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LIQUID CRYSTALLINE POLYMERS. IV.
THERMOTROPIC LIQUID CRYSTALLINE
POLY(ARYLIDENE-ETHER)S AND COPOLYMERS
CONTAINING N-METHYLPIPERIDONE LINKED
TO THE MAIN CHAIN THROUGH SPACERS OF
VARIOUS LENGTHS

Kamal I. Aly* and Hussein S. El-Kashef

Polymer Lab 507, Chemistry Department, Faculty of Science,
Assiut University, Assiut, 71516 Egypt

ABSTRACT

Two novel series of poly(arylidene-ether)s and copoly(arylidene-ether)s were
synthesized from N-methylpiperidone and/or cyclohexanone respectively. The
first series (homopolymers) was derived from 4,4’-diformyl-a,w-diphenoxy-
alkane or 4,4’-diformyl-2,2’ dimethoxy-0,w-diphenoxyalkane with N-methyl-
piperidone. The second series (copolymers) was derived from the diphe-
noxyalkanes (I-VIII) with N-methylpiperidone and cyclohexanone. The
inherent viscosities of the polymers thus prepared were in the range of 0.37-
0.98 dI/g. The majority of the polymers and copolymers are soluble in chlori-
nated hydrocarbons. DSC measurements and microscope observation under
polarized light demonstrate that this type of poly(arylidene-ether)s form
nematic mesophase over a wide temperature range in contrast to the corre-
sponding copoly(arylidene-ether)s. All of the polymers and copolymers exhib-
ited thermotropic liquid crystalline properties. In most cases, the mesophase
extends up to 315°C, where thermal decomposition prevents further observa-
tion. The morphology of polymer IXb and copolymer XIb as a selected exam-
ple was examined by scanning electronic microscope.

*Corresponding author. E-mail: k.i.aly@aun.eun.eg
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INTRODUCTION

Our previous papers described how thermotropic liquid crystal homo- and
copoly(arylidene-ether)s containing cyclopentanone and cyclohexanone moieties
were synthesized [1-4] and the relationship between structure and liquid crys-
tallinity was evaluated. It was found that the copolymers showed stable meso-
phases over the entire range of composition [3].

In this paper, attention was addressed to N-methylpiperidone, as heterocyclic
ring, to prepare new thermotropic liquid crystal homo- and copoly(arylidene-
ether)s. The first series (homopolymers) was prepared from 4,4’-diformyl-
o,w-diphenoxyalkane or 4,4’-diformyl-2,2’ dimethoxy-o,w-diphenoxyalkane
with N-methylpiperidone. The second series (copolymers) was derived from the
diphenoxyalkanes (I-VIII) with N-methylpiperidone and cyclohexanone as shown
in Schemes 1 and 2.

A major purpose of this work was to study the effect of inclusion of the het-
erocylic ring in the polymer and copolymer chain on the LC properties of these
polymers. In addition, other characterization of these polymers such as thermosta-
bility, solubility, morphology, and crystallinity were discussed.

EXPERIMENTAL
Measurements

Infrared spectra from 4000-600 cm-1 of solid samples of the synthesized
monomers and polymers were obtained by the KBr method using a Shimadzu
2110 PC Scanning Spectrophotometer. The inherent viscosity were measured with
an Ubbelhode Viscometer in methane sulphonic acid at 25°C (0.5g/L). 1H-NMR
Spectra were run on a GNM-LA 400 MHz NMR Spectrophotometer at room tem-
perature in DMSO or CHCI3 using TMS as an internal reference. X-ray diffrac-
tographs were obtained with a Philips X-ray PW 1710 diffractometer using Ni-fil-
tered CuKa radiation. The morphology of polymers was examined by a Scanning
electron microscope (SEM) using a JEOL JSM-5400 LV instrument. The SEM
sample was prepared by evaporating a dilute solution of the polymer on a smooth
surface of aluminum foil and subsequently coating with a gold palladium alloy.
SEM images were taken using a Pentax Z 50 voltage of 15 KV using a low dose
technique [5]. Thermal gravimetric analyses (TGA) of the polymers were exam-
ined in air atmosphere using a thermal analyzer DuPont 2000 at a heating rate of
10°C/min. Differential Scanning Calorimetry (DSC) was examined in nitrogen
atmosphere using a Shimadzu 501 TA (Thermal Analyzer). The maximum position
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of the melting endotherms were taken to be the m.p.s. The isotropization tempera-
tures were determined by observing polymer melts with a polarizing micro-
scope, CARL-ZEISS (JENA) equipped with a hot-stage Chaixmeca (Nancy,
France). The temperature at which initial formation of isotropic phases occurred
was taken as the isotropization temperature, Ti. At the same time, optical textures
of the polymer melts were very closely followed to determine the nature of their
mesophases. Electronic spectra were recorded in DMF in the region 250-500nm
with a Shimadzu 2110 PC Scanning Spectrophotometer.

Reagents and Solvent

p-Hydroxybenzaldehyde from (Aldrich) was used without crystallization. 4-
Hydroxy-3-methoxybenzaldehyde (vanillin) from EL-Nassr Chemical Company
(Egypt) was used as is, Dihaloalkanes (Aldrich) was used without purification, N-
methyl-piperidone and cyclohexanone (Merck) were freshly distilled before using.
Potassium hydroxide and all other solvents were of high purity and were further
purified by standard methods [6].

Monomer Synthesis

4,4’-Diformyl-a,w-diphenoxyalkanes [-IV and 4.4’-diformyl-2,2’-di-
methoxy-a,w-diphenoxyalkane (V-VIII). These monomers were prepared as
described in our previous papers [1-4].

Polymerization

The polycondensation of the dialdehydes and N-methylpiperidone were car-
ried out using the high-temperature solution method under the following condi-
tions: the concentration of the monomers was 0.2 mol/L in ethanol (95%) in the
presence of KOH (few drops) as a catalyst. The reaction temperature was 75-
80°C. Polymers were precipitated during the reflux, filtered off, washed with hot
ethanol, acetone, and then dried under reduced pressure (1 mm/Hg) at 60°C for 24
hours.

Copolymerization

The copolycondensation of the dialdehydes with N-methylpiperidone and
cyclohexanone were carried out under the same conditions described in the poly-
merization procedure in ratio (1 mol dialdehyde, 0.5 mol cyclohexanone, 0.5 mol
N-methylpiperidone).
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RESULTS AND DISCUSSION
Preparation and Elemental Analyses

New thermotropic liquid crystal poly(arylidene-ether)s 1Xa-h and copoly
(arylidene-ether)s Xla-h were synthesized in high yields by the solution polycon-
densation of the two serious of dialdehydes namely 4,4’-diformyl-a,w-diphe-
noxyalkanes [-IV and 4,4’-diformyl-2,2’ dimethoxy-a,w-diphenoxyalkanes V-
VIII with N-methylpiperidone and/or cyclohexanone, respectively. Ethanol (95%)
was used as a solvent for the polycondensation at 75-80°C and in the presence of
basic catalyst (20% aqu. KOH) to the direct polycodensation, which is a conve-
nient method for the preparation of conjugated arylidene polymers and LCP in our
laboratory [1-4, 7, 8]. The model compounds of these polymers were carried out
in our previous papers [7, 9, 10]. The expected structures of these resulting
poly(arylidene-ether)s and copoly(arylidene-ether)s were confirmed from ele-
mental analyses, IR, and '"H-NMR spectra. Tables 1 and 2 show some properties
of polymers 1Xa-h and copolymers Xla-h. The direct polycondensation easily
affords high to moderate molecular weight polymers and copolymers in quantita-
tive yields. The synthesized monomers, polymers and copolymers are depicted in
Schemes 1-3.

The polymerization and copolymerization gave the highly yellowish-orange
precipitate and separated during the stirring on hot, in ethanol. The yield of
poly(arylidene-ether)s 1Xa-h were in the range 79-96%, except polymer [Xg,h
which are 58% and 63%, respectively and the inherent viscosity were in the range
0.53-0.82 dl/g, while the yields of copoly(arylidene-ether)s Xla-h were in the
range of 75-95% and the inherent viscosity were in the range 0.37-0.98 dl/g.

Elemental analyses were performed on all the monomers, as well as the new
polymers. It should be noted that the analyses of the polymers (Tables 1, 2) devi-
ated from 1.2 to about 2.5% of the theoretical values. However, it is not uncom-

DMF
2 OHC OH Br(CHz)nBr - >
Nay QO3

X
OHC4@—7 O(CH,) M—@cﬂo
X X
I-1V: X=H; n=24,6,10

V-VII: X=OCH3; n=2,4,6,10

Scheme 1.
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Scheme 3.

mon for the polymers to trap solvent molecules within the polymer matrix, espe-
cially polymers of high molecular weight and those polymers containing polar
groups which are capable of hydrogen bonding with solvent molecules [11].
Spectral data support the structural assignment for the poly(arylidene-ether)s
and copoly(arylidene-ether)s and the IR data in KBr disks for all the polymers and
copolymers showed characteristic absorption due to CH stretching of CH,
(aliphatic spacers) at 2940-2865 cm™!, C=0 of cyclohexanone and N-methyl-
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Table 1. Elemental Analyses, Yields, and Inherent Viscosity of Poly(Arylidene-ether)s IXa-h

. Elemental Elemental Analyses
Polymer  Yield Nin? Formula
Formula (%)  (dlg) (Mol. Wt) C% H% N%
IXa 87 0.68 C,, H,, NO, Caled 7605 6.1 4.03
(347.41) Found 74.62 5.03 3.84
b 96 0.87 C,, H,s NO, Calcd 76.77 6.71 3.73
(375.47) Found 7538 6.07 3.39
c 83 0.53 C, Hyy NO, Caled 7738 725 347
(403.21) Found 76.45 7.11 3.22
d 79 —b) Cyo Hy, NO, Caled 7838 8.2 3.05
(459.28) Found 76.74 8.01 2.98
e 84 —b) C,, Hys NO, Caled 7075 6.8 3.44
(407.47) Found 69.23 6.65 3.12
f 92 0.82 C, HyyNO,  Caled 7170 671 322
(435.52) Found 7023 6.45 3.53
g 58 0.75 C, Hy;NO,  Calcd 7255 7.8 3.02
(463.57) Found 71.34 7.57 2.86
h 63 0.66 C,, Hyy NO; Calced 73.96 7.95 2.70
(519.68) Found 7159 714 2.14

Measured in methanesulphonic acid, with C= 0.5 g/ 100 ml at 25C°.
bInsoluble.

Table 2. Elemental Analyses, Yields, and Inherent Viscosity of Copoly(Arylidene-ether)s XIa-h

. Elemental Elemental Analyses
Copoylmer Yield Ny, Formula
Formula (%) (dl/g) (Mol. Wt) C% H% N%
Xla 86 0.98 C,4sH,; NOg Caled 77.74 6.08 2.06
(679.29) Found 76.34 5.89 2.12
b 95 0.57 C,s Hyy NOg Caled 78.33 6.72 1.90
(735.36) Found 77.98 6.35 1.78
c 91 0.76 Cs, Hy;, NOg Caled 78.85 7.26 1.77
(791.42) Found 77.08 7.12 1.56
d 79 0.54 Cyo H,3 NO Caled 79.69 8.14 1.55
(903.54) Found 78.23 7.76 1.85
e 87 0.78 C,s Hyy NO,, Caled 72.06 6.18 1.75
(799.34) Found 70.78 6.01 1.54
f 92 0.37 Cs, Hy, NO,, Calcd 72.95 6.72 1.64
(855.40) Found 71.19 6.45 1.32
g 73 0.73 Css Hys NO, Caled 73.73 7.19 1.54
(911.46) Found 74.92 7.09 1.16
h 76 0.61 C¢q H,; NO, Caled 75.63 7.24 1.38
(1015.52) Found 73.74 7.83 1.22

Measured in methanesulphonic acid, with C= 0.5 g/100 ml at 25C°.
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piperidone at 1660-1690 cm™!,C=C at 1605-1610 Cm-! phenylene at 1590-1500
Cm-'and C-O-C (ether-linkage) at 1230-1270 cm-! (Figures 1, 2).

'THNMR for polymer IXb (in CDCl,) showed signals at &: 6.85-7.80 (m, 8
Ar-H and 2H, 2 CH=C); at 3.75-4.45 (m, 8 H of 4 (CH,) aliphatic space; at 2.5 (s,
3 H, CH,); and at 2.2 (s, 4H, 2CH,, cyclopiperidone) ppm (Figure 3).

Polymers Characterization

The solubility properties of the poly(arylidene-ether)s 1Xa-h and copoly
(arylidene-ether)s Xla-h containing N-methylpiperidone were tested in various
solvents including DMF (dimethylformamide), NMP (N-methylpyrlidone), THF
(tetra-hydrofurane), CHCl,-acetone mixture, CH,Cl,, TFA (triflouroacetic acid)
and conc. H,S0,. A 5% (w/v) solution was taken as a criterion for solubility. The
homo- and copoly(arylidene-ether)s show good solubility in protonic solvents like
sulphuric acid and triflouroacetic acid at room temperature, but are insoluble in
DMSO or DMF (except polymers [Xd,h and copolymers XIf,g,h). In chlorinated

IXp
IX¢
© 0
~ o
© s @
o
o
PN 3 $ o
2 @ S g
2]
4 1 I 1 1 |
4000 3000 1700 1500 1200 1000 T00

Wave number (cm™)

Figure 1. 1R spectra of polymers IXb,c.
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Figure 2. IR spectra of copolymers XIb,c.

hydrocarbons like CHCl; and CH,Cl, the majority of homo-polymers and
copolymers are freely soluble as shown in Tables 3 and 4. Brittle films were cast
from CH,Cl, solutions of the polymer IXb and copolymer Xlc.

We compared the solubility of these polymers and copolymers which contain
N-methylpiperidone, as heterocyclic moiety, with those poly(arylidene-ether)s
containing cyclopentanone and cyclohexanone, in previous works [1, 2], and we
found that the inclusion of piperidone moiety enhanced the solubility of such kind
of polymers. This may be attributed to the presence of CH, group attached by the
N-atom in piperidinone moiety, this increases the polarity of the molecules in the
chain towards the solvent molecules.

The electronic spectra of selected examples of polymers IXb,e,g and copoly-
mers Xla,b,c were obtained in conc. H,SO, at a concentration 2.6 X 106 M. The



12:11 24 January 2011

Downl oaded At:

LIQUID CRYSTALLINE POLYMERS. IV 793

1 | ! | 1 1 l

-

1
10 9 8 7 6 5 4 3 2 1 0 ppm

Figure 3. 'HNMR spectrum of polymer IXb.

Table 3. Solubility Characteristics of Poly(Arylidene-ether)s 1Xa-h

CHCI,

Polymer +acetone Conc.

Number DMSO DMF NMP THF (1:1) CH,CI, H,SO, TFA
IXa I I I I I Sw S S
b Sw I Sw I S S S Sw
c I Sw I I Sw S S S
d S Sw I Sw Sw S S S
e Sw I Sw 1 Sw S S S
f Sw I S Sw S S S S
g Sw Sw S Sw S S S S
h S S S Sw S S S S

2)S: Soluble at room temperature (RT).
I: Insoluble at RT.
Sw: Swells.
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Table 4. Solubility Characteristics of Copoly(Arylidene-ether)s XIa-h

CHCI,

Polymer +acetone Conc.

Number DMSO DMF NMP THF (1:1) CH,Cl, H,SO, TFA
Ixa Sw | Sw 1 Sw Sw S S
b Sw 1 Sw 1 S S S S
c Sw S S S S S S Sw
d Sw Sw I Sw Sw S S S
e Sw 1 Sw 1 Sw Sw S S
f S S S S Sw Sw S S
g S S S 1 S S S S
h S S S Sw S S S S

2S: Soluble at room temperature (RT).
I: Insoluble at RT.
Sw: Swells.

electronic spectra in Figure 4 showed absorption bands brooding, and also small
bathochromic shifting with A near 265-283 nm due to TETt* transition within
the benzenoid system, and that A__ near 310-376 nm due to Te-1t* of C=C groups.

The crystallinity of selected examples for the poly(arylidene-ether)s 1Xb,c,g
was examined by wide-angle X-ray diffraction in the region of 20 = 5-65° as
shown in Figure 5, all the polymers show few reflections of sharpness peaks, indi-
cating that there is a large class of structures in the polymer main chain in the
ordered state. This observation is consistent with that observed in our previous
work [1- 4] for liquid crystalline polymers (LCP) based on cyclopentanone and
cyclohexanone. Moreover, the degree of crystallinity in this type of LCP may be
attributed to the presence of C=O as polar groups, in addition to a high level of
C=C groups [12, 13]. In particular, Figure 5 shows that the polymers [Xc have
higher degree of crystallinity than the polymers IXb,g.

The morphology of the synthesized poly(arylidene-ether)s IXb, and copoly
(arylidene-ether)s XIb as selected examples was examined by scanning electron
microscopy. SEM photomicrographs in Figure 6a,b show that the polymer surface
(IXb) appears as a Fibrous structure. In Figure 6¢,d, the Fibrous structure is very
clear in the main chain of the polymers. For the copoly(arylidene-ether)s XIb,
SEM photomicrographs in Figure 7a-d show that the polymer surface, also like
the Fibrous structure, but irregular. This may be attributed to the irregularity in the
chain of the repeating units of the copolymer.

Thermotropic Liquid Crystalline Properties

The thermal properties of the polymers and copolymers were characterized
by DSC, TGA and by optical polarizing microscopy (OPM) with heating stage.
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Figure 4. Electronic absorption of polymers IXb,e,g and copolymers XIa-c.

The poly(arylidene-ether)s and copoly(arylidene-ether)s exhibited melt birefrin-
gence and stirred opalescence during polarized microscope observation. The
phase transition temperatures of the polymers and copolymers are shown in Tables
5and 6.

The microscopic observations by OPM allowed detection of the beginning of
the melting process and the subsequent transition to the fully isotropic liquid,
while the DSC measurements give the temperatures determined at the endother-
mal maxima [9]. The isotropic temperature of these polymers was observed by
using a polarizing microscope equipped with a heating stage in the temperature
range of 185-315°C for the polymers [Xa-h and in the temperature range of 170-
305°C for the polymers Xla-h. In DSC studies, most of the polymers and copoly-
mers revealed multiple or more endotherms on DSC thermograms, probably due
to polymorphism [15, 16]. In some cases, the peaks in DSC are broad, especially
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X-ray diffraction patterns of polymers IXb,c,g.
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Figure 6(a-d). SEM images of polymer IXb (a,X 2000; b, X 5000; ¢, X 3500; d, X 7500).
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Figure 7(a-d). SEM images of copolymer XIb (a,X 350; b, X 2000; c, X 5000; d, X 7500).
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Table 5. Phase Transition Temperature of Poly(Arylidene-ether)s IXa—h

Phase Transition Phase Transition
Temperature Temperature
(C°, Microscope) (C°, DSC)®
Polymer
Number X Tm Ti AT Tm Ti AT
IXa 2 H 220 280 60 212 316 104
b 4 H 179 273 94 158 307 149
c 6 H 156 287 131 146 276 130
d 10 H 256 315 59 — — —
e 2 OCH3 163 265 102 171 285 114
f 4 OCH3 123- 185 62 129 196 67
g 6 OCH3 187 286 99 — — —
h 10 OCH3 175 234 59 — — —

2)Measured by a polarizing microscope equipped with a heating stage.
b)Measured by DSC, heating rate 10°C/min.

in the copolymers, due to the overlapping with thermal temperature decomposi-
tion. For this reason, isotropization temperatures of the polymers and copolymers
were identified by observing the textures of the melts on a cross-polarizing micro-
scope.

All the poly(arylidene-ether)s and copoly(aryylidene-ether)s were character-
ized by DSC measurements (except 1Xd,g,h and XId,e,h) and conducted at a heat-
ing rate of 10°C/min. The heating traces of the polymers display a glass-transition
(Tg), which is weak in the case of the polymers [Xa-h (Figures 8, 9), and is diffi-
cult to identify in the case of copolymers Xla-h.

Table 6. Phase Transition Temperature of Copoly(Arylidene-ether)s XIa—h

Phase Transition Phase Transition
Temperature Temperature
(°C, Microscope)?) (°C, DSC)»
Polymer
Number n X Tm Ti AT Tm Ti AT
Xla 2 H 236 285 49 223 305 82
b 4 H 195 246 51 206 268 62
c 6 H 136 170 34 162 278 116
d 10 H 185 268 83 — — —
e 2 OCH3 — — — — — —
f 4 OCH3 149 185 36 169 276 107
g 6 OCH3 212 297 85 223 341 118
h 10 OCH3 192 305 13 — — —

Measured by a polarizing microscope equipped with a heating stage.
b)Measured by DSC, heating rate 10°C/min.
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Figure 8. DSC thermograms of polymer IXa. (A) First heating. (B) First cooling. (C) Second heat-
ing. Rate 10°C/min.
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Figure 9. DSC thermograms of polymer IXb. (A) First heating. (B) First cooling. (C) Second heat-
ing. Rate 10°C/min.
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It can be seen from the DSC curve (Figure 8) that polymer IXa showed
endotherms at 212°, 316°, 377°, and at 452°. When the sample was cooled after
preheating to 500°, there was no exothermal or endothermal peaks. On a second
heating cycle, there were endotherms at 307° and 455°. From the DSC curve
Figure 9) for polymer IXb, there were endotherms at 158° and 307°, and an
exothermal at 269°. When the sample was cooled after preheating at 450°, there
was no exothermal peak. On a second heating cycle, there was an endotherm at
375°. This behavior suggests that degradation occurred up to 320°for polymers
IXa,b. shows The DSC curve for copolymer Xlc shows in Figure 10 that there
were endotherms at 162° and at 335°, and an exothermal at 278°. When the sam-
ple was cooled after preheating to 450° there was an exotherm at 360° due to
some crystallization. On a second preheating cycle, there was a reproducible peak
at 338°. In the DSC in Figure 11 for copolymer XI,, there were two endothermals
at 169° and at 425° and an exothermal at 276°. When the sample was cooled after
preheating to 450° there was no exothermal peak. On the second heating, there
was a reproducible peak at 348°. This effect might be due to solid-to-solid (Tss),
solid-to mesophase (Tm) and mesophase to-solid (Ti) [17] transitions, which are
observed from an optical microscope.

278

B 360
A

Endo «<——— EXx0

1 I\ 1 Il 1 >
(¢} 120 240 360 480 600

Temperature (°C)

Figure 10. DSC thermograms of copolymer Xlc. (A) First heating. (B) First cooling. (C) Second
heating. Rate 10°C/min.
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Figure 11. DSC thermograms of copolymer XIf. (A) First heating. (B) First cooling. (C) Second
heating. Rate 10°C /min.

Further evidence of the thermal degradation was given by TGA and DTG.
The thermal behavior of Poly(arylidene-ether)s 1Xa-h and copoly((arylidene-
ether)s [Xa-h was evaluated by TGA and DTG in air at a heating rate 10°C/min.
The thermographs of the polymers 1Xa,g are given in Figure 12, while Figure 13
shows the thermograms of copolymer Xlc. The initial decomposition of the poly-
mers was observed to start at 245°C, while for the copolymers it was 289°C. In
Figure 12, the thermograms indicate that the Poly(arylidene-ether)s 1Xg decom-
pose in two distinct steps. Mass loss was rapid between 308-460°C for polymer
[Xa and 328-385°C for polymer [Xg. This was followed by a region of gradual
mass loss between 460-495°C for the former and between 405-495°C for the latter
one. These region of decomposition depend on the methylene spacers and sub-
stituents (H or OCH,) in the main chain of the polymers.

The behavior of all the polymers in the first region was nearly identical. In
Figure 13, the thermograph show a similar pattern of decomposition with two
stages for the thermolysis of copoly((arylidene-ether)s Xlc, mass loss was rapid
between 403-485°C in the first step, and from 495-525°C in the second stage.
The expected nature of decomposition of this type of polymers is a pyrolytic oxi-
dation of C = C and scission of many bonds in the chain of the polymers.
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Figure 14(a-d). Photomicrographs of polymer IXf in the heating cycle (a) at 120°C (before melt-
ing); (b, c) at 185°C (Ti); (d) after cooling. (Magnification X 217).

Texture Observation

The character of the texture at a given temperature was fixed by quenching it
in liquid nitrogen. Micrographs were then obtained on heating to room tempera-
ture (not shown). Observation of poly(arylidene-ether)s IXf under a polarizing
microscope revealed that this polymer exhibited a good spheroid structure with a
thick dark rim in Figure 14a at 120°C (before melting), and the mesophases
extend up to the isotropic phases at 185°C (Ti), (Figure 14b,c). After cooling to
room temperature, a Botroidal structure appeared (Figure 14d).

Observation of poly(arylidene-ether)s [Xg under polarizing microscope
reveal that this polymer exhibited a Botroidal form of the nematic phase at 187°C
(Figure 15b), theBotroidal structure change to spheroid at 286°C (Ti) Figure 15¢,
after cooling to room temperature, the spheroidal form changed to a sub-rounded
structure, as shown in Figure 15d.
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(d)
Figure 15(a-d). Photomicrographs of polymer IXg in the heating cycle (a) at 170°C (before melt-
ing); (b) at 187°C (Tm); (c) at 286 (Ti); (d) after cooling. (Magnification X 217.)

CONCLUSION

Liquid crystalline poly(arylidene-ether)s and copoly(arylidene-ether)s con-
taining N-methylpiperidone and/or cyclohexanone moieties, respectively, pendant
to the polymer backbone, were synthesized and characterized. A solution polycon-
densation technique at [80°C was used. The majority of the polymers and copoly-
mers are soluble in chlorinated hydrocarbons. Most of them exhibted melt bire-
fringence and stirred opalescence during polarized microscope observation. X-ray
diffraction analyses showed that the polymers IXc have a higher degree of crys-
tallinity than the copolymers IXb,g. SEM examination of the polymer IXb and
copolymer XIb revealed that the polymer surface appears as a Fibrous structure.
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