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DA e dol7t 691 4,4-bis(6-hydroxy hexoxy)biphenyl (BP-6)¢] w7l T]2-& A3}
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ABSTRACT : Polyurethanes containing mesogen unit (MPU-6) were prepared from 4,4'-diphenylmethane
diisocyanate (MDI) and 4,4'-bis(6-hydroxy hexoxy)biphenyl (BP-6) having flexible chain composed
of 6 carbons. Intrinsic viscosities of MPU-6s were in the range of 0.23 ~ 0.56 dL/g. The mesomorphic
behaviors of MPU-6 were observed in X-ray and polarizing microscopy analysis. However, MPU-6s
demonstrated a 'virtual liquid crystal' behavior, which did not exhibit mesophase on slow heating and
slow cooling. MPU-6 having lower molecular weight exhibited higher crystallization rate and melting
crystallization temperature due to increased mobility of polymer chains. The increased mobility of
polymer chains facilitate the orientation of mesogen units that may act as a nucleating agent.
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1. BP-6 mesogenic diol2 &4

Williamson ether $HAJH-& o83t £9 Azl
BFA7} 621 mesogenic diol & sk’ 3
gh2-7]oll  4,4'-dihydroxybiphenyl (17.04 g, 0.090

mol)& P F e 300 mLE ¥Wu nHAR

meHz)%O*O—Q—OfCHz‘)gm + oo -cu~neo

DMF
N, flow, 80-100°C, 24h

T iR

otcr-o~O~0 -0+t ci)-0—C-N-{Disocyamaid-N-

Liquid Crystalline Polyurethane

Figure 1. Scheme of mesogenic diol (BP-6) synthesis.
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th ¥R E AA3] &8]WA] 6-chloro-1-hexanol
(50 mL, 0366 mol)E 3} Zoia}gr}. 80 CofA]
47ZHERE ERAIZ U, &R louje] =}
7R ST Fo] 3 ARES Atk doiR
2982 olleh&/N\N-dimethylformamide (DMF) (3/1,
vv) ERgAeR 23] opd AL ogeE
A2stdd, g BAS AU (8 = 60%).

A

2. MPU-62] &

DMF &7j 30 mLo} =<l BP-6 (0.01 mol)-& 37
A Sehaad Ya FaE9)7] dolx DMF &
uf 15 mLe] 3591 4,4'-diphenylmethane diisocyanate
(MDL, 1.01x10° mol, [BP-6/[MDI] =099 ¥ MDI,
1.02x 107 mol, [BP-6)/[MDI] = 098)S =3t 3,
25 CollAl 24A17F Bt wHeAZTE o)F, Ao
HEehe-S gol 308 F<F WH3-A1A ZF isocyanate
£ AAsL, v &4 108) ko] vgrlo
Fol dAELHY AADES Ytk dold
HHAEL 80 TollA 72413 EoH

(Figure 1).
38 4

E 4 EZeedee 3§ HAE (e
25 T/DMF9)| 4] Ubbelohde HEAE ALgsle] 23
319tk QEA1E Perkin Elmerile] AJx}pEALE 27
(DSC-YE ALgelgck A3 5 mgs ¢=nF ¥
of ¥, 250 TolM 287 $A8 & 7ealaA
Tt TicE, S23MHA (52 £X =20 T/min) -F
gHolRT (Ty, 83 (Tw), L3 isotropic tem-
perature (THE #As1Gch FI-NMRe| 23+ 3tz
42 BrukerAle] AMX-5000.8 244t B
REEA2E 4019 DMSO-I°E AFgatcth 84

Table 1. Thermal Ptoperties of BP-6

ok

% - o4

3 ERES] A o] AFER hot stager}
B2 Leicarle] Laborlux 12 pol HF Hn AL
o] &5t B2 X-d AbHe] A3 X-d B4
A= Rigakurle] DIMAXTIA AX)9)A Cu Ka (A
=1.5418 A)9] X-A-& o83t 20=4~35 9|
A i

M. Z= 3o o3

A" BP-62] FT-NMR  spectrume] ZAI}s
Figure 20 WehHJTE 7.5 ppm3}t 7.0 ppmol|A] 9]
WS F49E, 14 ppmel|Ae] AYE 4 T
=, 43 ppmol| A 9] | =F A7) HAvt Helil glo
o o5 FA FEHIV} AFHoE IR 3
of 48 E49 ¢t i =55 ¢ 5 Uk
DSCE ARE3le] 4% mesogenic diole] 2 A
AL ZARIEL 2 AFE Table 19] YeRHATh
Hgolgt 3xkdTR9 A T o)A wlz
ARG R HA &3, 134 F2& 2319 734
S Ze BFE st ojd 94 7308 g

E (Tn-T)ZE BP-67F 79 CTEA WL el
Al AZAE AL ASS ERIEIETE TS T
TielA 9] dgulel dERZS HEE vlws)] B, o
A FAYo] 44 FAERT $53e & 4 Sk

Figure 30 HH QA4S 53} #2334 BP-6
o] APGE et B2A19 Tt Tme AO]
(B4 FHA 146 CoAAe =Y 2o #2271
YFol] Holil (Figure 3 (a), Tme OFHAAE (80
C) EFH71 2T Figure 3 (b)), @™
Hud 08 4 7z vludled & A, o)A
< 29y G falet 7R Ao E I

BP-6& 4,4-diphenylmethane diisocyanate (MDI)$}

designation T’ T? Tne” T AHy AH ASE ASH
& (C) (T) (T) (T) (cal/g) (cal/g) (cal/g - K) (calig « K)
BP-6 100 179 90 174 10.14 20.71 27.18 x 10° 4582 x 107

* Melting temperature.
e Isotropic crystallization temperature.
£ Melting entropy.

A 2% 4408 A 33, 2005

b Isotropic temperature.
¢ Melting enthalpy.
n Isotropization entropy.

° Melt crystallization temperature.
f Isotropization enthalpy.
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Figure 2. FT-NMR spectrum of BP-6.
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Figure 3. Polarized photomicrographs (x100) of BP-6 at 146 C (a, between Tme and Tic) and 80 T (b, below Tre).

HHEAIA e MPU-69] FI-NMR 24 ZA#E
Figure 4] ERATh 9.5 ppmellA eH&k7] W)
o] N-H 433, 7.5 ppmd 7.0 ppmojA] Hio]H)
ol v, 40-15 ppm FEoll A A
9 Favage] #EH AA Zedgo)

4 FU8E IAT 4 ANk

MDI S A M2 g2 A
MPU-6 (MPU-6(L) ## MPU-6(H)Z A|Z3}a 1
47 A 3HHEE Table 29f, DSC thermo-
gram- Figure 50| Ag|stAt}. Table 29} Figure 5
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Figure 4. FT-NMR spectrum of MPU-6.
oA HZo] A wet 2 84 Ass R wE 220 S o|F v dFo] 3aHY Fx AR
e ¢ 4 Yok e AP MPUSDE & T Fe&Ed e’ ol BHoz B W,
A 196 T 205 CAlA 249] FEWAS} Bolm  Ae A Uil 2 ddvase 43849 B
gom, we BAwel MPUGHE 371e] §I5  UE T2 Audt:
7} #AEQcE ALE wl= MPU-6(L)°] MPU- Figure 69l A|5E 250 C 287 annealing3}<]
SHRET ¥& exdd 2 Bduas Har d  GIFYES AAD F 3L 9o & Aol
fRoz gL 1AAMvE) EE 219 (Mﬂl&b hE MPU-6)®] & AFS UEhigth 20T
o #22, 98l JEE won, 3x14 /mine 2 HH3) ALY AF TnE Avke <
o A4e $E£d AE P aHER 701-3 olw] ZAo] & ol Hehekn & & ik
sxof e} olF Aol W Tl BhEe 1AL W, AxEL sleld FUE A 7 nRA A

Table 2. Thermal Properties of Liquid Crystalline Polyurethane (MPU-6)

olymer Te T’ T T T ' comment
Py (©) () (©) () (C) (dLig)
172
- ¢ " y " low MW
MPU-6(L) 83 187(L®), 205 nd. 132(sh) n.d. 0.23 ow
: 187, 201(sh), h 146, n 6 hich MW
MPU-6(H) 91 206(LF) n.d. 122(sh) n.d. 0.5 igh
* Glass transition temperature. ® Melting temperature. ¢ Isotropic temperature.
4 Melt crystallization temperature. ¢ Isotropic crystallization temperature. fIn DMF at 30C.

_g Larger melting peak in DSC thermograms. " Not detectable in optical microscopy and X-ray analysis.
' Shoulder in melting peak in DSC thermograms.
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o} A2 Paradimitrakopoulos & 2,6-TDIS}
BP-62.2 §HA% i) AAZ Qe g e
Ale] F FE93E0] amealingd] s slitel
H=z gL Hel v om}.“ Figure 8- 180 C o)) A
annealing A)7+& €)% & 20 T/min.2 <23}

WA A MPU-6(H)2] T, 2 A, 7150tk o

S
::i,
yo,

(d) MPU-6(H)

1 : ;
50 100 150 200 250

Temperature (T}
Figure 5. DSC theromgrams of MPU-6 samples on

cooling ((a) and (b)) and heating ((¢) and (d)):
MPU-6(L), (a) and (c); MPU-6(H), (b) and (d).

+«-=--—--- after quenching
after 20C/min cooling A

20 pm

Figure 7. Polarized photomicrographs (x320) of
MPU-6(L) after annealed for 1 h at the temperature

= e - = - between the two endothermic peaks.
Temperature (T)

Figure 6. DSC thermograms of MPU-6(L) samples on
heating: samples were obtained through quenching or

slow cooling (20 C/min) after annealed at 250 °C for
2 min.
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(196 TZ 8 CA).
4, MPU6L)E T FLZ AlololA 14)3
F9t annealingA|71 Fo] HBEn|Aow At
AE #F A3} (Figure 7), 196 CollA A&7} A 50
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F“"] g A2 W s Belm, Sdes

o, 01>L
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Figure 8. DSC thermograms of MPU-6(H) obtained on

heating after annealed at 180 C for different length of
time.
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Figure 9. DSC thermograms obtained at the first and
second cyclic cooling and heating of MPU-6(L).
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Figure 1002 AZ Th8 ZL&52 ARE 4
zp3le] de MPU-6()S] AFEWAE ARlE B3
o} 20 C/min®.Z X3 72 (slow cooling)dheq
de AR @dlAe T3 FHERE BEHE
A FZ(spherulite texture)} AAAro ZRE ¥
AE)= A Roko] FZ(threaded texture)7} EA|3t
de-o B 5 JAtk FH, g4 (quenching)3}
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Aokl Fzyk 7H wH FEHT Uk o)t

< ]i Tet TE BAY
ANE T 254
g AR Ee] AFE '33"37‘% -’T‘ RS AAFETE
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Figure 10. Polarized photomicrographs (x320) of
MPU-6(L) cooled at different rates after annealed above
Tm: after slow cooling at 20 C/min (a) and after
quenching (b).
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Figure 11. X-ray difractograms of MPU-6(L) cooled at
different rates after annealed above Tw: slow cooling at
20 C/min (a) and after quenching (b).
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Figure 12. Relative crystallinity as a function of time
for MPU-6(L) (a) and MPU-6(H) (b).
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