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Abstract: The thermotropic liquid crystalline behavior of a homologous series of poly[1—{4—(4"—
nitrophenylazo) phenoxycarbonylalkanoyloxy} ethylene] s NAPEn, n=2~8,10, the number of methylene
units in the spacer) have been investigated. All of the homologues formed monotropic nematic phases.
The glass transition temperatures decreased with n. This is attributed to a plasticization of the
backbone by the side chains. The isotropic—nematic phase transition temperatures decreased with
increasing n up to 7 and showed the odd—even effect. However it became almost constant when n is
more than 7. This behavior was rationalized in terms of the change in the average shape of the side
chain on varing the parity of the spacer. This rationalization also accounts for the observed variation
of the entropic gain for the clearing transition. The mesophase properties of NAPEn were entirely
different from those reported for the polymers in which the azobenzene groups are attached to
polyacrylate, polymathacrylate, and polystyrene backbones through polymethylene spacers. The
results indicate that the mode of chemical linkage of the side group with the main chain plays an
important role in the formation, stabilization, and type of mesophase.
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Figure 1. Chemical structures of NAPEn, NAPAn, and NAPSn.
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Figure 2. FT—IR spectra of (a) poly (vinyl alcohol), (b) NAPEZ2,
(c) NAPE4, (d) NAPES6, and (e) NAPES.

Figure 3. 'H-NMR spectra of (a) NAPES, (b) NAPES, (c) NAPES,
and NAPE10.

@A SN NAPEnS 719 5:& W2pA2 29l fgan) e
ofa) ¥ #5224 Figure 4(2) ~ (Dol UERITE NAPEGE
71dst Ao AR AF (2) 7 855 B oy Alow wiuky]= Bk 2
Ao A Qlth B, B Al ) ARE AN g

S

S Ay o0y A% 491

Flgure 4. Optical micrographs of NAPEn: (a) heated NAPE6
at 130 C(crystalline); (b) NAPE6 cooled from the isotropic state
to 133 C(droplet texture); (c) step—cooled sample (b) to 130 T
(Schlieren texture); (d) step—cooled sample (¢) to 50 C(solid);
(e) NAPES cooled from the isotropic state to 126 C(droplet
texture); (f) step—cooled sample (e) to 122 C(Schlieren texture);
(g) NAPE2 cooled from the isotropic state to 144 C(Schlieren
texture); (h) NAPE3 cooled from the isotropic state to 130 C
(Schlieren texture); () NAPE4 cooled from the isotropic state to
133 ‘C(Schlieren texture); (j) NAPES cooled from the isotropic
state to 124 ‘C(Schlieren texture); (k) NAPE7 cooled from the
isotropic state to 126 C(Schlieren texture); () NAPE10 cooled
from the isotropic state to 115 C (Schlieren texture).
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Figure 5. DSC thermograms of NAPEn.
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Table 1. Transition Temperatures(C), Enthalpy Changes(J/g) in Square Brackets of NAPEn and NAPAR’

First heating

Second heating First cooling

sample 7 7.0 Tt i 7 I I T 7
NAPE2 158[17.8] 32 153(3.5] 152[3.3] ~68 31
NAPE3 140[21.5] 30 139(2.4] 138(2.3] ~65 28
NAPE4 145[27.4] 28 143(3.7] 142(3.5] ~60 27
NAPES 135[24.7] 25 134(2.8] 133[2.8] ~57 24
NAPEG6 138[37.4] 25 136(4.1] 135(4.3] ~52 24
NAPE7 133[32.8] 22 131[3.8] 132[3.8] ~50 21
NAPES8 130[41.5] 20 129(4.8] 128[5.0] ~45 18
NAPE10 127[46.7] 19 125[5.0] 122[5.2] ~45 17
NAPA3 45.6
NAPA4 36.7
NAPAG6 35.0 68.3 127.9

3Glass transition temperature. "Melting point. “Crystalline—to—nematic phase transition temperature. ®Nematic—to—isotropic liquid phase tran—
sition temperature. (Isotropic liquid—to—nematic phase transition temperature. Nematic—to—solid phase transition temperature determined by

optical microscopic observation.

180
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160 = 0O,m NACh
140 =
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Figure 6. Plot of transition temperatures against n(the number of
methylene units in the spacer) of NAPEn (first cooling) and NACn
(first cooling)®. (@M liquid—to—nematic phase transition point
(7n); (O) nematic—to—solid phase transition point (73); (&)
glass transition temperature (7y); ((J) nematic—to—crystalline
phase transition point.

A5l i Ko} QIkO™ o]t Al 7 no) 7}
of ofgh A} FEFEFO 0] FA} = (molecular polarizability)
o] S7ell wisl 7913t 2 Ae2] w5l (bending) & 571l <J3k
Ab=e] %1 ==Y (packing entropy) ©f A4 & ARIRRH X
sl slow AZE P A9, NAPEnS] 7adet opjet 7,
T no| VIl wt o] AMLE HAAKE IEe FHHES
FaFAA] 7ol 71918 FAKES] 7F43}(internal plas—
ticization) | 9]l Zejuli= A 07 AYzhery s

n=5 22 102! poly (cholesteryl—w—acryloyloxyalkanoate) s
o 7,=35~55 Cell HJal n=5 22 102! poly [1— (cholesteryl—
oxycarbonylalkanoyloxy)ethylene] Pt 7,=8~15 T Uiws]
yt} $hH methoxybiphenyl 152 oxyethylene ©$1E5-2] 47}

1~321 fA7AE Fste] ZEjvEtadde] ‘:?Mﬁ de-
FEAE] Tiol M3 ZElxEede] 2YAA 82 AL
T ©F 30~70 C7F Sk S Ve olelst ARIES 1
28 ), n=34,69] NAPAn®|" 7;=35~45.6 C “18]i n=3~
1221 NAPSn®]® 7,=18~78 Co|l H]3] n=2~8,102] NAPEn?]
T3=17~32 C2 giehs] vk AP FARET C=0 I5Alelel &
k= Akaell Qg 2AKE 252 Aol 7ol BAkE
B9 20 W oA dofuks ARIENE e slow A
7}t

lo

ol oA geldow drgst
7] 8&ke] UnkA o7 Z85 1 Q)= “spacer decoupling model”
A8 A A ok AEIE Fo shrt mial Bdo] v
ERfE o8 ZdellA] oA Afoe] Hol%(T) 7t wgA| B o
A} FARE T2E A 2 S3HEEo] veple 7ol vlsl =

AP eES62A5 n=3~1991 4— (alkyloxy) —4 —mtroazobenzenes
7P Uehti= vltg] 32 AEE] Aola] oA Ahowo] dolers
(7:=88~101 ©) 18]ar n=3~12%1 a—bromo—@— (4—meth—
oxyazobenzene—4'—oxy) alkanes 9} 4—methoxy—4'—alk—
oxyazobenzenes2]® 73~ 88~123 T n=2~8,10¢1 NACn2)
In=75~120 T2} AL 22 255900l St olefst AMIES 11
BRI NAPEI’IE] Tin=122~152 T NACn9 7ol vlal
32~47 T7} 322 AL 11— (nitroazobenzeneoxycarbonylal—
kanoyl) ethyleneﬂr NACn?| 3Fatx2] xjolHth= 2 Zg]o
gl AL 3] &l 2YEE Aow gadnt) oyt
“polymer effect’ 2% 2wzl w2 FAREO] JAIFE] W3}
9758 FEstoA] AekA oz MuEl 5= gl o]|Ze A Eo] 9
| ot} AFANES FAdHo 7 HAyst] 3t “rimer model”
P4 olabd NAPEnS Zejelldelze] 1xist 2709 odal
A|TREe] 271¢] ZAst HERZolzlAl T50] AFo|XE F3lo
A=} Q= trimerE= TE O] Qlokar & = Qlek ol"@l Al
HE] 271 YEZolzdlAl 15°] Q%] Q= trimerd] o]¥t
42 NACn] ool vlsl] & A= AJzker}. webr] NACnel
HJ3) trimer?] o3-S FHllE AJElZ She dolle B2 ouiA), =
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2 27t QFERE A oR AZET):
Figure 6°] HojF50] 2<n<791 NAPEn¥ NACn® 7S n

o] H4=1 A7 E571 Aol wlsf =k 1ev ol52) AlETt v
ERfk= &5 &7k no| Sl et 7Aeh 7l Alss
of glorl= Al A& dERdtE. Monomesogenic 3135
o] Qlotx 7k WEEE 79 E5—H5 @3 mesogenic Il
=90 wiRal 5o - trans AIFEIE F93Rs 7Sl &
AL Ao 2.0 2 (E=79) ] nell &SR ARl 28l Z2)
= Zlow "ago] QIEL 0 of2idk AMES 112 W, NACn
9] T no] ARl ZA97F 25721 7ol vlsll 32 AMIE no| &
TR A97F R0 9l vis) A dAe] ofE ST
AFES FAsR= ARell oJa) Zeljsl= Aow gz
i, E5-A5 Z97t no| TRl whet 1HAshs AR nol &
71wt YEZokzdlAl 1550 =% non—mesogenic I3
o] el S7HQIARFRAIS] ) el ol E—HAe] gt o]
g 5739 AJolr) sl AR o8l s Ao R A7t
T} OI8O ALy ong TAte] 739 vmlE] AdelM AR
WHTY JElZ A BAKE mesogenic Tl Sf8l s =
Ulrke] WE)= FARze) 291 kel Ao g g Ik ot
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Figure 7. The dependence of the isotropic—nematic entropy
change (45) on the length of the flexible spacers for the NAPEn
(M) and NACn® (@).
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