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Ziegler-Natta®} metathesis Zof-2 A48} &2fol mesogenic moiety24] cyclohexylphenyl 3= biphenyl7}-& zh=
AW Z]otAda FuAE A8l r) 53] metathesis ZvF(MoCls-PhSn) & §43 3 I 82}+= transd o] w91 & 7hA]H,
Ziegler-Natta Zv)| 4| ¢] w¥-A1 5} dta] o] st} Al 2EAldgAl el H3dn| 4] S0 2 RE 8312 A4y
A A-e z2bstgdch Alkyicyclohexylphenyl 3= pentylbiphenyl”} & ##-3 ¥ 2} fan-shaped 7% & 7} smectic
A HRARe el £F Aol oE ] W3l cis¥ol A trans FRZ o o]Ad3 U FA k] B o]F
IR 3 Y 4L E4 ik

Abstract—We have synthesized liquid crystalline polyacetylene derivatives with a cyclohexyl phenyl or biphenyl
group as a mesogenic moiety in the side group by using Ziegler-Natta and metathesis catalysts. Especially, polymers
prepared by the metathesis catalyst(MoCl;-Ph,Sn) had trans-rich configuration, and their thermal stability was more
excellent than polymers prepared by the Ziegler-Natta catalyst. Liquid crystalline properties of all polymers were
investigated through measurements of differential scanning calorimetry(DSC) and polarizing microscopy. The polymers
consisting of alkyl cyclohexylphenyl or pentylbiphenyl group are found to show a smectic A liquid crystalline phase
with a fan-shaped texture. Spectroscopic characteristics of these polymers were also analyzed with respect to mclecular
weights, thermal isomerization of the cis to trans form and enthalpy changes associated with phase transitions.
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clohexyl)) phenoxy] alkyne-g& 2fsj+] #71% o= P, PCH, R,

2 &4 3 A 752 (side-chain liquid crystalline polymer) £
77} By gletAl A= Uri14] 2y FAEA 2H
(conjugate polymer backbone)-& &3 HAwH=zte] J7[5]&
Aol 2 ud vl gtk 43 FAAS A nER= S B3
vldof wpE wE FAH ulFS FAAIA 5 Qle], HEE E2A
EAAHEA, 984 5)& Jehile gr)ed 2¥3AR g 3
Ag B dovla ot

$-2]&= Ziegler-Natta[ Fe(acac) »-AlEt; etc.]9} metathesis(MoCls-
Ph,Sn) %%} 2 Scheme 13} & A2E 243 QA Fejopagdal
S AS Tk, AdE ZEA] BA o FxRell #sle] o]
B u3tac6]. o714 PPCHRO3A+ polyl 1-(p-(trans-4'-alkylcy-
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0, n3 A¥x 77t polymer, phenylcyclohexane, alkyl”]2] <=, ether
linkage, methylene ¢} @t acetylene-S Vepfity, e o g
poly(5-p-pentylbiphenoxy-1-pentyne) & PBP503AZ <}fs}gict.

duty o g2 xgZejoiMdale] At&d T FAl FAAGE
e 2 d g} aeb4 iodine 2. ® % (doping) & x| §-E 2o}
Ao x)#r1e] gJAH oo} AbEze] AF RG] A, E
glotAd al (6=10"-10° S/cm)[ 7]l vlsl A vl - P2 A7HEE
(6=107"5-10"8S/cm) & viepdcd 22} Scheme 13 7to] o4
71& 7423 M Eeold o] H4 221E AW B AV HE
olgate & whstow wldAF|H wE-x} T2l wiFe] F}AAE
Aoz, Axz o ¥ U Ar|Arwrt Z715 o7 s (CH-A,
AxA 9 AY4) nREAE ALY F slg Aotk
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R=H, n=3 PPCHOO3A
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Scheme 1. Mono-substituted polyacetylenes.
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2-1. oM 9 DEX #o

PCHROnA(R=H, n=1, 3, 4; R=n-propyl, n-pentyl, n-octyl, n=
3)s} BP503A2] whekal] AL o)A o H.walgdri[6, 8], Ziegler-
Natta[ Fe(acac);-AlEt; etc.] %+ metathesis(MoCls-Ph,Sn) Zvj 9
£ o WA & AHrlste] Aol 2147 FHE 3kt
FEHEAS clefe] vigkgol dojeme] AR nEAE A7),
438 9 g3 F AF AxAZc) SR ALEE EF9-2 To-
kyo Kasei Chem. Co.2} 1§ A|2}% o} 22 7}~ E-97]ol| A 48k9)
HEES Hrisled /T F AMgetda, BE AR o2

A 297l @ sisic
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2-2. DEXle Hotdd &3

FEALe] oforAdS zAlely] $lsle] ofE T sha R$irielA
-3}l 70, 90, 120, 180C 2 77} 50% EoF A 2] & & F, NMR,
UV-visible, GPC £33 A& AHg3sled g249 2% ¥4
eo) mzls viw FHEsch

NMR 232 1% tetramethylsilane(TMS) o] E{sl& CDClLE
4w 2 o] 83}y JEOL FT-NMR spectrometer A-&-8aict. UV-
visible2 2R FE 8o 4 Hitachi 3500 spectrometers A}&
alo] = zheic}. mE-xbe] Bxlek ¥ £+ Jasco HPLC 870-UV de-
tector?} Shodex A-80M column® 3% Jasco Gel Permeation
Chromatography(GPC) & Al-8-8}o] THFZ mobile phase® 30T 2)
B z2ANA A3t 1L, polystyrene calibration curve s ©]-8-3}

o FyFEARe Al

2-3. aEXie] AH M /M

Ao 2 Holxls k9t Aedl= Perkin-Elmer DSC 7&
Ag3te] 30Ce) 4 90T7AA 284 % 5C/mine 213tr}. Lin-
kam THMS 600 hot stage®} Nikon polarizing microscope& A}
$ste} Agye) F2F FRsHech
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Fig. 1. Thermal degradation of PPCHO003A and PPCH303A by ther-
mal heating at 70, 90, 120 and 180°C for 50 min.
@ : MoClL;-PhySn(PPCHO03A), C : Fe(acac);-AlEt;(PPCH003A),
B : MoCl;-PhySn(PPCH303A), (7 : Fe(acac)-AlEt;(PPCH303A)

(ppm)

Fig. 2. The change of 'H-NMR spectrum of the heat treated PPCH
003A prepared by the Fe(acac);-AlEt; catalyst.

3-1. goryy

x| gZelotxdale] At 2ABY) At of2E vhks
B-97)elA 70, 90, 120, 180C2 7z} 50% %<t PPCHO03A%H
PPCH303Ad] dxe]l& & % GPCE A3te] 18zl Bxjgg
W3t Aw® A3, Fig 13 3to] Fe(acac)s;-AlEt; w2 $33t
TR FAgke dxjz] xe] Frte wal Mk ghaserh
120C 9} 180T 2 el A ZA FrAsladc). &3 el & PP
CH003A2) 'H-NMR ~# e8] 35 =2z 23 Fig. 29} 7o)
cis® ¥ Fxo sigsEE 599ppme) FAaIY dAz] &
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Fig. 3. The change of 'H-NMR spectrum of the heat treated PPCH
003A prepared by the MoCls-Ph,Sn catalyst.
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Fig. 4. The change of UV-visible spectrum of PPCHO003A prepared
by the Fe(acac);-AlEt; catalyst due to the heat treatment for

50min.
(a) room temperature, (b) 70T, (c) 90T, (d) 120T, (e) 180T.

£9] Zylo) wbz} Az} FAske] 120Co A AbebA] 5z, PPCH303A 9]
7Sl 180T 4] 23] Alepalc) Al AFALd #ZA(DSC) o &
Aol o)atm o] 25L& cis¥olA trans FEZ o] A M) o
s 5o dgEHE AL & = ddxn(8), & ¥ AHPPCH
004A, PPCH503A, PPCH803A) ol Al & 32 A #-3 vehigict o)
213t A2 HE FeAld] T¥ake A8 259 F7ld we} o]
Aol 2% poly-4-phenyl-1-butynes}t vha7}2]2[9] cis¥ el 4]
trans 722 o]Asjutgo] dojiti, EF niA TAHY M
ukgo] Fulse Aoz Atgsch. MoCl-PhSn #ulz FET
PPCHO03AE. Fig. 33 zeo] dxje] 259 F7tol wel cis¥ 2
49327} AR A% FEAY cis FHo] 2ol Al B
¥ ajeke) 7HAaEo] k1, B3 transd T2 & A3t AUe PP-
CHRO3A (R =n-propyl, n-pentyl, n-octyD) 61+ dx]dl e} &
ek ha7k A9 stk ak2bA trans 2 E 7FA € metathesis
Zoj|A)e] 7EAE Ziegler-Natta ZujA|e] mEatnc} g3 kAl
Aol 4% & ¢ F Uk

Fig. 4, 50 Fes} Mo e} 2 53 PPCHO03AS) dxjelo] mt&

sl2l 28 H343 H2E 19964 43

<
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Fig. 5. The change of UV-visible spectrum of PPCHOO3A prepared

by the MoCls-PhsSn catalyst due to the heat treatment for 50

min.
(a) room temperature, (b} 70C, (c) 90T, (d) 120, (e) 180%.
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Fig. 6. Polarizing optical micrograph of PCH803A monomer.
Magnification X 100. Schlieren texture of nematic phase ob-
tained after cooling to 297C.

UV-visible ~# e8] HgE eplodct 282k F4 9 nn* F
) Aol sl 300-324 nme) ¥ =27t Axe]d] a2} gt
o2 ojyHy FFAEE Fasiyed, Frde xe ¥iET
420-440 nmoll 4 320-350 nme] ©upg Qo2 ol FH Ak {5
o) bk A9} polyene?] Ze¥Zo)(conjugate length)<te] A
FWA 2 HE] 420-440 nm G Gof| N DFE = FE TP 11-14
Ax2 Baxe] 2lci10]. PPCHO03AS 8%+ w$ 2 e
el wl, x3719] gJ A Follof] ofsir nEa FAHe] Hd
Aol AR 7] dFoll B FE FHHlE 7Haldm Y=t o)
Frol dxelel whel 672 Folx|x, o]k L blue shifte FA
2ol 93l nEz} FHe] AdEe AL dFH Eoh

ot

3-2. Y Jx

A ol nEate) A AL DSCel #ABHv|AE AHS-3te
AEstich. & 7oA $4% @A 3 PCH503As} PCH803
A= Fig 63} 3to] schlieren +2-& 7}A+= nematic A4S
ehl ek kAo 4 A A Bol ) oiwd Aeletr F A
[PPCHRO3A(R=n-propyl, n-pentyl, n-octyl), PBP503A] fan-shap-
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Fig. 7. DSC thermogram of PPCHS803A prepared by the Fe(acac);-
AlEt; catalyst at a rate of 5°C/min.
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Fig. 8. DSC thermogram of PPCHB803A prepared by the MoCls-Ph,-
Sn catalyst at a rate of 5°C/min.

ed 72| smectic A AL hehigich o] o} o] 3ol 4
A48 ATt % Holwd smectic FAHALE Ve = ol Fe
Fgto] AP UA AbE7re) ALE Ao odle] A Eae] wid
3 packinge] A= 7] ol Fql Zlez Azbeic) b chefal o] of
AL YA gt A4 Boli= monotropic S A=
utdo)), A e B4 std#) A 25 A4Atg A
enantiotropic 4} A& vehfglch

Fig. 76}l Fe(acac):-AlEt; &l 2 314 PPCH803A ¢} DSC &4
ARE Jehigdeh R A St A F 167-176TA Y Bl &
el w 2 cisyolA trans TFEZE o ol el T wkgol
#Hgich BFE0]| S AHE-3be] 175-195C | A L2}/ &3 ==
A& galstgd o}, DSC curved| 4 2o @ Fdzac 0|43t
uh-g-oll s YA u Tl FHEelx Kolx okt F A 7t
A Aol A Vehbs ¥ ie) Hdujae M gzl
Ho]9} clearing pointel sG], A HA stdH el A e

Table 1. DSC results of PPCHRO3A prepared by the Fe(acac)-AlEt;
and MoCls-PhsSn catalysts’

Phase transition(C) and
corresponding enthalpy changes(J/g)
first cooling second heating
k-SA SA-i k-SA SA-i
Fe(acac);-AlEt; PPCH303A 60(0.7) 107(4.5) 70(0.7) 102(3.3)
PPCH503A 98(1.1) 146(6.3) 100(1.3) 128(6.2)
PPCH803A 81(3.2) 151(6.3) 83(3.3) 142(5.8)

Catalyst

Polymer

PBP503A 126(3.3) 180(3.1) 129(4.9) 171(1.0)
MoCl;-PhSn  PPCH303A° 133(4.2) 1343.7)
PPCH503A° 160(6.2) 160(4.5)
PPCHB803A 86(3.4) 171(6.7) 91(3.7) 166(64)
PBP503A 132(4.4) 189(4.5) 135(6.7) 180

*K=crystalline, 5, =smectic, and i=isotropic. * No distinct DSC peak
associated with the phase transition between the crystalline phase
and smectic A phase was observed.

200m

Fig. 9. Polarizing optical micrographs of PPCHS803A prepared by the
Fe(acac);-AlEt;(bottom) and MoCls-PhSn(upper) catalysts.
Magnification X200. Fan-shaped texture of smectic A phase
obtained after cooling to 123°C(Fe) and 136°C(Mo).

olAsiubgol Uy} glojAl AHoeg Bol Az« oA
F¥A F27) cis¥o A trans¥ o 2 WF g 4 5 et
[sotropicA o 2 %8 3 wWs W 2ta}Aol & 146ToHA A ALe
2o Hol9} 98T A Ao Holse F e wdFAY]
utA =gl MoCl-PhySn Zvll 2 ZF313F PPCHS803AS] A HA
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Fig. 10. Polarizing optical micrographs of PBPS03A prepared by the
Fe(acac);-AlEt;(bottom) and MoCls-PhSn(upper) catalysts.
Magnification X200. Fan-shaped texture of smectic A phase
obtained after cooling to 121°C(Fe) and 135°C(Mo).

7t 7} A ol A+ Fig, 83} o] 149-190C Aol A Bz} o)
s Sy FAH 27t BAEUL, FeAl o] iAol A viet
Wl el zub-g-e] W u I Kol 2] gstrt. wheka] Mol & )7}
trans¥ 2} TEAE A= AL DSC Aoz )
A A YA F isotropicA-2 171TH A Ao & Ao]x
e}

PPCHR03A ¢} PBP503AE DSC2 &A%t A& A=) s}w Table
13} 7] isotropicitoll 4] AAYo 2 Holsle 25 P sy
alkyl7]|(R) &} 7)ol whe} F7heher], o7& nEA}be] §4o] &
7F8t7] g Ao AYztgch MoAle ZEAR= dd wlaH
ot &) d el FeAld] m¥tuct Ealed 47) 2o} o &
oA f Mo g Holsgw, Ao g2 W efol 4] AHAfL
M & 4 4 sk 53] 3 WA W2 5 a8 slds
oA AAare g Holge &9} HAA A isotropicAl o2
Holxl= F X7} 3 dxjslgct

Fig. 9, 104l Mo} Fe %u) 2 Z§§ PPCH803A 9} PBP503A <]
HYo)7d xS Jehiigich Hgdo]d S gyatoe
Holsl= 25+ DSC 34 Axpel 79 vk g2 ehigck

38128 34 H2E 1996 49

Mo#| ¢] PPCH803AZ clearing point3l 195Ce) 4] 1§ zkA] 7] e 165-
169T A off 4] smectic A AR 4o] WEH o2 263 fan-shap-
ed TE7} veps, A7zl 1 7z W= 7o ¢lgl)
FeAle] mg-ae A el mp2 ek 747t 27] o £ Mo 9
FEARC} 2h2- domaing 7R e T2 A el
fict PBPS03A 2 o} 2 28l qx fHato @ Holsle 2%
<ol A fan-shaped 728 vehol[11], & ool 4] A
A gLelob AL smectic A HHAL JlRE AL A4 5 9
At &d AFEo) Aol F ol shed g of 2] ate) 4]
isotropic 2.2 #HolH&E 2%9] 10-20C Aol 4 R Ara} isotro-
pice] F 74A Afo] Eg® F2E vehhAcH 11].

54 £

Zol YA7)E 7R ol el S-S Ziegler-Natta®} me-
tathesis Zvj2 F3lslo], AR wEpe] A QA g A=A
Al disl 4 =Alsteith. PPCHO03A2 PPCH303A2] adghi A
AFAZHE dxj]o} & Y Eal cis¥ol A transH o
22| o] Ashub-g F welst ) wWrakE s} uhdol wE wRa)l 2H
Asiibge] Fube 7] wFql Aow Al ) upeba] Ziegler-Na-
ttar] 2] FH-A= metathesisA e ZEAE} cis FF8o] T,
cisfell A trans¥ 02 o] FwtSel sdEE AR} A
co2 d¥og BhAsichs Ae 4 5 9ok B dPdy
43 322} 3 alkylcyclohexylphenyl?] == alkylbiphenyl”] &
353 PPCHRO3A9} PBPS03AE 5815} -4]ef o) &3 x}o) ul)od
% packingel|l 2jai4] AMEZrl Hoiyd smectic A A4S e}
Welek 53] MoAle] ¥l 93 gt o) Fol vl el
HBF 7o) AAHALE FA|Fle], LA} AbE9) wldel] BE A
71AEE 2] FAbo] Hojyirh
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