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£ A5S o F572 A2 Fefe] A9 Z2l-9-elekS 4,4-Bis(3-hydroxypropoxy)biphenyl (BP3)2} 2,6-tolylene
diisocyanate(2,6-TDI), 2,5-tolylene diisocyanate(2,5-TDI), 2,4-tolylene diisocyanate(2,4-TDI), 1,4-phenylene diisocyanate
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Abstract — In this study, five series of novel polyurethanes was synthesized by the polyaddition reaction of diisocy-
anates 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), hexamethylene diisocyanate(HDI) with 4,4"-Bis(3-hydroxypropoxy)biphenyl
(BP3), 4,4"-bis(3-hydroxypropoxy)biphenyl exhibited a smectic type mesophase. Monotropic mesophase was found for
all synthesized liquid crystalline polyurethanes except HDI/BP3. In contrast, 1,4-PDI/BP3 without a methyl substituent
in the phenylene unit exhibited no explicit mesomorphic behavior, which was confirmed by DSC and polarizing micros-
copy experiments. Structures of the compound were identified by FT-IR and 'H-NMR spectroscopies. Their phase tran-
sition temperatures and thermal stability were also investigated by differential scanning calorimetry(DSC), polarized
optical microscopy(POM) and x-ray diffraction analysis.

Key words: 4,4-Bis(3-hydroxypropoxy)biphenyl (BP3), Liquid Crystalline Polyurethane, POM, Smectic, Mesophase
LA B

[5-61¢k o9 Ee)-leh{7-20] o] Sith.

197250 EejollAH =S FAs)

%A o7 o]Ro|X|3L glor 7 tEHQ H7= i\j/]ﬂELﬂO]Eﬁ”
N Ee] ek

5©| 3,3"-dimethyl-4,4"-biphenyldinyl diisocyanate®} o.,m-alkanediol

o% HH?‘SI:)HQ_ X]L] "7701—1]:_ @11791\4 (s} E 7 H]———}_Oﬂq __5] SR 3
o=z SRl ¢ S Sl ke Ao S5 Tkl
WS- ofele] §38 e Alwsh ol Fof Firk. iR o1
Ao SRS WS Felel bl =r} HFHOR ATH L
2}5}[1-4 .
ol

olze] ofz] o] Ay oV FeAe] tjg A7t A

*To whom correspondence should be addressed.
E-mail: jblee@ deu.ac.kr
o] w=Ere fsaL WA g

AdE 7dsto] Fas s

H}SEE 32 o] =5

615

7F ikgoll SlaiA Hx= Fderslom st ool o
e 3;:]1_015]_0:11:]_[9] O] & A Z-E FF2] NAZg]-HEro] SAIE QL
T ch_w A @ BAo) sk o177} B aE o] =t 3174 diisocyanate
ol A Q) g W I frdaks el Wials ESlehs
W 0 2 FHEETh Mormann 5+ isocyanate®]] W28 9] 5t o
2 E72] diesterisocyanates ©]8-3to] G N ZTeders
SHJ31SIT). Nakaya, MacKnight, ¥ Lee 52 A Fol
27 B4 oy TR dEAE e, ol E ok

diisocyanate®} WFS-A|A NG ZE2]S-2lekS 351 TH10-15]. Lee




616

+ biphenyl WA2l0] EZ8E] 1 791 ARES 3~12705 71 4,4-bis(-
hydroxyalkoxy)biphenyls(BPm)E- 3d 3} 0“—1 A2 gl oo
thate] B askAv12]. 18y 0 AR 370 71K 4,4-Bis(3-
hydroxypropoxy)biphenyl& ARE-8to] WaFEol X|37]18 L3I

< Wl o] & AE |7t Aol o PJERS mx|=A] | diste] B
w #o] girt.
2 A5 H5= biphenyl WIAAS BA35kaL 3719 HE @ {4}

Z£S 74 4,4'-bis(3-hydroxypropoxy)biphenyl(BP3)2} 2,6-tolylene
diisocyanate(2,6-TDI), 2,5-tolylene diisocyanate(2,5-TDI), 2,4-tolylene
diisocyanate(2,4-TDI), 1,4-phenylene diisocyanate(1,4-PDI) 2! hexame-
thylene diisocyanate(HDI)E RESAIA AlZ-2 Ele] Eo]9-dehs
6L/\+;5 H ]:rL747]_ oﬂ;@ /\-]7<1 UJ nsl'J;g]Aé]g] ql_;g}\éoﬂ Oﬁﬂﬁ °§§}
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2-1. Alet 3 717
2-1-1. A2k
§Hd ol AFE-3t 2,6-TDI, 2,4-TDI, HDI, 4,4'-biphenol-> Tokyo
Kasei Chemical Co.2] AlekS- A 2 §lo] 1oz ARSIt
2,5-TDI, 1,4-PDIi= Mitsui Toatsu Co.2] AlekS ARSI U]
AloFS2 T5 Aldrich Chemical Co.2] E3A|0kRS AFE-51% T}

2-12. 7171

'H NMR %72 DMSO-d, 2 3-(trimethylsilyl)propanesulfonic
acid sodium salt(DSS)E &+l Y UF EFEN 0 F Ag3t3lom,

A2} INM-GX270 spectrometers ©]-28FAt}, FT-IR< Perkin
Elmer 1600 AF4-51] KBr pellet B2 730t} GPCE &

e 248 5 ol AnAz S48 THEE(n]) =
“d<- Ubbelohde H5=A1E AR-8I310M, 30 °C &% 1,1,2,2,-
tetrachloroethane/phenol(1:1, v/vys S1lZ ARE-519] 0.2 g/dLe] ¥
gologHE Er2 WalAA 2451t AR g Ho)en
= 5743171 218101 Mettler DSC30:5 ARg-310] 2l24x 29171 afellA
10 °C/min®] &= 71 gl W@Zsiglnt. vlarde] S5+ Linkam
TMS93 hot stage”} 21 Zeiss®] 3 A& A8l t)7] &
of| A 7k &l W7k shA] AL AFKlo] HEleS THaste] AL
3k Fekx2o] ofsto] HEI
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2-2. 4,4'-Bis(3-hydroxypropoxy)biphenyl(BP3)2| &}
C,H;OH 30 mL 2! NaOH 2.12 g(0.053 moly& 300 mL AH-Z2}

230 Wil ehH3] =91% A4 715 ShollA] 4,4-biphenol 3.35 g
(0.018 mol)S 2-& 5 80 °CollA] 1A7F EF wukAZ e} wRlo] &

'+ % 3-chloro-1-propanol 5 g(0.053 molyS 3] A7I515it). &
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Fig. 1. Schematic diagram of the reactor used for polyurethane syn-

thesis.
'HNMR A2 E# (DMSO-dg): & 1.72~1.93(m, 4H, -(CH,),-), 3.54(t,

4H, CH,OH), 4.01(t, 4H, -CH,0Ar), 4,05(t, 2H, OH), 6.95(d, 4H, o-
phenoxy), 7.48(d, 4H, m-phenoxy). IR Z~ZE#(KBr, cm™"): 3260
(OH), 2940 and 2960(CH,), 1600 and 1490(aromatics), 1240(C-O).

TR 32l TH NMR A= ool 7]%stltt. 'H
NMR(DMSO-dy): 2,4-TDI/BP3, & 2.9-3.05(m, 8H), 3.15(m, 3H),
3.24(s, 3H), 5.46-5.82(m, 4H), 6.96(m, 4H), 7.25(m, 3H), 7.47(m,
5H), 8.75(s, 1H), 9.51(s, 1H). 2,6-TDI/BP3, § 2.5-2.95(m,8H), 3.12
(s, 3H), 5.12-5.26(m, 4H), 6.96(d, 4H), 7.24(s, 3H), 7.48(d, 4H), 8.89
(s, 2H). 1,4-PDI/BP3, & 1.84-2.14(m, 8H), 4.00-4.30(m, 4H), 7.01(d,
4H), 7.35(s, 4H), 7.62(d, 4H), 8.96(s, 2H). HDI/BP3, & 1.32-1.43(m,
14H), 3.20(m, 4H), 6.88(d, 4H), 7.41(d, 4H), 9.49(s, 2H).
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Zo)g-deke] thEA Q] 24 2,5-TDI/BP3 T2 vhg3t ¢
o}, Fig. 13} 22 x| oA] A7 Zet~3el 2132% DMF 10 mLe}
BP3 500 mg(1.66 mmolyS Y1l 24 7]5F 3lellA] o] &9 60 °C
7H] 5= 28 ¥ 2,5-TDI 289 mg(1.66 mmolyS 5 mLe] DMF
of] Zo] X8| F4lekal REEES THA] 80 °Collx] 12 h &Rk REE-
AZTh WhgEs Ao ® YA & »FDU HghE-ol] FHAIA

- NkES AsISITE. A JHES el el AN
S d%lom o]ZlE 60 °Colld 12 h &<t W3 AZA RS
S5E2 93%3th 'H NMR 23 E=(DMSO-dg): & 1.82-2.11(m,

8H), 2.16(s, 3H), 4.01-4.32(m, 4H), 6.97(d, 4H), 7.28(m, 3H), 7.49(d,
4H), 8.51(s, 1H), 9.52(s, 1H). IR (KBr, em™'): 3,287(NH),
1708(C=0).
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Scheme 1.

Table 1. Polyaddition Reaction of Five Different Diisocyanates with
4,4'-bis(3-hydroxypropoxy)biphenyl (BP3)”

= - B
Poburcthanes 0 mgtoml) 0 dlg
2,6-TDI/BP3 500(1.66) 289(1.66) 89 0.32
2,5-TDI/BP3 500(1.66) 289(1.66) 93 0.25
2,4-TDI/BP3 500(1.66) 289(1.66) 89 0.27
1,4-PDI/BP3 500(1.66) 266(1.66) 92 0.38
HDI/BP3 500(1.66) 279(1.66) 85 0.14

9Solvent: DMF; Reaction time: 12hr
bMeasured in 1,1,2,2-tetrachloroethane-phenol(1:1 v/v) solution at 30 °C

= EYUeS AvE S 7 Sl A BP3Y 2,6-
TDI, 2,5-TDI, 2,4-TDI, 1,4-PDI, ¥ HDI®] $47} vE-8-5 £3lo] &
Alsldth. AR 5= FTLIR 2 'H NMR AFEZ 0 2 gkl
Aok WA, 758 9 %S Table 16 YERASICE

HF PYEEL FTIR 2 'H NMRe 2&] 725 gkl
FTIR 2~ E oMz, 3,287 cm™ ol $-ellgke] o] =7] 2] Ao
oJgk NHZ 13 4153159 &5 vjo|a7} vebstrt. 2,921 2
2,843 cm™'ollA] -CH,-2] 5821 18] 32 1,708 cm ™ol A= o] =2
C=00l| 7]QI8k= 2153152 §5 90| =7} vesit). Rt ekt
T-Z Fig. 29 'TH NMR AFEf] 0 2 7E] 25 2R1E 4= 919]
=, §8.513 9.52 ppm °lx= F-lgk Aol sidsh= 7702 N-
Hell 3t &= vjo) =17 el o, §6.97, 7287 7.49 ppmoilA
HjEd7] 9 osd7]e] sigshs vlo]ark #EE o, §4.013
432 ppmol A -0-o] Eole WEde] e o]},
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Fig. 2. 'H NMR spectrum of polyurethane 2,5-TDI/BP3.
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Fig. 3. DSC thermogram of BP3 on heating and cooling.

1.82~2.11 ppmeollA] Wz Wgdll Al&e sjgs]i= vjo) =27} @2
H210m, §2.16 ppmellA= Fdarelel] 2o] Q= WEr]of &3]
T o] As) FAal] ARn| RN HE A E L)k
TZE IRIsIgl o, U BT ol9} T2 WRloR 25 &
Q15T

3-2. E2|R2ER] WHN U BN 5Y

¥ wEEA BP3Y ZE|9-dwke] 94 AFL differential
scanning calorimetry(DSC)°l| 2J3}o] ZAVE a1, 383 A3
Hn) oz st BP32] &3 Aol B3k DSC diA o
A 7¥h st B2 fedol R (Te)ok 242t 7 7] Jlo] a5 Ko
FATHFig. 3). 7241 113 °CollA] Teell sligsh= dlo]a7} #Hky]
o 182 °Colli= TAAG A Hgolel sgshi= oA
HOIFERIL 211 °Collxl= HAellx] FH/dAA] HolXef ald-st
ok 54 Ho|aE B ]tk WA ol 115 °CollM = Teell
Fgsh= Fo|art AEE gl on 7 /)] B Fo|aE Kol a1
=, 201 °ColA UERd Flo) A1 S llellx] g ool
3dsh= Flo]F0] 1, 164 °CollA] kR Tlo] A= A oA 1A
A7 Mol sgdshz vjo]Ho |t} 5, BP3 71 WziAle] o
98-8 sk ] Agolql). o]t dd> Aoz

B & 5 Y9lom, 2uY TS 2 APY AHYS Hl @
% Ak

3t Zjeegke] WzhAl DSC DA A= Fig. 4(ae)ll Lt
ERISIT). 2,4-TDI/BP3S W7} Alel] 237 °C$} 223 °CollA] 7 7119]
e mo] 47} e or, o] 52 S dlxfjoa] Aol &)
FEhe Ho) A W agella 1A do]e) s wol A= FRlE
UK(Fig. 4a). 2,5-TDI/BP3(Fig. 4b)ellA = 253 °CollA] SH g Aol
A dgrdolel] sgsle o] A9) 237 °CellA] Aol Ao
FFasts TolaE 1 5 Utk 2,6-TDIBP3oA = T
AeA ool digshz A oA Aol sigshz
©]=7} 260 °C, 251 °CollA THEE L OH, 120 °CollM & & & 5=
= 2o vjo] 77} 1% QITHFig. 4¢). 18]37 HDYBP3oA = WZhA|
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Fig. 4. DSC thermograms of polyurethanes on cooling scan: (a) 2,4-
TDI/BP3, (b) 2,5-TDI/BP3, (c) 2,6-TDI/BP3, (d) HDI/BP3,
(e) 1,4-PDI/BP3. The cooling rate was 10 °C/min.

227 °CollA S AAA Bdole] FFsh= o]} 211 °C
o4 HeA] AHolel] gl Fo|AF Kol FUrh(Fig. 4d).
Z18v} 1,4-PDUBP3(Fig. 4e)ell A= W3z Aol 264 °Coll = S
MxelA TAA e AFsh= Fo]ANE Hol = 2O R HA] o
Aol obdS & = AU, HFA N E A FE s
4= QlSloh. ZisEeke] EAAsol diste] Dscel HdEn
S AMgE] A1 A3E Table 200 LFERASQITE
ZE9ders 71 Al @3 A4S AR A7) 2,4-TDI/BP3oYA
225°C9} 224 °C, 2,6-TDI/BP3eIA= 236 °C X 255 °CollA] 18|31
2,5-TDI/BP3+= 225 °C9} 246 °Colld g4l sid= = 5+ 712 &4
Fjo|aF Ko k. o)7L TAeA T HAZL] Holofl 3
Tk TolARA, A A Aol sdelE Aol Flo|d=
TR it &, o5 ) dlEES 7HE Aledl HdE 943
X ZBPeE W2 Alell HdE FAIsHE T Ao R Bl
Qit}h. It} HDI/BP3oAE 210°C 2 228 °CollA] A A7 ollA
WOz Holof| sz Fo]Ag} MFolx] 3 AA 22 o]
o s F 71 & Fo]AE W g Hgqlo] FRlE )
E} #Zell, MacKnight ¥ Leet™= 2,4-TDI, 2,5-TDI, 2,6-TDI®} &1
T UeS 355 T A5 £l uebA whild W g o
7g—°— UeRdS 1 118l8itH11,15]. o)A ?LZX*EE 218k WE7]
u] ﬁ 7_3|X]-7]- oﬂxﬁAﬁ_J O}OA-]q] 0:] E %E]”C 740 oE]. 2= o]o—]
ot ol st @Ak HFAv|H o R FRIT = QIglom, Ksh o]
SO WA B vete) 8 gRig = ddct ey 144

Table 2. Thermal Properties of Plyurethane”

ofz)

PDI/BP32 253 °C W 273 °Colld] &l B3t F 712 wo]aE 1.
o=t oli= 71 Alell A Aol T I AA 2] Hovk Ko
T, Wzt Alef| 264 °C 3 ‘ﬂiﬂﬂw TAAA oz L] Ho]
of sljgsh= shte] B Tlo]Anks Hol = Z1 o= HA] digo]
obds & 4 AL, HWFANA oM NS A gl &
ATt

Zg)-gElo] dAsR= AgAre] 57 ul dxjo] wge ridst
o] F-2hwl HgdAu|H & ARgsto] B hdagict. 7k
A] 2,4-TDI/BP3, 2,5-TDI/BP3, 2,6-TDI/BP3, 1,4-PDI/BP3°]|4+= ©]
w3l £ 5] MHAE FABEA| ekt 121} 1,4-PDI/BP3E A2
sy x] Zel-edietelrs W7k Alolls A JYolM AEE A
7 FAeTo] o SHE Thehd Lﬂﬂ}E‘“ W do] vERoH,
HDI/BP3oA= 7HE 9l WZhA] B BSR4 o
“go] E=|GITE wbA] o] =2 ?Liﬂ NG37e] AdHAE A
HE A7 1,4-PDUBP3S AQl3h =] Ee]e-elgtelM = A
2 A Aol =, Hidoll Wd X317 EEA] ok
1,4-PDI/BP3elX = A& FA3HA] Jaigict. e vid X3
7F 24 YA ZE] el E rigid coredll tigh F48S
7hER SRS WA, oPE A vldS SRIAA A8
of B85 T Z0E AAEY, Wi A FAE 7eA Bl
I FRAHCE FAZAAE TYUAIZ] HDI/BP3OIA & #d/d o]
= ).

Nl

T

O

© D)

Fig. 5. Optical microscopic textures of (A) BP3 at 190 °C, (B) HDI/
BP3 at 218 °C, (C) 2,4-TDI/BP3 at 230 °C, and 2,6-TDI/BP3
255 °C on cooling.

Phase Transition temperature 2nd cooling

Phase transition temperature 2nd heating

Polyurethane T °C T..°C T..°C AL o = > =
ELC LC-K LK e Vg AH kg T,” °C T °C T,°C  T,,°C AH, Jg AH,,Jlg AHJ/g
2,6-TDI/BP3 260 251 - 9.2 19.8 93 236 255 - 45 233 -
2,5-TDI/BP3 253 237 - 10.4 22.3 96 225 246 - 23.1 20.4 -
2,4-TDI/BP3 237 223 - 19.0 12.1 95 225 244 - 13.6 34.0 -
1,4-PDI/BP3 - - 264 - - 99 253 273 - 5.0 40.8 -
HDI/BP3 227 211 - 7.5 8.2 76 210 - 228 9.0 - 10.4

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

PDetermined in the first heating scan of DSC
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Fig. 6. X-ray diffraction patterns of HDI/BP3 taken at different temper-
atures on the cooling scan.

Fig. 5% 4 4 Table 201 WERR= 77e] dol& g13tellA |
Fu|7 o 7 7k vk BP3(A)T 534 HDIBP3(B) 2,4-TDI/
BP3(C) 2,6-TDI/BP3(D)2] N ARlS el 1 it BP3: w7t Al
#23E A3} focal-conic 725 ZHe AWE FRE HGloH,
HDI/BP3, 2,4-TDI/BP3, 2,6-TDI/BP32] 73-%- Wiz} A] &g & odofA
AEE AR FAYTo] 95 85 o 7S B vk
+E B3Il 15,18,19]. = Hidel W"7] 9 FAAxE =Y
A1 EEg-agtell M= 2] e /S FrlehRE okyst
ARG S AN ARG S FE o w7 fudn)

Fig. 6= Y7} 319014 2] HDYBP3® th3h X-ray 314 43 1.
AFIL QIT}. 60 °C(A)IM= PGl sl GrtEe 8d
sfelo] B Gict. 2831 220 °CB)eA Y] 34 FA2 AE 1
™ 20=20° oA vlnte el TaE 314 selo] i, 27t
FatolX & ol dij|lo] Holx] okgptt. o)) Az R vln}
g 7329 ddo] FAdES & 5 ATt

EE e A7 PIAE Ak fl8te] S AhA 5%el|
Sk 2S TGE S43IGltt. #ldel vld X|3717F £9]%¥ 2,4-TDY/
BP3, 2,5-TDI/BP3$} 2,6-TDI/BP3:= 300 °C, 321 °CS} 329 °CollA
AR dojukon, Hide) WiE 8771 EEA] ¢ 1,4-PDI/
BP3ollA= el 257} 348 °C2A A2 QHgAo] Tl ATS
Bt} 2euy X8717} 9lat <1 AARRE 714 3L 1= HDI/BP3e
e GiRel] L) 288 °CRA 238 UE Zeleddny v
A ePgdS BTk oY F A Ao wE Agr] W &
AARZE A A el 7]ofsk= Zlo] ERlE gl
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AZ2- Fejo] AEe ek skl 7 El W oy
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