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ABSTRACT :
polyaddition reaction of diisocyanates such as 2,6-tolylene diisocyanate, 2,5-tolylene diisocyanate, 2,4-

A series of thermotropic polyurethanes containing biphenyl units was synthesized by

tolylene diisocyanate, 1,4-phenylene diisocyanate, and hexamethylene diisocyanate with 4,4'-Bis(9-
hydroxynonoxy)biphenyl (BP9). 4,4'-bis(9-hydroxynonoxy)biphenyl exhibited a smectic type mesophase.
Mesophase was found for all synthesized liquid crystalline polyurethanes except 1,4-PDI/BP9 based
polyurethane. Structures of the monomer and the corresponding polymers were identified using FT-IR
and "H -NMR spectroscopies. Their phase transition temperatures and thermal stability were also investigated
by differential scanning calorimetry and optical polarizing microscopy.
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HEZ ST Imura So] 3,3 -dimethyl-4,4"-bip-
henyldinyl diisocyanate®} a,0-alkanediol®] X7}
Soll oaiM Hzx= FAdstaon 48 Yl
A AP P! olF AR TR
HAEeFETe] FAHRT €4 & BEYY &
Aol B A7} WD, o F AZLS 2A
diisocyanate F-F-off wlAzE =3 W
AlE FE wiaAs =dste
t}. Mormann 5-& isocyanateo] WA
o] £79] diesterisocyanateS  ©]-&3}]
oy Za] e FAEITE” Nakaya, MacKnight
2 Lee T fFrdAkE o HAAE %908 o
H FRY 9EFAE F48t, ol ok diiso-
cyanate®} WHSAIA  AGFe)e-HE-S P
o>

o 2 Az biphenyl ®liAlo] TEH o
7 259 &9 A& 71 44 -bis(e-hydroxyalkoxy)
biphenyls (BPm)E 393t Aol ok 42&
AL 3 4 vEdl Also] A4 d wle &

Hoh o YW Ao HAE vehd A& Bt
Aok’ aEE ofe) 2579 disocyanates} WHE-A]

o Az EvdEs
of Fx Wil WE 94 B39 FuRdAst o
A3 vAE G teteiE BIapder
E 3] 2L biphenyl WiAA-SL e 9
A HEd FAAES AR 2R 44-bis9-
hydroxynonoxy)biphenyl (BP9) A& AstL
o]Z 2,6-tolylene diisocyanate (2,6-TDI), 2,5-tolylene
diisocyanate (2,5-TDI), 24-tolylene diisocyanate (2,4-
TDI), 1,4-phenylene diisocyanate (1,4-PDI) 2 hexa-
methylene diisocyanate (HDI)%-2] diisocyanate} yF
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1. Aloh =1 7]7'

- x

Az §A30) ARg-E 2,6-TDI, 2,4-TDI, HDI, 4,4’
biphenol& Tokyo Kasei Chemical Co.9] A]eF8 4

A FA glo] 2R AMgskHTh 2,5-TDI, 1,4-PDI
+ Mitsui Toatsu Co.2] AloFE ARSSIYT) LH ]
AokEe B Aldrich Chemical Co.o] EFA|9HE
AHa R

3243 'H-Nuclear Magnetic Resonance (IH-NMR)
7L Dimethyl Sulfoxide-ds (DMSO-ds) % 3-(tri-
methylsilyl)propanesulfonic acid sodium salt (DSS)Z
S 2 iR gFEE&Ae R ARgERen, d2d
2} INM-GX270 spectrometer2- ©]-831 T} Fourier
Transform Infrared (FT-IR)- Perkin Elmer 1600-2-
AHg-ste] KBr pellet Jejz St A%
() &%<& Ubbelohde HE=AIE AME319.0.H, 30
T &z 1,1,2,2,-tetrachloroethane/phenol  (1:1,
VS SrlE ARgEte] 02 gidle) o ggosR
B 55 WA ST AAEY 948d
ol s Z4a}ly] $)5le] Mettler ToledoA}2] DSC30
& ARREte Aa B2 slelA 10 T/ming &
=2 7k 9 gsigel. vidate] FH=  Linkam
TMS93 hot stage?} A2FE Zeisse] #HE v EES
ARt b7 Fold 7tE F WS shEA Al
g9 AHo] ¥3 T5 #Ase] AR BF3txH
o ojate] ghEsteh. E3 LS s 4
3] Thermogravimetry (TG)-S 37] FA 10 C
/min® 2 FAVEFATH

B
fo 4

2. 4,4-Bis(9-hydroxynonoxy)biphenyl - (BP9)2l
(2

500 mL AFPZEkFo] GHsOH 60 mL ' NaOH
36 g (0.09 mo)S P A3 HAF A4 Tl
Sholl ] 4,4 -biphenol 5.58 g (0.03 mol)S L&
80 TolM LAIZF Bt wRHAIZTE agko] &
9-bromo-1-nonanol 20 g (0.09 mol)}& A3 &7}
4tk A7t B F kEES 80 TolA] 20 A
7 87 A F, AeA AN R F
Fol AAANZAG. AAES AFsta GHOWN,
N- Dimethylformamide (DMFY=3/1 (vw)2 A4 3}
o] o MAHES 60 TolA 12 ARt F A=
ATy SEELS 842 g (2%)0]RoH, HEHe
163-165 C@T: 'H-NMR Z~#HEZ (DMSO-ds):
137~1.75 (m, 28H, «(CHy)s-), 3.42 (t, 4H, CILOH),

n
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398 (t, 4H, -CH:0Ar), 4,31 (t, 2H, OH), 6.98 (d,
4H, o-phenoxy), 7.44 (d, 4H, m-phenoxy). IR ~HE
@ (KBr, em™):3280 (OH), 2920 and 2840 (CIL),
1610 and 1500 (aromatics), 1240 (C-O).

3. E2lPeEe] gy

B Ao 4% Eefdge] dxH 4
24 2,5TDIBP) F49e v+ 2o A7 &
g}x3e] 7Azx" DMF 20 mL$} BP9 1350 mg
(2.87 mmolyg ¥i Hi 75 3stollA o] &AS
60 T7AA 225 &¥ %, 2,5TDI 500 mg (2.87
mmol)2 20 mL2] DMFd| o X3 FYsfx
HHEE-S ThA] 80 TollA] 12 AR FF RREAIR
o HSES 2om YA & HEke Wes
ol AAANA § vEES AARFGT A4E HA

1 34 B 4oy o
St AF ARAALE ¢

252 95%%th 'H NMR ~HEZ (DMSO-ds) :
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(d, 4H), 7.28 (m, 3H), 749 (d, 4H), 821 (s, 1HD),
9.06 (s, 1H). IR 2~ E# (KBr, cm’) : 3277 (NH),
1703 (C=0).
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Zg)egere S Scheme 19412} o] 443}
gt HE ARE ZYUEe AFAE AL
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AAPES] T%= FI-R 2 'H NMR AFEHOo
gt ¥hexA, $5E 9 IFFHET Table
1o] YR AT

AZ YHESS FTLIR 2 'H NMR9l| 98] 7%
= golstgtt Figure 1S 2,5-TDI/BP9S] FI-IR &
HAEHE, 3277 om'oA ] olu=7]e]
A olg NHZ g =A% F5 ola
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Table 1. Polyaddition Reaction of Five Different
Diisocyanates with  4,4'-Bis(9-hydroxynonoxy)bi-
phenyl (BP9)”

BP9  Diisocyanates Yield [n]”

Pol;
olyurethanes mg (mmol) mg (mmol) (%) dL/g
1,350
2,6-TDI/BP9 500 (2.87) 93 0.36
(2.87)
1,350
2,5-TDI/BP9 500 (2.87) 95 041
2.87)
1,350
2,4-TDI/BP9 500 (2.87) 89 0.28
(2.87)
1,350
1,4-PDI/BP9 459 (2.87) 93 0.53
(2.87)
1,350
HDU/BP9 459 (2.87) 87 0.31
(2.87)

a) Solvent: DMF; Reaction time: 12hr.
b) Measured in 1,1,2,2-tetrachlorocthane-phenol (1:1 v/v)
solution at 30 C.
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Figure 1. FT-IR spectrum of polyurethane 2,5-TDV
BP9.
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Figure 2. 'H-NMR spectrum of polyurethane 2,5-TDI/
BP9.
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2. BaleeiEtel ANy U AN =Y

SAE oA BPoF Felg-egte] d3
DSCell 93t AR, ez HEdY|
o {AsHE BP9l d3 Ao A3 DSC
Rz a7 W Al fEldol2E (TyHl
74zy £ 7je] AR Fole #AEHE Folag KB
FAot (Figure 3). 712 Al 73 CToAlA Teoll s
£ Holayt #AENeH 148 ToXe AZA
oA gHole] sFshe Hol=2E RAFI
167 CollMe AN SN Fol2=d 3l
Pl s §9 FojaE Hol AT WH Al
ol ¥ e ¥4E We]aE Ho Fi Ue=H,
158 ColM vehd dojae A HAAA o
Rolo) s|@shE Hol=o|, 137 TAA e
& mjolze Aol aA 2 Hold] s
ylo]golt}y. &, BP9= 7FE E @ Al AR
gAdshe A Agolglek ol 32 A
vjAos #E & & Jgon, 29y x5
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Figure 3. DSC thermogram of BP9 on heating and
cooling.

o] W7} Ale] DSC E8A AIE Figure 4(a~e)oll
eItk 2,4-TDI/BPY(Figure 4a)= W2zh Ao
133 Te} 120 ColA F Q9] #g so]=r} et
How, o5& SHb dA oA AARAo|| HF
k= Folz @ oA A Hole] FFshe T
olzz #elEdt). 2,5-TDI/BPY (Figure 4b)ol| Al
142 Coll A S Axol|A Hgdole] 33|
dlo|z9} 124 ToA AAA A Holo P
Ho|z2E Q1 & 4 SIATh 2,6-TDI/BPIS) A
THAGA A A Aol P AL o
o)A A Holo| s FHol=Art 136 T, 126
ToljA #2=ATKFigure 4¢). 12} 1 HDI/BP9S| A
167 TAA 84 dAA dgaold] sl
k= wlojzel 141 TollA AAojA x| #o)o)
e HolaE Ho FoHFigure 4d). I3}
14-PDI/BPY (Figure 4de)dll X 161 Tolre 5w
q AA A mAAA] AFsRe Holawt Ko

© AR Hol dHo] obdS & F YN, W
BHAGANE AGS [3 B2 & 5 |1
o Zg e AT Uiste) DSCs} WY
AU A& ARt ZAE ZH-E Table 20 e}
Ribsi=d

g9, 7t Al €3 A4S A% 49 24
TDUBP92] 7% 129 T9} 148 T, 2,6-TDI/BP9 9
AE 140 C 2 151 T 283, 2,5-TDYBP9:=
142 Te} 155 Collx 4 dFdEe F Ao &

ar rr
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Figure 4. DSC thermograms of polyurethanes on
cooling scan: (a) 2,4-TDI/BP9, (b) 2,5-TDI/BP9, (c)
2,6-TDI/BP9, (d) HDI/BP9, (e¢) 1,4-PDI/BPS. The
cooling rate was 10 C/min.

d Fejas Ho FUuk oA IF AN T
Aol Holo) Pl FHolmmA, IAAN
A Hold] gz Ho| Folae FEHA @
sttt &, ol EEtdwEe 7td Alel 434
& A Tt ¥ A S B4%ke
vk o= gtk 213y HDI/BP9o)A
T 147 T % 155 TN mAZARNA Hgoz
Holof sjBshe FHojad AN A AA)

29| Aol digsl= F M) FE HolA2E H
of A Aol ElEgirt. FHZol, Stenhouse
g Leex 2,4-TDL 2,5-TDL 2,6-TDI%} o3& F79
tUes IFY T By EF g Wiy
o Akl AR JYehge mastgoh?? olae
?ZZ#_QE 2gd Wer] 3 fd 427 444
gel %‘"’se e Ae %}—r A} ol
42 AR ForE Q1 & 4 %o,
B9 AL mF g ddEs 90 @
ok 28y 1L4-PDUBP9L 160 CollN §4
a4 Whe dolag HoFed o= 714E
of AEANA SHAARAR] Mot Ho
FRom, Yzt Alof 160 T 84 HA M A
drogo] Hojo sfgshe shte] ¥d ¥ol=
ghe BHol = Ao #A dAe] ofde &
AAT, AZETR A= Hgge A3 2l &

=

lo

__4

O

mnr

o]

rehEee
Jigcsl"rﬁ,oﬂ,



PERNCEEIEEE SIS R

Table 2. Thermal Properties of Polyurethane”

A 113

Phase transition temperature

Phase transition temperature

Polyurethane 2nd cooling 2nd heating
Tie” Tiexk Tixk AHue AHiex T Tami Tw2 Trea AHm AHge AH;
T T T Ig Jg T T T T lg g g
2,6-TDI/BP9 136 126 - 9.2 15.1 98 140 151 - 19.4 33 -
2,5-TDI/BP9 142 124 - 10.7 3.7 97 142 155 - 1.3 9.4 -
24-TDI/BP9 133 120 - 102 11.7 100 129 148 - 84 65 -
1,4-PDI/BP9 - - 16l - - 115 160 - - 16.0 - -
HDI/BP9 167 141 - 1.6 5.4 98 147 - 155 8.0 - 9.8

a) Determined by DSC at heating or cooling of rate of 107C/min under a nitrogen atmosphere.

b) Determined by polarized microscopic observation.
c¢) Determined in the first heating scan of DSC.

T Ak
ZE)g-ego] FAshke o S
o] AL 7}":‘”*01 kg AgEv)gs AR
o] sPElprzeXRE Hslgok 71E Al 2,4-TDI/
BP9, 2,5-TDI/BP9, 2,6—TDI/BP9, 1,4-PDUBP9S]| A =
AWet FHO AFLE F3A Eokrh 2t
14-PDUBPOE A& W] e dolxe d
zZk Alells dA FdeM AEE A Ede]To]
o §Ee Jiehd el Bad Zla 2e §
EHA Ellia=fels °“XW01 el o™, HDI/BP9ol| A
7vE 2 WA 2E AAE vehie
'*é o} 7g o] ﬂ%ﬂoit}” meba ojEe] R} of
AATre] ARAAS AHE Ad 14-PDI/BPYS
A YA ZEedeee A T @
B3 Aok F, s viE X7t =9
A o 14-PDUBPYINE AL FAsA] B
stk ey WE X877 =99 YA &g
—?—H]E}Q]HE rigid coreol] gt AL HrleEln
S 95, obdE B ujds fAAA
2363*3011 TS T Ao AzEe, Wiy
A AL TFeA s FERAeE {dAR
Z4A1Z HDI/BP9o| M= ] f o] hzhy]
t}. Figure 5% Figure 3 % Table 20 Vlel=
el Aolex FItA HpEvF ez wE
F A BP9 (A)F SHA HDUBPY (B)o] 344

¢

e ¥ o 12 2

o g

()
Figure 5. Optical microscopic textures of (a) BP9 at
140 C, and (b) HDI/BP9 at 150 T on cooling.
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