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ABSTRACT : Four series of novel liquid crystalline polyurethanes were synthesized by the polyaddition reaction of diisocya-
nates such as 2,6-tolylene diisocyanate (2,6-TDI), 2,5-tolylene diisocyanate (2,5-TDI), 2,4-tolylene diisocyanate (2,4-TDI),
and 1,4-phenylene diisocyanate (1,4-PDI) with 4,4'-bis(5-hydroxypentoxy)biphenyl (BP5). 4,4'-bis(5-hydroxypentoxy)biphenyl
exhibited a smectic type mesophase. Mesophase was found for all synthesized liquid crystalline polyurethanes except
1,4-PDI/BP5. The structures and the thermal properties of polyurethanes were studied by using FT-IR and 'H NMR spectro-
scopy, DSC measurements and a polarizing microscope equipped with a heating stage.

Keywords : liquid crystalline polyurethane, 4,4'-bis(5-hydroxypentoxy)biphenyl, smectic, mesophase.
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SHdol] A8-3F 4.4 -biphenol, 1,4-dihydroxybenzene, 2,6-dihy-
droxynaphthalene<> Tokyo Kasei Chemical Co.2] A& 7 #|
#7g glol IiE AREEFSITE 2,5-TDI, 1,4-PDI= Mitsui
Toatsu Co.o] AloFS ARSIt ywA] Aks2 BEF
Aldrich Chemical Co.8] SAlokS AHE-3Iolct
2.2 A

'"H-Nuclear Magnetic Resonance (‘H-NMR) =S Dimethyl
Sulfoxide-ds (DMSO-ds) % 3-(trimethylsilyl)propanesulfonic
acid sodium salt (DSS)E &l Z Ul HFEH O F A3}
or, dEHA INM-GX270 spectrometers  ©]-23}3I T},
Fourier Transform Infrared (FT-IR)< Perkin Elmer 16005 A&
3to] KBr pellet FENZ =743kt L
Ubbelohde H5=7A1E AR&-aF3lom, 30 C 3ol 1,1,2,2-
tetrachloroethane/phenol (1:1, v/v)S Sl2 ARE3le] 0.2 g/dL
o 9 GOV FEE WMapIA SIsch Y Ee
NG| L=F F743H7] $13o] Mettler ToledoAH2] DSC30
= ARgsto] A #9171 23014 10 Tmin®] 22 7FA
2 Q7sRgich WiAAke] FF+=  Linkam TMS93 hot stage”}
S Zeiss®] W A S ARESEA] tl7] oA 7k Bl
W2hE shiA A9 Aol Ws} o5 wEsto] AE

stxz o7 ST} Xray Diffractometer (RigakuRINT
2000)°14 Cu Ka 9 XorayE o] &35k 209 tgt A=
o] FHR AEE Ti (584 AAllA 44 o] sds
F]o]A) o] FellA 53l F, g defste] Atk 44
A& E15H7] 918+ Thermogravimetry (TG)S 571 %
oA 10 C/minC. 2 ARSI

AE(r) 53

3. 4,4'-Bis(5-hydroxypentoxy)biphenyl (BP5)2| &4

C,HsOH 20 mL ¥ ’“*@ME F 2.06 g (0.052 mol)2 300
mL AH-EekAaae] Pan hds] 515 AA V)5 shellA
4.4 -biphenol 2.70 g (0.015 mol)g 2o F g0 TollA 1A%k
B WA wRbo] E1d § 5-chloro-1-pentanol 5.3 g
(0.043 mol)= 3] A7} skick A7t 2 § =S
80 CollAl 24 h 37 AIX1 &, A27HA] B2 7]aL 27k
Fiael FAART FdES o st CHsOH/DMF=3/1
vv)E At A& AAPES 60 CAlAM 12 h T HAx
ST FEES 4.05 g (86%)°1 oM, =52 174-175 C
%tk 'H NMR AFE# (DMSO-ds) : 61.23~1.75 (m, 12H,
-(CHy)s-), 3.41 (m, 4H, CH,OH), 3.98 (t, 4H, -CH,OAr), 4,13

ppmel A=

(t, 2H, OH), 6.95 (d, 4H, o-phenoxy), 7.46 (d, 4H, m-phenoxy).
IR ~¥EH (KBr, cm'l) : 3280 (OH), 2930 and 2860 (CH,),
1610 and 1510 (aromatics), 1250 (C-O).

4. B2|28|EHo| B

Q1 =4 2,5-TDI/BPS F/d% vt &t A
] o AZ% DMF 10 mL2} BP5 500 mg (1.40 mmol)S-
715 2704 o] £9E 60 T7H 2%2F &9
I 243 mg (140 mmol) 10 mL2] DMFol| 350] XA
=& THA 80 COW 12 h &<k WA Z Tk
o8 YA % L}EU kSl FHAIA
Azt AdE AHES ol st A=<
o o]AS 60 CTollA 12 h BF Ay Ax
Atk 55 90%3TtE 'H NMR AFE T (DMSO-dy) :
6 1.13-1.62 (m, 12H), 1.89 (s, 3H), 3.62 (m, 4H), 3.82 (m, 4H),
6.77 (d, 4H), 7.09 (m, 3H), 7.38 (d, 4H), 8.31 (s, 1H), 9.18 (s,
1H). IR A¥E" (KBr, cm’) : 3279 (NH), 1705 (C=0).
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Table 1. Polyaddition Reaction of Four Different Diisocyanates
with 4.4’-Bis(5-hydroxypenoxy)biphenyl (BP5)”

R o i
2,6-TDI/BPS  500(1.40) 243(1.40) 89 0.32
2,6-TDI/BPS  500(1.40) 243(1.40) 91 0.24
2,4-TDI/BP5  500(1.40) 243(1.40) 90 0.38
1,4-PDI/BP5  500(1.40) 224(1.40) 93 0.57

a) Solvent: DMF; Reaction time: 12hr
b) Measured in 1,1,2,2-tetrachloroethane-phenol (1:1 v/v) solution
at 30 C
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Figure 1. FT-IR spectrum of polyurethane 2,5-TDI/BPS.
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Figure 2. 'H-NMR spectrum of polyurethane 2,5-TDI/BPS5.
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Figure 3. DSC thermogram of BP5 on heating and cooling.
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2,5-TDI/BP5 (Figure 4b)ollA:= 202 ColA 54 oA
Aol sl 3 A9k 190 TollA HAgellA A o]
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S A N A HAJdole sFshE AT A eA] A
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Figure 4. DSC thermograms of polyurethanes on cooling scan:
(a) 2,6-TDI/BP5, (b) 2,5-TDI/BP5, (c) 2,4-TDI/BP5, (d) 1,4-PDI/
BP5. The cooling rate was 10 C/min.

4a). 181} 1,4-PDI/BP5 (Figure 4d)ollA = W2+ Ale] 243 Coll
A 3 AANA mAAAG e slldshs ARt et
RO R Kol Ao opdS o 4= QU AL, HFHm| A Adel A
T AGE s 3 & 5 Sk e 98 AE
of tiste] DSCe} AFANHES AFEste] AbsE AE
Table 2¢] YERAQITE 71 Al 92 DS ZAbs A3
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Table 2. Thermal Properties of Polyurethane”

Polyurethane Phase transition temperature first cooling Phase transition temperature second heating
TiLc Trex Tk AHie  AHick TgC) ™ T2 Trca AHmi AHm

T T T Jg Jg (¢ (¢ T T J/g Jig

2,6-TCI/BP5 181 165 - 0.7 42.5 93 160 - - 40.3 -
2,5-TCI/BP5 202 190 - 0.9 34.2 91 196 207 - 1.9 22.4
2,4-TCI/BP5 153" 141 - - 21.3 92 135 140 - 23.1 0.4

1,4-PDI/BP5 - - 243 - - 115 251 - - 36.9 -

a) Determined by DSC at heating or cooling of rate of 10°C/min under a nitrogen atmosphere.

b) Determined by polarized microscopic observation.
¢) Determined in the first heating scan of DSC.
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Figure 5. Optical microscopic textures of (A) BP5 at 167 C,
and (B) 2,5-TDI/BP5 at 195 C on cooling.
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Figure 6. X-ray diffraction patterns of 2,5-TDI/BP5 taken at dif-
ferent temperatures on the cooling scan.
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Figure 7. Thermogravimetry conducted with heating rate of 10
C/min in air: (A) 1,4-PDI/BP5, (B) 2,5-TDI/BP5,(c) 2,6-TDI/
BP5,(D) 2,4-TDI/BPS.
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