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Abstract: The thermotropic liquid crystalline behavior of the homologous series of cellulose tri[4—{4'—
{nitrophenylazo) phenoxycarbonyl} ] alkanoates (NACEn, n=2~ 8,10, the number of methylene units in the
spacer) have been investigated, All of the homologoues formed monotropic nematic phases. The isotropic—
nematic transition temperature (73 decreased when n is increased up to 7, but it became almost constant
when n is more than 7. The plot of transition entropy at 7 against n had a sharp negative inflection at
n=7. The sharp change at n=7 may be attributed to the difference in arrangement of the side groups. The
melting temperature (7;,) and associated entropy change at 7y, in contrast with Zxand associated entropy
change at 7k, exhibited a distinct odd—even effect, suggesting that the average shape of the side chains
in the crystalline phase is different from that in the nematic phase. The thermal stability and degree of
order of the nematic phase observed for NACEn were significantly different from those reported for the
homologous series of side—chain and combined type liquid crystal polymers bearing azobenzene or
biphenyl units in the side chains. The results were discussed in terms of the differences in the chemical
structure, the flexibility of the main chain, the mode of chemical linkage of the side group with the main
chain, and the number of the mesogenic units per repeating unit.
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Figure 1. Chemical structures of NACEn and NAPEn.
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Figure 2. FT—IR spectra of (a) cellulose; (b) NACE3; (c) NACES;
(d) NACE7; (e) NACE10.
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Figure 3. 'H-NMR spectra of (a) NAC3; (b) NACE3; (c) NACE7;
(d) NACE10.
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Figure 4. Optical micrographs of NACEn: (a) heated NACE3 at 170 T (crystalline); (h) NACE3 cooled from the isotropic state to 175 C
(droplet texture); (c) step—cooled sample (b) to 170 ‘C(Schlieren texture); (d) step—cooled sample (¢) to 115 C(crystalline); (e}
NACES cooled from the isotropic state to 129 ‘C(droplet texture); (f) step—cooled sample (e} to 120 C(Schlieren texture); (g)
NACE2 cooled from the isotropic state to 178 T (Schlieren texture); (h) NACE5 cooled from the isotropic state to 160 C
(Schlieren texture); () NACE6 cooled from the isotropic state to 150 ‘C(Schlieren texture); () NACE7 cooled from the isotropic state to

136 C(Schlieren texture); (k) NACE10 cooled from the isotropic state to 125 C(droplet texture); () NACE1Q cooled from the
isotropic state to 117 “C(Schlieren texture).
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Figure 6. TGA thermograms of cellulose and NACEn.
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Table 1. Transition Temperatures(C), Enthalpy Changes(J/g)
in Square Brackets, and Thermal Stability of NACEn

Sample Fir.st Secqnd Fir?,t
code heating heating cooling
T’ T N S T
NACE2 189[42.3] 257 186[32.7] 185[3.5] 125[29.5]
NACE3® 180[46.3] 261 178[33.3] 178[3.5] 116[29.6}
NACE4® 185[65.3] 270 182[37.1] 178[4.2] 113[35.0]
NACE5 171[56.4] 255 168[38.8] 167[4.1]1 100[36.3]
NACE6  165[65.8] 267 162{42.11 160[4.8] 86[38.4]
NACE7  150{50.4] 257 147[37.8] 144([3.8] 74[34.3]
NACE8  135[65.8] 275 132[49.8] 131[5.4] 65[47.1]
NACE10 131[68.2] 278 129153.2] 126[5.6] 58[51.5]

“Melting temperature. *Temperature at which 5% weight loss occured.
Tsotropic liquid—to—nematic phase transition temperature. “Nematic—
to—crystalline phase transition temperature. “The mean transitional data
are determined by three DSC heating and cooling scans. The accuracy
of transition temperature and associated enthalpy change are estimated
to be about =2 C and 3%, respectively.

210

Temperature(°C)

Figure 7. Plot of transition temperatures against n(the number
of methylene units in the spacer). Isotropic liquid—to—nematic
phase transition point(7}) for NACEn (M) and NAPEn® (O);
nematic—to—crystalline phase transition point (7)) for NACEn
(0); nematic—to—solid phase transition point(73) for NAPEn
(@); glass transition point(7;) for NAPEn(A).
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& w), F FFY A0 e aSgksel @A Ajolvt &
HAEA) oFe AV cis$ trans 0)FEE BNk o2} head~to—
head, head—to—tail 21817 tail~to~tail 2] WEekelo] ujade
HeE3he poly (norborene) 8] B38E vl 73o| ol 2" Fo
2 ;\gy_}%q_?(a,c),&m(a),13(c)

n=7¢l NAPEnS] 7 21813 28 NAPEng 7nelre ase
A -2 G9kE vk W NACEnS] 7t Tivelld
9] AS= 525 a9 E JeRA] SRt (Figures 77 8). A4
W3 A methoxybiphenyl 1858 EUA7 48 E24
E(n=3~7,10)"% 2|31 44¥e] 723 FAKz0) eyanobiphenyl
IFS E9AA 2L EEAE@=2~12)9"%"Y Ty 181 v
] ASe AT E57-H55 Ehi) olefgt ARIERRE &
@3 o, NACEn©o| vehliE nol F7tell mhE T 459 Agol
NAPER®] 7ol vjs] gojgh Apale FAREe] 2324 121 meso—
genic 159 3fEhTe] AolHrys TE ZFAA FFAH0E Q)
slo] A 25 ST Mg Eelolidd Alde] dgso]
A= Bk Ee] FRTRe v)E doldh AMd R s
Aoz ML} Poly {cholesteryl o— (methacryloyloxy)
alkanoatas} (n=1~5,7,9~11,15)¢] %$-2® n<5el £25)So)
Vel AEE AlollA dial e Rl dol2R(Ty+ E5—8%
EAE ERlE W BE 55AES] 1M ASE S5
EWE vERR gtk ofid AMY 9 2R3eA” Azn| o
a8)3 A2 oA ® cholesteryloxycarbonyl 188 -§-aizix}
& B3] caEdito s S9A ¥ FHAE0=2~8,10)0]
A Adolr Zellnee] e e] HolR (T & TiolMe ase
A 20E VERIA 4 ARLE 719 ol&E A)X)gl

NACEn® NAPEnSY 7., 7813 7904 9) ASE nd) sr2A
Z}7} Figure 99 (@ 212131 (b)oll veldick NACEn®) 74, & W
A} 7 WA ZFAAe] DSC gapade] o8l AAeh 73 A5 At
o7} #EEE AL AR 4319 Holol 7iIgH A sie]
o] 28 ZiEE 208 AZEcH(Table 19 7o, 7 a4 &
). n<5%1 NACEn 12l n<79! NAPEn®] 7,2 &5-#< &
I vERle no] Figl Wil SolxlE AEE VR S,
FLE NACEn®] A4St NAPEn] ASe) v)s] A% &4—2<4 a3}
& vkl nol Sl ulel Frlshs @8 el

NACEn?® 7,,=131~189 TG 7tdr]e] DSC Hloleb &
NAPEn®] 7;,=127~158 Cell vl #& 23g viepdct. ojejst
ARIE T2 AER A Algo] A WA ] 2elEe R
o5 AzbEnt 7R3 poly (oxy—1,4~phenyleneoxy—tereph—
thaloyD) ol butylphenylazophenyl I8 £9MA 9& E&2AE
(n=3~6,10,12) ¢} T;,=150~188 C,* biphenylazophenyl 1%
& E9AA ¥ EEAE0=5~10,12)9] 7,=167~205 C"7
7215 n=62% 3}o] methoxybiphenyl T8 S5 & 5§
& oy mEAY 7,,=221 CE" NACEng] 7,0 Hl3] =& AR
5471 A5E AX| g

73713 ue} 2o} NACEnS] 7%, Tn# Thyelre] aSe &5—
A IS vERA 9wkl 73 Thold ] ASe S48
IS VERCh ofgfdt ARLE vniE AlE A7 Adellale] fF

S, #3398 AlZE, 20099
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Figure 9. (a) Plot of melting temperature(7;,) against n for
NACEn (@) and NAPER" (). (b) Plot of crystalline —isotropic
entropy change (49 against n for NACEn(@,0) and NAPEn®
(M) . Open circules are based on the second DSC heating
thermograms.
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M- 4 -HERAD L) AZA 7L I} U7h st Agr 0B A 4 As 65

A R E 4 el o =R e B T o T P L R e B
et F7FHA trans YAIFEIE FAd8Rs Ba&2 SIS AAL
3tH(Table 19 AH #3} Figure 9(b) 21). NAPEn} U314
n°] 7] ule} NACEnS] 2% deflA2] Eapde) AMns=
Z7HAS] 57D 31U NACEnS] 45=104~223 J/K - mol—glucose
units= NAPEn®] 45=15~26 J/K - moldll Blal] tigs] & Aeks
vehdt) 7 FEAES] et AT Adslee & & glovt
NACEn©| NAPEne] B3] 2% o] AMErt 28 Apde 72 &
F92 Jedel =909 371e] BAK: IFEe At olge] &
E3h= ARIERE ZeEE 207 A7bEth NACEne| vehje
HEZokzalldl 1§ 132 dEZ9) HelA93=35~74 J/K -
mol—glucose unit) 7} NAPEn®] AS9} FAFsE 2 2b= A}Alg AF
719 d5& AAFt B38E NG A Thol E-R5 &
& VRt ke B ue A5RSE AAolu) s, HALy oA
IR FFAEY ool E5-A5 £3E vehdoar sk B
ths] 22O wn o}e) T, 0049 AT} B4R A
& vERICEY Shs Bt B dRlEe] o= 3 poly (norbone)
of 27l] methoxybiphenyl &8 EUAIA B EFA 52O
ot Zlo] fsitt. whA, BAKEE 2 5319 AN 55A1E
A% el AT ANEE aRA 3ferze) BeAlo] o)sfia}
7] 2181 n, FAKET mesogenic 152 TR, FAKEY 2
Ak 12|31 mesogenic IET} FIAR] Aok 58 dalsio]
BE FEAES o183l 27 2 e TholMel a7 gkl
ik AAEJ AESL F s,

4 B

AZZ 0 »o| YERZolZHIA 152 Ze|vdd 499212 £
of oAE Zgog 8] X3AA P NACEn(=2~8,10)2]
dA S5 HESII ofHo] fiAxte) dolol A} of
2R IFS Ad AZR A FEAEY A EXo| n|xj= ek
S 7HAI8) AESE %0 Byt BE NACEnS 9% meso—
genic 155 Egjollgd@el =90A1A 92 NAPEn(h=2~8,10)
I FAHA A vinbe] ARhe FAdsisich. sk, tieket ok
Al 315HE =2 12 mesogenic 15E no| 2~129] W6 gl=
FAARE F3lo] WA 52 A FARse] B9 de
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< Ejolado|Eg} 22 FAg FAKE EYAIA G TR
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3PRIEET FARES] AT FARET BAREY dgokded o
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23 Bzl dAS -2 435 Uepe no| S8 wet
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Z Q5] BAKE mesogenic 178 FRITFERI) AV FAkge A
8lxlo] 213 mesogenic 159 AT Hsl goldk Al RE
ZE Ae® A7kack NACEno] Yehlls 242 $5-229)
LFe Lo dEZY Wik= vigal 752 471 A4}l At
E=91 790 njsl] & AL e ofefgh AR vk e
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