

'H-NMR (DMSO-d¢) & (ppm) 1.40 (m, 4H),
1.58 (s, 6H), 1.60 (m, 4H), 2.04 (s, 3H), 3.08 (s,
3H), 3.42 (1, 2H), 3.83 (t, 2H), 5.02 (s, 1H), 5.32
(s, 1H), 6.80 (d, 2H), 7.22 (¢, 3H), 7.40 (s, 1H),
7.90 (two overlapped d, 4H), 8.30 (d, 2H).

Styrene®} m-TMI2] 2B (ZZ & 1) : 5.00g
(0.0496 mol)2} styrene® 10.0 g (0.0496 mol) ¢}
m-TMIE A3 287 ¥3 579 DMF 45 mL
o} AIBN 0.628 g& 3713t} o] §H4& We-2F-
s PHE AR BEe] YAE AAse Y
T F 70 TE 48418t ¥HAI71aL WZAZ) & A
£ol4  butanone oxime 4.321 g (0.0599 mol)
DBTDL 0.03mLE #7138 ¥ 24217 A7l %
ko] kol o} Ro] FZIA 9] FAE A
th o] AEEE THFA =0 & #A3F] ofghgol
AEHsd BeES AASL 30 C IFLBA
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T2NZHEE AEAZS FF 56%.

1-[4-( N-hexylmethyl Jamino-4" -nitroazoben-
zene ]- N-[ 1-(3-isopropenyl )-1,1-dimethyl jcarba-
mate?t MMAZS| ZZBHIZBA| II) . 1-[4-( M-
hexylmethyl) amino-4" -nitroazobenzene]- N-[1-
(3-isopropenyl)-1,1-dimethyl jcarbamate  2.00 g
(0.0039 mol) # MMA 0.39 g(0.0039 mol) & A
% 8714 ¥ ZFE DMF 94mL2} AIBN
0.12g& H7IAG. o] £9¢ WE-A3-dF LY
& Algste] wgEe] JAE AAsn WEI &
70 TZ 48A|17HgRE Whg-A1 7| wf2to] ofghgof
of Fof FEEA FAE AT o] HAE
THE =<1 & #ete] oo AYdsle] 2
€ AABI 60 C FF 2Bl T2ATHFE} AEA
Atk $& 50%.

1-[4-( N-hexylmethyl Jamino-4" -nitroazoben-
zene]- N-[ 1-(3-isopropenyl )- 1,1-dimethyl Jcarba-
mate?l m-TMI2] Z=BHESE8A Il) : 1-[4-
( N-hexylmethyl) amino-4" -nitroazobenzene ]- N-
[1-(3-isopropenyl)-1,1-dimethyl Jcarbamate 2.00 g
(0.0039 mol)# m-TMI 2.34 g(0.0116 mol)& =
T FH 8704 48 ¥ ¥ FFE DVMF 176 mL
¢} AIBN 0.12g& 718 & d%5-A3-s% U4
g AMgSt] WEEEe] ZIAE AAS D 2EF ¥
70 T2 48A17bF<t ¥h3A17| 31 A7l § 42|
4] butanone oxime 5.05 g(0.059 mol)# DBTDL

=

Eofl Lo} Fol FFHA] FHES AUt o] A
d&& THF =1 3 3=k ofjehgel] A A3
& AAsE 30 T AF LA 724N T
At & 15%.

=M. $9E A ER F e T2 gl
o= Bruker FT-IR spectrophotometer (Model
IFS60 V), Varian 200 MHz NMR spectrometer
£ o]l &3 A d3 AFL Perkin Elmer
DSCIVE ol gai¢ith. B 5o 58 & Hitachi
melting point apparatusE o] &3l WA}
5] JLRYL BRHEAE LTANT} BaE o]
A B foll n¥z dEo] =¥H = KBr
window® Pzl +£, WAARAMe) Heju
pRadERe BRI, ol FLETE o 20
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Butanone Oxime .2 2x4d m-TMIA 2

CT/¥, A&z 10 C/Roz uXsa HEe
&} atg ot

TR BT AE. Aze] B FEFEA (I,
I, M)EL tetrahydrofuran (THF)#} cyclohexa-
none = DMF| $£& S35& Byt J4€ &
23] (11, M)EE THF/cyclohexanone (5 wt%)
EHENE A3l 59 F #Elr|Be ol&3ly
1000-1500 rpme] £E2 29 :Esle] kg A
Z3IATh o]E " AlREE 180 Tl dxzlst
I o]&& THF &uf g9 3 Wgoz Ax|skod
gai=lo] vers vraA rlud FEE 7Hssid
wahse Fy|do g 7Auo] UV-VIS spectrometer
g o|&3td i F5E B} g BEsY
ot 2ERte| HFroge 480 nmolA FEE o
o] Mo FrAwe ZAm oF Hristdh
2 gax Alge UV-VIS spectrophotometers
Hewlett Packard model 84538 A}23lgth.
23| £ 22X g &5 3 245 ME8
T2 11s vi7imA 2822 A ol fFajxo)e
= 105 CE Jepia, =% FFEA I 7hart o
AEE 1EAEA fEldelene g AEY 2F

2 110 CE Jehlrh ol IEAEL Had
sfololE A BEFEH lem o A7 22y
ESHEE e ol A Ie fdo)e
ZollA 5kV F RS A3 of 108FU¢ FH Y
o HGE A AUz IAAA ES3HEE 2

A
ot FEEA e Tralﬂo]iiow of 1087 ¥
X3l £23ked 180 ColA oF 30_7& BAFE g

v}
=13

2L o g BEIAHz sl z%aw 22
AFE < 20 A A2 AT %l_t} A 2]g gt

& UVVIS BaNe A2E SNl & As
stage7} A2E UV-VIS spectrophotometer& o] &
o] F5 2HEYRSE ‘Q*}Z’{E] g 7153 H

ol YAE] FAT UZHBE BAL AHgle]
FrEg 33890 A=Y FRASE B4 2

x| oEsle Weted ole A8 FAlet Fres
nel FIAIFd o8 FHLdr) arz EFHe
optical density(OD)< F54l4942] A E Yeh)
3 ol FFAF(a(¥P))Y incident ZH=9] cosine
AF7e] BAZ2E order parameter, A7t AL
Hoh

2l A22¥ A1z 1998 14

FTEA /4 £ AH taEy

Itransmiued = Iincxdem TFresnel exp[-ar(llf) dsample]

A71M a4z, ¥e dAg S F ojde] 2HE

% o, Snell’'s lawdl] oJ&] Fated Aot Tregn
Adee 371-2E, BE-714, 714-F7170 A
oj=l = Fresnel 534501, dympes A8 F
Alojtt.

fo o

OD(@)“ OgTFresnel(@)_'_a( ¢) dsamp]e‘Og €

71 ZsE YAAEE ofudin. of Aoz
B fele 55 gatdziel BAE v 2
o HET & ek

() = (OD+1og (T rresnel) OS¢ vs cos’
a(¢)=C(1+ S cos?¥)

g7 C- Se 71717t g3 Cx= FH gre
Uehdch o] BA2YEH S2e tgo wgsg
Adste Ae ALSE & it
_ =S5
A=5573

Aq714 A7F Bl2 B2} v 3% (order parameter)
7b "ok AMAl ARREE gddMe] FHEL
Metricon prism coupler X & o]&3}] 632,
830, 1300, 1500 nmolxe] ZFHEE TM (trans-
verse magnetic) moded]A ZA3}] Sellmeir
equation® |43t Tkt olg nEate] Fo&
d 9% FHEZRE opHE Wgdwe] xHE
% 10% H=E 4% + 9l

ot 3 OF

ik 3 DEX gy, B Al A slwd
&g ATl A E—cZ}c m-TMIE ol&3:=
FEe ARG Ax AgAR p-TMIE 1:1 ¥)&

2 FYste 2B AL AIBN S °l%3}°4 &
FEE A=A EEEA D). e Z ol A
T}2ke] butanone oximed 543} Ol*’\] opdje| E
718 2A3t9th (Scheme 1 %), 92 g 4
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/
| CH
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Scheme 1. Synthetic procedure for copolymer L.

A m-TMIZ oximed ¥hgAl7|1 UA] x©g]d=}
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w3 23 ot2d e MDY TDIg} 28 o3
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717F w9~ YBT3 p-TMIY| oximeg wH$-
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24g AAB] A3 AT FHFANE 22 olale
o mart 53 m-TMIE o|x, 4zt U= g}
Fe-Ado] w9 vimitin Haiwlo] 9158 4 TMI
W$e HAY L2 wolgte} olxA T Hats
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FHE WM 22 oxime® A W& W3t A
o

£ B71%9 84 9B ol prohiolE wge
Aak7] SaAelTh ot m-TMIZ} vl2e] oxime
7 ohgstel s 1 g4Re) 4eold ooz
Ui, BAE ople 3EEAE siek e Wu%
2 22g o4 YD afal BT &
slgie.

05«

A9 nEA FY PHE vigez B 1R
(FFPA IDE FYAG ol ulag Bet By

o, 4" -[(6-hydroxyhexyl)methylamino ]-4-nitro-
azobenzene® m-TMIQ] o]iArjoldo]Er|o] =AM
Fo) & o] &3l AFAIZTh o] FA SHF 92
712 Se) & a3l o) ghapdgiel m-TMIS}e
TEHAE B8 A FPERUAM Take
butanone oxime& AL A wre-Al#t} (Scheme 2
Fx). % 30% 3z FEE Hol: °] g3l A
AqH 2o F2 AAES st} 39 '5‘3'* Ea
HEGGNA m-TMIALEA A B 5 s o4
le]Ey]e] 2259 cm™! W=7} YA AletA
9] oxime blocked® &7} 4AFHA
A& 5 At ojw Watio] AF o] ¢}
Aol 2Au)7t w9 ol g Hol A gy
F A FHe JE2771 3 AdAZ AMH
o ke 4 onﬂq

EE Ao 5 AA FFHAS 54E vlash) 9
sted oA 13 MMA9} F5@sle] u7bay o
e gt £ A ARsH w?xﬂ 2 A
Mz & F A (FFHEA 1, 10, m). 353
HE frejdol2=E wad 25 102, 105, 110 C
2 DSC ZAz} gelsict.

2Zbisll| ME XMelM £2 AER | HEl. o}

i rlr Ulo N‘O
go of (L me mr 2

)
s

&& ol 7HY 1RAEE THFE4 0 5o KBr
ol webg YAAIA Lw7b Esksle wlE He4
23} 2dEPe] WaE BRAATE TEY 19
st e 7E g ARl Sd $AATn e
€ ¥ F 4L ) 712 29EUSS Fig Lo)4
2 5 2tk of @ AeolA o 90 TR fA =Y
A aflEgyelA del Wsts oy Pt Ala
o] 227} <k 110 CE 534 9F 2259 cm™ ' A
o FHH=rt eyl Al EEigch B9
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Butanone Oxime 2.2 EX ¥ m-TMIA ZE23A &4 2 24 7123

3

CH,—C
HO—(CH,)g—— N
¥
O,
Ny=c=—0 THF  65°C  DBTDL
CH;
CH,=C

/c
HyC Il‘l——(ll—o—(CH,)g—NO—

O

Monomer |
CH, DMF 70°C ’ AlBN 3 H,
CHy===C CHz—‘;
| N—OH :
¢==0 I =
b N |
| CHy G N CHy
CH, e
CH; 'NCO
i N WD
—(CH,—C ‘)m—'---——('CHz——-(‘: Y —(CH,—C Y CH,—C Y5~
C=0 P
[ z
CH, (l) CH; '\ 1 CH
¢ CHy ol c CH
A A A §
CHY  "NHCOOR CHY 'NHcoor CHY 'NHCOO -—N=C\
C.H,
COPOLYMER Il COPOLYMER Il

Scheme 2. Synthetic procedure for copolymer II and copolymer Hi.
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Absorbance
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Wavenumber(cm')
Figure 1. Infrared spectra of copolymer [ with the

temperature. (a) 25 °C, (b) 135 °C, (c) 170°C, (d) 180
C. (e) annealed at 180 °C for 30 min. isothermally.
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Figure 2. Infrared spectra of copolymer II with the

temperature. (a) 25 C, (b) 80 'C, (c) 150 'C, (d) 180 C,
(e) 25 C {cooled).
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