PUBLISHED IN-2 PARTS ™

*_Articles published enline in Wiley lntch:lcncq‘._
24 March 2008 through 27 March ,2098‘
- TeARI ez
T mpe

lOURNAL o|: =

OLYMER SCIENCE

PART--A

;L cu':zisg-y | Po lymer
3 By (hemutry

PPPPPPP

MITSUO SAWAMOTO
VIRGIL PERCEC

AW oo
LRI i

L.WOOLEY
mm ¢ FOLYNER SCIENGE - PART A - OLYPER CHSTRY - MEIJER r.i%&ﬁéﬁ

oo MR Do

'\j\/ . % iﬁ%rScuence‘

e

1n
l nz 'r'l XT3

3531 £Bsco "I




Synthesis and Liquid Crystalline Properties of
Poly(1-alkyne)s Carrying Triphenylene Discogens

CHANGMIN XING,' JACKY W. Y. LAM," KEQING ZHAO,” BEN ZHONG TANG'*

'Department of Chemistry, The Hong Kang University of Science and Technology, Clear Water Bay, Kowloon,

Hong Kong, China

‘Callege of Chemistry and Materials Science, Sichuan Normal University, Chengdu, Sichuan 610068, China

'Department of Polymer Science and Engineering, Zhejiany, University, Hangzhou 310027, China

Received 18 December 2007; accepted 21 January 2008
DOI: 101002 pola. 22631

Published online 24 March 2008 in Wiley InterScience (www, interscience. wiley.cont).

ABSTRACT: Triphenylene-containing 1-decynes with different alkyl chain lengths and
their polymers are synthesized and the effects of the structural variables on their
mesomorphic properties are investigated. The monomers [HC=C(CH,CO,CiyHg
(OC,Hayio1)s; 1 = 4-8] are prepared by consecutive etherization, coupling, and ester-
ification reactions. The monomers form columnar phases at ciom temperature. The
polymerizations of the monomers are effected by |Rkinbd)Cilz, producing soluble poly-
mers in high yields (up to 84%) The structures and preperties of the polymers are
characterized and evaluated by IR, NMR, TGA, DSC, POM, and XRD analyses. All
the polymers are thermally stable, losing little of their weights when heated to
300 °C. The isotropization temperature of the polymers increases initially with the
length of alkyl chain but decrenses on further extension. Although the polymers with
shorter and longer alkyl chain lengths adopt a homogeneous hexagonal columnar
structure, those with intermediate ones form mesophases with mixed structures.
0 2008 Wiley Perfodicals, Ine J Polym Scy Part A Palym Chem 46: 2860-2974, 2008
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INTRODUCTION

Discotic liquid erystals (DLCsi have attracted
great attention among researchers simce they
are first discovered by Chandrazekhar et al. in
1977.! DLCs are an interesting class of liquid
crystals. As their discs are stacked one on top of
another to form columns,”™ they possess unique
optoelectronic properties, allowing them to find
an array of potential applications in one-dimen-
sional conductors, photoconductors, photovoltaic
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solar cells, field effect transistors, and so forth.”™
Research activity in the field of DLCs has grown
rapialy and to date many discogens have been
developed, including hexaalkanocate-substituted
henzene,' hexaalkynyl-substituted benzene,'” tri-
phenylene derivatives,” " (thioitruxene deriva-
tives,'"""" naphthalene derivatives,' and octa-
substituted metallophthalocyanine. Among them,
triphenylene derivatives are particularly promis-
ing because their chemistry is readily accessible,
They are also thermally and chemically stable
and show a variety of mesephases.

Much effort has been devoted to the molecu-
lar modification of triphenylene. A number of
triphenylene-containing dimers and oligomers
have been prepared, which are composed of two
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or several mesogenic groups linked via flexible,
or rarely rigid, spacers."™* Synthesis of liquid
erystalline polymers is of great interest owing to
their sell-organizing characteristics, which give
rise to enhanced processability and mechanical
and thermal stabilities over conventional poly-
meric materials. Whereas mesomorphic puiy-
mers containing rod-like mesogens have been
extensively investigated;'®™ research in dis-
cotic liquid crystalline polymers has been less
well explored because only a few discogens are
available from which polymers can be derived.
To date, the most widely prepared polymers are
those with triphenylene moieties, which either
utilize as main building blocks or side chains
attached to the backhones of polysiloxanes and
poly(meth)acrylates, %

Our group has prepared a variety of liquid
crystalline polyacetylenes carrying different flex-
ible spacers, functional bridges, mesogenic cores,
and functional tails**" We have discovered
that the polymers exhibit some unique meso-
morphic structures originating from the syner-
fgistic interactions between the polymers and the
mesogenic  appendages, including rotation-
induced high strength disclinations and shear-
induced inversion walls.* They are luminescent
and photoconductive™ * % and their lumines-
cence and photoconductivity can be modulated
by electric field and thermal perturbation. Incor-
poration of discogens into the polyacetylene
structures are expected to give new materials
capable of enhancing existing or creating new,
novel electronic and optical properties, The poly-
mers may show high charge carrier mobility due
o long-range srdering along the columns of the
discotic liquid crystalline phases®"™ The elec-
tron-rich nature of the triphenylene discs may
make the polymers suitable for doping with elec-
tron acceptors, resulting in the formation of p-
type organic semiconductors. In this article, we
report for the first time the synthesis of discotic
liquid crystalline polyacetylenes containing tri-
phenylene mesogens with different lengths (m)
of alkyl chains [Pl{m); Chart 1).

EXPERIMENTAL

Materials

Dioxane (Nacalai Tesque), THF (Lab-Scan), and
toluene (BDH) were predried over 4 A molecular
sieves and distilled from sodium benzophenone
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Chart 1. Chemical structures of triphenylene-con-
taining poly(1-decynels.

ketyl under nitrogen immediately prior to nse.
Dichloromethane (DCM) and  dimethylforma-
mide (DMF) were purchased from Lab-Scan,
dried over molecular sieves, and distilled over
calcium hydride under nitrogen. Triethylamine
(EtyN) was distilled under normal pressure and
dried over KOH. All other reagents were pur-
chased from Aldrich and used without further
purification.

Instrumentation

IR spectra were recorded on a Perkin Elmer 16
PC FTIR spectrometer. '"H and “*C NMR spectra
were recorded on a Bruker ARX 300 NMR spec-
trometer using chloroform-~d as solvent and tet-
ramethylsilane (4 = 0) or chlornform (4 = 7.26)
as internal references. The mass spectra were
recorded on a Finnigan T8 7000 triple quadru-
pole mass spectrometer operating in a chemical
ionization (CI) mode using mothane as carrier
gas. Elemental analysis was performed on a
Carlo Erba 1106 microanalysis instrument. The
molecular weights of the polymers were esti-
mated by a Waters Associates GPC system.
Degassed THF was used as eluent at a flow rate
of 1.0 mL/min. A set of monodisperse polysty-
rene standards covering the moleculay weight
range of 10"-107 was used for the molecular
weight calibration,

The thermal stabality of the polymers was
evaluated on a Perkin Elmer TGA 7 under dry
nitrogen at a heating rate of 20 C/min. A TA
DSC Q-100 was used to measure the phase tran-
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sition thermograms. Enthalpies of the phase
transitions were obtained from the peak inte-
grals multiplied by the molecular weights of the
monomers or the monomer repeat units of the
polymers, Divide the enthalpy values by the
peak maxima gave the corresponding entropy
changes. An Olympus BX 6u POM equipped
with a Linkam TMS 92 hot stage was used to
ohserve the anisotropic optical textures, The
XRD patterns were recorded on a Philips
PW1830 powder diffractometer with a graphite
monochromator using 15406 A Cu K2 wave-
length at room temperature (scanning rate:
0.05 /s, scan range 2-30"). The polymer samples
for the XRD measurements were prepared hy
freezing the molecular arrangements in the lig-
uid ¢rystalline statea by liquid nitrogen as previ-
ously reported. "%

Monomer Synthesis

The triphenylene-contaiming monomers 14—
1(9) were prepared according to Scheme 1. Typi-
cal procedures are shown below.

2-Hexyloxyphenol and 1,2-dithexyloxybenzene

Into a 1 L round-bottom flask were dissolved
30 g (0.273 mol) of 1,2-dihydroxybenzene, 59 g
{0.358 mol) of l-bromohexane, and 1500 g
11.1 mol) of K2COy4 in 500 mL of ethanol. The so-
lution was heated under reflux for 24 h. Afier

cooled 1o room temperature, the solution was fil-
tered. The solvent was removed under vacuum
and the residue was washed with diluted hydro-
chloric acid and brine, and dried over MgSO,.
The crude product was purified by silica-gel col-
umn chromatography using DCM as eluent, pro-
ducing 17.3 g of 2Z-hexyloxyphenol and 41.7 g of
1,2-dithexyloxy)benzene.

Characterization data: 2-hexyloxyphenol: 'H
NMR (300 MHz, CDCl3), & (ppm): 6.91 (m, 1H,
Ar—H), 6.82 (m, 3H, Ar—H), 5.73 (s, 1H, OH),
3.98 (t, 2H, OCH,), 1.77 (m, 2H, OCH,CH3),
145 [m, 2H, O(CH.),CH,|, 133 [m, 4H,
O(CH(CH,)1, 0.9 (¢, 3H, CHy), Y'C NMR (75
MHz, CDCly), 4 (ppm): 1459, 1457, 121.2,
120.0. 114.4, 111.5, 68.8, 31.5, 29.1, 25.6, 22.5,
189, MS (CI); mfe 19513 [(M+H)', ealed
195.13). Characterization data: 1,2-di(hexyloxy)
benzene: "H NMR (300 MHz, CDCl;), & (ppm):
6.88 (s, 4H, Ar—H), 3.98 (t, 4H, OCH,), 1.81 (m,
41, OCH;CH,). 1.44 [m, 4H, (XCH.LCH,), 1.34
Im. 8H, O(CH.1,(CH.)), 09 (1, 6H, CHy). C
NMR (75 MHz, CDCly}, & (ppmi 149.2, 120.9,
1140, 69.2, 31.6, 29.3, 25.7, 22,6, 136, MS (Clx
mie 278.22 (M*, caled 278.22).

2-Hydroxy-3,6,7,10,11-pentathexyloxy)
triphenylene (2)

Into unother round-bottom flask were dissolved
30 g of 2-hexyloxyphenol and 724 g of 12-
dithexyloxy)benzene in 300 mL of dry DCM. The
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flask was cooled with an ice-water bath and 233
g of anhydrous FeCly was added in portion in 30
min under vigorous stirring. The solution was
stirred at room temperature for 30 min and
cooled to 0 °C again. About 100 mL of cold meth-
anol was then slowly added, Afier stirring for 50
min, 500 mL of water was added and the mix-
ture was extracted with 500 mL of DCM thiee
times, The organic phase was collected and
dried with MgSO,. After solvent evaporation,
the crude products were purified by silica-gel
column chromatography, using petroleum ether/
DCM mixture (1:15 v/v) as eluent. Eleven grams
of 2-hydroxyl-3,6,7,10,11-pentathexyloxy itriphe-
nylene was obtained as white crystals.

Characterization data: 'H NMR (300 MHz,
CDCly), & (ppm}): 7.95 (s, 1H, Ar—H), 7.81 (m,
4H, Ar—H), 7.75 (s, 1H, Ar—H), 591 (s, 1H,
OH), 423 (m, 10H, OCH;), 1.93 (m, 10H,
OCH,CHy), 1.68 [m, 10H, O(CH.).CHa], 1.39 [m,
20H, O(CH2)s(CHa)l, 0.93 (t, 15H, CHy. "¢
NMR (75 MHz, CDCly), & (ppm): 149.1, 149.0,
148.8, 148.7, 145.8, 145.2, 1239, 123.7, 123.6,
123.5, 123.2, 1229, 107.6. 107.4, 107.3, 107.2,
106.4, 104.3, 69.90, 69.85, 69.1, 31.7, 31.64,
31.61, 29.5, 204, 29.29, 2925 2585, 2581,
2265, 22,61, 14.0. MS (CI): m/fe 74463 (M~
caled 744.53).

10-Undecynoyl Chloride (6)

Into & two-necked round-bottom flask equipped
with a condenser were added 7.1 g (0.01 mol) of
I0-undecynoic acid and 7 g (0.059 mol) of thi-
onyl chloride. The solution was heated under
veflux for 3 h, After removal of excess thionyl
chloride, 10-undecynoyl chloride was obtained
by vacuum distillation at 140 /15 mmHg
Vield: 6 g {75.8%).

10-{9-decynylcarbonyloxy)-3,6,7,10,11-penta
{octyloxyltriphenylene [1(8)]

In 2 two-necked round-bottom flask under nitro-
gen were dissolved 1 g (1 mmol} of 2-hydroxy-
3,6,7,10,11-pentaloctylocy triphenyvlene and 0.2 ¢
{2 mmol) of dry triethylamine i 20 mL of dry
DOCM. A solution of 10-undecynoyl chloride (100
mg, 1. 2 mmol) in 2 mL of dry DCM was then
injected. After stirving at rcom lemperature for
2 b, diluted hydrochloric acid was added and the
solution was extracted with DCM, The organic
layer was dried over MgSO, and filtered. Afler
solvent evaporation, the residue was purified by

dournal of Polymer Sctence: Part A: Polymer Chemistry
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silicn-gel  chromatography  using  petroleum
ether/ethy] ncetate mixture (3(0:1 v/vi as eluent,
Reerystallization from cthanol twice gave a
brown sticky solid in 83,27 vield (1,08 g).

IR (KBrY, ¢ tem ™) 3254 (=C H stretehing),
1757, 1613, 719 (=C—H hending). "H NMR (300
Mz, CDCLy, & (ppm): 8.03 (s, 14, Ar- H), 777
(m, 5H, Ar—H), 4.21 (m, IUH, OCH,I, 2.68 (.
2H, COCH,y), 221 (td, 2H, =CCH.), 2.00-1.80
Im, 13H, HC= and (CH.)J, 1.65-1.33 |m, 60H,
(CHa)ayl, 0.94 ¢¢, 15H, CH). "C NMR (75 MHz,
CDClsh, & (ppmk 172.0 (C=0), 149.6, 149.3,
149.1, 148.8, 148.6, 139.7, 1278, 1245, 1234,
123.1, 123.0, 116.6, 107.9, 107.1, 106.7, 106.4,
105.8, 84.7 (=C-—-CH,), 69.8, 69.6 (HC=), 69.4,
69.1, 68,7, 68.1, 34.1, 31.8, 29.5, 29.4, 29.3, 29.2
29.0, 28.7, 284, 26.2, 26.15, 26.12, 25.1, 22.7,
184 (=C—CHj), 14.1 (CH;). MS (Ch: mle
1049.76 [(M+H)", caled 1049.76] Aual. Caled
for C,m“mﬂOnt C, 79.0‘; H, 10.31. Found: C.
78.61: H, 10.12,

Other monomers were prepared by similar
procedures and their characterization data were
shown below.

1(4). Brown sticky solid; yield 90.2%. IR (KDr),
v {em™’): 3249 (=C—H stretching), 1756, 1616,
697 (wC—H bending). '"H NMR (30C MHz,
CDCly), & (ppm): 7.98 (¢, 1H, Ar—H), 7.71 (m,
5H, Ar—H), 4.21 (m, 10H, OCHa), 2.66 (t, 2H,
COCHg), 2.19 {(td, 2H, =C—CH,), 1.95-1.83 |m,
13H, =CH and (CHyk), 1.65-1.39 [m, 20H,
(CHalyol, 1.05 it, 15H, CH4). "C NMR (75 MHz,
CDCly), & (ppm): 172.0 (C=0), 149.5, 149.2,
149.0, 148.7, 1485, 130.6, 127.7, 124.4, 123.3,
123.0, 122.8, 116.5, 107.7, 107.0, 106.6, 106.3,
105.7, 84.6 (=C—CHa3), 69.3, 69.2 (HCw), 639,
68.7, 68.3, 63.1, 34.1, 31.4, 29.15, 29.12, 28.9,
286, 284, 25.0, 22.1, 183 {(=C—CH,), 139
(CHyl. MS (Cly mfe 76907 [M-H)', caled
769.071, Anal. Caled for CoH;0-: C, 76.56; H,
$.85. Found: C, 76.30; H, 9.00.

1(5), Grey sticky solid; yield 90.9% . IR (KBr), v
(em™"): 3257 (=C—H stretching), 1751, 1613,
699 (=C—H hending), 'H NMR (300 MHz,
CDClLy), & (ppm): 7.99 (s, 1H, Ar- H) 7.73 (m,
SH. Ar—H), 421 tm, 10H, OCH., 267 «t, 2H,
COCHy), 2.20 (td, 2H, =C—CHy), 1.95-1.85 |m,
13H, =»CH and (CH.i), 1.57-1.40 {m, 30H,
(CHz)y5), 0.98 {1, 15H, CH;). "'C NMR 175 MHz,
CDCly), & (ppm) 1720 (C=0), 149.5, 149.2,
149.0, 148.7, 148.6, 139.6, 127.8, 124.4, 123.3,
123.0, 1229, 122.8, 107.8, 107.0, 106.6, 106.3,
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105.8, 84.6 (=C—CH.l, 69.7, 69.6 (HC=), 69.3,
69,1, 68.6, 68.1, 34.1, 31.7, 29.16, 29.1, 29.0,
28.9, 28.7, 28.4, 28.3, 28.2, 25.0, 22,7, 22563,
22 50, 18.3 (=C—CHy), 14.1 (CHy), MS (CI): m/e
839.13 (M 4iH)', caled 839.13]. Anal. Caled for
CxaH7404: C, 77.33; H, 9.31. Found: C, 76.08; H,
5.98, ;

116}, Brown sticky solid; vield 89.0%. IR (KBr),
v (em™'): 3286 (=C—H stretching), 2112 (C=C
stretching), 1752, 1615, 721 (=C—H bending).
'H NMR (300 MHz, CDCI), & (ppm): 8.05 (s,
1H, Ar—H), 7.81 (m, 5H. Ar-H), 4.21 (m, 10H,
OCH,), 2.67 (t, 2H, COCHj), 2.20 (td, 2H,
=C—CHj), 1.96-1.85 |m, 13H, HC= and
(CHz2)gl, 1.59-1.38 [m, 40H, (CHaz)pl, 0.96 (t,
15H, CHz). C NMR (75 MHz, CDCly), & (ppm}k:
172.0 (C=0), 149.7, 149.4, 149.2, 1489, 148.8,
139.8, 127.9, 1246, 1235, 123.1, 123.0, 116.7,
107.9, 107.2, 1069, 106.5, 1059, 845
(=C—CH,), 69.9, 69.8 (HL=), 69.5, 69.2, 68.8,
68.1, 34.1, 31.7, 29.41, 29.37, 29.32, 29.21, 29.0,
28.7, 285, 2583, 2577, 25.1, 226, 184
(=C—CHz), 14.0 (CHy). MS (CI) mie 909.24
[((M+H)", caled 909.24]. Anal. Caled for
CroHggOQy: C, 77.97; H, 9.69. Foundi: C, 77.50; H,
9.40.

1{7). Brown sticky =olid; yield 90.2%, IR (KBr),
v {em™); 3251 (=C—H stretching), 1743, 1628,
719 (=C—H bending). 'H NMR (300 MHz,
CDCly), & (ppm}: 8.03 (s, 1H, Ar—H), 7.78 (m,
5H, Ar—H), 4.20 {m, 10H, OCH,), 2.67 (¢, 2H,
COCH2), 2.20 (td, 2H, =C—CH,), 1.94-1.85 [m,
13H, HC= and (CHukl, 1.63-1.36 [m, 50H,
{CHulagl, 0.92 (t, 16H, CH,). "*C NMR (75 MHz,
CDCly), & (ppmy 1720 (C=0), 1496, 1494,
149.1, 148.8, 1487, 139.7, 127.8, 124.6, 1234,
123.1, 123.0, 116.6, 107.9, 107.2, 106.8, 106.5,
106.9, 84.6 (=C—CH.}, 69.8, 69.4 (HC=), 69.2,
68.8, 68.1, 68.1, 34.1, 31.8, 29.46, 29.42, 2938,
29.2, 29.0, 28.7, 28.4, 26.13, 26.06, 22.6, 18.4
{=C—CHy), 14.1 (CH.l. MS (Cl: mle 97945
[(M+H)', caled 979.45) Anal. Caled for
CasHgaO7: C, 78.53; H, 10.02. Found: C, 78.10;
H, 9.80.

119). Brown sticky solid; vield 88.5%. IR (KBr},
v (em™t): 3257 (=C - H stretching), 1751, 1607,
713 (=C—H bending. 'H NMR {300 Milz,
CDCly), & (ppm): 806 («, 1H, Ar—H), 7.81 (m,
5H, Ar—H), 4.21 (m, 10H, OCHy), 2.67 (1, 2H,
COCH,}, 2.20 (td, 2H, =C—CH,), 1.96-1.83 (m,
13H, HC= and (CH,);l, 1.80-1.38 [m, T0H,

(CHala b, 0.96 (t, 15H, CHy). *C NMR (75 MHz,
CDCly), & (ppmk 172.0 (C=0), 1497, 149.3,
149.2, 148.9, 148.8, 139.8, 127.9, 124.6, 123.5,
123.2, 123.1, 116.6, 108.0, 107.3. 1069, 106.6,
105.9, 845 (=C--CH.,}, 69.9, 69.8 (HC=), 69.5,
69.2, 68.8, 68.1, 34.1, 319, 29.6, 29.5, 29.43,
2941, 29.3, 29.2, 29.0, 28.7, 28,5, 26.2, 26.1,
25.1, 21,7, 184 (=C—CHy,), 14.0 (CHz). MS (CI)x:
mfe 111984 [(M+H)', caled 1119.84), Anal
Caled for Co4H 1405 C, 79.43; H, 10.565. Found:
C, 79.26; H, 10.11.

Polymerization

The polymerization reactions and manipulations
were carried out under nitrogen using an inert-
atmosphere glovebox (for tungsten catalyst) or
at room temperature in air (for Rh complex).
Typical procedures for the polymerization of 1(8)
by [Rhinbd)Cl}, are given helow.

Into a 20 mL test tube were added 210 mg of
1(8) and 5 mg of [Rhinbd)Cl};. Freshly distilled
mixture solvent (2 mL) of THF/EtaN (3:1 v/v)
was then injected. After stirring in air for 24 h
at room temperature, the solution was diluted
with 5 mL of chloroform and added dropwise to
500 mL of methanol through a cotton filter
under stirring. The precipitate was allowed to
stand overnight and was filtered with a Gooch
crucible. The polymer was washed with acetone
and dried in a vacuum oven to a constant

weight.

Characterization

P1(8). Brown solid; yield 70.1%. M,, 16,000, M/
M, 2.0 (GPC, Table 1, no. 3). IR (KBr), v {em™):
1755, 1613. 'H NMR (300 MHz, CDCly), &
(ppm): 8.05, 7.55, 7.23 (Ar—H), 6.08 (Z proton),
4,19, 3.97, 2.64, 1.84-1.69 [(CHyk), 1.62-1.38
[(CHalsel, 0,93 (CHy). “C NMR (75 MHz,
CDCly), & (ppm): 1717 (C=0), 149.1, 1488,
147.8, 1395, 127.9, 123.8, 122.7, 122.1, 1164,
107.5, 106.5, 106.6, 1058, 69.8, 69.5, 689, 34.1,
31.8, 29.5, 29,3, 29.0, 26,2, 25.1, 22.6, 14.4,

PI(4). Brown solid; yield 60.5%, M, 20,700, M,/
M, 2.0, IR (KBr), v {cm™"); 1758, 1618. '"H NMR
(300 MHz, CDCly), & (ppm): 8.06, 7.68, 7.23
(Ar—H), 6.08 (Z proton), 4.21, 3.98, 2.68, 1.85-
1.68 [(CHglyl, 1.65-1.35 [(CHgz)yl, 0.96 (CHa4).
“C NMR (75 MHz, CDCly), & (ppm): 171.9
(C=0), 148.8, 148.5, 147.7, 139.4, 127.9, 1237,
122.6, 1224, 116.2, 109.1, 106.7. 106.2, 105.6,

Jowurnal of Polymer Science: Part A: Polymer Chemistry
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fable 1. Thermal Transitions and Corresponding Thermodynamic Pavamoeters of 1tm !

T, C1AH, kJimaol, AS, Jdmal K|

Monomer Cooling Heating

14) 1 8LE {-5.00; - 14.10) Col Col 8191497, 140101

1 i 106.5 (-7.69; -20.30) Caol Col 106.3 (7.65; 20,23) 1

1(6) 11103 {-8.14; —-21.21) Col k922392 12.84) Col 110.1 (B.15: 20200
-26.4{-2.83; -945) k

mn i 117.0 (-7.62; -19.54) Col Col N6647.78; 199711

1(8) i 1118 (-5.92; ~15.38) Col k 20.8 (33.07: 112.56) Col 105.5 {(4.40; 11.62) i
-31.71-5.22; -17.131 k

19) i 113.5 (—-6.06; ~15.68) Col k 19.8 (33.13; 113.15) Col 110.7 (5.85; 15.25) i

<219 (~16.68; ~56.56) k

k. crystalline state; Col, eolumnar phase; i, isotropic liguid.

* Data taken from the DSC thermagrame recorded under nitrogen during the first cooling and seoond heating seans.

69.6, 69.3, 68.5, 34.1, 31.4, 29.1, 28.6, 25.1, 19.1,
13.9.

P1(5), Brown solid; yield 61.6%. M, 20,400, M,/
M, 2.0. IR (KBr), v (em™): 1752, 1615, "H NMR
(300 MHz, CDCly), & (ppm): 8.05, 7.65, 7.21
(Ar—H), 6.12 (Z proton) 4.19, 3.97, 2.67, 1.86-
1.65 [(CHz)), 1.61-1.31 [(CHy)y5), 0.98 (CHg).
B NMR (75 MHz, CDCly), & (ppm): 171.7
(C=0), 148.6, 148.6, 147.9, 139.6, 127.9, 123.7,
122.8, 122.4, 116.5, 109,2, 106.8, 106.4, 105.8,
69.7, 69.3, 68.7, 34.2, 28.3, 26.6, 25.0, 24.2, 22.6,
14.1,

PI(6). Brown solid; yield 63.2%. M, 19,800, M,/
M, 2.8 (GPC, Table 1, no. 8). IR (IBr), v (em™*):
1763, 1618. "H NMR (300 MHz, CDCIy), 4
(ppm): 8.01, 7.72, 7.19 (Ar—H), 6.09 (Z proton),
4.19, 3.94, 2.64, 1.84-1.69 [(CHg)g), 1.62-1.25
[(CHa)ogl, 0.93 {CHy). O NMR (75 MHz,
CDClg), & (ppm): 1716 (C=0), 148.7, 148.5,
1480, 139.6, 127.9, 123.8, 1229, 1223, 1166,
106.5, 105.9, 69.7, 69.3, 68.8, 342, 31.7, 30.1,
29.4, 25.9, 25.4, 25.2, 22.6, 14.1.

PI(7), Brown solid; yield 59.3%. M, 16,700, M.,/
M, 2.2. IR (KBr), v (em™): 1752, 1615, '"H NMR
(300 MHz, CDCly), ¢ (ppm): 8.05, 7.65, 7.21
(Ar—H), 6.12 (Z proton), 4.19, 3.97, 2.67, 1.86-
1.65 |(CHa)sl, 1.61-1.31 [(CHglgsl, 0.98 (CHj)
¢ NMR (76 MHz, CDCly), o (ppm): 1717
(C=0), 148.6, 148.5, 147.9, 139.6, 1279, 123.8,
122.8, 122.3, 116.6, 107.9, 106.9, 1058, 69.7,
69.3, 68.8, 34.2, 1.9, 29.5, 29.5, 28.7, 28.5, 26.1,
25.4, 25.2, 22.6, 14.1,

Journal %Polymcr Science: Part A: Polymer Chemistry
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P1(9). Brown solid; yield 82.2%. M, 16,400, M./
M, 2.0. IR (KBr), v (em™); 1751, 1610. '"H NMR
(300 MHz, CDCly), 4 (ppmk 8.05, 7.63, 7.23
(Ar—H), 6.08 (Z proton), 4.19, 5.4, 2.64, 1.84-
1.69 [{CHylgl, 1.62-1.38 [(CHylysl, 0.93 (CHy).
SCc NMR (75 MHz, CDCly), d (ppmk 1717
(C=0), 149.6, 149.3, 148.8, 139.7, 127.9, 123.5,
122.6, 122.3, 116.5, 107.9, 106.9, 105.8, 69.9,
69.2, 68.1, 34.1, 31.9, 29.6, 29.3, 28.9, 22., 26.2,
26.1, 24.9, 14.8,

RESULTS AND DISCUSSION

Monomer Synthesis

To enrich the research field of discotic liquid
crvstalline polymers, we synthesized a2 group
of triphenylene-containing acetylenes with dif-
ferent lengths of alikyl chains according to
Scheme 1. 2-Hydroxy-3,6,7,10,11-pentalalkoxy tri-
phenylenes (2) are the key intermediates for the
synthesiz of the monomers. Synthetic procedures
for these compounds are based on the trimeriza-
tion of the dialkylbenzenes™ terphenyl inter-
mediates,® or the biphenyl routes *““% The
biphenyl route enjoys high product yields but
involves multistep reaction procedures. To sim-
plify the synthetic procedure, we prepared com-
pound 2 with different alkoxy chamms by a two-
step reaction. Herein, otherization of 1.2-dihy-
droxybenzene with alkyl bromide gives mono and
disubstituted produets, which undengo trimeriza-
tion in the presence of FeCly to form tripheny-
lenes. Theoretically, four compounds can be
obtained but we cannot isolate or even detect the
presence of 4 and 5 by thin-layer chromatogra-
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Figure 1. DSC thermograms of monomers 10m) (m

= 4-9) recorded under nitrogen during the (A) first
cooling and (B) secoud heating ¢veles al a scan rate of
10 C/min.

phy. Compound 2 is isolated from the mixture by
column chromatography, which furnishes the de-
sirable products [10m)] in high vields upon reac-
tion with 10-undecynoy! chloride (6). All the new
monomers are charactenzed by standard spectro-
scopic methods as well as elemental analysis (see
Experimental section for details),

Mesomorphism

The acetylene monomers are sticky solids and
exhibit liquid crystallinity at room temperature.
The mesomorphic transitions of the monomers
are investigated by differential scanning calo-
rimetry (DSC) combined with polarized optical
microscopy {POM). The DSC thermograms of
the monomers are shown in Figure 1, and the
mesomorphic  textures of 140 and 17) are
depicted in Figure 2 as examples. The first cool-
ing scan of 1{4) detects a sharp peak at §1.6 C
|Fig. HA). The DSC thermogram recorded in
the second heating cycle also exhibits a single
transition at 81.9 C. POM observation reveals
that upon cooling the isotropic liquid to 50 C, a

pseudo focal-conic fan texture corresponding |
colomnar phase emerges |[Fig. 2(A)0.% Tk
monomer with five methylene units shows a
exothermic peak at 1065 € during the fin
cooling scan. Cooling 105) from the isotropie li
wid state to 80 C results in the formation
paeudo  focal-conie fan  texture of column:
phase. The mesomorphism is enantiotropic an
a peak associnted with Col-i  transition
detected in Lhe second heating scan,

The DSC thermogram of 1(6) shows two trat
sition peaks at 110.3 and -264 C in the fin
cooling cycle. With the aid of POM, the peak ¢
110.3 C is assigned to the transition from th
isotropic state to the columnar phase becaus
typical pseudo focal-conic fan texture is observe
when the monomer is cooled to below this trar
sition temperature. The columnar texture ca
be observed during both heating and coolin
scuns, indicating that the liquid crystalline trar

Figure 2.

Polarized optical micrographs observed o
conhing AN 141 to 50 C and (B 1T to 110 'C frm
their izotropic states st o cooling rato of 1 C/min.

dournal of Polymer Science: Part A: Polymer Chemistr
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Table 2. Polymerizations of Taphenylene-Conteining Acetylencs Hm '

No. Monamer Catalyst Solvent" Yield 1) M MM,
1 15 WCL; -~ PhSn Toluene Trace
2 148 WO Ph&n Dinxane Trice
a3 18 | Rhintsd)Cl], THF/EGN 0.1 16,004} 2.0
4 14 | Rhinlsd 1), THF/ELN 0.5 20,700 20
6 146) I Rhinbed 1C1 ], THIFELN 616 20,400 20
8 H7 | RhinbdiClly THIVELN 693 16,700 2.2
7 H9 [Rhinbd)Cl], THIELN 322 16,400 20
8 i) [Rhinbd)Cl], THFEGN 632 19,500 28
9 16) [RhinbdC1|y Toluene/Et;N 718 21,100 24
10 161 [Rhinbd)C1], DCM/Et;N 839 18.900 2.3
u 1(6) [Rhinbd)Cll, DMF/ELN 43.1 19,000 25

nbd, La-narborndiene; DCM, dichloromethane; DMF, dimothylfornmide

* Carried out under nitrogen (nos. | and 20 or air tnos. 3- 111 a0 60 C (ness. ¥ and 20 or room temperature (nos. - 11 fur 24
b IML = 0.1 M, |eat] = [eocal] = 5 mM; for Rb catalyst, [cat] = 2 mM,

" For the mixtures of THF, toluene or DCM with EUN, volume ratio = 3:1

* Estimated by GIP'C in THF on the basis of a polystyrene cnlibration.

sition i3 enantiotropic in nature. A sharp peak is
detected at 117.0 “C by the DSC analysis of 117
in the cooling cycle. The mesophase in this tem-
perature ig identified to be columnar by the
POM observation [Fig. 2(B)}, The thermogram
recorded in the second heating cycle is the mir-
ror image to that of the cooling scan and the
associated transition from columnar phase to
isotropic state occurs at 116.6 'C.

In the first cooling of 1(8), two peaks corre-
sponding to i—Col and Col-k transitions appear
at 111.8 and —31.7 "C. The heating scan detects
two peaks at 20.8 and 105.5 €, which are asso-
ciated with k—Col and Col-i transitions, respec-
tively. Monomer %) behaves mesomorphically
similar to 1(8), During the first cooling eyele,
1(9) shows two peaks st 1135 and -21.9 C.
When the isotropic ligeid is covied to 110 C,
pseudo focal-conic columnar texture 18 observed,
In the second hesating cvele, two transition
peaks appear at 19.8 and 110.7 C which are
respectively identified ag k-Cal and Col-i transi-
tiona hy the POM ohservations,

Table 1 summarizes the thermodynamic pa-
rameters associated with the diseotic transitions
of the monomers. All the mesomorphic transi-
tions are characterized by large onthalpy (AH)
and entropy changes (ASy, thus ruling out the
poseibility of nematicity to the mesophases of
the acetylene liquid crystais because of the
poorer ordering packing in the nematic phase.
Although ail the monomers forny the same meso-
phase, the isotropization temperature (77) varies
with the length of alkyl ¢hain, The T increases

Journal
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progressively fomn 819 Cin 1(4) to 1166 C in
(7). Further increment of the alkyl chain
length to nine methylene units in 1(9), however,
drops the value to 110.7 "C. Extension of the
chain length may enhance the packing arrange-
ments, as suggested by the better developed
mesomorphic texture cbserved in 17} than in
1(4). On the other hand, internal plasticization
by the alkyl chain may have played a role in
decreasing the 7. The competition between the
two antagonistic effects may have led to such a
two-step T; change with the alkyl chain length.

Polymerization Reactions

Mo- and Webased catalysts are the most widely
used “classival” initiators for acetylene polymer-
szations. "™ In our previous work, we found
that WCL-PhiSn performs better than MoCly-
PheSn for the polymenzations of biphenyl-con-
taining l-alkynes with ester functionalities,™
We thus first attempted to polymerize 148,
using WCle-Ph:Sn as catalyst. Polymerization
conducted at 60 € in toluene, however, gives
only trace amount of polymeric product (Table 2,
no. 1. Changing the solvent to dioxane ulso
ends up in disappointment. The catalyst may be
paisoned by the ester and ether moieties in the
monamer, leading to the failure in the polymer-
1zation reaction.

Although the results obtained from WCl—
PhySn are poor, we do not give up. Since com-
plexes of late transition metals such as Rh are
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Figure 3. IR spectra of (A) 1(4) and (B) its polymer
P1i4).

known to be more tolerant of functional
groupe, 7% wa tried to polymerize the mono-
mer by [Rhinbd)Cl)y. Stirring 1(8) in THF/Et;N
with a catalytic amount of [Rhinbd)Cl), at room
temperature for 24 h, delightfully, produces a
brown solid in 70% yield. Analysis of the sample
by GPC gives an M,, value of 1.6 X 10%, confirm-
iug its polymeric nature. Under the same condi-
tions, all the monomers ure converted into paly-
mers in satisfactory yields with molecular
weights of ~2 X 10", Solvent seems to affect lit-
tle the molecular weight but yield of the paly-
mers. While polymerization of 1(6) in THF/Et,N
gives a polymer in 63% yield, the yield raises to
72% in toluene/Et;N. Changing the solvent to
DCM/EtgN further increases the value to 84%.
The yield, however, drops Lo 53% when the reac-
tion & carried in DME/ELN.

Structural Characterization

All the purified polymerzation products are
characterized by IR and NMR spectroscopies
and give satisfactory data correaponding to their
expected molecular structures. An example of
the IR spectrum of P1(4) is shown in Figure 3;
for comparison, the spectrum of its monomer
114} is also given. The manomer absorbs at 3286
and 721 ¢m™, due to =C—H stretching and
bending vibrations, respectively, All  these
absorption bands, however, disappear in the
apectrum of the polymer, indicating that all the
triple bonds of the monomer have been con-
sumed by the polymerization resction.

Figure 4 shows the 'H NMR spectra of 1(6)
and its polymer P1(6) in chloroform-d The spec-
trum of PL(6) show no acetylene proton reso-
nance of 1(6) at § ~ 2.0. The methylene proton
next to the triple bond at & ~ 2.2 also disappears
after polymerization owing to its transformation
to the allylic proton in the polymer. Instead, a
new broad peak appears in the olefin absorption
region (4, 6.4-5.5), Masuda and Higashimura
reported the Z olefin proton of a polyti-alkyne),
poly(3,3-dimethyl-1-pentyne), resonates at 4
6.05."" Thus, the poak at & 6.09 should be
related to the resonance of the Z olefin proton of
the polyacetylene backbone. Using an equation
developed by us and other g'roru::ﬁmta the Z
content of P1(6) is estimated to be 34.1% (or
65.9% E). The polymer thus consists of a mix-
ture of Z and I’ structures, as evidenced by its
relatively broad resonance peaks.

e 1 pee
+Hcac;
WCN:\-C“:Q':\ or
bc de e TP .
CHyhCHy 5
S r gm cq r s
CHATH L CHAHLD DOHLHICH; 1,CH,y
cHacHycHeHS D bonenonoy
g s qn P oaQr L
| A o
4  Imnep L
LIS R o Y T T 7T
8 7 6 ) 4 3 2 1

Figure 4. 'H NMR spectra of chloroform salutions
of 1A] 1(6) and (B) its pelymer P1(6) (sample taken
feom Tabe 2, no, 8). The solvent peaks are marked
with asterisks,
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5. YC NMR spectra of (A) 1(6) and (B) its
polymer P1(6) (sample taken from Table 2, no. 8) in

ehloroform-d. The =slvent pesks are marked with
astenisks.
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The ¥C NMR analysis also offers detailed in-
formation on the melecular structure of PIG).
The acetylene carbon atoms of 1(6) resonate at &
£4.5 and 69.6, which are absent in the spectrum
of the polymer (Fig. 5). The resonance pesk of
the propargyl carbon (wC—CHg) of 1(8) i& also
absent because it has been transformed into an
allylic structure {(=C—CH,y) in PG} by the
acetylene polymerization. The resonance peaks
of the olefin carbon atoms of the polymer main
chain, however, cannot be identified because of
their overlapping with the peaks of the earbon
atoms of the triphenylene pendants.

Thermal Stability

Sinee the formation of mesophases of thermo-
tropic liquid crystals are realized by the applica-
tion of heat, the thermal stability of the poly-
mers is thus of primary concern. Unsubstituted
poly(1-alkynels such as  poly(i-butyne) and
Journal of Polymer Sciance: Part A: Polymer Chemistry
DOT 10.1002/poin

polyl 1-hexyne) |—[HC=C-C Hy, 1y =i m =
2, 4] are very unstable and cannot even be iso-
jated at room temperature from their go“l‘ymcr‘
ization mixtures without degradation,™ " Our
polymers, hawever, enjoy high thormal stability
and start o lose their weights at tomperatures
a5 high as 300 C (Fig. 6). Thus, the ineorpora:
tion of the triphenylene dises as side chains into
the poly(l-decyne) structure has dramatically
enhanced the resistance of the polymers Lo ther-
molysis. The mesogenic appendages may have
well wrapped the polyene backbones and thus
protect them from the perturbations bgul;cat
and/or attacks by the degradative species.

Closer analysis of the TGA thermograms
reveals that the decomposition temperature (Ty)
i high for polymers with longer tail lengths,
The polymers may have not decomposed by the
pyrolytic cleavage of the allylic bond as such
degradation route would give the same Ty val-
ves for all the polymers. The decomposition of
the polymers is probably via an ester bond
breakage mechanism, which cuts off the linkage
between the triphenylene appendages with dif-
forent lengths of peripheral alkexy chains and
the palyacetylene backbone.

Mesomorphic Properties
After confirming the thermal stability of the poly-
mera, we investigated their mesomorphic prop-

00—
il \
g
2 4 ol
w4 ;
ﬂ-ﬁ—ﬂ—r——-r——--'ﬁ—"*ﬁ'”‘;‘-
0 150 250 30

Temperature | 'C|

Figure 6. TGA thermograms of P14), P16, P1EG)
tzample from Table 2, no, 81, and P measured
under nitrogen ut o heaténg rate of 200 Clmin.
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Figure 7. DSC thermograms of mesomorphic polva-
cetylenes P1(4), P1(5), P1(6) (sample from Table 2, no
8), P1(7), P1(8) (Table 2, no. 3), and P19} recorded
under nitrogen during the (A) first cooling and (B)
second heating scans at a scan rate of 10 “C/min.

erties. Figure 7 shows the DSC thermograms of
the polymers recorded under nitrogen during
the first cooling and second heating cycles, The
thermogram recorded in the first cooling cycle of
P1{4) displays a broad peak associated with i-
Cal transition at 115 C. The corresponding Col-i
transition is detected at ~133 °C in the second
heating cycle. No glass transition (7)) is detected
in both eycles. When the alkyl chain length is
increased, the transition peaks become sharper
and the T, becomes readily detectable in the
heating and/or cooling eycles on other polymers.
Clearly. the longer chains have offered more free-
dom for the polymer segments and the mesogenic
pendants to act separately.

Figure 8 shows the POM microphotographs of
the mesomorphic textures of P1{4) and P1(9),
When P1(4) is cooled from its isotropic state,
small anisotropic entities and thread-like strue-
tures emerge from the dark background of the
isotropic liquid [Fig, 8(A)). The fine textures
cannot grow to large monodomains even after

annealed for 2 h. The polvacetyvlene backbon
interferes the packing of the mesogenie penc
ants and distorts the growth of the ordere
domains, which cannot be offset by the plastic
zation effect of the short alkyl chains. When th
alkyl chain length is increased to nine methy
ene units, the anisotropic entities grow bigge
but the exact nature of the mesophase is diff
cult to identify. Even if we repeatedly grow th
liquid erystals with care, we still failed to obtai
any .eadily characteristic textures. Poorl
defined optical texture is also observed by Imir
and coworkers'® for their triphenylene-contair
ing polyimethyl methacrylate). Grubbs and o«
workers™ compared the mesomorphoric behay
iors of poly(norborndiene), poly(butadiene), an
polytethylene) carrying triphenylene pendant:
and found that their X-ray patterns were sim

Figure 8. POM textures observed on cooling (/
Pli4y and (B) PHY) to 100 C from their isotrop
states at a cooling rate of 1 C/min. [Color figure ca
be viewed in Lthe online issue, which is available :
www, interscience. wiley.com. |
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Table 3. Thermal Tvansithnms and Corresponding Thermodynamic Parameters of Discotic Lignid Crystalline

Polymers PHm

T CIAH, kol AS, Jimel K]

Palymer Cooling Heatang
P1ed) 1150 0 L0 <2600 Coly, iyt (300Caly,,, 1329 11.40; 34511
PLEY i 129.4 ¢-4.64; —11.53) Colfg) £ 1108 1 Coly,, 156.0 (5,08; 118411
Pl6) i 1340 ¢ 434, - 10.661 Coly,dp) g 1151 (=1 Coly,, 1603 (5,02; 11.591 1
PUT) i 133.81-2.36. -5.801 Caly,{g) (2)Col, 154.3 (245, 5.73)1
P18) i 126.91-1.70; —4.25) Col,, (g) (g1Caly,, 144.6 (L52; 3.60)1
PLS) i 122.1 Coly,,, 1071 (- 3¢ (-3.29; -840/ g 1157 (—) Coly,, 139.1 {3.18: 7.62) i

. glassy state; Caly,,.. ordered hexagonal mlummnar plu, i, isotropic b
* Data taken from the DSC thermograms recorded under nitrigen durin( tha first eooling and =ecanl heating seans,

" Sum of overlapping transitions.

lar. These results suggest that the backbene ri-
gidity does not play an important role in the lig-
uid erystalline properties of triphenylene-con-
taining polymers.

The thermal transitions and the correspond-
ing enthalpy and entropy changes of P1im) are
summarized in Table 3. The large AH and AS
changes involved in the mesomorphic transitions
of the polymers again support the assignment of
columnar phases to the mesophases of the polya-
cetylene liquid erystals. The T of the polymers
increases initially with alkyl chain length but
decreases on further extension, due to the com-
petition between the constructive (packing) and
destructive (plasticization) effects.

We carried out powder XRD experiments in
order to collect more information concernming the
maolecular arrangements, mode of packing, and
types of order in the mesophases of the polyace-
tylene liquid erystals. The pelymer with an alkyl
chain length of four methylene units shows an
XRD pattern consisting of one low-angle peak
and twe high-angle reflections (Fig. 9). The dif-
fuse halo at 20 = 20.3 is characteristic for a
liquid-like order of the alkoxy chains, while the
broad peak at 25.0 indicates an ordered stack-
ing of the triphenylene dises. The o spacing
derived trom the peak ut 20 ~ 6,0 15 14.72 A,
which supports the assignment of columnar
phase to the mesophase of the polymer (Table
41, Since rectangular ar ohlique columnar phases
show two peaks with similar intensity at low-
angle region, the appearance of a single reflec-
tian at 200 ~ 6.0 amplies that the texture
observed in Figure 8(A) is associated with an or-
dered hexagonal columnar phase. The packing
of the columns is, however, not well-ordered, as
evidenced by the width of the low-angle peak.
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This may account for the difficulty of the aniso-
tropic entities to grow into large-size monodo-
main texture.

P1(4)

Pi(5)
J u_(s-)_——/\’\

P1{49)

Intensity (au)
(TR

\

v YT v

B iy 16 23 30
20 (deg)

Figure 9. X-ray diffraction patterns of mesomorphic
polvacetylenes quenched Fram their liquid erystalline
states: (A) P1i4) at 100 C, (Bi P15 at 110 C,(C)
PL6; at 130 C (sample from Table 2, no, 8), (D) PUT)
at 128 C,(E: P18 ot 125 € 1Table 2, no. 3), and (F
PLO) ot 110 C.
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Table 4. X-ray Diffraction Analy=is Data of P1(m1*

Palymer T('C) dy(A) da(A)  dy(Al  dyiA)

14 (E)] 100 16.20 4.45 3.51
PLs) 110 1748  15.10 429 3.40
16 130 19.19 1606 443 3.46
PLT) 128 1962 16.66 441 346
P1(8) 1256 20.30 4486 346
P19 110 20.53 4.41 R T

* The mesophases in the liquid erystalline states o the
glven temperatures were frozen by the rapsd quenching with
liquid nitrogen.

Similarly, the XRD diffractogram of P1(5) dis-
plays Bragg reflections at low and high angles,
from which d spacings corresponding to the
assignment of ordered hexagonal columnar
phase can be derived. However, different from
P1(4), in this case, we observed two peaks at 2(
= 4.88° and 5.85" associated with the interco-
lumnar spacing. The mesophase of PI(5) may
thus involve mixed columnar packing arrange-
ments. The peaks are much stronger and
sharper than those in P1(4), in agreement with
the DSC analysis that P1(5) exhibits a higher
transition temperature.

When the alkyl chain length is increased to 6
and then 7, the reflection peak at 5.85° progres-
sively weakens in intensity Lo such an extent
that its maximum cannot be easily identified.
Further, increment of the alkyl chain length
completely eliminates the signal and now all the
columans of P1(8) and PH{9) are packed in the
single structure. The peak at 4.88 becomes
broader. Thus, the alkyl chain length affects not
only the packing but also the structure of the
liquid erystalline polyacetylenes.

CONCLUSIONS

In this work, we designed and synthesized a
group of dizeotic acetylenc monomers and poly-
mors with different alkyl chain lengths and
investigated the effects of the structural vana-

tions an the chemical and physical properties of

the (macroimolecules, Our results can be sum-
manzed as follows:

1. The monomers are prepared by a multistep
reaction route, They are all liquid crystal-
line nod form columnar phases at room
temperature.

2. WCl;-Ph,Sn is the most widely used cata-
lyst for the polymerizations of mesogenic
l-alkynes but fails to polymerize lm).
|Rhinbd)Cl]2, on the other hand, initiates
the polymerizations of the monomers, fur-
nishing soluble polymers in high yields.

3. All the polymers are thermally stable, los-
ing little of their weights when heated to
300 'C. Whereas polymers with shert and
long alkyl chain lengths possess a homoge-

- neous hexagonal columnar structure, those

with intermediate ones form mesophases
with mixed structures.

Thus, the structural change in the alkyl chain
length has affected the structure and packing of
the mesomorphic polymers. The structure-prop-
erty relationship gained in this study is expected
to help guide future structural design endeavor
in the development of discotic liquid erystailine
polyacetylenes with desirable properties.
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