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2 ¢} 4-Cyano-4-alkylbiphenyl® w22 & Fsfo] T3}z otz e DFH (MO & &
A1 o} & o] g8l TE FEA(MCH) 2 vietzd4l vEae] F3EAMCOE g F
oz 4 sixck. MCC 3389 =24 2 BA%E 212 'H-NMR % GPCE &332
™, Ex#Ee 20,500~339,000 g/mol (M,)e] el 28] FFTA 242 MC/MMA o
A FFHG A 42 ok WP Fo|7 L DSCE ¥E] MCH 9% 33dE Adg AF4
2 JehiRd oy MMA HHE ©9]7} 31.6 mol%dl ©]& MCC F5A (MCC-2)olAe A4
o] 2HEIQIch ¥H {ARF Tx9| 4-cyano-4’-pentylbiphenyl (K15) #A£3 HHE AH
MCC-2 589} Bal= (MCC-2/K15=66.7/33.3 wt%)E W5 A$ dgG 4] oAl vehadS
21 3kdnt. A ZAH)E 90/10004 10/9002 WEAA Hlzg MCH/K1S 3= Alg9] o
FA-5UA Ao REE v R fAE R4 Yebkten DSCe W3 dn7 34
7t & 9 sgick. 22|z MCH/K15=20/80 (wi%) BH= A|g9 ¢ 2% Wil mg
MCH a3 4te] 482l A§ % domain size®] W3S WP Ar|7 BLE 49T ¢ A

Abstract : 4-[ w-(2-Methylpropenoyloxy L Yhexyloxy ]-4"-cyanobiphenyl mesogen-containing
monomer (MC) was synthesized. MC homopolymer (MCH) and MC copolymers with methyl
methacrylate (MCC) were prepared by free radical polymerization. Weight average molecu-
lar weight of polymer samples obtained by GPC was in the range of 20,500~339,000 g/mol
(M,) and MC copolymer compositions obtained by 'H-NMR analysis were almost same as
comonomer feed compositions. It was found from DSC and polarized optical microscope
(POM) that the homopolymer had smectic-isotropic transition(7s;) at 110.0C, but the copol-
ymer with more than 31.6 mol% of MMA unit (MCC-2) lost liquid crystallinity. MCC-2,
however, recovered liquid crystalline phase by blending with low molecular weight liquid crys-
tal, 4-cyano-4’-phentylbiphenyl (K15), at MCC-2/K15=66.7/33.3 (wt% ). MCH/K15 blends
showed average values of mesomorphic/isotropic transition temperatures (7;,,) corresponda-
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ing to their compositions while weight ratio varied from MCH/K15=90/10 to 10/90 (wt
% ). The phase separation and resulting domain size of MCH/K15=28/80 (wt%) blend sam-
ple with temperature were also observed polarized optical microscope with hot stage.

Keywords : side-chain liquid crystal polymer (SCLCP), phase behavior, mesogenic monomer.
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TEAE E-R AR A}gsle] A8z} AY EF
S B AP-1ER EF/A Z2 polymer
dispersed liquid crystal (PDLC)el] 33t & 37}
Es] s Yo7 A R2A; dFo] sub-mi-
cron sizeZ #AEl 1Ex} JEL HAV|HoTE X
A 74538 3 W (light valve) 9 7158 713
r}.89 o]o] 2808 49| smart window A&
o] Sl o™ A2t AYTE o] &3k A §
Al7loks g@e] #3EE Q5K @3 AUiHoR

18 w&el A (projection)
TV &2 dgd gAY 22 dFH 3 ok
olZ g Aol oA AHAZY =7, FEE, 1
Exret AR dAo] AR dFhE, AlHelA
o] 4% &AL Fo|] 3% detvlER dAHT Q)
ChI0IL B oAFo s fHE oA 27 2 Al
olx=7]& 7}% 4-cyano-4’-alkylbiphenyl#] #+&
AL MGG AHESL FEAEE Eol7] Yt &
T2 Hads Mo 71 F4 AA nEAE
TS ohg, AY-nREA B EF 45 9

2] Agol st AR
2 3

A] ¢k, Mesogenic kA Aol ALLE 4-
cyano-4’-hydroxybiphenyl, 6-bromo-1-hexanol,
methacryloyl chloride, triethylamine (TEA)E&-&
Aldrich ChemicalA}e] A|2+3& J0lE AL L3S
t}. etz A 9E (MMA), tetrahydrofuran
(THF) & 238 CaH: 2 8% ohs Ag A
A TR AMESIET e, o, HA,
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dimethylformamide (DMF)5 9] &u= A|¢3ES
IR ALGEET. A RA AP SR = Tiw=247T,
Tw=35.37C,
BDHALE]
AR

717184, oA @49 g2 2 FFEA =
4& ZAs) 98t 'H-NMREAE d1glod
71712+ 300 MHz Bruker AM300Z Al&3%
o AlEe A4 AHEY L KBr Bl S AHE
sl o, Midac FT-IR E33FEAE ARE3I
2cm’' resolutiono 2 7egth. Alg9 C, H, N
k-8 Carlo Elba model 1106 YA RAFNE AL S
e AgEAML  FinniganAl]  model
MAT95QE A}83}e], electron energy 70eV,
0.8 mA, direct probe (DIP) &%= 50-250TC,
50-700 amu WY E scandle) =3

A ¥ a2elead9(GPC). §4E F3A
o] Bxleke Waters styragel HR 5E column&
ALE35le], Waters 410 differential refractome-
ter® Waters 510 HPLC pump7} B2tE GPC
2 2Aag. 2845 1.0 mL/minolA THFE
Soj 2 A8stn, FE|AEY BFEAEE AMESHY
FHAS &+ Y 4 FF Ha 2AFE TG

Differential Scanninig Calorimetry
(DSC). ¥A4E A T, 4 Ho] 22 ¢
Holgd-& £43}7] $18te] Perkin Elmer DSC-7
€ AHESIET AlE 9F 10 mgel tiste] 10 ¢/
min 7k 9 YAEEZ -20~140C HEHAE
scandtom T, R A4 Mo =& 23 7IE
240l 4] TS

Polarizing Optical Microscopy (POM). &
Zo] w2 AA-TEA EA A8 textured

A Heyv=4.1(kcal/mol)E2 B33
4-cyano-4 -pentylbiphenyl(K15) &
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24 oY FEYASG AR AY BA= 4AFH D7) B9 42 Partl 4, ¥4 42 % AAT

e #AFI] gt 2=k 201CHHA 24
7}53%F Mettler FP82HT hot stager} #2H=
ZeissA} HF &u|Hs AHE-3kAct

aFM 2 gAML 4. Aotr] E MR
mesogenic THEAQ] FHA12 B o]E o] L3 2E
A &4 schemes Fig. 1ol YUeRAATH WA
4-cyano-4’-hydroxybiphenyl 5.00 g & ol&t&
90 mLol 7k £alA]7)11 7)ol KoCOz 5.00 g
2 78k 208 ¢ m¥l & 6-bromo-1-
hexanol 5.00 g & DMF 16.75 mLo]| £slA]7]
MG 7R &, 2447 T wytstH A SRS}
ol A RHEAIZTH A" F4HE KBr& hot fil-
tratione]] &3t} MAAZ ¥, ARAE FHRT
Fol, BEEE AEAFAT. HEE JFHEES o
I, Az B, wiHog AFHsI FUA 4-
(hydroxyhexyloxy)-4'~cyanobiphenyl& %%lo
o yield=66%, 7,,=94~95C, M*(m/e)=
295.20191t}. I A O] AARA BHe AtE
o) 2x]7} C(77.26%), H(7.17%), N(4.74% )1}
1 BAx= C(77.30%), H(7.20%), N(4.76%)
oS24 F 4XAY

T} Ajoly7]€ 712 mesogenic TEFAe] §HA
€ 200mL ¥hs E2t2aE H4E A8t F
W 4-(hydroxyhexyloxy)-4"-cyanobiphenyl
7.00gS& THF 90mLel] H2oA &aiAZ F
TEA 3.83 g & 7l5le 208 A= wuykstal, ice-
water batholl 5°ColstE2 #XatG. 7]
methacryloyl chloride 3.71 g & THF 70 mLod
EHe gag AW Adleln, He 98 F 24
AlZE ankstAA BREAIZ T REEo] XA
A&l 4129 TEAE S B8 948 & oFs)
o AAS}L, JRL rotary evaporatorg AME5}t
o THFE AL 4&d AHES 947,
2% F, oggg Agsld AZEAsH
mesogenic B3] 4-[ w-(2-methylpropenoyloxy)
hexyloxy]-4’-cyanobiphenyl (MC)E 3loH
yield=50%, T,=74~75C, M*(m/e)=363.2
olith. A4 B4 Ay o]2X|7} C(76.01%),

&2/ A 19@ A635 19953 114

H (6.93%), N (3.85%)°clar F4A7} C(75.51
%), H(6.96%), N (3.84%)2 & 4383}
gJoll4  FAE  mesogenic ©EEA] (MC) £}
MMAE AM&3lel Z4 4% FHAES TR
t}.1® 2= mesogenic TFAS) @Y FgH et MC
2 MMA Q] FZ A+ 2,2 -azobisisobutyroni-
trile (AIBN) (0.3 mol%)& 7A|#|, THFE &
2 ARESle] 2 et S FEH (DA
T2 1 15%)C8  60CANA BA 7| EStlA
50 mLe] BFS7IE AMESle] SR FEEIS
AAEE FEFAY 24E& HIAFI7] Y8t
MCe} MMA Aol 35 8]&& 100/0, 80/
20, 66.7/33.3, 50/50 (mol%)o2 Wi Az}
AE A= vt ol HAAA Falsla, 7

k] mukge) BgAE AAY ¥, A A=
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=
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23 A FFEAN/A4F EEA(PDLC)A A
Z. MCH o= &8A 2 MCC g5gH 9t A&
AL Al K159 aiat/A% JA (PDLC) &
A z8}7] sk, SIPS (solvent induced phase
separation) &% 14 A} 238}t £ 10 mL9) vial
of gAY MC v&x 2189 K15& HF s}
i, EzpeE HFgo) Fgujel CHClhel =<

, ]2 petri-disholl ¥& t12 Lu]E FWA

o ol

K4CO,
HOCN + HO(CHyg8r — 2y
(OH

4-Cyano-4'-hydroxy-bipheny| 6-Bromo-1-hexanol

i
HO(CHZ)GO—@“@-CN + CHp=C
c=0
4-{Hydroxyhexyloxy}-4'-cyanobiphenyl é,

Methacryloyl chioride

CH,

TEA 1
S
™ eHymc—cooenso—(Oy~C)-en

4-[-{2-Methylpropenoxyloxy)hexyloxy}-4'cyanobiphenyl(MC}

Fig. 1. Reaction scheme for the synthesis of
mesogenic monomer (MC).
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Table 1. Yield, Molecular Weight, and Molar Com-
position of Mesogenic Homopolymer and Copolymer
Samples

Comonomer Comonomer
Polymer Feed MC: Comp. MC: Yield Mol Wt.

Polydispersit

No.  MMA  MMA (%) M,x10-FoNdispersity
MM,

(mol%) {mol%)

MCH _ 100:0 1000 50 205 233

MCC-1  80:20  79.2:208 27 805 5.57

MCD-2 667:33.3 684:316 36  7.20 400

MCC-3  50:50  55.3:447 40 339 547

73 25°Cel M 24417 7 AZF F, GA Hol
9 qee) Agel Agact

27 9 23

3] A% EAE] A, 4 B4 2 Ex
2. Cyanobiphenyl7] & 7}% MC 99 9=
ZA(MCH) 2 MMA%te] F3234(MCC)<
T&, 2 € I3 35"33 Table 1¢] Azl
gtk MC 3389 82 MMA D?-F/kxﬂ_J
Hlgo] F7Hdel me} FristEnh. MC & ?{}Zﬂ
(MCC)9] +&& MC &= 5 ‘ZJI(MCH)-—I
H2ot @A Yehget o] AL

= o] HjFo g JAHI.

GPCE AMgsled E23d FHAEY BAHFS
Z% WA BEx(M,)ol 20,500~339,000 g/
molH #12 Elitt. MCHY
z}gFo] For] o] AL mesogenic unit®] ¢
7 wFolgta AZ+E 3, MCCo Hfoll= 3¢t
A F MMASQ Hlgo] FolA uf JA| Fof &=
9 Z4 wjFo EAge] Skl AdE EIATh.
THEARY L 2.33~5.579] W24 MCCo AL
7} MCHED £-& thHE4HdE YeRidH

ek feed ratiool] LE]-EL ZENA F9] MCe
MMA2] =4 H&E ZHsl7] Y3ty H-NMR
& 2839t MC/MMA 50/509) feed ratio2
35 MCC-3 A5 g3l 'H-NMR A3 E
8 & Fig. 20l JdepRIT Fig. 204 MMA ¢

FTA 34 *‘1?5}1

Aol vlas

o % Hm

764

Fol & ¢

INTEORAL
o] »|—E~ e

PPM

Fig. 2. 1H-NMR spectrum of MCC-3 copolymer
with CDCl; solvent.

-OCHz7lel & 3708 Hell 93 Fol=zzt 3.
6 ppmoll A, 28]z MC ©Fx)e] biphenyl ring
of e 8789 Hell oJgt 3] =27} 7~8ppm A}
olelA uElEth. olRez RE FFEAZFTY
MCe] e o4 (1)& ARE-3te] AlielHTh

'A/—éa/_}%/—gXIOO(%)

FEHA £9 MC9 mol% (1)

o7}l A

A=7~8 ppmollAq1¢] biphenyl ring®] Hejl 2J3t
dol= WY

B=3.6 ppmollA4{9] -OCH32] Hell 2Jgt ajo] =2 HA

Table 1ejA] &8 Fo MC/MMA ZAdH]
SR %‘TQLH]Q]- 719 ZA Jepged o
MC geAlFo w477 2Ho] Aol 23] &
8| wWold 3lo] MMASH fAK8 W84S Uehy
= 2o g AR

MC FZ3A9 §4& FT-IR 23 EAMo
FEE 21T ¢ JdEd Fig. 39 (a)s=
PMMA, (b) = MCC-2, (¢)& MCH Al 59
2,300~1,000 cm 1o A2 FT-IR AR EZYE 2}
zZ+ etz gick PMMA (a)& 29, 1,734 cm!
o] C=0 «AAle]l 23t ester carbonyl bond7}
A Yebgth. MCH (¢)9] $ol&= -CN 3% 2
3 Ao 93 F7F 2,224 cml, esterq] C=0
& Aol 1,724 cm!, phenyl ring & ¢ 4l o]

A

r-|m flo rr

HU
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Fig. 3. FT-IR absorption spectra of (a) PMMA,

(b) MCC-2 copolymer, and (¢) MCH homopolymer
(2,300~1,000 cm™! region).

1,603 cmlojlA yehgt. MCC-2 (b)) ZAL-o=
MCH®] EAZ¢9] mlo]a g, & 2,228 cm™ 9] -CN
o &3t mo)=, 1,605 cm1¢] phenyl ringd] ¢i4l
Holzse] Yepta, C=02] QA 23t Hoj=z
= MCH® PMMAS] &7 ¢1x)¢! 1,730 cm™!
oA VERYA, 58] A4S sl &
3] MCH (c)o] EAHl 2,228cm™! ZEF& 1,
605 cm1e] o]z =7)& MCC-2 (b)$} B|ws}e]
BH, MMA Z3%4 2402 <13 MCe A3
FE AR Qs o] F B4 mo|zaEe] A77 A
e Y T UA

23 493 T3PS €4 4A. Cyanobiphenyl
mesogenS 2444 713 MCH @ MCC &4 8%
a8 (SCLCP) AR 59 €3 Mol HH &
73 ¢ DSCz ERisigen iz DSC
thermogram-$& Fig. 49l YepiJEt. MC 95 &
) (MCH)®) 749 DSC AgolA #8] o] 2%
(T 48CoA BRI W, 2HE 4} (smectic
phase)- 54} (isotropic) o] 2= (Tsp= 110
CAA FE Holaz vepdeh.!® #3 dn)g B2
o] MCHE Ty=110CHH e 24
smectic textureE JER{SITH. MMA ¥HECE
oF 21 mol% EZsI= MCC-1 FFEA= T}
53.1°CelA ZEln HAA-FTHE ol L= (T
7} 84.1C=E Jehgth. 28y MMA wHEGe7t

Eoljof A19¥W A6s 19959 11¢¥

=

MCH

<Endo

T T T T T T T
20 40 60 80 100 120 140

Temperature(C)

Fig. 4. DSC thermograms of MCH homopolymer
and MCC copolymer samples (2nd heating runs).

31.6 mol%< MCC-2 FZ@N9] ZHe AYAS
Holx| ggtr}. o]R-2 SCLCPWeol =¥ MMA
unit’} mesogenic (MC) unit®] vj3kS vrs)s}r)
wjFo] 1, mesogenic unit 270 thdte MMA
unit7h 17089 E]1EolT Aol ehH3] duld
& YeRi 1 e} ol4te] A Table 20l Hefst
=

3k PMMAS] 7.7 MC & S8 27
2ol SCLCP F53ANe] MMA o] 718
= 77t F71818en olF Fox's equationt®
(2)& AHE8l 2ALBIAH.

8

B A4 (2)

A71A T,=FF8A ] ] Ho] &&=
Ta, Te=2 A 8 Ho] 2%
W, We=72t 23] 7A 2&
MCE 1 48, MMAE 2 &g & u Ak
T, DSC2 ZH¢ AP S Table 20 LJERHY
oo, o]2RE T3} Fox's equationg Z u}
52 ¢ 7 Aok

23 43 IFF8A/94 SN (PDLC) S A
%. SIPS¥E AMsled MCH o5 $3H %
MCC 3589t Awxt A7) K159 1Eat/A
3 B34 (PDLC) & Alz38led €3 o] 2 A&
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Table 2. Thermal Transition Temperatures (C) of
Mesogenic Homopolymer and Copolymer Samples

Copolymer Ty T;

T 4H;

Polymer No. Comp. MC: (Exper1- (Fox’s (go) W/ ”)0
MMA (mol% ) mental) Eqn.) &
MCH 100:0 48.0 - 110.0 4.69

MCC-1 79.2:20.8 53.1 5411 84.1 3.46
MCC-2 68.4:31.6 55.1 57.94 none none
MCC-3 55.3:44.7 66.3 63.38 none none
PMMA 0:100 105 - - none

MCC-2/K15=66.7/33.3

— Mo

T K15

[ A

<Endo

T T T T T T
0 20 40 60 80 100

Temperature(°C)

Fig. 5. DSC thermograms of MCC-2, MCC-2/K15
=66.7/33.3 PDLC blend, and K15.

Aol AHgsiEth. ®= MCC-2 33 AEt
el K159 &3t 8|83 66.7/33.3 (wt%h) O
sle] SIPSHog PDLC AlEE A|Zshal & FHol
@4e DSC 2 WH WolAE olgsled TIPS
(thermally induced phase separation) o &2 14
RS =

Mz DSC thermogram (Fig. 5)ol4 MMA st
297} 31.6 mol% E3Hel MCC-2 38 oA
HAHS e A] e vls) MCC-2/K15=66.7/
33.3wt% 2 Az" PDLC Age AHA-THY
o] 2EE 53.5°CoA YeRlTt. o]AE& A&t
ofzo) K157} MCC-2 Z5EH) o] MMA i
g7t AAskE Tl Bol7RA] olz3t
mesogenic unitd) S o5 QS 37 o
2og HALYT. o] AL £ AEA A K-15 &
208 Tnv=24C, Tw=35.3C9 A4 Ho] &

766

-l

A
oL

(a)

(b) 100an

Fig. 6. Polarization optical microscope photographs
of MCC-2 and MCC-2/K15=66.7/33.3(wt%) blend
sample at different temperature during heating run
with a rate of 1°C/min. (a) MCC-1(115°C) and
(b) MCC-2/K15=66.7/33.3 blend (527C).
5 UERAR MCC-2/K-15=66.7/33.3
PDLC Aj89] 3¢ 9 ¥ 220049 do|=27} Akt
A1 PDLC AAZA AFG-THA Ho] 25
(53.5C)E vEhle Aoz REHE ¢ & AATH
MCC-2/K15=66.7/33.3 PDLC A& % A&z}
A K-158 FFsHA] b= MCC-2 3584 g5
Ao} WW @ BRL Fig. 60] L
MCC-2 3F3@A 9% Alse DSC dgddxis 2
o] A L% WoollA AAE VERA P W
MCC-2/K15=66.7/33.3 PDLC Al§% A&A-
SHhAL Ho) 2 (53.5°C) Bt A W& 52°CllA
vlohe s FARRE textures UEREE & 7 9l
%ich,

MCH &= 2§19 K-15 A2a A4S E§3
PDLC A|5E SIPSY o F#u]E uhite] 71HA
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(c)

(d) 100 pm

Fig. 7. Polarization optical microscope photographs of the MCH/K15=20/80 blend at different temperature
during cooling with a rate of 1°C/min. (a) 50.6°C, (b) 40.3°C, (c) 37.4°C, and (d) 28.6°C

Table 3. Phase Transition Temperatures of the
MCH/K15 PDLC Samples by DSC and Polarizing
Optical Microscope

MCH(wt% ) :K15(wt%) ?S’;CC)) (T;gl&;
100:0 110.2 110.2
80:20 93.7 96.4
60:40 84.1 86.7
50:50 82.7 82.3
40:60 73.9 64.6
20:80 51.6 51.9
0:100 35.5 35.3

A &3 e. MCH/K152 o] 26X PDLC Al&3&=
A 24 W9lol A Aga-5uA Mol g Uelh
©m Table 364 Lhehd 23 o) DSC 2 POM
oz BIY Mo exs} 2 YA, IT
MCH/K15=20/8022 &3 PDLC Al89) &%
ol me 4r AFE Fig. 7ol Yehigich. Fig.

#Falo A998 A6z 1995 11€

78 MCH/K15=20/80 Al&2 SA7} ¢ 10 um
7} 28 2243 cover glassAlele] @I hot
stage?] 258 &5 Tl HEE VG £ 1
C/ming] £52 AAJ5] PzstHA Hyg #o)73e
B AR d4e B9 2o 24 MCH/K15=20/
80 Al89 T;, (51.85C) &5 xrr} o7t e 50.6
CToAXL el @4 (a)o] B =Hth. o37]elA
Ao Hige vlEdEAE K15 AEz dHoln
bright domaing& MCH2] 2#4GAMS vepdct. &%
£ 40.3C(b) ¥ 374C(c)E 1§ Yzshd Kilb:=
SHEE fAst e MCHE H340] 7l §4
2|22 domain size?} =7} BEREHAJG. 22l
(b)e} (c)oflA MCHe Mdioie 449 EAA
schlieren =28 UepdE & 4 rh. 255 286
CT(d)E YZA7IH K159 Txy=247C, Tn=35.
3Ceolzg MCHS K157t FAlol AG44E el
< & 4 v} $18 & MCH/K15 PDLC A8
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g4l MCHe] F#H]lE§ MCH/K15=20/802c}
=9 749 PDLC Alg9] AT 27} wjEo] Az

dge AH3 FYET B 2717t Kool
#Egh
a8 2 o] ATE AR FFHAY AT

H] 21%1(4*1115;; :941-1100-034-2)< )3 A=
2 X9 718l A=A

2z ¥4
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