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2 2 1 44 polyurethane DMF 4vj% 14-bis(6-hycroxyhexoxy)benzene (BHB6)3 2,5-tolylene diisocyanate (25-TDI)E
FH7E wkEo A FASAT. THHEE 026, 042 di/gRTt. A polyurethane®] 22432 9 Fx&9L DSC, B3

@vl%, X-ray8d 222 'H-NMR % FT-TRel ojs} 290550t} 53] Bxjeko] Az o2 polyurethane 2,5-TDI/BHB62] &
444 9 24l daA vl PAESGY 2SAE} [9]20269 polyurethane 2,5-TDI/BHB6% monotropic %44-& el
A olME AL FRHORE mesogend THEL YA ¥tk S B9 LCPU-L(ARAD) L Trc(EH/8 YA g A o] -4
) Z Tien(AAH-24)& 122THEH 9CAR $2E Yo}

Abstract : Liquid crystalline polyurethanes were prepared from 1,4-bis(6-hydroxyhexoxy)benzene (BHB6) and 2,5-tolylene
diisocyanate (2,5-TDI) solution polymerization in dimethylformamide produced intrinsic viscosities in the range 0.26 and 0.42
d¢/g. The polyurethanes were investigated by DSC, Polarizing microscopy, X-ray, 'H-NMR  and IR spectroscopy.
Polyurethanes of two different molecular weights were studied in detail and these will be referred to as low molecular
weight and high molecular weight. Polyurethane 25~TDI/BHB6 with [71=026 d¢/g prepared from BHB6 and 2,5-TDI,
exhibited monotropic liquid crystallinity, although these polyurethanes contained no mesogenic core unit. For example,
LCPU-L{low molecular weight) exhibited Ti-c of 122°C and Trcx of 89T.
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A #¢ A+t gREo9th A2, Mormann,
MacKnight 2 Uryu 5o 98 944 polyurethaneo] ©i
& Bust JATH6-9. HAE mesogenCE  diiso-
cyanatesroll ester’| & T8 AL AHLEgon IR=
mesogen® 2 dioldl biphenyl7] & T3 AL Alg3).
A $-21&2 disocyanateZA4 25-tolylene diisocyanate
(25-TDD % diol2A 14-bis( w -hydroxyalkoxy)benzene
(BHBm)9| FH7eHgelA 4AA polyurethaned A4
SFATHI-12]. o]# & polymer: mesogend ZTashA| o
= 5olg 724 EAL /I AL ¢ 4 9gd. =@
MacKnight$} 3% AFAEL metad A4 polyure-
thanedl e oJg] 71x] 2 42 2 2Ao B A
T Weld Budul Qg7 250 A3 diiso-
cyanate= meta¥ 9] diisocyanate® Z 2, 4-tolylene
diisocynanate (2, 4-TDDE AM-3t9.91, mesogen®. 2
biphenyl S 23 91& 4, 4'-bis(6-hydroxyhexoxy)biphenyl
(BHHBP)E monomer® A&3t43t}.

< ATl E AN Bnd v glE parady 2
S-tolylene diisocyanate (2, 5-TDI) 2 mesogenS %3
sl gz g= 1,4-bis(6-hydroxyhexoxy) benzene
(BHB6)& FTH7hhgoz BRzo] ANE TE polyure-
thanes 247+ P43t B3 Exgo] gz =
polyurethane (25-TDI/BHB6) LCPU-L(ow molecular
weight), LCPU-H(high molecular weight)o]] #+ajA &
A% Aol M2 A4 P EXo nx= 9 3
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2.1 AN &

Materials. 2, 5-tolylene diisocyanate (2, 5-TDI)=
& 99.99%E Mitsui Toatus Co. Ltd, oA A a2}
25-TDI= AAgel 12 A43tglth 14-dihydroxy-
benzene< Tokyo kaseiA}, 6-chloro-1-hexanol-- AldrichA}
12|12 Dimethylformamide(DMF)=  AldrichAbe] #E-<
AAsk] ALgstg )

2.2 334y

FT-IR spectrum

FT-IR® Z74L Perkin Elmer 16008 A3t} &
S7Hd FT-IR® 373 Mettler FP-84 447 2l
dE2E% FT-IR 20002 A}£3}4ic).

'"H-NMR

'H-NMR & 42 HAINM-GX270 spectrometers A&

A, A8 A, A 2 3, 1997

sta] TN Suj2Z DMSO-ds5 AHg3te =434t}

X-ray3|d

X-ray3]2 & Rigaku X-ray Rad 2B hot stage &%
(FT-800-FP82)2 AM&3t94 X-ray< 35KV 18mAdi
A Z22ZrE o] nickeld filter® BoJA Cu-Ka (12015
A)E A&k

AAolols 2 Fgxgo] #F

Polymer?] 4#dolols 2 B8zl #aS Metter
FP-82 HT Hot stage %% #A#dn7% OLYMPUS
BH-2& A}-&3t5idh

DSC(Differential Scanning Calorimeter)

DSC #%& sample> 8mg ~ 10mge % Hstq
METTER DSC30& ol83ted, Np7|Fal, heating o
cooling< 20C/min, 10C/min, 5C/mino| A Z+z} =434}

A

A

HEE42 ubbelohde HEAZ AHE 25T Lz
DMFE &vi2 XH8-3}th Polymere ¥E%: 02 g/l
9 §UeERE FEE WMIAA ugHE[p]E =3
Eiii=3

GPC(Gel Permeation Chromatography)

GPC 54& 40TAA 08m/minS 2 DMFLTE AL&
3t column® TOSOH TSK gel column GMHzg-v,
TSK guard column Hmrug AHS3IQon, =
TOSOH HLC-8020 GPC& AF&3t ).

TGA(Thermal Gravimetric Analyzer) ‘

EF %542 Shimadzu DT-402 o] &3} sample&
8-10mgs 3715 9NAM 10C/minZ 383

2.3 1,4-bis(6-hydroxyhexoxy)benzene (BHBS6)
o &AM
1,4-Bis(6-hydroxyhexoxy)benzene (BHB6)E scheme
ol WA stk Sodium hydroxide (NaOH 344g,
0.086 mol)E ethanol 70meell XA 3] HoiA N; 7]&3}

1,4-dihydroxybenzene (2.31 g, 0.021 mol)2 AZH 27}
st WAL Frb} BUE IR 383 =
6-chloro-1-hexanol (12.05 g, 0.088 mol)S #33]|

&%
4 AHstete]l WEEL N7 BFEANY. e 27 =
BAES AN YA, Wt B0 e g
of FAANY. FAEL o7 Ax35 ethyl acetateol] 2
~33] AAHAA 0TAA 1242 2 AzsA Mp
= 94~957T, 3317 g (vield; 56%)¢] BHB6S A9t}
R(KBrlem ' © v =3295(0H), 2038} 2864(CHy), 1240(COC)
'H-NMR(DMSO~dj) : 61.19-168 (m, 16H, -(CHa)s-),
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334 (t, 4H, CH:OH), 382 (t, 4H, -CH:0Ar), 420 (t,
2H, OH), 6.79 (s, 4H, phenyl)

2.4 %A polyurethane®| &4

Batgko] thZ polyurethaned 27] Y34 MacKnight
of g SLIAYT. F TS Fol7] A 25-
tolylene diisocyanate (25-TDD9 %<& 0.1-05%A %= 3
g Y3 monomer BHB63 HH$AIZAth polyurethane
25-TDI/BHB6< scheme®l Z &l wzh FAsATE Ny
7153} 1,4-bis(6-hydroxyhexoxy)benzene(BHB6, 3.000 g,
001063 mol)e 7HA&gd A+ FT ZgtAId DMF
10miel %9th gl 2, 5-tolylene diisocyanate (2,
5-TDI, 1.856 g, 0.01066 mol)& N; 7153 DMF 10m¢ol

£3AA MM Akt FH7bE B & S ES
T0CAA Ztzr 8A1ZF B 15417 WHS A AT 938 &
HHEEEES I MeOHol ¥ol & awtsle] MAE A
AES 473t & MeOHZ 2~33 AHZE 60TAA 12
AlZb 79 Az AA polymer 4513 g (vield; 93%)& 4
At

3. &1 ¢ 1

3.1 polymer8| Fxsli4{n & y4A

Monomer 1.4-bis(6-hydroxyhexoxy)benzene (BHB6)
< schemedl| wetA FAsAL FREAE FT-IR 2
'H-NMRZ 29 &4 2tk 228) 3 polymer 25-TDY/
BHB62] &4 diol=4 BHB6%} para® 9] diisocyanate
& 25-tolylene diisocyanate (25-TDDE ZFH7}gtgo|
g&liA EAFe] A2 g AF polyurethane (LCPU-L,
LCPU-H)Z 4 8t% th(scheme).

25-TDI % BHB6E No7|3F DMF&wFo] uHgAl
T 747 8N 9 A WA A 4590 A4
¥ polyurethane> H7#At3o] 22700 (LCPU-L) @
44650 (LCPU-H)E ¢S 4 Utk polymerd) +z3
A4 2 935 AHAL 'H-NMR, FT-IR, #3807,
DSC, GPC, TG, €%¥% FT-IR 2 X-ray3 & 93 =
A3t} polyurethane 25-TDI/BHB6S T+ZE mono-
phenylene unit, urethane 2%, ©42F7F 6712 T4 5o
Atk olelF FxE diH oz A polymerd TFEIAA
FEA8E mesogene L dHO A ¥t

&H, 7282 FT-IR spectrumel A  1700cm ol
urethane?|®] EFAo2 Jeuys FF peakdl car-
bonyl®] C=09 AZFAFe| 7]1A8E peakrt, 3307cn”

2 HO(CI‘I;_»)6 Ci +

HO—O—OH

NaOH

CH-OH HO(CHy)g O-C>-0(c»|2)6 OH

BHB6

HO(CHz)GO-Q-O(CHZ)GOH + OCNQNCO

CHj
2,5-TDI

DMF @_ g E HQ
N, — I O(CHp)g0- O(CH,); O~C- N-C—-
CH

3

2,5-TDI/BHB 6

Scheme.
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'H-NMR spectrum of 25-TDI/BHB6 in
DMSO-ds at 40TC.

Fig. 1.

o= urethaned] N-Hell 93 & peak7t #2
t}. 22T 3400~3200cm o] OH7|ol 28 &< peak7}
dxo] YA &3 Qonz ZEZ = polyure-
thaned T2E A & & YUt = 'H-NMRY
spectrum® Fig. 191 Yehhsith. 'H-NMR(DMSO-ds)
61.21~1.68ppmP Gl & TYH &2 s multiplit
o] &<, 2.10ppmelA benzene$tol] £0] & methyl”)
o #2ste singlete] T, 3.76~4.09ppmel Ak Y z}o]
£° ¥ methylene® multiplet®] F<, 6.78ppmol =
phenylene®] &%, 7.07~7.28ppm¢o) urethane”]dl] <14 3]
A= benzene®o] multplite®] &4 peak’} YEluz ¢
5 9 ok 283 862ppm 2 944ppmol urethane

Br 3 e
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719l protondl #FEE FF peak’t singletzA zzt
YEhd 2102 Hol polyurethaned] o] & o]2o)H S
2 ol &4 99k
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HEE Fod
polyurethane 25-TDI/BHBm % 23712 % &3t
A % 14-PDI/BHB6] ti3t GAA4 2 ozt
g Hol ArH10] 2 Fol ©AFI 5E 2z
2,5—TDI/BHB59] ciz%kl;doﬂ A y_izs}x%o]
a8y g2t 670 2tn 9l 25-TDI/BHB6A)
SHEAA BeAA e ol AR FAE BIE Aol Qi)
25-TDI/BHB59 ¥344-& Ist cooling 119TA %
T7AA HR4E, 183 2nd heatingdl A& ZAA3}e] ur
e peak7]' 19T~ #2HJY. 2832 145Ca-=
T4 FSpeak’t FHIA BFHQo dAH was
7b &4+21 25-TDIYBHB6Y14 9] 1st cooling®) 43 e%
WE 25-TDY/BHB5SF 79 #asl7h q1gich oo uhs)
2nd heatingo| A& ZA 3o 23 Wdpeaks FRH X
FRA 46T FH9 Fdpeakrt Fglo] BEHY
o ooj2igt AnE B o o] AFPA polyurethaneo] A=
gag B 5o gt RN E 2R 2 o)
e 29dF 4 %tk Table 1¢1= polyurethane
(LCPU-L, LCPU-H)®] HE 2 GPCZA| oja Rxjg
o Z4Z3%s Yl Aot THFEE DMFZEOA
BTCAA ZA3A0. Ealgo] Z7tste] wa Hes} =
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M ¥S o iy
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e & 5 U oldE AL BAZe) 27t e
AEIE 2 93¢ Ushdts A4S 89 24 99
o 2P 2H Fe DMF $01 A4

AoJA o] FAFE
i+ polystyreneS o] &3t 40T

Table 2= 25-TDI/BHB69 1st cooling®t second
heating®l 244 4& Yed Aotk Polyurethane
(LCPU-L, LCPU-H)9] Ist cooling®] DSCZAH-E N, 7|
okl A samples SWAAA L2 2 & 10C/min
AR ol Ztzt 122T 2 127ColA Ti

9 £x2 Wzt

oA 3eh= A& w9 peakst 89T 2 107CHAE T
o sj3ste $E peak’t Hom, 53T 2 57CAM =
Teoll sigats Fio] 22 yehygoh z2n B3dn
BeE I AR AAAde] FFHYY. 2nd
heating® 4] £x}go] A& [CPU-LAM = Teol o3
peak= S0CAA §4L& 143CHA #FHYY. 83

wAgo] B LCPU-HIAME 52TAM T, sdsis
peak7t Bow 141T 2 146TolA ZAs 2 $Ho)
o peak7t WAL ol d BAYE Bz

st Al 8 A, A 2 5, 1997

Table 1. Molecular Weight Characterization of Liquid-
Crystall in Polyurethanes

intrinsic .
. ) gel permeation chromatography
VISCOSIty
polymer
dt/g Mn Mw Mw/Mn
LCPU-L 0.26 22700 32470 143
LCPU-H 042 446350 67900 152
% $22%0 98 BAL 4548l @4 bdAel
A 4 AR gue e ¢ 4 AL =
LCPU-L ¥ LCPU—H94 dHeT WY 2 JHY e
=)<
(<]

o
o
e
e
2

33C, 4H 48 J/g 2 20T, 226 J/go14
o] & LCPU-H7I £ab#o] #& LCPU-LEU HAA

oL,

25E FoMH 1 4H Fe =75 ste] AAA ol =7 sk}
© AL 29 FUAG. w3 o)y polyurethaneL
g 34 &

+
CellM ZAstd] g @d peak ¢ 143CoNE
peak’} B 43, LCPU-HAlME §Ho] digals=
peak7} 747 140C 2 146C 5 2o)A HEHAY ¥
28 BEAMNE heating FHANNE AR o] 2
HA &tk 32 MacKnight S o8 Ezpao] 7z}
o2 A4 polyurethaneo] ZalA AF B E AJoH7,8].
15 diisocyanateZM meta®B o] 24-tolylene diiso-

oo oo r{
R o

e

N

cyanate R diolZA mesogenE Zt3 9l biphenylE
Lgaglon da57t 6708 743 44-bis6-hydroxy-
hexoxy)biphenyl (BHHBP)E AHg3td A& 4} wst
d5& £AFe] t2 polyurethaneo] A4 E 2 ZA
o oAuWd AFE 4+ A& Ao YaH DSC 2
X-ray3 Aol o8 og 7tx2 FEsdd, = 24
Zpold wel Tpo 79 A-AAo okzhe] W

T URAAY, T AL E= =i W)

A R ®astdr,

& AT E F2H0Z mesogend EdHatx] 2o
AA SRl A4 g2 gINeS AW paradle
25-TDY/BHB6 (LCPU-L, LCPU-H)o| #HaiA o2 7}x)
SARAE Mgt GH4A 2 B0 BaA 2AE}
Atk DSCEAAA EHWEo 2= Ist cooling D 2nd
heating& 20T, 10T, 5T2 #sAA 2439 gz
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Mesogens ¥845}7 942 AA polyurethane®] AT ERAYA #3

i

Table 2. Thermal Properties of Liquid-Crystalline Polyurethanes by Differential Scanning Calorimetry®

phase transition behavior seconding heating phase transition behavior first cooling
polymer ‘
Ty, € Ta, © Tmz, © 4Hmy, g AHwe, Jg | Troe, € Tiwck, © Tg € AHicl/lg  AHicxJ/g
LCPU-L 50 143 - 15.9 - 122 89 53 0.1 48
LCPU-H 52 141° 146 111 12.8 127 107 57 0.1 22.6

“Transition temperatures were determined by DSC measurement with a heating and cooling rate of 10°C/min.
ijght be crystal-to-crystal transition.

20C/minl A= F3ig &4 peak’}t BEEHA ¥ 54T
ot ol A T2k #2EA 2282 10T/min 2 5C/minol) A
20T /min

————_—”\—_— = Tioll siBsts 22 2F peak’l 122T E 124Tol|A]
77 fEEgen 89T, BTAXE T AFate

broad¥ E¢€ peak’} #EHUT E 57T, 62TCA

10 /min Teol SFshe 2ol 34 BRHUYG. 2y Bapgo)
\—A/\“ 2 LCPU-HIIME LCPU-L#} Eg& z7dA Lxe
ASAIAA Z4% A3 20C/min 2 10C/mindl A= T,
5T /min o #Fste LE peak7t Z+zH 121TC E 127Col A B
HAow 5C/mind e Tiol dl3sts @Y peak:s
Ze 2 FrhFigure2B). £3 Ticxd ¥ peakE
L L = . Z3 A3 20CT/min, 10C/min, 5C/min® £ ¥3ho
me} 97C, 107C, 114TE & £52 o]Sa= AL
S
&

exQ —»

o

Temperature (* C) 8900 $Ao Y peak= B sharpdlA B3aY
o olg Az BAEe] e LCPU-HIF Expgo
(B) AL LCPU-LET E& g3 ogAo] gt AL 3t
A & & AT 282 2nd heatingdl A LCPU-L#}
LCPU-HY DSC ZAdA SHAHAL B9y =
20C/min, 10C/min, 5C/minolA] ZA3 ZAx} Ex}gko]
& polymer (LCPU-H)® €4 2 4H9 gto] A&z e
(LCPU-L)2T} g5 o2 2 AL ot} oles AL
EAFY Aolrt AHAAA L AN T AA B
39T Ae A £ 9tk w8 MacKnight $
< BAFo] ¥ LCPUZF DSCEA A9 cooling®
1y
V3

ex0 —

5C/min

d peak’t ZEAFRT o YU 1 o)f=
A9 LCPUZE HEH frE5Aol 97 "ozt
Aistdh 22y S5 4% Zude dxo]
HAth. & DSCEAA 9 cooling® o :Expeko] o
Fig. 2. Cooling rate effects for (A) low and (B) high 2 peak’t HET ZEoA BLHYL. o]HyT Yol
molecular weight 25-TDI/BHBS. ot 7tA] g4 WA A RgA] v MacKnight S0 A}

&% 24-TDIE benzene®e] meta AX o] methyl?)7}

AN A 4D B ZA Y HFigure 24). & AgEo] QAT Yol AL YE 25-TDIE

1 L I
150 100 50 0

Temperature ( °C)

flo
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Fig. 3. Polarizing optical micrographs for (A) unorien-
ted sample and (B, C) oriented fibrous sample
of 2,5-TDI/BHBS.
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U3t A1 8 A, A 2 5, 1997
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Fig. 3A+= polyurethane LCPU—H% cooling® o 3
dvl7 BAARE Yz ok o]@d polyurethane
L¥rHQl B polymere] #2 Wz} t2 A HAA
UE= &30 cover glassS ¢k7he] 8L
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Fdl 2 T AR doe e 25 At
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BHB69] 4A4& ZASIG Fig. 49 25wl <
¥ LCPU-H X-ray3|d& uvepliz 9lch 130CoA
583 Aeldl #Fe= polymer B9 X-ray3 @
FHE YEbdtHFig. 4A). 43489 10T =43
-ray3 AP e = 47549 99l broaddt AHgt peakst
T0A¢] o} X—}?_ peak’t Bo] AGAFejo}l okzhe )
ARstE o] xgHol e FANYAS 2=
RAATHFig. 4B). W2 E2}gko] & [CPU-Lo)
4704 A1 ABA peakst Ao Fto] oty
olAF AL BAFYo] F42 Bago] He AW
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[ntensitly
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Fig. 4. X-ray diffraction patterns of 2,5-TDI/BHB6 in
different temperatures.
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oyE > ok gt N2 2 N O
@
o
kS
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peak (3307cn ") 2 C=0 A%J%F peak (1700cm )&
cooling#g oA AA3] AFHE &
AcHFig. 5A, B). olg& AL
717F AR ALl 2A 714t dot
A & ATh

22 polyurethane &A@ w2 LCPU-L ¥
LCPU-H9 EA44E& A H8 TGAS SA3H4%
th. & Bzge] & LCPU-HY H¥31(5%)7F 320T A
o] A& LCPU-LY @&31(5%)E 30Tl Lo
wrh o2 g AL Hwstd o] & LCPU-H %o
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© Zpolyurethane> 200CEEANN FF87F dojdtin
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9,
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B3y v oloH4], 2y o]y AAA polyurethane
dWHAQl polyurethane Btk oMol & RS &gk
o k3 Rago] Z polyurethane o] AL EAHS
7HA polymer®the @3 kAol tey FYIL £
T Al
4. &2 B

Polyurethane 2,5-TDI/BHB62 10C/min2.% cooling

NeN)

= !
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Fig. 5. Temperature dependence of the (A) N-H and
(B) C=0 absorbance during the DSC scan for
2,5-TDI/BHRBS.
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